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Preface

This Yearbook summarizes the progress made by
the United States Geological Survey during fiscal year
1977 in its mandated role—to identify the Nation’s
land, water, energy, and mineral resources; to classify
Federally-owned mineral lands and water power sites;
to regulate the exploration and development of ener-
gy and mineral resources on Federal and Indian lands;
and to explore and appraise the petroleum potential
of the National Petroleum Reserve in Alaska.

As a report to Congress and the public, it falls
logically into five parts:

® The Year in Review: a look at the major issues and
events which affected Survey programs, and
some performance highlights.

@ Perspectives: a series of concise Earth-science es-
says which address national issues.

® Missions, Organization, and Budget: a description
of the Geological Survey’s major duties and as-
signments and of the organizational and fiscal
structures that support its missions.

® A description of the activities and accomplishments
of each of the nine operating Divisions and
Offices.

® Statistical Tables: summary data which documents
program trends, workloads, and significant 1977
accomplishments.

Supplemented by Professional Paper 1050, “Geo-
logical Survey Research 1977,” the latest in a series of
annual reviews of technical results of the Geological
Survey’s research programs, this Yearbook provides a
comprehensive description of the activities of the
Federal Government’s principal Earth-science agency.

Denver Federal Center. (Photograph by Dawn Reed.)
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The Year in Review

INTRODUCTION

Fiscal 1977 marked the 98th year the U.S. Geologi-
cal Survey has endeavored in the unceasing task of
providing information about the Earth and its physical
resources, and regulating the activities of lessees en-
gaged in extracting petroleum and other minerals
from the public domain.

The past year also marked the beginning of a third
and challenging mission, drawing upon the Survey’s
scientific talents, to explore and assess the petroleum
potential of a vast 37,000 square miles expanse of
Alaska’s North Slope known as the National Petro-
leum Reserve in Alaska.

The first two missions require detailed and continu-
ing investigations of the location, character, and ex-
tent of the Nation’s land, water, mineral, and energy
resources; a continuing National Topographic Map-
ping Program; the classification of Federal lands for
mineral and waterpower potential; and a continuing
program of technical review, safety inspection and
royalty auditing of the operations of private parties
engaged in mineral development on Federal lands to
assure standards of safety, environmental protection,
resource conservation, and a fair market return to the
public for the development of their resources.




WATER RESOURCES

The Geological Survey has the principal respon-
sibility for appraising the source, quantity, quality,
and movement of the Nation’s water resources. In
addition, it is the lead agency for coordinating the
activities of all Federal agencies in the acquisition of
water data on streams, lakes, reservoirs, estuaries, and
ground waters.

Because severe drought conditions prevailed across
much of the country in 1977, Congress appropriated
an- additional $5 million of Federal matching funds
for the Federal-State Cooperative Program within the
Water Resources Division. These funds were used to
provide information and analyses for planners and
managers who were concerned with existing and po-
tential water shortages. Stream-flow observations
were expanded; evaluations were made of changes in
water-use practices; assistance was given to identify
supplemental sources of water supply; and deter-
minations were made of changes in lake, reservoir,
and ground-water storage.

During 1977, plans were made for extensive, in-
depth analyses of the Regional Aquifer Systems of
the United States. These analyses will contribute to
locating and developing adequate supplies of water
for urban and rural areas in the event of possible
future drought conditions. Twenty such aquifer sys-
tems have been identified and studies will begin in
1978.

Because of the national interest in energy and the
emphasis on energy shortages, priority was given to
hydrologic studies related to coal mining, oil-shale,
nuclear energy, and geothermal research. Water
quantity and water quality, both on the surface and
in the ground, enter the energy equation in a variety
of ways. These are discussed under the heading,
“Critical National Water Problems,” in the chapter
which describes the activities of the Water Resources
Division.

Plans were formulated to establish a National
Water-Use Data System which will indicate the de-
gree of use and the status of development of the
Nation’s water resources. In the past, detailed infor-
mation on the occurrence and quality of water re-
sources has been collected and made available but
relatively little has been done to describe where, how,
and in what quantities water is being used. This in-
formation is essential to determine what part of the
water resources remains available for future use.
Competition among types of uses for the available
water in many parts of the country requires that ac-
curate information is provided so that water can be
directed toward the area of greatest benefit.

In 1977, some of the first water-quality evaluations
were made as a result of measuring water-quality
variables at 345 monitoring stations under the Na-
tional Stream Quality Accounting Network (NASQAN).
NASQAN began operation in 1973, having been
designated by the President’s Council on Environ-
mental Quality as the Nation’s primary network for
uniform water-quality assessment. It provides data
which show geographic patterns of water quality that
reflect climate, geology, soil types, agricultural prac-
tices, human and animal populations, water pollu-
tion, and pollution-control practices, By 1979, the
NASQAN network will be expanded to 525 stations.

As part of the Survey’s efforts to monitor the qual-
ity of the Nation’s water, the Water Resources Divi-
sion Central Laboratories System made over two and
one-half million determinations of physical, chemical,
and biological characteristics of water from 170,000
samples.

NATIONAL PETROLEUM RESERVE IN
ALASKA

On June 1, 1977, the National Petroleum Reserve in
Alaska, formerly known as Naval Petroleum Reserve
Numbered 4, was transferred from the Department of
the Navy to the Department of the Interior in accord-
ance with the Naval Petroleum Reserves Production
Act of 1976 (Public Law 94-258, U.S. 94th Congress,
April 5, 1976). The Secretary of the Interior charged
the Geological Survey with the responsibility for con-
tinuing the Navy’s 7-year exploration program on the
reserve, including:

1. Petroleum exploratory drilling and geological and
geophysical investigations to locate, test, and
help assess producible oil and gas accumula-
tions on the reserve.

2. Development and continued production of the
South Barrow gas field to supply natural gas to
the native village of Barrow and other com-
munities and installations near Point Barrow,
Alaska.

3. Restoration to an environmentally acceptable state
certain areas of the reserve disturbed by previ-
ous construction and exploration activities.

The program, originally developed by Navy, in-
volves drilling 26 test wells, collecting 10,000 line
miles of seismic and gravity data, and conducting
geologic studies to produce a resource appraisal of
the petroleum potential of NPRA by the end of fiscal
year 1980. Except for continuing production of gas
from the South Barrow gas field, no petroleum

< “Nicasso Reservoir, principal storage reservoir for the Marin County, California, Municipal Water District's 180,000 customers,
as it looked in October 1976. Storage on July 1, 1977, was only 0.3 cubic hectometers (250 acre-feet) of its storage capacity

of 28 cubic hectometers (22,500 acre-feet).”
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will be produced from the reserve until authorized by
Congress. :

The Geological Survey established the Office of
National Petroleum Reserve in Alaska on November 2,
1976, with headquarters and an operations staff in
Anchorage, Alaska. An exploration strategy staff in
Menlo Park, California, selects drilling targets, locates
seismic surveys, and develops coring and sampling
programs. A Liaison Office in Reston, Virginia, inter-
acts with the Department of the Interior and serves as
a focal point for budgetary, contractual, and congres-
sional matters.

The Geological Survey negotiated a contract with
Husky Oil NPR Operations, Inc., to continue explora-
tory operations on the reserve. Also, numerous in'ter-
agency agreements were modified to assure continu-
ing logistical, communications, and operations sup-
port for petroleum exploration activities, and an En-
vironmental Impact Statement (begun by the Navy)
was completed to address exploration throughout the

. reserve,

Sites for seven exploratory wells and two Barrow
Area development wells to be drilled in 1978 were
selected in 1977 to provide the lead time necessary to
assure delivery of materials.

ENERGY AND MINERALS

The task of assessing the minerals and energy re-
sources of the Nation’s lands continues to shape and
direct many of the activities of the Geological Survey.

During fiscal year 1977, the Geologic Division con-
tinued mineral resource assessments in Alaska in
areas judged to have a high mineral potential. Re-
gional assessments under the Alaskan Mineral Re-
sources Assessment Program continues with the pub-
lication of the McCarthy quadrangle folio and the
Tanacross quadrangle folio. Resource assessments of
14 additional quadrangles, at a scale of 1:250,000, are
underway. These 14 quadrangles and three previous-
ly published quadrangles contain approximately 23
percent of the Alaska D-2 lands. Similar regional as-
sessments are also underway in the Alaska D-2 lands
at a scale of 1:1,000,000. This program is designed to
produce badly needed information on Alaska’s min-
eral resources on lands that may be closed to future
minerals and energy development under section D-2
of the Alaska Native Claims Settlement Act. Mineral
resource assessment of about one-half of the D-2
land area is now completed.

More than 12.5 million hectares (31 million acres)
have been proposed for wilderness status by other
Federal agencies since the passage of the Wilderness
Act in 1964. As required by Congress, an assessment
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of the mineral and energy resource potential for each
proposed wilderness area is needed before granting
wilderness status and concomitant prohibition of min-
ing activity. The Geological Survey, in cooperation
with the Bureau of Mines has completed resource sur-
veys on 6.9 hectares (17.0 million acres) of proposed
wilderness lands.

The Geological Survey is cooperating with 15 State
Geological Surveys in collecting and analyzing coal
and related rocks. Analyses to date, show that coal in
the Western Interior Coal Basin (lowa, Missouri, Okla-
homa, Kansas, and Nebraska) and in the Eastern In-
terior Coal Basin (Illinois, Indiana, and NW Kentucky)
contain higher than normal amounts of zinc and cad-
mium. Analyses also show that coals in the Eastern
Interior Coal Basin contain higher than normal
amounts of cobalt, chromium, nickel, and vanadium.
The Survey also mapped approximately 1,800 square
kilometers (695 square miles) of land in Wyoming,
Colorado, Kentucky, Virginia, and West Virginia to
assess low-sulfur coal resources. An additional 2,300
square kilometers (888 square miles) were re-evalu-
ated for low-sulfur coal resources on Federal lands in
Montana and Wyoming.

During fiscal year 1977, oil and gas resource esti-
mates, including field-size distribution, were com-
pleted for the Permian Basin in west Texas and New
Mexico and offshore Gulf of Mexico, Texas, and
Louisiana.

RESOURCE EVALUATION AND LEASE
REGULATION

Geological Survey regulatory responsibilities on the
Outer Continental Shelf and on Federal and Indian
lands are carried out by the Conservation Division.

Six deep Continental Offshore Stratigraphic Test
(COST) wells were approved in Federal waters on the
Outer Continental Shelf (OCS). These wells were
drilled by industry with the stipulation that they share
the data with the Department of the Interior. Five were
completed and one was being drilled at year’s end.
Of the two tests drilled in the Atlantic OCS, the first,
North Atlantic COST Well No. G-2, was approved in
December 1976, drilled to 6,667 meters (21,872 feet),
and completed on August 31, 1977; the second,
South Atlantic COST Well No. GE-1, was approved
in January 1977, drilled to 4,040 meters (13,254 feet)
and completed on June 15, 1977. The other four ap-
proved deep stratigraphic tests were for the Alaskan
OCS. The Lower Cook Inlet COST Well No. 1 test, ap-
proved in June 1977 and drilled to 3,776 meters
(12,387 feet) was completed on September 24, 1977.
Three tests were approved for Alaska’s Kodiak Shelf.



Photograph from United Press International, Inc.

President Jimmy Carter observes drilling operations while visiting the Zapata
offshore-drilling platform in the Gulf of Mexico during the summer of 1977.

Kodiak Well No. 1, approved in May 1977 and drilled
to 2,596 meters (8,517 feet), was completed on July
18, 1977, and the Kodiak Well No. 2, approved in July
1977 and drilled to 3,188 meters (10,460 feet), was
completed on September 3, 1977. Kodiak Well No.
3, approved in July 1977, was being drilled at the end
of the fiscal year.

Two open-file reports on completed deep strati-
graphic tests were released during fiscal year 1977:
the Mid-Atlantic COST No. B-2 Open-File Report in
November 1976 and the Gulf of Alaska COST Well
No. 1 Open-File Report in January 1977. These deep
stratigraphic tests provide geologic and engineering
data useful to participating companies and to the Fed-
eral Government as an aid to evaluating tracts to be
offered in future lease sales.

Contracts for the preparation of 510 Coal Resource
Occurrence—Coal Development Potential Maps
(CRO-CDP) were let to various consulting firms and
one university. These maps show thickness of coal
beds, the configuration of the top of each bed, thick-
ness of overburden, location of such data points as
drill holes or outcrops, and the distribution of the
Federal coal resources.

In May 1977, the Geological Survey announced its
OCS Platform Verification Program to provide guide-
lines and standards to reduce the risks and enhance
the integrity of the OCS structures to be installed in

frontier areas. Also published was a document de-
scribing the Geological Survey’s Policies, Practices,
and Responsibilities for Safety and Environmental
Protection in Oil and Gas Operations on the Outer
Continental Shelf. This document describes current
activities to minimize the potential for pollution from
OCS operations. Major elements of other programs
outlined in the document will be implemented dur-
ing 1978.

Three “Notices to Lessees and Operators’” (NTL's)
streamlining our royalty accounting system were
issued. NTL-1 and NTL-1A established use of mod-
ernized Federal and Indian lease accounting reports.
NTL-5 prescribes product valuation procedures to be
applied to royalty accounting of natural gas. A pro-
posed revision of the oil and gas operating regula-
tions significantly strengthening the section on “Non-
compliance and Assessment of Liquidated Damages,”
was published in the Federal Register. Drilling for oil
and gas on public and Indian lands expanded by 280
new well starts, an increase of nearly 13 percent
over fiscal year 1976. Producible well completions
likewise increased by 7.4 percent.

Cooperative agreements empowering States to en-
force environmental protections and reclamation re-
quirements for surface coal mining on Federal lands
were entered into with Colorado, Montana, New
Mexico, North Dakota, Utah, and Wyoming.
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Reserve inventories were completed in 75 Outer
Continental Shelf oil and gas fields bringing the total
inventoried to 175 of about 255 fields in the Gulf of
Mexico. Within each field, every reservoir was also
mapped and the remaining recoverable oil and gas
was calculated. Estimates of reserves for other fields
were made on a field-wide basis. The first annual
estimated reserves of the Gulf of Mexico were re-
leased in Open File Report (77-71) and compilation
of the first annual estimated reserves of the Pacific
Outer Continental Shelf was in progress at the end
of the fiscal year.

GEOLOGIC HAZARDS

The Geological Survey is developing methods to
delineate and mitigate hazards associated with earth-
quakes, volcanic eruptions, landslides, ground sub-
sidence, and floods.

Since the discovery of the anomalous land uplift
in southern California in late 1975, extensive efforts
are being made to define the shape and extent of the
uplift, to understand its origin, and to assess its im-
plications for future earthquakes. The uplift extends
eastward from Santa Barbara to the Colorado River
over an area of about 90,000 square kilometers
(35,000 square miles) averaging about 120 kilometers
(75 miles) in width. The maximum uplift occurred
north of Palm Springs, reaching 45 centimeters (17.7
inches). Precise surveys show that the uplift near
Palmdale, California, decreased from about 35 centi-
meters (13.8 inches) to about 17 centimeters (6.7
inches) between 1974 and 1976. It is likely that the
uplift results from accumulating stresses to be released
eventually as an earthquake along the San Andreas
Fault.

The Geological Survey’s Reactor Hazard Research
Program continues investigations on the history and
nature of recent fault movements to provide a basis
for assessing the safety and environmental problems
in siting nuclear facilities. Considerable study is fo-
cused on surface fault caused by ground-water with-
drawal in the Texas Gulf Coast area.

Mauna Loa Volcano, Hawaii, continues to build
toward its next eruption. The volcano, which was in-
tensely monitored, continued to inflate with little ac-
companying seismic activity during the first part of
the year, but the rate of inflation slowed later in the
year.

On September 13, the flank of Kilauea Volcano
erupted with 25-30 meter lava fountains along a 5-
kilometer (3-mile) fissure in the Heiheiahulu area.
Eighteen days later, the eruption ceased and a rapid-

ly moving lava flow halted within 400 meters (less than
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a quarter of a mile) of dwellings. The Geological Sur-
vey had advised Hawaii County Civil Defense officials
of the unstable conditions, and residents were then
informed by a press release issued July 29, 1977.

SURVEYING AND MAPPING

In fulfilling responsibility for the National Mapping
Program, the Geological Survey prepares and distri-
butes maps in several series, defines mapping stand-
ards, coordinates Federal mapping efforts, and pro-
vides a central source for cartographic information.

In fiscal year 1977, the Topographic Division pro-
duced 304 intermediate-scale maps, including both
1:100,000 scale quadrangle maps and 1:100,000- and
1:50,000-scale county maps. These maps are in heavy
demand by Federal and State agencies. For example,
the Bureau of Land Management and the Soil Con-
servation Service utilize these maps to assemble basic
map content they need and add their own special in-
formation in a tailored edition. As published by the
Geological Survey, the maps will show metric units of
measurement.

To meet the increasing requirement for carto-
graphic information in digital form suitable for stor-
age, processing, and recall by computers, a Digital
Applications team was formed to consider and plan
the most efficient methods, including equipment, for
handling large volumes of digital cartographic data.
As a result of the successful use of the first Gestalt
Photo Mapper Il—an advanced instrument that simul-
taneously produces orthophotographs, contour plots,
and digital elevation models—a second unit has been
ordered.

Design work was completed for the Airborne Pro-
filing of Terrain System, which combines space age
inertial positioning and laser ranging as an efficient
means of establishing, at the speed of flight, a dense
network of ground positions and elevations for topo-
graphic mapping, flood-plain studies, and similar
applications. Tests of the first prototype of this revo-
lutionary new surveying tool are planned for 1980.

Plans were developed for the systematic conversion
of contours to the metric system. The sequence of
contour intervals adopted is 1, 2, 5, 10, 20, and 50
meters. The choice of contour interval for a given
map depends on the range of topographic relief to
be depicted.

Continuing the effort to provide convenient public
access to information about maps and mapping, the
National Cartographic Information Center established
five State-affiliated branch offices, in Arizona, Geor-
gia, New Mexico, South Carolina, and Texas.



LAND INFORMATION AND ANALYSIS

The Geological Survey continued its efforts to in-
terpret and present land-resource information in re-
port and map formats that are readily accessible and
understandable to a wide range of Earth-science data
users. During fiscal year 1977, the Land Information
and Analysis Office published reports and maps and
conducted workshops in an effort to convey scientific
and engineering data and interpretive information, in
readily usable form, to support land resource planners
and decisionmakers at all levels of Government and
in the private sector.

The Earth Sciences Application Program has been
instrumental in developing guidelines and procedures
that enable the Survey to effectively carry out its
hazard warning responsibilities. The Geological Sur-
vey published a statement in the Federal Register
(April 12, 1977) describing present capabilities and
limitations for advance recognition and warning of
geologic-related hazards. Efforts are now being made
to establish effective warning procedures in coopera-
tion with appropriate local, State, and Federal agency
representatives.

The Resource and Land Investigations Program
completed a joint project, with the New England
River Basins Commission (NERBC), to develop a
generalized planning methodology to estimate the
onshore impacts of Outer Continental Shelf (OCS)
oil and gas development. The results of the study
are published as a series of reports, and are being
presented during fiscal years 1977 and 1978 at re-
gional workshops partly funded by EPA. The ob-
jective is to transfer the state-of-the-art in planning
methods to State and local agencies. It is hoped that
this technical assistance will aid States to mitigate any
adverse onshore effects of OCS development.

Under the Geography Program’s nationwide map-
ping program, land-use and land-cover maps and
data were compiled for approximately 1,040,000
square kilometers (400,000 square miles) bringing the
total area completed for such mapping to 2,730,000
square kilometers (1,050,000 square miles) since the
program began in fiscal year 1975.

The Earth Resources Observation Systems (EROS)
Program, through its EROS Data Center (EDC) in
Sioux Falls, South Dakota, produced and distributed
imagery and data having a value of $2,515,000.
Landsat products, while totaling only 18 percent of
the data base, accounted for 62 percent of total sales.
More than 30 percent of the Landsat product sales
were for computer compatible tapes, reflecting the in-
creased capability of industry and Federal and State
agencies to digitally process Landsat data. A new
digital image processing system being implemented

by the Goddard Space Flight Center and EDC will
start generating products from Landsat-C data early
in 1978 which will be superior to those from
Landsats 1 and 2.

The Environmental Impact Analysis Program had
lead or joint lead responsibility for the Survey, in the
preparation of 16 environmental impact statements
and participated in a nonlead capacity in the prepara-
tion of 19 statements. Of the 35 EIS's, 32 were
energy related. Also, 1,800 impact statements and re-
lated documents were reviewed.

ADMINISTRATIVE AND TECHNICAL
SUPPORT :

Major efforts during the year were directed at im-
provements in handling the increasing administra-
tive workload in Procurement and Contracts, Finan-
cial Management, and Property Management. This
development is part of an overall plan for automat-
ing administrative systems. Major portions of the data
entry and processing activity of the above functions
are now automated through the use of computer
terminals, both at Headquarters and in the Regional
Offices. Information being filed in the Geological
Survey’s Administrative Data Bases is now more time-
ly, more accurate, and more useful. Consequently
recurring and special reports are available not only
to administrative managers, but also to managers in
the Survey’s Program Divisions and in the Depart-
ment of the Interior.

Three Honeywell Multics time-sharing facilities
were brought online to provide nationwide computer
access for interactive problem solving. Located in
Denver, Colorado; Menlo Park, California; and
Reston, Virginia these facilities exploit existing auto-
matic data processing technology to provide methods
for scientific computations, data handling, and ad-
ministrative data processing for the Geological Sur-
vey’s varied activities.

A record number of maps were reproduced in fiscal
1977 in the Survey’s printing plant. More than 20
million copies of over 7,380 different maps were
printed including nearly 3,700 reprints of previously
published maps. This major thrust in reprinting was
accomplished to reduce the unusually large number
of maps out of stock.

Results of many Geological Survey activities are
not formally published, but are made available to
the public and the scientific community through
Open-File Reports. A centrally located facility was
established in Denver, Colorado, to provide direct-
mail sales of microfiche and paper-duplicate copies
of Open-File Reports.
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Perspectives

“If we are to make full use of the earth’s resources and at
the same time maintain a viable environment we must under-
stand the natural forces and processes at work in the earth, the
rivers, the oceans and the atmosphere. We must know how these
forces, processes, and materials interact and how and to what ex-
tent we perturb them in our activities. In spite of the warnings
we frequently hear, there is nothing inherently wrong in chang-
ing the so-called balance of nature. Nature herself does it con-
tinually and man has been doing it with good, bad, and indif-
ferent results since the discovery of fire and agriculture. What is
dangerous now, with our enormous power to modify the earth
and its processes, is to act in ignorance of the consequences.”

V. E. McKelvey
in “Earth Scientists—Front and Center!”’
April 17, 1972

River-Quality Assessment

By Phillip E. Greeson and David A. Rickert '

CONCEPT OF RIVER-QUALITY ASSESSMENT

In 1972, the U.S. Geological Survey began a pro-
gram of river-quality assessments. The objectives of
the program are (1) to define the character, interrela-
tionships, and apparent causes of existing river-quality
conditions, and (2) to devise and demonstrate the
analytical approaches and the tools and methodolo-
gies needed for developing water-quality information
that will provide a sound technical basis for planners
and managers to use in assessing river-quality prob-
lems and evaluating management alternatives. Both

4 The Willamette River, Oregon.

(Photograph from the Oregon State Highway Commission.)

reconnaissance and intensive river-quality assessments
are envisioned under the program. Reconnaissance
river-quality assessments concentrate on the first ob-
jective by describing the river quality of the basins
and by identifying existing and potential river-qual-

ity problems. These are the necessary ‘‘problem

identifiers.”” Intensive river-quality assessments em-
phasize the second objective and lead to predictions
of river-quality under various optional management -
strategies. They are the “problem analyzers.”
River-quality problems stem basically from two
factors—the unique hydrology of a river basin and

* Respectively, Hydrologist and Coordinator of River-Quality Assessment
Program, U.S. Geological Survey, Reston, Virginia 22092; and Hydrologist
and Project Chief of the Willamette River assessment, U.S. Geological
Survey, Portland, Oregon 97208.
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man’s development and use of the land and water re-
sources. In the broadest context, river-quality assess-
ment is a problem-oriented approach for developing
information that is appropriate and adequate for
sound resource management (fig. 1).

To predict the consequences of any management
plan, a fundamental understanding of cause-effect re-
lationships is essential. Assessment, therefore, neces-
sarily extends far beyond the basic data on water’s

physical, chemical, and biological qualities to the de-.

termination of pollution sources and the prevailing
hydrologic conditions that cause the observed effect.
When, by scientific analysis, cause-effect relationships
are defined and verified, assessment becomes a pow-
erful predictive tool by which alternative plans for
action can be evaluated. Such evaluations then en-
able the planner and the decisionmaker to establish
priorities rationally. (Rickert, Hines, and McKenzie,
1976a, b.)

For a specific river basin, the process of river-quali-
ty assessment involves seven steps: (1) identifying sig-
nificant problems of major importance in the basin;
(2) analyzing the hydrology; (3) deciding upon assess-
ment methods appropriate to each problem; (4) col-
lecting data relevant to each problem by intensive in-
vestigations; (5) analyzing the data for cause-effect
relationships, formulating and calibrating predictive

methods by which changes in river-quality variables
can be projected, and verifying the predicted results
against observed conditions; (6) forecasting the im-
pacts of various planning alternatives on river quality;
and (7) presenting the results of river-quality assess-
ment in a manner that is understandable to planners
and decisionmakers.

OVERVIEW OF THE SURVEY’S PROGRAM

On the basis of a recommendation from the De-
partment of the Interior's Advisory Committee on
Water Data for Public Use, the Geological Survey be-
gan an intensive pilot assessmentin January 1973 with
a study of the Willamette River basin, Oregon (fig. 2).
The Williamette River was selected for several rea-
sons. First, there was an excellent base of background
data, particularly on hydrology. Second, social and
political attitudes in Oregon reflected a keen interest
in environmental quality. This suggested that the
people and agencies would welcome the study and
that results would be used at the State and local levels.
Third, a river-basin management plan already existed,
as did several land-use projections. Thus, the study
could evaluate existing planning alternatives to pro-
vide a realistic test of assessment approaches. Fourth,
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FIGURE 1.—The interrelation of river-quality assessment to river-basin planning.
(From Rickert, Hines, and McKenzie, 1976a.)
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FIGURE 2.—Willamette River basin, Oregon, emphasizing the
main stem, principal tributaries, and major reservoirs. (From
Rickert, Hines, and McKenzie, 1976a.)

the Willamette is the largest river in the Nation for
which all major point-source discharges receive sec-
ondary waste-water treatment. Water quality is above
the stringent State standards, and the river is con-
sidered a national success story. Thus, the study could
include appraisal of the factors to which past improve-
ment was attributed, in addition to evaluating the
factors that needed to be managed to maintain or
improve the quality.

The Willamette River basin, a watershed of nearly
29,800 square kilometers (11,500 square miles), con-
tains the State’s three largest cities, Portland, Salem,
and Eugene, and approximately 1.4 million people,
representing 70 percent of the State’s population

(1970 census). The basin supports an economy based
on timber, agriculture, industry, and recreation, and
contains extensive fish and wildlife habitats.

The basin is roughly rectangular, with a north-south
length of about 240 kilometers (149 miles) and an
east-west width of 120 kilometers {75 miles). Alti-
tudes vary from less than 3 meters (10 feet) near the
mouth of the Willamette River to 140 meters (459
feet) on the valley floor near Eugene and to more
than 3,050 meters (10,000 feet) in the Cascade Range.
Average annual precipitation in the basin is about
1,600 millimeters (63 inches).

The slopes and foothills of the Cascade Range ac-
count for more than 60 percent of the basin area.
About 62 percent of the basin is timberland, located
largely in the tributary basins. Approximately 33 per-
cent of the area is farmland, and the remaining 5 per-
cent is urban and in other uses.

Specific problems addressed during the study were
determined in consultation with State, interstate, and
Federal agencies. The probiems included (1) the need
for maintenance of high-level dissolved oxygen in
the river and the effects of reservoir release patterns
on downstream river quality; (2) algal growth poten-
tial; (3) occurrence and distribution of trace metals;
and (4) the significance of erosion potential to pro-
posed land and water uses (table 1). The Willamette

TABLE 1.—Existing or potential river-quality problems of the
Willamette River basin, Oregon (from Rickert, Hines, and
McKenzie, 1976a.)

Relative Selected for
Problem importance! present study
Nonpoint-source pollution ________ 3
Reservoir-release quality __________ 3
Dissolved-oxygen depletion _____.___ 1 X
Algal-problem potential ____._______ 2 X
Trace-metal occurrence — - __._. 1 X
Sanitary quality __________________ 3
Accelerated erosion __.._.__._____ 1 X
Riverbank esthetics .__ oo __ 2

11 =greatest importance; 3=Ileast importance.

assessment has been completed and the results have
been reported in 10 Geological Survey Circulars (U.S.
Ceol. Survey Circs. 715). (See references to Hines,
Jennings, Rickert, Shearman, and others, 1975-77.)
Before discussing the results of the Willamette
study, let us look briefly at the rest of the Survey’s
river-quality assessment program. In order to develop
the approaches and methodologies for some of the
basin problems not encountered in the Willamette
River study, two additional intensive river-quality
assessments were started in April 1975. One is of the
Upper Chattahoochee River basin, Georgia, and the
other is of the Yampa River basin, in Colorado and
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Wyoming. The Upper Chatahoochee River assessment
is scheduled for completion in the spring, 1978;
reports of the Yampa River assessment are in
preparation. 4
The Upper Chattahoochee River assessment (Cher-
ry, R. N., and others, 1975) is addressing problems re-
lated to thermal loading and heat dissipation; wastes
from concentrated urban-industrial areas; flow pulsa-
tions resulting from hydropower production; and
sediment sources, transport characteristics, and de-
position. The Upper Chattahoochee River basin study
is demonstrating the kinds of information that can
be provided as a basis for knowledgeable manage-
ment decisions regarding basin development and
future uses of the river in which the maintenance and
improvement of water quality are prime requisites.
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The Yampa River (fig. 3) assessment (Steele, T. D.,
and others, 1976a and b) addresses problems related
to resource development for energy production—pri-
marily, the impact on river quality of coal extraction
and conversion processes. The study incorporated
the concepts of both reconnaissance and intensive
assessments. The first phase of the study assessed,
prior to development of energy-related activities, the
environmental setting of the basin and the current
and predicted energy-development plans. Under the
second phase of the study, the relative impacts on
the basin of various proposed plans for energy-
resource development are evaluated. The developed
and documented methodologies should be readily
transferable to other energy-rich, semiarid regions of
the United States.
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FIGURE 3.—Yampa River basin, Colorado and Wyoming. (From Steele and others, 1976a.)
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IMPLICATIONS OF THE WILLAMETTE
ASSESSMENT

The following conclusions (Rickert, Hines, and Mc-
Kenzie, 1976; Greeson, Velz, and Rickert, 1977) are
drawn from the Willamette River assessment:

Dissolved-oxygen depletion. Historically, mainte-
nance of high dissolved-oxygen concentration has
been the critical quality problem in the Willamette
River, especially during summer low flows (fig. 4). In
recent years, dissolved-oxygen levels have increased
dramatically in the summer. Secondary biological
treatment of all point sources of wastes has effectively
reduced the discharge of organic, oxygen-demanding
waste (biochemical oxygen demand or BOD) and, to-
gether with streamflow augmentation from storage
reservoirs, has caused the improvement.

The advent of secondary treatment resulted in con-
tinuous discharges of effluents at several industrial in-
stallations, rather than the previously used program of
summer lagooning and winter discharging. Ammonia
from certain of these effluents was shown by the study
to be the major cause of oxygen depletion in the
lower third of the river. Reduction of ammonia load-
ing from a few sources presents a relatively simple
alternative for achieving a large improvement in
summer dissolved-oxygen levels.

By contrast, it was found that further reduction in
the point-source discharge of organic waste beyond
that achieved by efficient secondary treatment would
produce insignificant improvement in the dissolved-
oxygen concentrations. Certain sources however,
might require upgrading of their secondary treatment.
Only about half of the total basinwide loading of
organic, oxygen-demanding substances presently
comes from point sources (table 2). The other half

TABLE 2.—Dry-weather 1974 ultimate BOD loading, Willamette
River, Oregon. (from Hines, McKenzie, and Rickert, in press.)

Loading
Source (Ib/day) Percent
Nonpoint _____________________ 77,100 46
Point ________________________
Municipal s emssmcmmsmnmn 37,600 22
Industrial ___________________ 54,400 32
Total —everrcne e 169,100 100

represents natural background demand from essen-
tially pristine streams and cannot be reduced by pol-
lution control programs.

Even with basinwide secondary treatment and rea-
sonable limitation on ammonia loading, low-flow
augmentation from headwater streams would be

DISSOLVED OXYGEN, IN MILLGRAMS PER LITER

RIVER MILES ABOVE MOUTH
FIGURE 4.—Comparison of 1973 with historical DO (dissolved
oxygen) profiles in the Willamette River for the summer low-
flow period. (Historical data are adapted from Gleeson, 1972.)

necessary to maintain the State’s high dissolved-
oxygen standards. As basin development continues,
reservoir augmentation to the present flow level prob-
ably will be needed even with increased treatment
removal of oxygen-depleting materials.

Potential for algal problems. Despite the second-
ary treatment of point-source discharges, nitrogen and
phosphorus concentrations in the Willamette River
remain high, creating a potential for algal problems.
There are several probable reasons why nuisance
growths have not been observed: lack of other essen-
tial trace elements, low water temperatures, high
summertime turbidities, and short water-detention
times. The results and comparisons with other rivers
indicate that the primary reason for favorable algal
populations in the Willamette River, in spite of high
concentrations of nitrogen and phosphorus, was the
short detention time of water.

A number of factors discourage the growth of nui-
sance algae in flowing waters. Perhaps the most im-
portant is the constant nutrient influx which prevents
depletion of major nutrients to the advantage of
bluegreen algae. The key to algal control in the Wil-
lamette River appears to be maintenance of present
levels of low-flow augmentation, to maintain higher
streamflow velocities. The detailed biological studies
indicate that arbitrary standards for permissible nitro-
gen and phosphorus concentrations are not desirable.
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Trace-metal occurrence. Many materials dis-
charged into river systems can be toxic to aquatic or-
ganisms. Most substances enter the river at subtoxic
levels, but many can be concentrated at successive
steps in aquatic food chains. Records for the Wil-
lamette River basin showed that there was little pos-
sibility of problems resulting from industrial organics
and pesticides but few data existed on the discharges
of trace metals or of their possible accumulation in
the water, sediment, and food chains.

To help fill the data void, a study was conducted to
determine the concentration and distribution of se-
lected metals in river-bottom sediments in order to
establish baseline data for future comparisons and to
provide an alert to possible accumulations of metals.
The concentrations detected in the study suggest that
no metals were present at levels which might repre-
sent a potential ecological threat. There were, how-
ever, moderate enrichments of zinc, resulting from
industrial discharges, and slight enrichments of lead,
resulting from urban runoff. The procedures devel-
oped in the study could be modified to detect the
extent of trace-metal pollution in virtually any river.

Impact of land-use activity on erosion. Great in-
creases in population and industry over the next 50
years are predicted for the Willamette Valley. The
potential impacts of the development on the land
and the water quality is unknown, but they may be
very high. For the study, a photomosaic map and an
erosion-potential matrix were developed to delineate
the relationships between physiographic factors, types
of land use, and resultant erosional and depositional
problems. Together, the map and matrix provide a
means for making tentative estimates of the erosional
impact of human activities on various types of terrain.
They can be used elsewhere for land- and water-
resource planning and for the design of improved
programs for assessing land and river quality.

Implications for the Scientific and Engineering
Community

While the results of the pilot study are of particular
importance to decisions affecting the Willamette
River, certain findings can be extended to the inves-
tigative programs of the scientific and engineering
communities across the Nation. Some already have
been pointed out—such as the importance of low-
flow augmentation and the limited impact on the
river of further reduction of organic, oxygen-deplet-
ing wastes. These can be extended readily to other
river-basin appraisals and could influence decisions
involving the expenditures of vast sums of money.

Of particular importance to the scientific commu-
nity is the insight gained as to the types of data
needed to conduct a sound river-quality assessment.
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Short-term, intensive, synoptic studies are needed to
provide the types of data required for assessment of
problems in the river. As well as defining cause-effect
relationships, data from synoptic studies can provide
knowledge of critical temporal and spatial changes
in river quality, environmental factors, and waste
loading, and sufficient data for a given time period
to define the range of error in results and predictions.

It was found that mathematical models, if properly
formulated and based on sound and adequate data
with all the assumptions: clearly stated, can be used
effectively in the practical assessment of resource-
planning alternatives.

There are many problems, however, which are cur-
rently difficult or impossible to model in a practical
and verifiable manner. Such problems include nutri-
ent-algal growth relationships and trace-metal occur-
rence. In the pilot study, a qualitative-descriptive
approach was used to develop sound planning in-
formation. The descriptive studies demonstrated that
qualitative approaches can produce adequate and re-
liable data for assessing key river-quality problems.

The approach of the pilot study and all the methods
and techniques developed were intended for wide-
spread application to facilitate the assessment of land
and river quality in many basins. Often the demo-
graphic and economic uncertainties in a basin may
be greater than the river-quality uncertainties, but this
only increases the need for careful, thorough scientific
assessment of local problems. Such appraisal can
provide a starting point for systematic evaluation of
the impact of socioeconomic and political options
and of technical alternatives on each specific prob-
lem. Sound resource planning and management de-
cisions can be made only on the basis of an intensive,
coordinated assessment of the entire river basin that
is keyed to the local problems and conditions.

Implications for Resource Planning and
Management

The need to study each basin individually is one of
the broad implications of the study. For instance, a
special interrelationship in the Willamette River was
revealed between nutrient concentrations and flow as
controllers of algal growth. The application of rigid
nationwide standards might have resulted in expendi-
tures, unnecessary in this basin, to reduce the load-
ing of nitrogen and phosphorus.

Another broad implication is that wastewater treat-
ment is not the sole means of river-quality enhance-
ment, although it plays an important role. More and
more treatment is not necessarily the answer. Other
strategies must be considered, for example, low-flow
augmentation, industrial processing of wastes, and



Collecting bottom sediment samples with a Peterson Grab.

better control of nonpoint sources of pollution and
urban runoff.

Results of the pilot study also indicate that, when
expensive management decisions are pending, there
is no substitute for carefully interpreted, detailed and
intensive data. Routine monitoring or surveillance
data, while useful for local management and deter-
mining compliance with standards, are seldom ade-
quate for defining the cause-effect relationships that
control most river-quality problems.

The cost of conducting the dissolved-oxygen ele-
ment of the study was approximately $125,000. Al-
though a considerable investment, it was small
compared with the amount that might be spent for
pollution control in such a river basin over the next
10 to 20 years. In fact, the General Accounting Office
(Comptroller General of the United States, 1976) es-

timated that the results of the study potentially could
save tens of millions of Federal, State, and local dol-
lars. Such a study is important as a basis not only for
setting planning and management priorities, but also
for pointing out potential savings—particularly when
little improvement in water quality would be achieved
by proposed waste-treatment or other pollution-
control programs.

Summary

In 1972, the U.S. Geological Survey began a pilot
program of river-quality assessments. The objectives
of the program are (1) to define the character, inter-
relationships, and apparent causes of existing river-
quality problems, and (2) to devise and demonstrate
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the analytical approaches and the tools and meth-
odologies needed for developing water-quality infor-
mation that will provide a sound technical basis for
planners and managers to use in assessing river-qual-
ity problems and evaluating management alternatives.

The pilot study on the Willamette River basin, Ore-
gon addressed problems related to (1) the need for
maintenance of high-level dissolved oxygen in the
river including effects of reservoir release patterns on
downstream river quality, (2) algal growth potential,
(3) occurrence and distribution of trace metals, and
(4) the significance of erosion potential to proposed
land and water uses.

Two other pilot assessments were begun in the Up-
per Chattahoochee River basin, Georgia and in the
Yampa River basin, Colorado/Wyoming. The Upper
Chattahoochee basin study is addressing problems
related to thermal loading and heat dissipation;
wastes from concentrated urban-industrial areas; flow
pulsations resulting from hydropower production;
and sediment sources, transport characteristics, and
deposition. The Yampa basin study addressed prob-
fems related to resource development for energy pro-
duction—primarily, the impact on river quality of coal
extraction and conversion processes.

The most noteworthy finding of the Willamette as-
sessment was that across-the-board advanced waste
treatment is not the most effective way of assuring
that the stringent water-quality standards for dissolved
oxygen in the river are met. It was found that the
elimination of two industrial discharges of oxygen-
demanding ammonia would result in a much greater
improvement on the Willamette River at considerably
less cost than advanced waste treatment.

The Willamette Assessment showed that existing
water-quality data generally are inadequate for de-
fining critical cause-effect relationships that control
river-quality ‘problems and that intensive, synoptic
surveys keyed to local problems and conditions are
needed in most river basins to develop an adequate
information base for managing key river-quality prob-
lems. The study illustrated the fact that rigid stand-
ards and regulations are likely to result in unneeded
expenditures in some river basins. The study con-
cluded that a proper balance can be attained only
through an intensive, coordinated assessment that is
keyed to local problems and conditions. A
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Role of Earth Sciences in the
Disposal of Radioactive Waste

By George D. DeBuchananne

02

“The basic requirement for a safe repository
is that the repository and its waste will be
isolated from mankind and the biological en-

vironment for hundreds of thousands of
years.”

INTRODUCTION

Since the beginning of the Atomic Age, man has
known that disposal of radioactive waste would be
a serious problem due to the longevity and toxicity
of radioactive waste. It has also been apparent that,
as most of the wastes are either in liquid or solid
form, disposal is in a large part an earth-science prob-
lem that requires an understanding of the fate of
these wastes after disposal..

Radioactive wastes are generated at several differ-
ent times or stages in the uranium fuel cycle. The
more important sources of waste result from mining,
milling, refining, enrichment, and fabrication of the
fuel, the operation of power reactors, the reproces-
sing of spent reactor fuel elements or assemblies for
the recovery and reuse of unused uranium and(or)
plutonium, the storage or disposal of spent fuel as-
semblies if not reprocessed and, to a lesser extent,
nuclear research and development. No repositories
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for the storage or disposal of high-level waste exist
today in the United States.

Nearly all operations that produce or use nuclear
materials generate radioactive waste. Most of the
waste comes from Department of Energy military
reactors, commercial nuclear power plants, and Fed-
eral and commercial nuclear fuel cycle activities, such
as fuel fabrication and reprocessing facilities.

Radioactive wastes can be referred to as high-level,
transuranic (Tru), and low-level. For the purpose of
this discussion, high-level wastes include fission prod-
ucts wastes that have a high level of penetrating ra-
diation, high rates of heat generation, and a long toxic
life. In addition to those high-level wastes generated
by the reprocessing of spent reactor fuel, one must
reckon with the spent fuel and assemblies themselves
if they are to be disposed of without reprocessing
for recovery of plutonium and uranium. Tru wastes
are described as those solid or solidified wastes that
contain long-lived alpha emitters at concentrations
greater than 10 nanocuries per gram. They generate
little cr no heat, and have radiation levels of less
than 1,000 millirems® per hour after packaging.
Transuranic elements also occur in high-level and
low-level wastes and in spent fuel. Low-level radio-
active wastes are those wastes that have become con-
taminated through use or origin yet do not fit into
the above categories.

Sources of Radioactive Waste

According to the Comptroller General’s Report to
Congress (1977), the high-level wastes generated by
the Department of Energy (DOE) fuel reprocessing
plants for the military programs amounted to about
0.27 million cubic meters (74 million gallons) as of
January 1977. Most of these wastes have been gen-
erated and stored at DOE’s Hanford facility in Wash-
ington, at their Savannah River facility in South Caro-
lina, and at their Idaho National Engineering Labora-
tories in ldaho. When solidified, those wastes will be
about 0.19 million cubic meters (7 million cubic feet).
By the year 2000 it has been estimated that the re-
processing of military wastes could generate an addi-
tional 0.11 million cubic meters (4 million cubic feet.)
of high-level waste.

The only commercial fuel reprocessing plant that
operated in the United States processed 640 metric
tons of spent fuel from April 1966 to early 1972,
generating about 2.4 thousand cubic meters (640,000
gallons) of high-level liquid waste. Additional com-

mercial high-level waste, in the form of spent reactor

'Rem: A unit of measure for the dose of ionizing radiation
that gives the same biological effect as 1 roentgen of X rays:
1 rem equals approximately 1 rad for X, gamma, or beta radia-
tion.
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fuel assemblies, from operating nuclear power reac-
tors is accumulating yearly. This spent reactor fuel
will have to be handled as high-level waste if the
President’s decision to defer commercial reprocessing
continues indefinitely.

The Nuclear Regulatory Commission (NRC) (1976)
projects that there will be about 500 large nuclear
power reactors operating by the year 2000.. NRC
estimates that these reactors will generate 127,000
metric tons of spent fuel through the year 2000. If
these spent-fuel assemblies are reprocessed and the
resulting wastes are solidified, the additional high-
level wastes have been estimated to total as much as
6.4 thousand cubic meters (230,000 cubic feet).

In addition to the high-level waste cited above,
about 0.37 million cubic meters (13 million cubic
feet) of transuranic contaminated solid waste from
military and research activities already have been
either buried or stored retrievably at five principal
DOE shallow-land burial sites. There are no records
on the volume of commercial transuranic contami-
nated waste that has been buried at six State-owned
shallow-land burial sites.

DOE's predecessor, the Energy Research and De-
velopment Administration (ERDA), estimated that
about 0.19 million cubic meters (7 million cubic feet)
of transuranic contaminated waste will be generated
commercially through the year 2000. In addition,
some of the .036 million cubic meters (1.3 million
cubic feet) of waste being generated by DOE pro-
grams each year are contaminated with transuranic
elements. :

The Comptroller General Report to the Congress
(1976) reports that some 1.17 million cubic meters
(42 million cubic feet) of other than high-level radio-
active waste (commonly called low-level waste) have
been buried at DOE facilities through 1974. The an-
nual volume of DOE generated low-level waste was
estimated at about .036 million cubic meters (1.3
million cubic feet) in 1976, but the volume is ex-
pected to gradually decrease in the future.

During the period 1962 through 1973, approxi-
mately 0.25 million cubic meters (9 million cubic feet)
of commercial low-level radioactive wastes have been
buried at commercial State-owned shallow land
burial sites. Each year the volume of commercial
low-level waste buried at commercial sites increases,
commensurate with the expected growth of the nu-
clear power industry. In a study, O’Connell and
Holcomb (1974) projected an average annual volume
of commercial low-level waste at 0.41 million cubic
meters (14.5 million cubic feet) for 1981 to 1990 and
2.2 million cubic meters (78 million cubic feet) for
the period 1991 to 2000. By the year 2000 it was esti-
mated that approximately 28 million cubic meters
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(1 billion cubic feet) of low-level solid waste would
accumulate. It should be noted that this 1974 esti-
mate by EPA is about 7 times greater than the 1976
NRC estimate shown in table 3. The difference, in
part, is believed to be due to different projected
nuclear growth.

Waste Disposal Concept

Table 3 illustrates the possible volume of accumu-
lated waste that would come from a balanced light-
water reactor power system by the year 2000 for the
no-recycle and uranium-only recycle options.

Since the beginning of the Atomic Era, many dis-
posal concepts have been considered in the manage-
ment and disposal of high-level radioactive waste.
The most promising of these concepts include: (1)
transmutation, the conversion of a radioactive nu-
cleus to another isotope by bombarding it with radia-
tion or nuclear particles; (2) extraterrestrial disposal,
where waste would be placed in orbit around the
sun; (3) ice-sheet disposal, where waste would be
placed in the polar regions; (4) sea-floor geologic
disposal, where waste would be placed in the rocks
underlying the ocean deeps; and (5) deep geologic
disposal, where waste would be placed in deep con-
tinental geological formations.

These five concepts have all been given serious
consideration, and research is still underway on sev-
eral of these modes of disposal. After more than 30
years of study the proposed disposal in deep-con-
tinental geological formations appears to show the
best possibility for isolating the waste from mankind.
The new U.S. Department of Energy is following its
predecessors, the Energy Research and Development
Administration and the Atomic Energy Commission,
in pushing forward the search for a suitable geologi-
cal environment for a high-level repository.

TABLE 3.—Cumulative volumes, in cubic meters, of waste in-
ventory in the year 2000’

Fuel Cycle Option

Type of Waste No Recycle U Recycle
Mill tailings 780,000,000 690,000,000
Spent fuel 55,000" 6,000°
High-level " 6,500
Transuranic b 76,500
Hulls and hardware b 52,000
(transuranic)
Low-level reactor waste 3,800,000 3,800,000
{non-transuranic)
Other low-level 310,000 300,000
(non-transuranic)
Chemical 179,000 183,000

1 Volume of HLW in 37,000 can-
isters.
¢ Includes plutonium wastes.

1 400,000 spent-fuel assemblies.

b Not produced with No-recycle

¢ 37,000 spent-fuel assemblies in
pool storage awaiting processing.

t Taken from Environmental Survey of the Reprocessing and Waste Man-
agement Portions of the LWR Fuel Cycle, NuReg-0116 (Suppl. 1 to WASH
1248). Nuclear Regulatory Commission 1976, p. 3-16.
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National Waste Disposal Program

According to Zerby (1976) in 1976, ERDA an-
nounced a greatly expanded program for the man-
agement of nuclear waste and created the National
Waste Terminal Storage (NWTS) program. The object
of the NWTS program is to provide facilities in vari-
ous deep geological formations at multiple locations
in the United States where commercial radioactive
waste can be safely disposed.

The Department of Energy has the responsibility
for selecting and constructing Federal repositories for
radioactive waste. However, the Nuclear Regulatory
Commission, must license such repositories as being
safe prior to their construction and use. Furthermore,
the U.S. Environmental Protection Agency (EPA) is
charged with the responsibility of determining
whether or not the license requirements have been
satisfied and whether or not a given repository, as
operated, is indeed safe.

The basic requirement for a safe repository is that
the repository and its waste will be isolated from
mankind and the biological environment for hun-
dreds of thousands of years. The single most impor-
tant hydrogeological consideration in the deep burial
of high-level waste is the isolation of the waste from
circulating groundwater. If the waste can be so iso-
lated it can be considered to be immobile. Provid-
ing complete assurance of immobility for hundreds
of thousands of years does not appear possible to
many geohydrologists. The basic“problem that must
be addressed in all considerations of geologic dis-
posal of high-level waste (HLW) can be stated as fol-
lows: HLW material which is not in mechanical,
thermal, or chemical equilibrium with its natural
environment is placed in a complex geologic host
with the object of not allowing physical and(or)
chemical migration of radionuclides away from the
disposal site into the biosphere in hazardous con-
centrations. It follows that the . multi-component
physical-chemical system that will develop in and
around the repository as a result of waste-rock inter-
action must be completely understood in order to
avoid any unforeseen effects. The effects of natural
disturbance on local equilibrium must be considered
as well. The major categories of investigation needed
to resolve these problems are: (1) investigations of
natural and waste-induced processes; (2) characteri-
zation of host-rock media; (3) characterization of en-
vironments or regions to evaluate their potential for
repositories.

The object of these three categories of study is
ultimately to assess all possible failure modes. Fail-
ure may result from both natural and waste-induced
processes, occurring independently or in conjunction
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with each other. Basic information on the effect of
disposal in host media and its geologic regions, data
from laboratory studies, and the results of predictive
containment and transport models all contribute to a
thorough understanding of possible failure.

U.S. GEOLOGICAL SURVEY NUCLEAR
WASTE DISPOSAL PROGRAM

High-Level Waste Program

The Survey’s ongoing nuclear-waste research pro-
gram in cooperation with DOE, though limited in
scope, is designed to mesh with DOE’s National
Waste Terminal Storage program which calls for
early emphasis on salt formations and later studies
of shales, crystalline rocks and other rock types. Geo-
chemical, hydrological, geologic and geophysical
work is now underway for salt formations and salt,
domes. A limited effort has begun to evaluate the
suitability of shales and crystalline rocks as host
media by a combination of field and laboratory
studies.

Investigations of natural and waste-induced proc-
esses include:

1. Geochemical
host media.

2. Analysis of seismic risk and development of seis-
mic design criteria.

3. Nature and effect of climate changes.

interactions of the waste and its

Investigations directed towards the characteriza-
tion of regions include:

1. Geologic remote-sensing evaluation.

2. Regional and borehole geophysical evaluation.

3. Regional geochemical investigations.

4. Hydrogeological evaluation of salt domes and
anticlines.

5. Hydrogeological evaluation of bedded salt de-
posits.

6. Hydrogeological evaluation of shales.

7. Hydrogeological evaluation of some rock types
at the Nevada Test Site.

Low-Level Waste Program

Disposal by burial in shallow trenches of solid
other than high-level waste (commonly called low-
level waste) containing radionuclides was initiated
during World War Il at several National laboratories
as an expedient method of directly protecting per-
sonnel from radiation and of isolating the radionu-
clides from the hydrosphere and biosphere. At that
time, the volume of such low-level waste was small



and disposal sites were selected largely as a matter
of convenience with only generalized considerations
given to long-term containment. Most of the other-
than-high-level waste consisted of material that had
become radioactive through use in the nuclear labor-
atories and production facilities. Typical contami-
nated materials include glassware, containers, rags
used to wipe up spills, sweepings, brooms, mops,
filters, and various and sundry pieces of laboratory
equipment and hardware for which decontamina-
tion was uneconomical or impossible.

After the war, the effort to apply nuclear materials
to a myriad of peaceful uses resulted in a constantly
expanding volume of an increasing variety of waste
types to be disposed. Limited evaluation of the avail-
able data collected at the earlier burial sites did not
indicate any major problems. Also, early studies of
ion exchange and other sorption processes in the
laboratory helped to foster a belief that in the Earth’s
subsurface, when all else failed, natural sorption
processes could be relied on to adequately delay
movement of most radionuclides. Furthermore, the
economic attractions of shallow land burial, the ready
availability of sites, and the opinion that any prob-
lem which might develop would be corrected by
engineered remedial techniques, contributed signifi-
cantly to the conclusion that this method of waste dis-
posal was satisfactory. This philosophy prevailed
through the 1950’s and 1960’s and the burial sites
became larger and more numerous, until today there
are 11 geographical localities in the United States
which are used as burial sites for other-than-high-
level radioactive waste materials.

In addition to the Survey-DOE high-level waste
program, the Survey-DOE has underway two field
investigations of other-than-high-level waste dis-
posal—one in the arid hydrogeologic environment
of basaltic rocks of Idaho and the other in the humid
environment of folded and fractured calcareous shales
and limestone of east Tennessee. The problem in
both environments is to describe the micro-hydro-
geology of the system so that radiochemical data can
be related to field observations in order to predict
waste migration. The results to date of the study in
Idaho have been very encouraging. Robertson (1974)
has field tested a predictive digital waste-transport
model and found it to be accurate. This model will
be a useful tool for designing a meaningful monitor-
ing system for the Idaho Nuclear Engineering Labora-
tory area. In the Tennessee program which is just
beginning, basic hydrologic field data is being col-
lected so that the hydrogeologic system can be ade-
quately described. The hydrologic data will then be
used to develop a digital hydrologic-flow model of
the system. After the hydrologic flow model has been
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verified, it can hopefully be used to design, construct,
and verify a model to predict waste-solute transport.
The predictive transport model would then be used
to select the most desirable locations for observation
wells to monitor the waste movement through the
fracured calcareous shale.

The Geological Survey’s own other-than-high-level
radioactive waste program funded by appropriation
to the Survey is directed at determining the proc-
esses and principles of radioactive waste migration.
The program also addresses the problem of deter-
mining the availability of and uses of water by the
nuclear industry.

These investigations are both theoretical and ap-
plied. Theoretical mathematical simulation and labor-
atory studies related to radioactive waste disposal are
already underway at USGS research centers in
Reston, Va.; Lakewood, Colo.; and Menlo Park, Calif.
Experiments in the laboratory are being conducted
with actual materials and solutions collected at the
different burial sites. The Survey also has initiated
comprehensive field investigations at the several
other-than-high-level waste burial sites, with the
cooperation of the responsible State agencies in New
York, South Carolina, Kentucky, lllinois, and Nevada,
respectively. Earlier studies at the Maxey Flats burial
site in Kentucky were initiated with funds transferred
from EPA’s Office of Radiation Programs. These five
field investigations in addition to the USGS-DOE
studies in Idaho and Tennessee will provide from
seven different hydrogeological environments the
field data that are essential to establishing hydro-
geologic criteria for the siting of shallow-land burial
grounds.

It should be noted that, in initiating these studies,
the Survey has received both policy and resource sup-
port from the Federal regulatory agencies, such as
the Nuclear Regulatory Commission and the Environ-
mental Protection Agency as well as the Department
of Energy. Other studies not involving radioactive
waste concern waste heat discharges into surface
waters at nuclear power plants.

In addition to the radioactive waste disposal prob-
lems generated by the nuclear industry, there are
other water-waste related problems involving muni-
cipal, industrial, and agricultural waste which are be-
ing studied by the Geological Survey.

UNRESOLVED PROBLEMS OF RADIO-
ACTIVE WASTE DISPOSAL

The problem of high-level waste disposal has been
under consideration by earth scientists since 1955
when the National Academy of Science gathered to-
gether a group of earth scientists to consider the



geologic, biologic, physical, and chemical ramifica-
tions of this problem. Since that time considerable
effort by scientists at Oak Ridge National Laboratory
and at the Battelle Northwest Laboratories has been
directed towards considering the feasibility of dis-

. posing of..liquid -high-level waste in deep geologic

basins and salt mines, and later in disposing of solidi-
fied waste in bedded salt deposits.

More recently, since 1974, in response to growing
pressures for a resolution of the problem of dispos-
ing of radioactive waste, earth scientists associated
with universities, national laboratories, industrial or-
ganizations, state geological surveys and the U.S.
Geological Survey have begun intensive examinations
of the problem.

Because there will always be some residual un-
certainty about basic processes of ground-water mi-
gration, waste-rock interaction, tectonism, and vary-
ing climate, a conservative approach to the develop-
ment of these repositories is called for. This con-
servative approach entails clear and detailed state-
ments of geologic criteria, the development of ade-
quate techniques for verifying that a particular site
meets the designed criteria, and a plan for long-term
monitoring of the repository to insure that the proc-
esses that actually occur are those that were antici-
pated or are at least benign.

The potential hazard from unplanned releases of
waste to the biosphere and hydrosphere is real and
the risk extends to periods of millions of years. But
predictions over time frames of millions of years is
beyond the capability of earth scientists. In practice,
during an evaluation .of the effect of a particular
natural event, the fate of the waste will vary with the
interaction and timing of other unrelated natural
events, and doubt would always remain about the
effects of these processes upon the ability of the en-
vironment to contain the wastes.

One of the greatest gaps in current knowledge con-
cerns the chemical interaction between the host
media/;nd the waste. High-level radioactive wastes
generate heat. The highest repository temperatures
occur during the first tens or hundreds of years. The
effects of this release of thermal energy on geologic
media are many and include at least three principal
categories: mechanical, mineralogical, and hydro-
logic. Virtually all thermal effects complicate enor-
mously the task of prediction over the intervals of
geologic time required for the isolation of waste.
Such complexity increases the uncertainty of geologic
estimates and in several instances, current technology
is inadequate to yield any prediction at all.

Geophysical techniques, particularly down-hole
techniques, are inadequate at this time to adequately
explore and describe the mass of rock needed for a
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repository. The problem of describing the area of a
repository is amplified by the necessity of not de-
stroying the integrity of geologic containment by ex-
cessive drilling of exploratory holes in the repository
area.

Most of the repository sites will be located within
the stable part of the North American Continent.
However, because of the hazard of high-level waste,
seismic risk must be evaluated for any areas con-
sidered for siting. Adequate methods for doing this
evaluation over very long time periods must also be
developed to assure repository siting suitability.

One of the major questions that will have to be
asked about any proposed repository for radioactive
waste will be the effect of future climate on the
hydrologic regime and geomorphic setting. Major
climatic oscillations, with periods on the order of
tens of thousands of years, have been a feature of
global climate for at least the past million years and
may be expected to continue. Therefore, existing
paleoclimatological data needs to be reviewed from
the point of view of nuclear waste disposal.

In order for a repository to be acceptable, the host
rock must be essentially impermeable. This raises the
question of how to measure permeability in a drill
hole with such low permeability or insignificant
ground-water flow. A number of such problems as
constrained by current technology remain to be
solved for high-level waste repositories.

As previously stated, earth scientists recognize
that high-level waste must be isolated from circulat-
ing ground waters. In the event, at some later date,
that such waste is subjected to ground water, it is
mandatory to be able to predict rates of flow and
pathways of solutes from the repository sites. Ground
water in low-permeable crystalline rocks flows prin-
cipally through fractures. Ground water flow through
fractured media is not well understood.

Understanding the thermal effect on the rocks sur-
rounding buried waste is extremely important to
management of high-level waste. The rise of tem-
perature and the dissipation of heat from high-level
waste must be evaluated. To do this, it is necessary
to acquire data on thermal conductivity of rocks and
the effects on temperature, pressure, porosity, min-
eral composition, and water saturation.

The assessment of rock at any potential high-level
waste repository involves assessing the potential
movement of transuranium elements as well as other
radioactive contaminants. There are several aspects
of this assessment which need to be fully understood:
(1) chemical reactions between the radionuclides and
the natural earth materials through which they are



being transported are not understood; and (2) the
effect of the high-level waste heat on the migration
of radionuclides via ground water has not been
evaluated.

Many earth scientists are concerned with the reac-
tions that will occur between radionuclides and the
naturally occuring earth materials. These reactions are
not well understood, particularly for the transuranium
and other elements that will be contained in the
waste.

Existing programs do not fully address the impact
of man’s intrusion on the natural environment. Drill
holes, mine shafts, and other repository construction
activities will introduce additional uncertainties that
will have to be evaluated. All repository openings,
regardless of depth will have to be sealed by some,
as yet unknown, technology which will in effect re-
turn the site to near virgin conditions. In addition,
little or no effort has been devoted to the problem
of monitoring a repository and the surrounding area
to detect changes which could ultimately lead to a
leak of the containment.

Radioactive waste problems are dynamic, complex,
and varied. Therefore, there can be no one simple
solution to all problems. The different solutions will
have to be imaginative, working primarily within the
constraints dictated by the hydrogeologic environ-
ment at each proposed disposal site to determine
what type and classification of radioactive waste can
be contained by the proposed site for the period of

time required to protect the biosphere and hydro-
sphere. The waste should be tailored to the environ-
ment since man, as yet, is unable to control many
of the natural processes.

Recognizing all of the unresolved earth science
problems, will it be possible to isolate radioactive
waste from man’s environment? Geologic contain-
ment is the most reasonable alternative for radioac-
tive waste isolation and safe geologic repositories can
be constructed, once these problems are resolved. A
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Shut-In Wells on the Outer Continental Shelf

By Charles M. Perrott and Ronald W. Taylor

Shut-in oil and gas wells have been a major con-
cern in the past two or three years to the Congress,
the Geological Survey, the industry, and the general
public. Thus, a discussion of the background of the
problem and what has been done to resolve it is in
order.

It was mentioned in the last two Annual Reports
that a Congressional subcommittee has held the view
that some oil companies deliberately shut-in produci-
ble wells and reservoirs (particularly gas wells and
reservoirs) until higher prices will make production
more profitable. Industry’s response was that reserve
figures include behind-the-pipe reserves in wells with
multiple sands which could not be produced concur-
rently. Where multiple horizons occur, the productive
sands are produced sequentially.

The Survey initiated action on this matter in Janu-
ary 1975 by asking 10 companies that appeared to
have the most questionable cases of shut-in wells on
leases to start production immediately or submit rea-
sons and data explaining why shut-in status should
be permitted. Subsequently, in March 1975, 3 of these
10 companies were required to submit additional
data supporting the shut-in status of their wells. As a
result of the Survey’s review, two companies chose to
terminate one lease each in fiscal year 1975. Then, in
fiscal year 1976, one other company terminated two
leases.

In addition to the above action, in January 1975 the
Survey made the reporting of shut-in oil and gas wells
on the Outer Continental Shelf (OCS), a continuing
project with the establishment of a shut-in well com-
puter data base. Part of the initial problem concern-
ing shut-in wells was caused by confusion and mis-
understandings of in-house statistics and records on
the part of those not familiar with offshore oil and
gas operations. One reason for this was that in 1974
the Survey did not explain just what was included in
the statistic, “/Shut-in Producible Zone Completions,”
as reported in our OCS statistics booklet. These fig-
ures included all nonproducing completions in all
wells that had not been permanently plugged and
abandoned without indicating the reason for the non-
producing status. Such statistics were adequate for
use in regulatory activities but did not indicate a
meaningful shut-in status of the wells and comple-
tions included therein. For example, the OCS well
status summary as of December 31, 1974, indicated
3,124 shut-in oil completions, 948 shut-in gas com-
pletions, and 618 nonproductive wells that had not
been plugged and abandoned. There was no further
categorization of the shut-in completions nor of the
wells that had not been plugged and abandoned;
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eous conclusion that there were approximately 4,700
oil and gas wells on the OCS that were capable of
being produced but for some unknown reason were
not being produced.

In order to properly monitor all OCS oil and gas
operations, the Survey initiated a program in Janu-
ary 1975 to identify accurately all shut-in oil and gas
completions so as to categorize them by their po-
tential for future utility. Secondary classifications
grouped the shut-in completions as to the reason for
their shut-in status. The informaion thus obtained
could be used to determine if any of these so-called
shut-in completions were capable of production and
delivery of a product to the market place.

In order to standardize the term “‘shut-in well”, the
Geological Survey in 1975 defined a “shut-in well”
as any well which at some time in the past was a
producing well, is not currently producing, and is
physically in such mechanical condition that the
former producing interval could be opened for pro-
duction if any production capability exists.- The ex-
panded definition also included any new wells which,
in the near-term future, could be producing upon
completion of drilling operations or construction of
production facilities or pipelines. The term “oil and
gas wells” is distinguished from the term “oil and gas
completions within a well.” A ““completion” is de-
fined as a perforation, or set of perforations, through
which the production of oil and/or gas might be ob-
tained from a single formation. Therefore, a single
well borehole passing through several producing
zones may contain more than one “completion.” A
“service well” normally has no production of its own
but is utilized to aid the production of other wells.

As part of the January 1975 survey mentioned
above concerning the 10 oil and gas companies, all
oil and gas operators in the Gulf of Mexico were
directed to submit a list of all shut-in completions
and to identify each as to its potential for future
utility and the reason for the shut-in status. By late
March 1975, all operators had responded and iden-
tified approximately 5,400 shut-in completions, of
which approximately 1,400 had production restora-
tion possibilities, and 400 could be used as a service

TABLE 4.—Number of completions by production capability
as of July 1977

Oil Gas Other Total
Actively producing 3,237 2,236 - 5,473
Shut-in with no restora- 1,557 636 15 2,208
Gt'on pOfenfia, S e i e e e e s e e oo e e g
"""" Shut-in  with” restoration - 1,412 816 25 2,253
. botential " - . S e
" Service (gas injections, el e 392 392
water injection, etc.)
Drilling status R R 626 626
10,952

TOTAL




well at some time in the future. The remaining 3,600
were identified as having no potential for future util-
ity; therefore, they were not shut-in producible zone
completions but abandoned completions with no
value for oil and/or gas production (usually depleted
or watered out). Approximately 1,300 of the shut-in
completions were located in wells that were produc-
ing from other completions within the well. As an il-
lustration of the significance of this last figure, it
should be pointed out that it is often uneconomical
and sometimes harmful to the producing completion
to attempt a major workover on the other comple-
tion of a dually completed well.
The oil and gas wells with indicated reserves were
not on production because of mechanical problems,
sand and water problems, low flowing pressures, and,
in some cases, because the operators were waiting
for production equipment and facilities or transpor-
tation facilities. Also, some wells completed in a gas
cap were shut-in until the final stages of production
to conserve reservoir pressure and to prevent loss of
possible liquid production. The Geological Survey
also had a verification program in conjunction with
this 1975 survey; hence the additional check on the
10 companies mentioned above.
. Since the shut-in reporting system of 1975 was

initiated, it has been updated and improved. Now,
for instance, complete shut-in statistics are compiled
for the Gulf of Mexico OCS each month. These sta-
tistics are based upon a completely revised shut-in
reporting system that was begun in March 1977. Any
well that has zero production for a reporting month
is considered shut-in and the Survey requires that the
operator report both the reason for shut-in status and
the action required to bring the well back on pro-
duction. An operator is required to file a separate
report when a major well is shut-in for more than 5
days. A major well is defined as one capable of pro-
ducing 200 barrels of oil or 4 million cubic feet of
gas daily.

Statistics for the following tables were taken from
the July 1977 monthly well-status summary for the
Gulf of Mexico OCS. This area accounts for 95 per-
cent of United States OCS oil production and 99.9
percent of United States OCS gas production. The
July statistics are representative of the monthly sta-
tistics obtained since the new reporting system was
begun.

TABLE 5.—Shut-in oil, gas, and other completions with
restoration potential by reason for shut-in

The following three tables show: (1) the extent of
producible shut-in completions (2,253) related to total
completions (10,952) in the Gulf of Mexico, (2) the
reasons these 2,253 producible shut-in completion
are not producing, and (3) the actions required to
bring them back on production.

Table 4 categorizes completions by production cap-
ability. The “other” category adjacent to the shut-in
statistics includes those completions whose hydro-
carbon potential has not been determined.

The Geological Survey classifies a well’s shut-in
status into one of seven major “‘reasons for shut-in.”
One of these, weather, usually has an effect only dur-
ing hurricanes or unusually cold weather. Table 5
lists the restorable shut-in completions in the remain-
ing six categories.

Well-bore related problems account for almost half
(49.2 percent) of the restorable shut-in wells. Well-
bore problems include such deficiencies as holes in
the tubing or casing strings; tubing or perforations
sanded up or loaded with water; debris dropped in
tubing during remedial work; and subsurface safety
valve problems. The next most common reason that
a well is shut-in is reservoir-related. Reservoir-related
problems account for 34 percent of restorable shut-
in wells. Reservoir problems involve low reservoir
pressure; high water-oil ratio; reservoir testing;
reservoir depletion; and wells completed in gas caps
of oil reservoirs shut-in to- conserve the reservoir
driving mechanism. In addition to reporting the rea-
son for shut-in, operators are now required to indi-
cate the action required to restore the well to pro-
duction. Table 6 shows the actions required to re-
store those wells reported shut-in in table 5.

Table 6 indicates that only 10.4 percent of restor-
able shut-in wells could be restored to production by
merely opening the master valve on the Christmas
tree (wellhead). Examples of wells in this category
include those shut-in for safety violations, those shut-
in to prevent flaring of gas from oil wells, those shut-
in to conserve reservoir pressure (gas-cap wells), and
those shut in to insure safety of operation by avoiding
simultaneous drilling and production activities on the
same platform. The remaining 89.6 percent of re-
storable shut-in wells require some kind of remedial
work. No completions have been identified as shut-
in for reasons other than depletion, mechanical fail-
ures, or good operating practice. A ’

TABLE 6.—Action required to return restorable
shut-in completions to production

Reason
for Shut-in Oil Gas  Other  Total Action Oil Gos Other  Total
Reservoir related 486 277 4 767
Well-bore related 794 302 12 1,108 Open Surface Valve 131 97 7 235
Surface equipment 20 33 1 54 Surface construction or
_related ' repairs needed 132 182 2 316
Pipeline related 13 69 5 87 Minor workover 431 179 11 621
Platform related 80 115 3 198 required
Regulatory related 19 20 0 39 Major workover 718 358 5 1,081
(Safety violations, etc.) required
TOTAL 1,412 816 25 2;253 TOTAL 1,412 816 25 2,253
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Planetary Exploration and Understanding the Earth

By Michael H. Carr

We are witnessing, in the second half of the twen-
tieth century, a unique event in the history of man-
kind—the exploration of the solar system. Those of
us living in this era are the first to get a close look
at those planetary bodies whose movements through
the heavens have intrigued Man since his beginning.
The event is influencing many of Man’s activities,
subtly affecting his consciousness of himself and his
place in the universe. Through space exploration we
have already enhanced our realization of the unique
nature of the planet Earth, of its fertility and its isola-
tion in a hostile universe. But aside from the philoso-
phical impact, space exploration is providing specific
knowledge about the Earth and the processes that
have controlled its evolution. Until the current era
of space exploration, geologic processes could be
studied only under the restricted set of conditions
that prevail here on Earth. There was no way to ap-
preciate what possible evolutionary paths a planet
might follow, no way to know how the Earth’s history,
internal dynamics and surface processes compared
with other planets. The mode of the Earth’s forma-
tion and its early history were particularly difficult
to evaluate and almost entirely in the realm of pure
speculation. So access to other planetary bodies with
better preserved records of their early history and
where geologic processes have operated under more
varied and extreme conditions is now providing new
insights into several areas of gelogy. How these new
insights have and will affect our knowledge of the
Earth is the main theme of this review of space-age
geologic findings. .

The exploration of the solar system is well under
way. Manned exploration of the Moon between 1969
and 1972 was followed by a period of intense study
of the lunar samples and a general global synthesis.
The result is that the history of the lunar surface
and the general chemical evolution of the Moon are
now roughly understood. At the same time a vig-
orous program for unmanned exploration of the
inner solar system was initiated. The Mariner 10
spacecraft to Mercury in 1973 revealed a planet
whose surface so closely resembles that of the Moon
that similar surface processes can be inferred. This
was somewhat surprising because the bulk properties
of the two bodies are so different. The Moon consists
almost entirely of silicates while Mercury has only
a thin veneer of silcates over an iron-rich core, com-
prising 80 percent of the mass of the planet. Very
little is known about Venus because of its thick
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cloud cover. Two Soviet spacecraft have successfully
transmitted pictures from the surface that reveal a
rock strewn terrane. Radar images acquired with
Earth-based antennae indicate the venusian surface
is fairly smooth with vague circular depressions,
linear troughs and some large mountains (several
hundred kilometers across) that could be enormous
volcanoes. Scheduled orbital missions to Venus with
cloud penetrating radar in 1978 and possibly 1982
will provide a much better basis for evaluating the
geologic evolution of this our closet neighbor and
the planet that most resembles the Earth in size and
density. Meanwhile, the exploration of Mars is well
advanced. The Mariner ‘71 mission and more re-
cently the Viking missions have revealed an enor-
mously varied surface with huge volcanoes, canyons,
large river beds, permafrost features and other in-
dicators of a complex history. Future exploration
may include an unmanned rover mission in the
1980’s and returned samples in the early 1990's.

Exploration of the outer solar system has just be-
gun. Two Pioneer spacecraft have made close obser-
vations of Jupiter and are on their way to Saturn. In
addition, two much more sophisticated Voyager
spacecraft were launched in 1977 to Jupiter and
Saturn with arrivals expected in 1979 and 1981 re-
spectively. Of particular interest to geologists are
the large satellites of Jupiter and Saturn which num-
ber more than a dozen. These have a combined land
area that exceeds the entire land area of the inner
solar system so far photographed. Their enormous
range in density and surface properties suggest
widely different compositions and evolutionary paths.
Thus within a very few years, the number of planetary
bodies available for observation will have increased
from one to about twenty and we will have been
able to study the effects of numerous geologic proc-
esses on planetary bodies with an extremely wide
range of initial chemistry, size, atmospheric composi-
tion and distance from the sun.

The Earth’s Early History

How will any knowledge that we gain from study-
ing other planetary bodies affect our understanding
of the Earth? One of the main benefits will be an im-
proved understanding of the Earth’s early history.
Almost all evidence of what occurred during the first
billion years of the Earth’s history has been erased
from the surface by subsequent volcanism, mountain
building and erosion. Yet during this evolutionary



period life began, the forces of mountain building and
volcanism were set in motion, and the atmosphere
probabily assumed approximately its present compo-
sition. In the cases of -Mars, Mercury and the Moon,
the evolution of the surface during the first billion
years was dominated by two processes, meteorite im-
pact and flooding by lava. We have been able to re-
construct the impact history of the Moon at least as far
back as 4 billion years ago (fig. 6) by correlating
absolute ages of lunar samples with the number of
impact craters superimposed on the unit sampled.
The record previous to that time has been erased by
extremely intense bombardment. It is now clear that
the impact rate on the Moon was very high 4 billion
years ago and declined very rapidly 3.9 billion years
ago to a much lower rate which has remained ap-
proximately constant ever since. This gives the Moon
its characteristic appearance (fig. 7). Surfaces older
than 3.9 billion years are very heavily cratered;
surfaces younger than 3.9 billion years are very
sparsely cratered. Mercury and Mars appear to have
similarly experienced an early intense bombardment
which rapidly declined to a much lower level at a
later date, although for these planets we cannot con-
fidently date the decline. The Earth, being in the
same part of the solar system as the Moon, must have
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TIME BEFORE PRESENT (BILLIONS OF YEARS)

experienced an impact history similar to the Moon.
Approximately 3.9 billion years ago, much of the
Earth’s surface probably resembled the lunar high-
lands with the effects of the high impact rate domin-
ating the landscape. The surface was probably satu-
rated with craters and the rocks shattered and frag-
mented to depths of several tens of kilometers. After
3.9 billion years ago the appearance must have
changed relatively rapidly as the impact rate declined
and the effects of processes such as volcanism and
erosion became more apparent. Possible major dif-
ferences are that the Earth’s atmosphere would have
filtered out the smaller objects and the possible
presence of oceans must have considerably modified
the effects of large impacts, perhaps resulting in large
tidal waves, sedimentary deposits, and the filling of
large impact basins.

On the Moon and Mars, and possibly Mercury,
extensive lava plains formed after the decline in
cratering and, at least on the Moon, there is abundant
chemical evidence of planet-wide volcanism before
the decline. By analogy there may have been a similar
era of early volcanism and lava plains formation on
Earth but all the evidence has been erased. After 3.7
billion years ago we enter the time span in which
we can read the historical geologic record as pre-

NUMBER OF
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AGE OF SURFACE (BILLIONS OF YEARS)

FIGURE 6.—Crater formation on the Moon. The rate of formation of craters on the Moon decreased rapidly 3.9 billion years ago
(left-hand figure). Surfaces that formed before that time are saturated with craters, those that formed after are only sparsely
cratered, the number of superposed craters depending on the age of the surface (right-hand figure). The Earth has experienced
a similar cratering history but most of the evidence has been erased by erosion and other processes such as volcanism and

mountain building.
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FIGURE 7.—Front side of the Moon. The lunar surface is divided into densely cratered highlands which mostly formed before the
decline in the rate of cratering 3.9 billion years ago and the mare which formed after that time. Before 3.9 billion years ago
much of the land surface of the Earth probably looked like the lunar highlands, but after that time Earth’s appearance changed
rapidly as the impact rate declined and the effects of volcanism and mountain building became more apparent.

served on the Earth. From then on we are no longer
solely reliant on comparison with other planets to
determine the sequence of events.

Geologic Processes

Comparison of the Earth with other planets is still,
however, useful for better understanding geologic
processes. Unlike any other planet, so far as we know,
the geologic framework of the Earth’s crust is domi-
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nated by plate motion; that is, by the lateral motion
of different parts of the rigid crust with respect to
each other. These large rigid segments are called
plates and the relative motions between them are
described as plate tectonics.' So pervasive are the

!Hamilton, W. B., 1976; ‘“Plate Tectonics and Man,” in U.S.
Geological Survey Annual Report, Fiscal Year 1976, U.S. Geol.
Survey, pp. 39-53.



effects of these plate movements that little or no
evidence remains to show what the Earth was like
before the onset of plate tectonics or what effects
other processes previously had on the evolution of
the surface. Comparison with other planets may help
in both these areas. Mars has many geologic features
in common with the Earth, features such as volcanoes,
fracture systems and sedimentary basins. It differs
by having no oceans, only a very thin atmosphere,
and no plate tectonics. Mars may give some indica-
tion of what the Earth was like before the crust
broke up into moving plates. For example, centered
on the Tharsis region of Mars is a bulge in the Martian
crust approximately 7 kilometers (4.3 miles) high and
4,000 kilometers (2,485 miles) across. On top are three
enormous volcanoes and radiating from the center as
far as 3,000 km (1,864 miles) are numerous fractures
(fig. 8). So extensive is the fracture set that it affects
almost a complete hemisphere of the planet. Some of
the fractures and the volcanoes themselves appear to
have been the sources of large volumes of lava which
behave like basalt lavas on Earth. The Tharsis region
has been studied in great detail. We can assess when
the bulge formed, the sequence of fracturing, and the
volcanic history. The most plausible hypothesis con-
cerning its origin is that the formation of the bulge
was related to separation of the iron-rich core early in
the planet’s history. The Earth may have similarly de-
veloped features like the Tharsis region early in its his-
tory. The rise, its radial fractures, and its volcanoes
resemble sites of incipient plate break-up on Earth,
and we might conclude that Mars tried plate motion
but didn’t quite make it. Perhaps the rigid crust is too
thick, the planet too small, or several regions like
Tharsis are required. Whatever the reason, we may
have preserved on Mars a configuration similar to that
which prevailed on Earth before plate tectonics and
we may be observing the effects of a stress system
similar to that which on Earth caused the initial break-
up into crustal plates. We can therefore study the
stresses in a situation where their effects have not
been masked by subsequent plate motion.

We can also study other geologic processes in
situations uncomplicated by plate motion. The evo-
lution of the Earth’s crust is affected both by deep
seated processes originating below the mobile plates
and by processes related to plate motion. For ex-
ample, the evolution of Hawaiian type volcanoes is
affected both by the processes of rock melting deep
within the Earth and by the movement of the Pacific
plate upon which the volcanoes sit. On Mars we
are able to study similar volcanoes where there is
no crustal motion. The comparison is very revealing
since the Hawaiian and Martian volcanoes closely
resemble each other. Both have gently sloping flanks,
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large multiple collapse pits at their center and both
appear to be built largely of fluid lavas which have
left numerous flow features on their flanks. The
most obvious difference between the two is size
(fig. 9). The Martian shields grow to over 20 kilo-
meters (12 miles) in height and more than 500 kilo-
meters (310 miles) across in contrast to a maximum
width of 120 kilometers (75 miles) and height of 10
kilometers (6 miles) for the Hawaiian shields. The dif-
ference is readily comprehensible as a consequence of
plate tectonics. The Hawaiian shields are at the south-
eastern end of the Hawaiian-Emperor chain, a long
line of extinct volcanoes, many of them submarine,
that stretches several thousand kilometers across the
Pacific Ocean. The Hawaiian volcanoes are relatively
short lived—a few million years at most. They become
extinct as movement of the Pacific plate to the north-
west carries them away from the deep source of lava,
adding another extinct volcano to the chain and caus-
ing a new volcano to form over the source. The Mar-
tian shields on the other hand are fixed over their
source and continue to grow for a long period of time,
perhaps billions of years, constrained only by the
lava supply and the required pressure to pump it to
the surface. The Martian shields therefore grow to
enormous sizes compared to their smaller short-
lived terrestrial counterparts. Another point of con-
trast between the Martian and Hawaiian shields is
their evolutionary cycle. The Hawaiian shields have
an initial shield-building phase in which eruption of
very fluid lavas predominates, as exemplified by the
Mauna Loa and Kilauea volcanoes. Later the style of
volcanism changes from the relatively quiet effusion
of predominately basaltic lavas to more explosive
activity and more silica-rich lavas, as for example at
Mauna Kea. This later volcanic stage appears not to
occur on Mars. If it were caused by deep-seated proc-
esses, such as chemical changes in the source regions,
as has been proposed, then we would expect to see
similar effects on Mars and we do not. It is likely
therefore, that the late stage of the Hawaiian vol-
canoes is in some way related to plate motion. Thus
comparison with Mars leads us to favor one set of
hypotheses regarding the final stages of evolution of
the Hawaiian volcanoes, those that attribute the late
explosive stage to the effects of plate motion.
Mars also provides a means of studying surface
processes in totally different environments from those
that prevail on Earth. For example, pictures returned‘
from the Viking mission to Mars reveal a number of
spectacular landslides (fig. 10). They resemble many
terrestrial slides that have moved as catastrophic
avalanches. Because of the threat that they pose,
considerable work has been done on the causes of
landslides and their precise emplacement mechanism.
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FIGURE 8.—The Tharsis region of Mars. The contours (fine lines) outline a bulge in the Martian crust where the largest known vol-
canoes of the solar system are located. The dark lines schematically represent the radial fracture system around the bulge.
The rigid outer layer, or lithosphere, of Mars is not divided into moving plates like that of the Earth. We therefore see, pre-
served on the surface, features such as Tharsis that appear to be the result of processes operating deep within the planet.
On Earth the effects of such processes are generally masked by the effects of plate motion.

The value of the Martian examples in assessing the
relative merit of the different proposals arises from
the fact that conditions there are so different from
any that prevail on the Earth. For example, move-
ment on a cushion of air has been invoked to explain

28 | PERSPECTIVES

the large distances over which some catastrophic ter-
restrial slides can travel. Yet we see on Mars land-
slides that have travelled many tens of kilometers,
much farther than most known terrestrial slides, and
they did so in the presence of an extremely thin



atmosphere, less than one hundredth that of the
Earth. We concluded therefore substantial atmos-
pheric interaction is not necessary to explain the
efficient motion of terrestrial landslides.

Mars is similarly a laboratory for the study of
erosion and deposition by the wind. Although thin,
the Mars atmosphere is capable of erosion, and the
transport and deposition of debris. On Earth the
effects of wind action tends to be masked by the
effects of water. In contrast water appears to have

had only a limited effect in sculpting the Martian
surface except in very localized areas. Wind action
appears however to have been continuous, forming
a wide variety of landforms which we can study in
detail. Surprisingly little is known of the mechanics
of wind action. What factors control erosion rates
and the final form of deposition features are poorly
understood. Three decades of neglect followed some
pioneering quantitative work in the thirties and
forties. Recently however, because of the implications

FIGURE 9.—Olympus Mons, the largest shield volcano on Mars, is approximately 500 kilometers (about 310 miles) across and 27
kilometers (about 17 miles) high. The outlines of the Hawaiian Islands are superimposed on the volcano at the same scale.
The Hawaiian volcanoes grow to only a limited size because the motion of the Pacific plate to the northwest carries volcanoes
away from the magma source. In contrast, the Martian volcanoes remain fixed over their source of magma for hundreds of mil-
lions, perhaps billions of years, and grow to immense size.
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FIGURE 10.—a. The Sherman Landslide, Alaska. The landslide formed 27th March 1964 as 30 million cubic meters (a volume
equivalent to a 1,000 foot-cube) of rock dropped 600 meters (1,969 feet) and moved laterally 5 kilometers (2.7 miles), partly
over the Sherman Glacier. The longitudinal grooves are approximately 8 meters (about 26 feet) wide and average 600 meters
(about 2,000 feet) in length. Distal ridges (foreground) are 3 to 15 meters (about 1 to 5 feet) high and 15 to 150 meters
(about 5 to 50 feet) across. b. Landslide in the equatorial canyon of Mars. The canyon is approximately 150 kilometers (about
90 miles) across with walls 2 to 3 kilometers high. Longitudinal striae and the ridges near the toe of the slide are strikingly
similar to the Sherman slide.

for Mars, there has been renewed interest in the ef-
fects of wind. Several laboratories are conducting
wind tunnel experiments and attempts are being made
to theoretically model various wind processes. Com-
parison between Mars and the Earth is particularly
useful for such aeolian modelling. The values of the
acceleration due to gravity and atmospheric pressure
are, for example, very similar in most terrestrial en-
vironments but quite different on Mars. The effect
of varying these two parameters can thus be assessed
by comparing wind features on the two planets. In a
related study, Martian dust storms are being analyzed
in great detail in order to assess the effects of surface
reflectivity, grain size, the brightness of the grains,
and temperature gradient in the atmosphere on storm
initiation. The results are being applied to dust storms
in the Sahara and the southwestern United States. In
general there is an increasing recognition of wind
as an important erosive agent, particularly where soil
has been de-stabilized by over-grazing or over-cul-
tivation, and planetary studies are stimulating the
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studies needed for a better understanding of those
environmental factors most sensitive in initiating
erosion.

Cratering is another area where interplanetary
comparisons may yield a better understanding. In-
terest in the Moon in the 1960’s resulted in consider-
able experimental and theoretical work. One uncer-
tain factor, which is difficult to test experimentally,
is the effect of g, the acceleration due to gravity.
Some of the uncertainties are being resolved by
examination of craters on several planetary bodies.
The results are somewhat surprising in that the final
crater shape is relatively insensitive to gravity:
craters on the Earth are very similar to those on
Phobos, one of the moons of Mars, on which there
is virtually no gravity. It is widely believed that the
nickel deposits. of Sudbury, Ontario, are in an old
impact crater and oil has been found in some prob-
able impact features in the Williston Basin of North
Dakota. So better understanding of impact mechanics
may well have direct economic implications.



Formation of the Earth

Certainly a major gain of planetary exploration will
be an improved understanding of the formation of
the Earth. Before acquisition of lunar samples, it was
widely believed that the inner planets formed by
accumlation of material that corresponded in compo-
sition to some meteorites. A type of meteorite called
chondrites was generally assumed as representa-
tive of the parent material. It was believed that the
inner planets formed by cold accretion of chondritic
debris and later heated up slowly as a result of radio-
active decay of the long-lived isotopes of potassium
(K), uranium (U), thorium (Th). That now-obsolete
model predicted that the surface of the Moon would
be chondritic in composition and that no volcanic
activity could have occurred because of the small
size of the Moon and the relatively low K, U, and
Th content of chondrites. We found, of course, that
contrary to the model, the Moon is not made of
chondrites and that there is evidence of extensive
volcanic activity. Our concepts as to how the Moon
formed, and consequently as to how the Earth and
other planets formed had, to undergo revision.

Clues as to how planets form come from two main
sources: (1) the variation in the bulk density of the
planets with increasing distance from the sun and,
(2) the chemistry of various obects within the solar
system. We have at present good chemical informa-
tion only on the Earth, the Moon, and meteorites.
There are two theories currently in vogue as to how
planets form. Both groups of theorists calculate that
materials condensed out of different parts of the
gaseous disc or nebula that surrounded the early sun.
Where the theorists differ is their calculations of the
extent to which equilibrium is or is not maintained
between material already condensed and the remain-
ing gases. Both agree in proposing that as the solar
nebula cooled, different minerals condensed out to
form solid grains from which the planets accreted.

In brief, on those planets forming close to the sun,
only materials with high condensation temperatures
such as CaO, Al,O,, MgSiO;, Fe and Ni condensed,
whereas toward the outer edge of the solar system
almost everything condensed except hydrogen and
helium. The net result is that the planets which
formed from materials that condensed close to the
Sun are rich in refractories whereas those further
out are rich in volatiles. In the first or homogeneous
accretion model, its proponents hold that accretion
of the planets is slow compared with the dissipation
of the nebula gases. Equilibrium is maintained be-
tween the condensed particles and the remaining
gases with the result that planets accumulate from
particles that are essentially homogeneous in com-
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position, the composition depending on position
within the solar system. In the second or non-homo-
geneous model, its proponents theorize that accretion
of condensed particles into planetary bodies is rela-
tively rapid so that-continuous equilibrium between
the condensed phases and the remaining materials
does not occur. In this view, therefore, the planets
are built up with an onion ring structure as succes-
sive layers are added. Both formation theories can be
reconciled with the observed density distribution of
the planets. Discrimination between the two theories
requires detailed knowledge of elemental abundance
and isotopic ratios on different bodies. Acquisition
of data for bodies other than the Earth, Moon and
meteorites will be necessary to unambiguously dis-
criminate between the two theories.

Accretion of the condensed grains is likely to have
resulted in substantial heating and melting of at least
the outer few hundred kilometers of the Earth’s crust.
Evidence for this is deduced mainly from the Moon
but is corroborated to some degree by sparse data
from Mars and Mercury. We now know that the Moon
has a heavily cratered crust, at least 4 billion years
old, made up of coarse-grained, feldspar-rich igneous
rocks, that crust must have formed as a consequence
of melting during a very early episode of heating. The
event occurred too early to be attributed to heating
by long lived radio-isotopes. The most likely sources
of heat are successive impacts and gravitational com-
pression during the final stages of planet formation.
As the proto Moon increased in size, its gravitational
field increased and consequently, the impact energy
of new material being accreted. In the late stages, ac-
cumulation was sufficiently rapid to cause melting in
the outer two to four hundred kilometers creating
oceans of molten rock from which the lunar crust
separated. Accretion must have been rapid otherwise
radiation of energy to space would have prevented
the required temperature rise. Estimates are that most
of the accretion took place in less than 10 million
years and perhaps in as few as 10 thousand years.
Mars and Mercury also have crusts that apparently
formed very early in their history so heating must
have occurred in the later stages of their accretion
just as it did on the Moon.

We can conclude that the outer part of Earth must
also have undergone extensive heating during the
final stages of accretion. In the case of the Earth, how-
ever, because of its much larger size, heating must
have been more intense and probably affected the
planet to much greater depths than in the case of the
Moon. In the final stages of accretion the outer parts
of the Earth are likely to have been molten, and from
this molten layer the materials that constitute the crust
of the Earth separated. Thus studies of extraterrestrial
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materials have led directly to a much clearer under-
standing of the sequence of events during the Earth’s
formative phases, particularly how the crust formed.
Uncertainties still remain, but as we acquire chemical
information on other planets, some of these will al-
most certainly be resolved.

Technique Development

Application of space technology is already taking
place on a large scale and may ultimately prove the
most significant effect of space exploration on ter-
restrial geology. Development of image processing
techniques and their application to Landsat pictures
of the Earth is a prime example. During the early
1960's several digital imaging devices were developed
for lunar and planetary exploration. These differ from
the more familiar analog home television in that the
image is comprised of a large number of discrete
elements, each with a specific gray level designated
by a number, much like a picture in a newspaper.
The Landsat digital devices have several advantages
over other devices in terms of signal to noise, weight,
reliability and simplicity of operation and so have
been flown on almost all planetary probes. They also
have several analytical advantages that were not fully
foreseen. Because of their digital format, the images
can be manipulated in a computer and with each suc-
cessive mission more sophisticated manipulative tech-
niques were developed. Ways were developed to
enhance or suppress surface topography and reflec-
tivity, to emphasize linear features, to detect atmos-
pheric haze or subtle color differences on the ground.

The success of these techniques led to the launch-
ing of ERTS and Landsat vehicles and the applica-
tion of image processing methods to a wide variety
of terrestrial problems from evaluating crop yields to
estimating pollution levels in lakes. The geologic ap-
plications are enormous, and include detection of
previously unrecognized structural trends in the
Southeast U.S., detection of mineralized areas in
Nevada, and geologic reconnaissance of wide areas
of the Middle East. A considerable effort is under way
to develop comparable techniques at radar wave-
lengths because of the potential application to Venus,
and we can expect a similar feed-back to terrestrial
problems.
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Another area where numerous terrestrial applica-
tions are likely is in the handling of large data arrays.
An enormous amount of data has been acquired on
the Moon, much of which can be displayed on maps.
Examples are remanent magnetism, gravity, eleva-
tions, surface ages, aluminum/silicon ratios of the
surface, and electron density. Between forty and fifty
such data sets exist. Because of the volume of the
data, their different formats, and limited accessibility,
comparisons between the different data sets were at
first extremely difficult. Computer techniques were
therefore developed to facilitate comparison and to
aid in interpretation. These techniques, built largely
upon existing image processing technology, led very
quickly to clarification of several aspects of lunar
evolution, particularly the history of the magnetic
field. The methods are now being applied to terres-
trial problems which involve correlation of different
types of remote sensing data such as gravity and mag-
netics. Expectations are that the techniques will have
wide application. Other techniques developed in
support of the planetary program but now being em-
ployed by the U.S. Geological Survey in support of
terrestrial geology include photogrammetry of images
with unorthodox geometries, photogrammetry of ra-
dar images, and cartography of the sea floor by means
of sonar.

Summary

In this limited space it is possible to review only
briefly the significance of planetary exploration for
comprehending our own planet. One of the most
significant contributions is a greatly improved under-
standing of how the Earth formed, and of its early
history—the evolution of its surface. These questions
cannot be resolved without interplanetary compari-
sons which provide opportunities to test theories of
geologic processes with initial conditions and under
environments quite different from any that prevail
on the Earth. From a practical viewpoint, the greatest
impact may be development of new techniques for
acquiring remote sensing data and for facilitating their
interpretation. Future geologists may all be planetol-
ogists able to call forth non-terrestrial examples for
comparison as readily as they now do terrestrial
examples. A
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Mapping in Support of
Domestic Energy Production

By Stephen F. Pousardien and John D. Mclaurin
INTRODUCTION

The Nation is still in the midst of an ““energy crisis.”
In fact, the crisis worsens daily as our dependence on
imported petroleum increases. Even the much her-
alded Alaska oil will lessen the problem only slightly
and temporarily.
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In order to ease the effect of dependence on im-
ported energy, America must develop domestic re-
sources. Pertinent resources are not limited to domes-
tic coal, oil, or other energy sources, but include man-
power, technology, and public will. These additional
factors must be included because, by definition, a re-
source is a supply of anything that is available for use
or that can supply a need. One other resource that
must be available if energy resources are going to be
fully developed while the environment is adequately
protected, is adequate topographic map coverage.

NEED FOR TOPOGRAPHIC MAPS AND
RELATED PRODUCTS

Topographic maps and related products are pre-
requisites for all phases of energy development and
land-use planning. In the early stages of energy ex-
ploration and geologic studies, base maps are essen-
tial for describing the location of terrain features, the
shape of the Earth’s surface, and studying the geo-
morphology of a region. Often the basic topographic
shapes of a region provide clues to areas with poten-
tial energy resources. Furthermore, base maps are
invaluable for planning geologic studies and investi-
gations and determining access routes to the most
promising areas. After field studies are completed,
base maps become the foundation on which the
geologic information is presented.

Once energy resources are located and identified,
the basic maps and cartographic data are used to help
evaluate the economic feasibility of development,
consider alternative means of extraction, and assess
the environmental impact of the development. For
example, maps and digitized map data are used to
study drainage patterns to determine the effect of
mining on the local water supply and the relationship
of the energy resource to the transportation network,
towns, and villages.

Tasks during the resource development phases are
monumental. To cite one example, domestic coal pro-
duction is expected to increase from 670 million tons
to 1,270 million tons per year in the 9 years, 1976-
1985. This 600 million ton per year increase is not
concentrated in one area nor confined to one type of
mine operation, but is a mix of eastern and western
coal and of deep and surface mining. The Bureau of
Mines has calculated that to provide the additional
production, the coal mining industry must open 177
new underground mines and 63 new surface mines
between 1976 and 1985 for an average of one new
mine every 2 weeks. Such activity underscores the re-
quirement for the topographic maps that must be
used to plan necessary changes in the transportation



network, to estimate the millions of tons of earth to
be moved during development, to site processing
facilities, and to plan and design support facilities,
such as pipelines, waste disposal, and utilities. Maps
are also a fundamental resource upon which develop-
ment plans can be displayed and analyzed. Base maps
and other cartographic data are also used to plan land
reclamation and evaluate alternative land uses, such

as parks, range, forestry, industry, and urban develop-
ment.

Special maps play important roles in planning na-
tional energy strategy. A prime example of this use is
a set of small-scale maps depicting energy flow pat-
terns prepared especially for Congressional commit-
tees studying energy transportation problems. These
maps display such data as energy commodity flow—
petroleum from the Gulf region to the north central
and northeastern States as an example, quantities of
commodity, and modes of transport—rail, highway,
pipeline, water, or transmission lines.

The basic map scale used by most governmental
agencies with responsibilities in the energy field is
1:24,000. This scale is preferred for general-purpose
topographic maps used as basic planning documents.
The content of this series is so widely accepted, the
Surface Mining Control and Reclamation Act of 1977
requires strip mining permit applications to include
maps presenting all information shown on these
maps.

ENERGY MAPPING REVIEW

Recognizing the increased emphasis on domestic
energy development and the role topographic maps
and related products must play in that development,
the Survey began a comprehensive review late in
1973 to determine the status of topographic and re-
lated mapping for areas with known and potential
energy reserves. Areas of the country rich in energy
resources were determined through interviews with
staff of the various agencies responsible for mineral
development and conservation and through a review
of published material. Energy resources considered
include oil and gas, oil shale, coal, geothermal energy,
and nuclear fuels.

The review disclosed several requirements to which
the National Mapping Program was not adequately
responding; requirements caused by suddenly in-
creased emphasis on domestic energy production.
These requirements were for maps in areas not previ-
ously mapped, revision of previously published maps,
and new and special products.
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Effect on the National Mapping Program

The energy crisis surfaced a new set of priorities
and requirements for the National Mapping Program.
Areas that had been of relatively low priority sud-
denly became very important. Products that had pre-
viously been discussed in an academic light became
production requirements. Survey Cartographers acted
immediately to satisfy unmet requirements, consistent
with capacity and other high priorities. Mapping to
complete 1:24,000-scale coverage either in the form
of standard topographic maps or orthophotoquads
was accelerated for the more important Federal coal
lands, especially those in the Northern Great Plains
Province. Revision of published 1:24,000-scale maps
was greatly expanded for all coal reserve areas, east-
ern and western, Federal and private, producing and
undeveloped reserves.

Bureau of Land Management (BLM) requirements
for intermediate-scale base maps to inventory re-
sources for energy development resulted in the initi-
ation during 1976 of a new mapping program. Work-
ing jointly, the BLM and the Survey designed a multi-
purpose series of 1:100,000-scale maps in quadrangle
format. The Survey is responsible for various base
categories of data such as transportation networks,
topography, hydrography, and political boundaries.
The BLM overprints other information, such as land
ownership and lease status, required for managing
Federal leases and planning development of energy
resources. This map series is designed so that the base
category information can be separated by feature and
combined with various overlays of information to pro-
duce special maps for special purposes. For example,

‘the same basic map data are reformatted to meet the

Soil Conservation Service needs for intermediate-
scale county maps and the Defense Mapping Agency
requirements for 1:50,000-scale training maps.

Further supporting the mapping requirements for
energy exploration and development are the joint
topographic/bathymetric maps of the Geological Sur-
vey and the National Oceanic and Atmospheric Ad-
ministration (NOAA). These maps display both the
topographic information normally collected by the
Survey and the bathymetric information for the water
areas collected by NOAA. These products have exten-
sive usefulness in planning offshore activities such as
locating drilling platforms and planning pipeline col-
lection networks. Environmentalists, coastal zone
planners, and various Federal and State agencies also
use these maps to analyze the effect of and to plan
for onshore facilities to support offshore oil develop-
ment.

Other map data and products having widespread
application to energy related problems include aerial
photographs, map data in digital form, and slope
maps.



® Aerial photographs are the basic working tools for
map compilation and revision. They are also
directly useful in their original form for many
purposes. Although black and white panchro-
matic film is normally used for mapping, other
types, such as color and infrared films, are excep-
tionally useful for particular studies.

e Digital map data have many uses in analyzing such
characteristics as slopes and rainwater runoff and,
when combined with digitized resource data,
evaluating potential mineral value and calculating
overburden. Digital data permit computer anal-
ysis in support of management decisions affect-
ing the use of land, water, energy, and mineral
resources. For example, the Survey’'s Geologic
and Topographic Divisions are using digitized
terrain information and digitized information
about the depth and thickness of coal beds in
the northern Great Plains to estimate the amount
of overburden that must be removed and the
costs for developing these coal resources.

® Slope maps are prepared to meet specific require-
ments for maps that identify different ranges of
terrain slope. These maps are derived from the
contour data of the published topographic maps.
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Considering the already heavy demand for maps
the finite production capacity, setting priorities is par-
ticularly important. Energy-related priorities are com-
bined with other specific mapping requirements in
choosing new mapping, revision, and orthophoto-
quad projects.

The Geological Survey is responding as quickly as
possible to urgent requirements of map users while
maintaining enough flexibility in map production,
data display, and data storage to meet the require-
ments of many different organizations from a single
set of basic map data. To do so requires development
of additional capabilities, particularly in generating
digital data; acquisition of new, more efficient equip-
ment and development of advanced techniques for
extracting basic map data from various sources. The
goal is to have the appropriate map or map data
ready for the user in time to solve the specific prob-
lem he is addressing.

Maps are one of the fundamental, although often
unrecognized, resources of a nation. They are neces-
sary for the solution of many kinds of problems and
serve many economic and scientific needs. However,
maps are truly a resource only when sufficient time
and attention are given to their production well in ad-
vance of the date they are needed. A




FIGURE 11.—Lava fountains, approximately 100 meters high, play
at the vent during the September 1977 eruption of Kilauea
Volcano. New lava flows and downed trees in foreground (Pho-
tograph by Boone Morrison).

Monitoring Active Volcanoes

By Robert I. Tilling

Certainly one of the most spectacular, awesomely
beautiful, at times destructive, displays of natural
energy is an erupting volcano, belching fume and ash
thousands of meters into the atmosphere and pour-
ing out red-hot molten lava in fountains and streams.
Countless eruptions in the geologic past have pro-
duced volcanic rocks that form much of the Earth’s
present surface. The gradual disintegration and
weathering of these rocks have yielded some of the
richest farmlands in the world, and these very fertile
soils play a significant role in sustaining our large,
and growing, population. Were it not for volcanic
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activity, the Hawaiian Islands—with their sugar cane
and pineapple fields and magnificent landscapes and
seascapes—would not exist to support their residents
and to charm their visitors. And yet, the actual erup-
tive processes are catastrophic and can claim life and
property.

Eruptions of andesitic volcanoes, which dot the
margins of the moving rigid plates of the Earth’s crust,
are characteristically violently explosive. For example,
in 1902 a single explosive eruption of Mount Pelée,
Island of Martinque in the Lesser Antilles, virtually
destroyed the entire city of St. Pierre, killing some
30,000 persons. On the other hand, eruptions of the
Hawaiian volcanoes generally are non-explosive and
more benign, posing a threat to property, but rarely
to life. For example, lava flows of the 1960 eruption
of Kilauea Volcano burned and buried the small vil-
lage of Kapoho on the eastern tip of the island of
Hawaii. Not a single person was injured or killed,
however, because warning signals of impending erup-
tive activity were detected in time to permit safe
evacuation of Kapoho residents.

There are presently about 500 known active vol-
canoes on the Earth, not counting those that lie be-
neath the sea. Scientists have estimated that at least
200,000 persons have lost their lives as a result of
volcanic eruptions during the last 500 years. Little
wonder then that people living in the shadow of
active or dormant volcanoes have feared eruptive out-
breaks in times past and present. Centuries ago, the
Romans attributed volcanic and related phenomena
(including earthquakes) mainly to the movement of
wind, imprisoned inside the Earth, rushing violently
out to the surface. The Polynesians believed volcanic
activity to be caused by the beautiful but wrathful
Pele, Goddess of Volcanoes, whenever she was
angered by, or jealous of, actions of other deities or
of mortals. Today, scientists know that volcanic erup-
tions occur when buoyant magma (molten rock) that
formed deep in the Earth ascends and ultimately is
ejected upon release of gas pressure. More impor-
tantly, with precise, sophisticated instruments and re-
fined data analysis, it is now possible to track the
subsurface movements of magma by monitoring the
earthquakes and ground changes accompanying such
movements. Although the present state of knowledge
does not permit the prediction of the exact time and
place of eruptions, we can detect departures from
usual behavior that augur impending activity. Syste-
matic monitoring studies are conducted only on a
few active volcanoes—those in Hawaii, and some in
Italy, Japan, New Zealand, and Kamchatka (U.S.S.R.).
The overwhelming majority of active volcanoes are
not monitored, little understood, and, hence, ex-
tremely hazardous if in populated regions.



Monitoring Techniques

How do volcanologists study restless, potentially
dangerous, active volcanoes? Basically, volcano moni-
toring involves the recording and analysis of measur-
able phenomena—ground movements, earthquakes,
variations in gas compositions, deviations in local
electrical and magnetic fields, etc.—that reflect pres-
sure and stresses induced by the subterranean magma
movements. To date, monitoring of earthquakes and
ground deformations before, during, and following
eruptions has provided the most reliable criteria in
predicting activity, although other geochemical and
geophysical techniques hold great promise.

Most of the commonly used monitoring methods
were largely pioneered and developed by the Ha-
waiian Volcano Observatory (HVO), established in
1912 by Dr. Thomas Jaggar, Massachusetts Institute of
Technology, and operated continuously by the Geo-
logical Survey since 1948. The sixty plus years of con-
tinuous observations of Kilauea and Mauna Loa, two
of the world’s most active volcanoes, have fostered
fundamental developments in instrumentation and

measurement techniques, which are increasingly used
in the study of other active volcanoes the world over.
Moreover, early major advances in seismic research
at HVO contributed significantly to subsequent
systematic investigations of earthquake and related
crustal processes, now conducted as part of the Geo-
logical Survey’s Earthquake Hazards Program.

The volcanic plumbing and reservoir system be-
neath Kilauea can be pictured schematically as a bal-
loon buried under thin layers of sand and plaster. In
this baloon model, magma is fed from depths into the
reservoir (analogous to air filling a balloon), the in-
ternal pressure increases, and the sand-plaster surface
layers are pushed upward and outward in order to
accommodate the swelling or inflation. The net effects
of such inflation include: the steepening of slope of
the volcano’s surface; increase in horizontal and ver-
tical distances between points on the surface; and,
in places, the fracturing of the sand-plaster layers
stretched beyond the breaking point (fig. 12). Such
rupturing of materials adjusting to magma-movement
pressures results in earthquakes. A shrinking or
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FIGURE 12.—Schematic diagrams of three commonly observed stages in the course of a typical Hawaiian eruption. The lower
part of figure shows idealized graphs of earthquake frequency, tilt, and distance changes as a function of time during

the three stages.
mation Bulletin, 1974, vol. 6, p. 7).

See text for additional discussion. (Modified from illustration by John D. Unger in Earthquake Infor-

MONITORING ACTIVE VOLCANOES | 37



rapidly draining reservoir to feed surface eruptions
(analogous to deflating or popping the ballon) would
produce the opposite effects: flattening of slopes, re-
duction in distances between surface points, and de-
crease in earthquake frequency (fig. 12).

Let us now go from the balloon model to a real
volcano. Changes in slope can be measured precisely
by various electronic-mechanical “tiltmeters” or field
tilt surveying techniques, which can detect the change
in slope of a kilometer-long board if raised by the
thickness of a dime placed under one end! Similarly,
very small changes in horizontal distances and in
vertical distances can also be measured respectively
by an electronic distance measuring instrument that
utilizes a laser beam and by precise levelling surveys.
Such changes can be easily detected to a precision
of a few parts per million. The notion of one part per
million can be dramatized in terms of a very dry mar-
tini—1 drop of vermouth per 16 gallons of gin! The
frequency, location, and magnitude of earthquakes
generated by magma movement can be easily and
accurately determined by data from a properly de-
signed seismic network. For example, the Hawaiian
Volcano Observatory has recently expanded its seis-
mic networks to 45 stations to better monitor the
earthquake activity of Kilauea and Mauna Loa on a
round-the-clock basis.

It must be stressed, however, that the continuous
monitoring of present-day seismicity and changes in
volcano shape alone is not sufficient for predicting
eruptions. The proper analysis of monitoring data re-
quires a basic understanding of the prehistoric erup-
tive record and behavior of a volcano that can only
be reconstructed from regional geophysical and geo-
logic studies, and dating and geochemical investiga-
tions. Such glimpses into a volcano’s prehistoric past
are critically important, because its historic data base
is much too brief to allow reliable extrapolation of
present eruptive behavior and frequency for predic-
tive purposes.

Recent Case Studies

Investigations carried out as part of the Geological
Survey’s Volcano Hazards Program provide case
studies of monitoring two of the world’s most active
and best understood volcanoes, Mauna Loa and Ki-
lauea on the ‘Big Island”” of Hawaii.

Mauna Loa Volcano last erupted July 5-6, 1975. At
that time it had been inactive for a quarter of a cen-
- tury since the June 1950 eruption along its southwest-
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rift zone. The first hint of change leading up to the
1975 eruption was a marked increase in the number
of earthquakes beginning in April 1974, more than a
year before the eruption. Inflation or swelling of the
summit of Mauna Loa was detected four months later,
in August, during the annual “laser beam’” remeasure-
ment of horizontal distances across the summit crater.
The 1974 set of measurements showed the first sig-
nificant increases in the horizontal distances of the
lines across the summit crater since the inception of
the precise distance monitoring program in 1967. The
Hawaiian Volcano Observatory immediately issued a
press release alerting Hawaii officials and the general
public to the possible reawakening of Mauna Loa
from its long slumber.

During the next twelve months, both the ground-
deformation and seismic networks on Mauna Loa
were expanded. Intensified monitoring showed that
numbers of earthquakes and the rate of summit in-
flation increased steadily, reaching a crescendo dur-
ing the summit eruption that began on July 5 of 1975.
The exact timing of the eruption could not be pre-
dicted, even though all premonitory indicators
pointed toward an eruption any day. Although the
earthquake frequency tapered off sharply in the
weeks following the July eruption, swelling of the
summit resumed, indicating continuing accumulation
of magma in Mauna Loa’s summit reservoir. Measure-
ments made on six separate occasions over a period
of a year and half following the eruption all demon-
strated continued swelling. From analysis of the writ-
ten records of the past historic eruptive behavior and
the fact that both the earthquakes and swelling had
extended out along the northeast rift, Observatory
scientists suggesed that a flank eruption on the north-
east rift was likely sometime before the summer of
1978, if Mauna Loa were to behave as it has for the
past 200 years. This conclusion was conveyed to
members of the Hawaiian Congressional delegation
and Hawaii Civil Defense officials, announced to the
media, and published in a scientific journal.

However, newly observed changes in the geodim-
eter lines in July of 1977 suggest that Mauna Loa may
be departing from previous behavior, and the time-
table for the predicted eruption may have to be re-
vised. Inflation of Mauna Loa Volcano has slowed.
The northeast-rift zone has contracted slightly, and
there has been little seismicity of significance in re-
cent months. According to Observatory scientists,
the volcano is not shrinking or deflating. The magma
that accumulated in the summit region over a period
of more than three years (since April 1974) has not
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drained away. Thus, the potential for an eruption is
still very much present. The new data do suggest,
however, that the predicted eruption may be farther
away in time than before the summer of 1978. A new
forecast of the probable time of eruption is not pos-
sible until Mauna Loa’s swelling and earthquakes re-
sume and analysis can be made of its changing pat-
tern of eruptive behavior.

These recent developments show that the relatively
limited time span of intensive monitoring (three
years and the short historic record (about 200 years)
are simply inadequate to establish statistically reliable
probabilities for the exact time and place of the next
eruption, even though we know Mauna Loa is still
primed for action.

Kilauea has been closely monitored for a longer
period of time than for Mauna Loa, but even here we
have not achieved the necessary state of knowledge
for prediction of eruptive activity. But there have
been some notable successes. For example, in the
early 1970’s, several eruptions were predicted with
sufficient certainty 4 to 8 hours in advance, so that
Observatory scientists could advise officials of Hawaii
Volcanoes National Park to evacuate certain sections.
The Park Rangers were able to safely clear park visi-
tors from the actual outbreak areas in ample time!
However, there also have been false alarms—when
all of the premonitory indicators signalled movement
of magma from the summit reservoir, only to have
the magma injected below ground into the rift zones
without breaking the ground surface.

In the fall of 1976, increased steaming and dying
of forest near Heiheiahulu on Kilauea’s lower east-
rift zone to the north of Kalapana (fig. 13) caused
Observatory staff members to increase the monitoring
of this area. Although significant changes were ob-
served, they were ascribed largely to continued south-
ward shifting of Kilauea’s south flank following the
effects of the devastating 7.2-magnitude earthquake
of November 29, 1975. Since the summer of 1977,
however, changes in the Heiheiahulu area have taken
place at an increased rate. Swelling of the general
area around the Heiheiahulu cone began. The area
underwent uplift, accompanied by additional south-
ward horizontal movement, suggesting the accumula-
tion of magma in this area, but without the occur-
rence of increased seismicity, which at Kilauea typi-
cally accompanies such magma movement. Addi-
tional monitoring instruments were installed, even
though Observatory records dating back to 1958 show
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that similar swelling has occurred here before with-
out the advent of eruption.

Because the east-rift zone of Kilauea has long been
the locale of recurring lava flows (fig. 13) and erup-
tive activity could pose a threat to downslope culti-
vated and populated areas, Hawaii County Civil De-
fense officials were advised of the unstable condi-
tions. Hawaii residents were informed by a press re-
lease issued on July 29, 1977. At 7:30 p.m. (Hawaiian
Standard Time), September 13, lava fountains 25-30
meters high spurted along a 5 kilometer-long fissure
only a few kilometers uprift (WSW) of the swollen
Heiheiahulu area, following an intense earthquake
flurry and abrupt deflation that began about 24 hours
before. The eruption continued intermittently for the
next 18 days along a restricted part of the fissure.
Episodes of vigorous. fountaining alternated with in-
terludes of relative inactivity or feeble spattering of
lava. The final and most voluminous phase of the
activity produced a rapidly moving lava flow, which
posed a potential threat to the village of Kalapana
downslope (fig. 13). Unlike the nearby village of
Kapoho destroyed during the 1960 eruption, Kalapana
was spared, as the lava fountains stopped on October
1, and the 15 meter-high flow front slowly ground to
a halt—only about 400 meters from the nearest
dwellings.

Conclusions

Tremendous strides have been made in recent
years in intensifying the monitoring of Mauna Loa
and Kilauea as part of the Volcano Hazards Program,
and our understanding of the typically non-explosive,
Hawaiian-type of volcanism has increased markedly.
But reliable and specific prediction capability for
eruptions in Hawaii still eludes us. The predictive
capability is much poorer for explosive andesitic vol-
canoes, such as those in the Cascade Range of north-
western United States (Mount Rainer, Mount Hood,
Mount Lassen, etc.), Alaska, and elsewhere around the
Circum-Pacific “Ring of Fire.” The explosive Cascade
volcanoes, which have only erupted rarely within
recorded historic times, are potentially much more
destructive and deadly than Hawaiian volcanoes.
Should they erupt violently, large population centers
in the northwest, such as Seattle and Portland, could
be seriously threatened. Clearly, present intensive
monitoring of Hawaiian volcanoes must be main-
tained, and fundamental studies and systematic moni-
toring of the Cascade volcanoes need to be expanded
and accelerated. A



Replenishing Non-Renewable Mineral Resources—A Paradox

By Richard P. Sheldon

In 1922 a joint committee of petroleum geologists
from the American Association of Petroleum Geol-
ogists and the U.S. Geological Survey estimated that
the United States had only 9 billion barrels of oil
left in the ground either as reserves or as resources
to be discovered (U.S. Geological Survey, 1922).
Eleven years later, the 9 billion barrels had been pro-
duced and an additional 13 billion barrels had been
discovered.

In 1952 the President’s Materials Policy Commis-
sion estimated the Nation’s foreseeable copper re-
source (as of 1950) to be 25 million tons. Twenty-five
years later, 31 million tons of copper had been pro-
duced and an additional 57 million tons of reserve
had been discovered.

These are two of many examples of carefully rea-
soned mineral resource predictions by credible high-

ly qualified geologists and engineers that have been -

overtaken in a few tens of years by additional pro-
duction and discovery.

Mineral resource estimates ordinarily are requested
by national planners when they perceive possible
future shortages. The 1922 oil estimate was made
during the ““John Bull” oil shortage scare, and the
1952 copper estimate was undertaken during the
post-World War Il period when the United States was
thought to be “outgrowing its resource base.” The
engineers and geologists responsibly furnish these
these estimates, usually qualifying them as conser-
vative, particularly in regard to.minerals expected to
be added by additional discovery. Unfortunately,
such qualifiers are quite often dropped by many of
those who use the estimates. These estimates gen-
erally deepen the concern over impending shortage,
but become irrelevant when the period of shortage
gives way to a period of adequate or even over sup-
ply.

Behavior of these non-renewable mineral resources
over time is opposite to what we intuitively expect.
Geologists and engineers measure and report re-
source abundance. The resources they estimate are
then depleted at ever increasing rates that foresee-
ably should exhaust the resource. Concern about
shortages grows. Yet when the time approaches when
we should have run out of the resource, we find
paradoxically—almost alchemically—that we have
more than we started with. At best we distrust the
forecaster’s ability and at worst his motives. What
has gone wrong? Are such underestimates going to
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continue to be made in the future? To answer these
questions, the nature and dynamics of resources need
to be understood.

Nature of Resources

In Webster’s dictionary, a resource is defined as a
fresh or additional stock or store of something avail-
able at need. Thus, in the short term, we think of re-
sources as a stockpile of inventoried material with
immediate availability. If we consider long-term de-
mand, the question of future availability becomes im-
portant, so that undeveloped resources, that is
mineral resources awaiting discovery in the ground
or living resources yet to be born or planted, must
be considered. Thus resources have two essential
characteristics: (1) a demand, and (2) an availability.
Depending on the time frame being considered, the
demand and the availability are either immediate or
potential.

Resource demand. Potential resources are based
on a projection of future demands, a process that
carries some risk. For example, in view of the
threatening deforestation in France in the late 17th
century, the King planted an oak forest near Paris
as a reserve to supply, some 200 years hence when
the trees matured, oak logs for masts and timbers
for warship construction. His foresight created a
beautiful forest that still stands, but did little to
meet the needs of the modern French Navy.

The changing nature of mineral resource demand
and its affect on resources over time can be seen by
considering the mineral resources of the State of
Montana at two times: a thousand and ten years ago
and ten years ago.

On the one hand, the stone-age Indian living in
968 in what was to become Montana had a very small
but highly specialized need for stones. Each year he
used a few pounds of flint and obsidian for tcols,
arrowheads, and axe heads, a few pounds of sand-
stone for mortars, a little salt and mineral dye. Their
value at today’s prices would be a few cents, or at
his prices, a few belts of wampum. The total re-
sources available in his shallow quarries would be
worth perhaps a few thousands of dollars in our
terms. Of course, he used so little of his mineral re-
source that their eventual depletion was of little if any
concern to him. :



On the other hand, the industrial-age Montanan
living in 1968 had tremendous needs for minerals,
and huge production facilities and mineral resources
to meet them. Along with his fellow citizens from
the other 49 states, the Montanan used, on the aver-
age, 20 tons of minerals a year. The value .of the
cumulative mineral production of Montana from
1880 up to 1960 was over 4 billion dollars, showing
that Montana lives up to its name, the Treasure
State. In 1968, Montana contained 52 varieties of
significant mineral deposits ranging from asbestos to
vermiculite (U.S. Geological Survey, 1968). The most
important of these were oil, natural gas, coal, copper,
phosphate rock, and chromium. Their reserves at
that time were worth 1.17 trillion dollars.

The mineral needs of the stone-age Montanan
were low, and his assessed resources were corre-
spondingly low. On the other hand, the mineral
needs of the industrial-age Montanan are large and
varied, but so are his mineral resources. The differ-
ence in mineral needs, supplies and resources be-
tween the two ages is staggering. It is no matter that
the stone-age Montanan was standing on vast de-
posits of minerals that were to become highly valu-
able to Montanans a millenium later. To him they
were rocks to walk on, not resources to use. The
separation of ages is complete when one realizes
that the industrial-age Montanan does not even in-
clude among his vast mineral resources the small de-
posits of flint, obsidian and sandstone used by his
predecessor a millenium earlier.

It is clear from considering this example that even
though most mineral deposits are permanent and un-
changing on the human time frame, mineral resources
are temporal and changing. V. E. McKelvey pointed
out (1972, p. 20) that, “Defining resources as mate-
rials usable by man, a little reflection reveals that
whereas it is God who creates minerals and rocks, it
is man who creates resources.” One can reflect further
that a mineral deposit can be characterized as non-
newable, but mineral resources are another thing en-
tirely. By additional effort by man new mineral re-
sources can be ‘‘created,” not in the sense of crea-
tion by the Almighty, but in the sense that a body of
rock is identified for the first time as useable. Within
the limits of geologic availability, one can conclude
that the character, variety and size of mineral re-
sources depend on the technology that needs them
and the technology for developing them.

Resource availability. To be anything other than
a wishful thought, resources must be available or po-
tentially so. A mineral deposit that has been found,
measured, and determined to be economically mine-
able at the current .price using current mining and
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extraction technology is available and clearly a re-
source. If the deposit is known and measured, but no
process is known or foreseen by which the material
can or could be recovered economically, it is not
available for use and is not a resource. However, if it
seéms to qualified engineers technologically feasible
to develop in the future a process to recover the ma-
trial economically, the deposit would be potentially
available for use and would be called a sub-economic
resource (U.S. Bureau of Mines, and the U.S. Geo-
logical Survey, 1976). For example, in 1950, when the
6.2 billion tons of U.S. iron ore reserve included no
taconite, the low-grade taconite deposits were sub-
economic and were foreseen to be only potentially
available. The developing of the technology to drill,
mine and concentrate taconite made it economic and,
in fact, the preferred ore, which in 1975 made up
most of the U.S. iron ore reserve of 17 billion tons.

Another factor of availability is the knowledge of
the existence of a deposit. It is obvious that a deposit
must be identified to be available and that an undis-
covered deposit is unavailable. Exploration and re-
source geologists can identify areas where undis-
covered deposits might occur and then can make a
knowledgeable guess about how many deposits exist
there, and of these how many might be discoverable.
They also can make knowledgeable guesses about the
size of such undiscovered deposits. Such deposits can
then be considered potentially available; that is we
have the potential to discover them with current ex-
ploration techniques. Nearly all of our known de-
posits that now make up our past production and
present mineral reserve were once a part of the un-
discovered but discoverable resource.

There is no way in which the ultimate amount of
the undiscovered resources can be determined even
though some portions of the ultimate amount can be
estimated. We can predict a discoverable portion of
undiscovered resources using well supported hypoth-
eses of the occurrence of deposits, as well as an
additional discoverable portion using poorly sup-
ported speculations on the occurrence of deposits.
These portions make up the hypothetical and specu-
lative categories of undiscovered resources used by
the Geological Survey and the Bureau of Mines. How-
ever, a still further portion of undiscovered ultimate
resources cannot be predicted because it is undis-
coverable using either current or foreseeable future
exploration technology. For example, some rocks of
the western United States are mineralized where they
are exposed, but in large areas where they are covered
by younger lava flows, they cannot be prospected for
by anything other than the too-expensive drill or
shaft. Geologists can confidently predict that many
deposits exist beneath the lava flows but the deposits



are not economically discoverable with present or
foreseeable future technology and cannot be counted
as a part of our resources. A still further portion of
undiscovered ultimate resources cannot be predicted
because of lack of scientific evidence of the existence
of the deposits. Such deposits probably exist but are
unsuspected by geologists. A clear hindsight example
of such a deposit is the Red Sea metalliferous mud.
On February 17, 1965, marine geologists on the
oceanographic research vessel, R. V. Atlantis, II, were
astonished to find that a core of mud taken in the
central part of the Red Sea was enriched in zinc,
copper, lead, silver, and gold (Degens and Ross,
1969). Subsequent surveys showed that the metalli-
ferous muds in the Red Sea are widespread, fairly
thick and contain large quantities of scarce metals.
These deposits now are a part of the world’s sub-
economic resource, but there was no reason what-
ever before their chance discovery to suspect that
they existed. They were totally unconceived and
were certainly not visualized as a part of undiscovered
resources.

Resource Flow

A common but incorrect way of viewing mineral
resources is to regard them as the sum of the known
and predicted economic deposits of commodities in
current use, and from that to conclude that mineral
resources in general are fixed and non-renewable.
As seen in the discussion in the previous section,
mineral resources consist of known and suspected
mineral deposits that are counted as resources by vir-
tue of industrial needs for them and subsequently
are categorized according to knowledge of their
existence, the economics and technology of their dis-
covery, and the economics and technology of their
mining and extraction. These factors change over
time, causing the make-up and magnitude of re-
sources to change. Recognizing that resources are so
heavily influenced by these temporal economic fac-
tors, economists David Brooks and P. W. Andrews
pointed out in 1974 that in matters of long-term sup-
ply, minerals should be treated not as a fixed stock,
but as a flow that responds to demand.

The misconception of resources as a fixed stock an-
swers part of the question raised at the start of this
paper, “What has gone wrong with our mineral fore-
casting?” At a time of concern over threatening
shortages of minerals, resource geologists and engi-
neers are asked to join forces and estimate the known
mineral resources and predict the unknown mineral
resources. They would like to estimate once and for
all the total or ultimate resources of the country, but
they cannot. Their problem is this—both geologists

and engineers, no matter how technically liberal they
may be, must stay within the confines both of their
data and their technical understanding and method-
ology. They come up with estimates, but each one is
outdated the day it is published, because continuing
exploration and study generate new data, and new
basic research sparks new ideas of occurrence or re-
covery. In the past, most estimates have turned out
to be too low, which is expectable. Regardless of the
liberalism of the estimater, the methodologic con-
servatism that must be followed insures that the esti-
mate will exclude deposits that are unrecoverable
with foreseeable technology as well as deposits that
are undiscoverable—as were the mineral deposits
beneath basalt flows—or are unpredictable—as were
the Red Sea metalliferous muds. Over time with the
accumulation of more knowledge, significant amounts
of such deposits will become recoverable, discover-
able or predictable and add to the total resources.
This is not to .say that rocks, minerals, and their
natural concentrations are not finite or that geologic
availability is not a limiting factor in resource magni-
tude, but only that the conception and perception of
resources at any given time are likely to be limited.

Mineral Supply System

The mineral supply system of the United States
yields this flow of most mineral materials from one
resource category to another progressively from
speculative-undiscovered resources to refined mate-
rial production. As we have seen, the system is driven
by the demands of the industrial-age.

To understand how this supply system works and
the factors influencing it, one must look at its com-
ponents. It is commonly conceived to have three
major phases: research, exploration, and exploita-
tion; however, each of these phases is divided into
two parts. Research consists of conception and as-
sessment of undiscovered resources; exploration con-
sists of discovery and delineation of mineral deposits;
and exploitation consists of extraction and processing
of ores. Table 7 shows this breakdown along with
the actual activity carried out, the mineral resource

-category developed, and the institutions with the

prime responsibility.

The flow of material is initiated by research organi-
zations in government, academic, and the private
sector conducting basic research on geologic proc-
esses of rock and mineral formation and distribution.
Originally all resources were unconceived, and only
by such basic study and thinking was each kind of
deposit conceived. Once conceived, the magnitude,
location and character of the deposits are speculated
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TABLE 7.—Phases of Mineral Supply System

Maijor Detailed Mineral resource i .
phases phases Activity category developed Prime responsibility
Research in geologic Universities, Government,
processes, i.e. plate o SPECULATIVE research organizations,
CONCEPTION tectonics, formation w e, private institutes
of mineral deposits, ;§
RESEARCH etc. o2
, , 292
Geologic, geo‘physncal, ag HYPOTHETICAL Government
ASSESSMENT and geochemlcal > lndustry
mapping, geostatis-
tical analysis
Prospecting Industry
INFERRED
DISCOVERY Research on prospect- | « Government and Industry
ing techniques >
EXPLORATION 2
Exploration @ INDICATED Industry
T « AND
DELINEATION Research on explora- MEASURED , Industry and Government
tion techniques
Mining and fand Produced raw Industry
reclamation material
EXTRACTION Research and Reserves Industry and Government
development on
extraction
EXPLOITATION —— -
Beneficiation Produced refined Industry
reduction and material
refining
PROCESSING
Research and Reserves Industry and Government
development on
processing

on and reported as a speculative undiscovered re-
source, generally by government and academic re-
search organizations.

In the next phase, mineral resources are further
defined by government resource agencies and to a
lesser degree (and mainly for its own purposes) by
the exploration sector of industry. They conduct
geologic, geophysical, and geochemical mapping of
areas of speculative resources. Application of well-
supported hypotheses concerning the occurrence of
mineral deposits to these regional data allows estima-
tion of hypothetical undiscovered resources. In this
way the certainty of actual existence of the undiscov-
ered resource is increased to the point that the hypo-
thetical resource estimates have sufficient reliability
for national planning in government or exploration
planning in industry.

At this point exploration is initiated by industry.
The regional maps produced at the assessment stage
are used to plan a prospecting program. More de-
tailed field studies are carried out to narrow the
target areas, and finally drilling or tunneling is un-
dertaken to search for the deposit. This activity, when
successful, develops reserves of the inferred class.
Further detailed exploration improves the accuracy of
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the reserve estimate by better delineating the extent
and shape of the deposit as well as its grade and
mineralogy. This activity develops indicated and
measured reserves which have the degree of certainty
necessary for the investment by industry of large
amounts of capital needed for exploitation of the de-
posit.

The mineral supply system consists of a series of
sequential steps, each one necessary for the initia-
tion of the succeeding step, and each one designed
to improve the effectiveness and economic efficiency
of the total system. The demand for minerals drives the
resource flow. The overall economic efficiency of this
system is set by the technologic level and is improved
by research and development at all phases. That is to
say, the estimated magnitude of undiscovered re-
sources is increased by improved basic concepts of
mineral deposits and mapping and resource assess-
ment of potentially mineralized areas. Reserves are
increased by prospecting, which is made more effec-
tive by improvement of prospecting, extraction and
processing techniques. The increase in resources over
time is directly related to the amount of effort put
into improving the technology as well as to the
amount of exploration effort. That is to say, we re-
plenish, expand and diversify our ‘“non-renewable’”



mineral resources by technologic advance through
research and development effort.

The relationship between mineral resource supply
and mineral science and technology can be shown by
comparing the growth in value of U.S. annual pro-
duction of principal raw material mineral commodi-
ties (fig. 14) with several indices of the growth of sci-
entific and technologic effort in the minerals area.
The first is the cumulative numbers of scientific ar-
ticles on the geology of North America (fig. 15). The
second is the growth of the yearly number of earth
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FIGURE 14.—Growth of U.S. annual production of principal raw
material mineral commodities. (From U.S. Bureau of Mines, 1975.)
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FIGURE 15.—Cumulative number of scientific articles on the
geology of North America.
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scientists in the U.S. (fig. 16). The strength of the geo-
science educational system is shown by the growth
of the number of degree granting, geoscience de-
partments in the U.S. Universities (fig. 16). Finally, in-
creasing sophistication of geoscience is indicated in
part by the fields of specialization, which are in turn
measured by the increasing number of National geo-
40
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FIGURE 16.—Number of geologists and number of degree-
granting geoscience departments.
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science societies (fig. 17). If the cost to support a geo-
scientist in terms of salary, administrative and scien-
tific support is taken at $50,000, a conservative figure,
nearly 2 billion dollars would have been spent in
1975 to support this geoscience effort. Of course, not
all of this geologic effort would be directed at the
mineral supply system, but a major portion would be,
either directly or indirectly. Also the geologic effort
is by no means the whole of the effort going into
resource studies as much effort is made by mineral
and mining engineers.
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Long-term Mineral Supply \.

Our mineral resources are replenished by scientific
and technologic advance, but how long can this keep
up? Even with replenishment, will we eventually out-
grow our mineral resource base? Much thought has
been given to this question and much diversity of
opinion exists. Economic geologist, B. ). Skinner, in
an article titled, /A second iron age ahead?” (1976)
predicts that the day when “we will have to come to
grips with the way in which the earth offers-us its
riches . . . is less than a century away, perhaps less
than a half century. When it dawns we will have to
learn to use iron and other abundant metals for all
our needs.” On the other side, resource economist,
J. F. McDivitt (1974) believes that “. . . if the peoples
of the world continue to work closely together and
to move towards an ever more efficient pattern of re-
source use, . . . mineral shortages will continue to
be only a faint cloud on the world’s horizon.”

The mineral supply system certainly will have to
deal in the long term with serious constraints if it is
to keep up with demand. First of all, demand itself
has been growing exponentially and, of course, that
sort of growth cannot continue. Brooks and Andrews
(1974) have suggested that ‘“relative demands (for
minerals) decline after a point with increase in per
capita income. Indeed . . . the relative growth is
sufficiently damped that it was suggested in one study
that mineral production will need to grow less fast
in the future than it has grown in the recent past,
exactly the opposite of most conclusions based on
trend analysis.” This is the same sort of hopeful sign
that in recent years we have witnessed in some popu-
lation growth in reaction to increased per capita in-
come. Another constraint to the long-term mineral
supply system is a threatened shortage of energy.
Much of the technologic advance that replenishes
mineral resources is energy intensive, so this could
be a serious future constraint and in fact, the rise
in energy costs in the last years has been severely
felt in most parts of the mining industry. Another
present major constraint that could increase even
more is the accommodation of the mineral supply
system to the regulatory controls and costs con-
cerned with environmental pollution and degrada-
tion as well as to the public desire to withdraw from
mineral entry all public lands judged better used as
a wilderness or an ecologic reserve. Another possible
constraint is what B. J. Skinner calls the “mineralogi-
cal barrier.”” Scarce metals in the earth’s crust, such
as copper, lead, nickel, tin, and tungsten, are mostly
disseminated within the atomic structure of host
minerals that make up common rock. In that way
they are accessible to recovery only by chemically
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breaking down the host minerals, a feat which re-
quires very large amounts of energy. Such scarce
metals are now recovered from the geologically rare
deposits in which they occur as a principal compo-
nent. Geologist Skinner believes that such deposits
will soon be depleted. Economists Brooks and
Andrews argue against this concept by holding that
“every bit of evidence we have indicates the exist-
ence of mineral resources (at lower grades) that
could be mined and, further, that either as their price
goes up or as their cost goes down (which is to say,
as technology of extraction improves), the volume of
mineable material increases significantly—not by a
factor of 5 or 10 but by a factor of 100 or 1,000.” The
arguments on this critical issue could be better fo-
cused by additional scientific information on the
amounts of mineralized rock available at different
grades, because existing data are too limited for
definite conclusions. Thus, it is not certain that the
geologic availability of lower grade resources to the
mineral resource supply system is assured so a po-
tential barrier to the resource system remains.

Whether the mineral resource supply system can
overcome these restraints in the long run depends
ultimately on the magnitude of those mineral re-
sources that we cannot now assess. They are the re-
sources that we are unable to conceive or for which
we are unable to foresee the discovery or recovery
techniques. There is no question that the resources
we know about are a fixed stock and eventually will
run out. But, can they be replaced?

Another way of posing this problem is to ask the
question whether or not an equilibrium of mineral
use can be established that will last indefinitely or
nearly so. If the real world of supply and demand is
likened to a model where mineral resources are fixed
and demand is dynamic and expanding, minerals will
run out. But this model is not like the real world
where supply and demand are dynamically inter-
related and mineral shortages set off a whole set of
changes including higher prices, reduced demand,
increased conservation, increased substitution, in-
creased recyclying, increased technologic and scien-
tific research, increased exploration and. increased ex-
ploitation of lower grades ores. In the real world, min-
eral use has evolved to overcome such shortages as
firewood from depleted forests, or copper from
mined out high grade veins, and such evolution will
continue to operate as new shortages arise. This is
not to say that such minerals as petroleum in conven-
tional fields, and presently economic deposits of mer-
cury, helium, platinum, and other such geologic rari-
ties will not be exhausted eventually. But our tech-
nology likely will evolve to accommodate to a lesser
or more expensive supply of such minerals, much as



it has developed without abundant supplies of the
metals praeseodymium, neodymium, promethium,
gadolinium, terbium, and the other rare earths, which
were they abundant, probably would be used widely.
Mineral economist John E. Tilton in his excellent
book, The Future of Nonfuel Minerals, concluded:

In the more distant future—the twenty-first century
and beyond—depletion could become a more
pressing problem. It is important to stress this pos-
sibility, for the consequences to industrial societies
could be most severe. At the same time, it should
be noted that the arsenal available to mankind for
dealing with this threat is not empty. As pointed
out above, public policies that support research
in minerals and reduce their consumption increase
the likelihood that technological progress will con-
tinue to offset the adverse effects of depletion.
Other policies, such as programs to encourage
smaller families, to slow the growth of population,
may be desirable for other reasons as well. Finally,
even in the absence of such policies, one cannot
be certain that depletion will ultimately overwhelm
the cost-reducing impact of new technology. For as
depletion starts to push mineral prices up, it un-
leashes forces that stimulate the substitution of
cheaper and more abundant materials for the in-
creasingly scarce minerals, encourages the search
for new and unconventional sources of supplies,
and promotes the development of more cost-re-
ducing technologies. Conceivably, these forces
could by themselves keep the specter of depletion
at bay indefinitely.

It seems clear that our long-term mineral supply
system is much stronger than believed by the analysts
who regard mineral resources as a fixed and essen-
tially known and fully conceived stock. At the same
time, we have the responsibility of keeping the sys-
tem healthy, and some steps should be taken to do
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so. The workings of the mineral resource system in
its full complexity needs examination to better under-
stand the factors that affect it. A statistical monitoring
series that would give early warning of a weakening
in the resource replenishment process in any part of
the system should be devised and set up. Finally, ade-
quate research and development should be carried
out in order to strengthen weak parts of the mineral
supply system. A
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Games Coastal Area Planners Play
OR HOW SIMULATION HELPS PREDICT IMPACTS OF OCS DEVELOPMENT

By J. Ronald Jones, William W. Doyel, and Philip A. Marcus

SAVANNAH.—Why would sixty men and women
converge on a metropolitan hotel, pay handsomely
for accommodations and most meals just to play
games? If the name of the game is “‘see how they
run” onshore to locate support facilities for offshore
oil, then gaming or simulation may provide planners
and citizens alike with new understandings of the
pressures, benefits and costs stemming from the pres-
ence of oil development in their communities.

—The Beaufort Gazette, Monday, July 25, 1977

A NEW ACTIVITY FOR THE SURVEY? .

The newspaper article quoted above is typical of
the interest aroused by the experiential workshops
being conducted by the Geological Survey with the
help of the American Society of Planning Officials.
The Savannah workshop was one of a series helping
to prepare State and local land-use planners and de-
cision makers for the onshore impacts that may occur
as the result of OCS oil and gas development. Why
should the Survey’s Resource and Land Investigations
Program (RALI) even take on this responsibility? And
why should unconventional technical assistance tech-
niques such as ‘“gaming’” be employed?

First, these exercises are sponsored and managed
by the Resource and Land Investigations Program,
as the Survey’s organization chartered by the Depart-
ment of the Interior to conduct studies and projects of
Department-wide scope and interest. Many of In-
terior’s programs affect, impact, or even impinge upon
the total environment of the Nation’s coastal zone.
An obvious example is the Outer Continental Shelf oil
and gas leasing and lease-management program op-
erated jointly by the Bureau of Land Management and
the Geological Survey. Perhaps less obvious are the
custodianship/land management programs of the Na-
tional Park Service, of the Fish and Wildlife Service,
and of the Bureau of Outdoor Recreation; as well as
the scientific information gathering and interpreta-
tion activities of the Survey, the Fish and Wildlife
Service, and others. The Department, in supporting
this workshop series is, in effect, saying . . . while we
must proceed in the development of our OCS energy
resources to meet critical domestic supply shortages,
we also have an obligation (as well as the expertise
and the data) to aid the coastal communities, who may
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be heavily impacted by this OCS development, to plan
for and thus mitigate adverse impacts to their com-
munities. Further, the implementation of any com-
ponent of a National Energy Plan depends, to a great
extent, on the support and cooperation of the State
and local levels of government.

Second, why ““gaming’’? Because a heterogeneous
group of State and local planners and decision-
makers—with widely varying expertise in planning
generally, and in impact assessment methodologies
specifically—have to be exposed to a set of highly
technical and complex ideas, methods, and data.
There are only 2-Y2 to 3 days for each workshop, and
the aim is to send the participants home with new
skills and knowledge that will help them do their
jobs better. It was and is believed that an informa-
tion transfer process involving gaming and simula-
tion exercises could and would be most effective
(and most enjoyable) if it required, as it does, the ac-
tive involvement of all participants.

THE RESPONSE OF THE PARTICIPANTS

And gaming does involve the participants. Over
and over it was interesting to observe the shocked—
even crestfallen—faces of senior planners, depart-
ment heads, and elected officials when, at each
workshop’s outset, they were issued pocket calcula-
tors—a sure sign of workshop exercises to come!
During all six workshops a consistent behavior pattern
was observed of participants: (1) shock at being com-
mitted to a ““working” workshop; (2) anxiety about
being able to cope with the computational exercises;
(3) anger about the workload and late evening ses-
sions; (4) intensity during the game exercise itself;
(5) camaraderie and group cohesiveness resulting
from an intense, common experience; and (6) relief
and self-satisfaction in having learned valuable facts
and procedures useful in their coastal area planning
and decisionmaking jobs.

What were we trying to do in so short a time to
these unsuspecting planners and decisionmakers? We
were trying in each workshop to impart a basic un-
derstanding of offshore activities and onshore facili-
ties, their potential impacts; and how to evaluate,
set policies, and plan for their development. So we
had the participants work their way through a four-



part curriculum: (1) a lecture series; (2) small-group
computational exercises; (3) a gaming/simulation
exercise; and (4) panel and group discussion.

The Lecture Series

The lecture series was intensive, but included
periodic interruptions for computational exercises.
Participants were exposed to materials related to the
following planning and decisionmaking issues:

1. The nature, magnitude, and timing of offshore
activities such as exploration, development, and pro-
duction, which require onshore supporting facilities
which, in turn, generate impacts.

2. The types, numbers, timing, and characteristics
of onshore facilities such as service bases, platform
fabrication yards, pipe-coating yards, and refineries,
among others, which may be associated with offshore
development. :

3. The environmental and socioeconomic effects of
various facilities on communities.

4. The planning and decisionmaking methodolo-
gies available to State and local officials for setting
realistic planning priorities and for identifying work
programs to deal with development.

In preparing the lecture series materials, we de-
signed the materials to meet the differing back-
grounds of the participants. We therefore presented
tightly edited, technically competent material, us-
ing understandable and eye-catching graphics to sup-
plement the oral presentations. We found that the
more knowledgeable participants quickly assumed
roles of ““adjunct faculty.” We now believe that those
who had difficulty with the materials are at least
aware of what it is they didn’t know.

The Computational Exercises

The small-group computational exercises provided
a needed respite from lectures, and afforded the op-
portunity for participants to work together and thus
begin to build the group trust and cohesiveness nec-
essary for the successful operation of the gaming/
simulation exercise to follow. Participant groups uti-
lized a step-by-step procedure permitting them to
create:

1. Offshore oil and gas development scenarios, in-
volving the number of production platforms needed
to develop an oil and gas find, the development of a
platform installation schedule, and the calculation of
both development drilling and production schedules.

2. Onshore impact scenarios, including projections
of added employment and population (for various

facilities and types of communities); governmental
and school operating costs and revenues; capital
costs and revenues; environmental, economic devel-
opment, demographic, and social impacts; and in-
frastructure requirements (for example, the need for
secondary public services).

Workbooks provided both the computational
algorithms and the assumptions behind them. Par-
ticipants were shown how the assumptions were de-
rived and were encouraged to challenge them, dis-
semble the algorithms, “plug in”" their own assump-
tions, and generate their own numbers.

The Gaming/Simulation Exercises

The gaming exercise provided an immediate op-
portunity for the participants to apply the informa-
tion, knowledge, and techniques from the previous
sessions in a realistic but simulated setting that com-
pressed 3 years of events into a 3-hour exercise. The
overall object of the game was to lead the participants
to decide, on the basis of the best available informa-
tion and methods, whether and where to site various
OCS-related facilities, such as service bases, platform
fabrication yards, and refineries. The physical setting
was a hypothetical coastal region, comprised of three
States and their assorted communities. The partici-
pants were assigned roles (seventy in ail) ranging
from fisherman to governor, from environmentalist to
industrialist, from city council member to TV news
commentator—and were given time to study their
role descriptions along with descriptions of the physi-
cal, economic, and political settings for each State
and community. Then they were turned loose to in-
teract.

The game was “driven” by the interjection of new
facts at about 15-minute intervals via news ‘‘releases.”
New facts ranged from OCS leasing schedule changes
to oil and gas find announcements to changes in the
political situation in the Middle-East. Workshop fa-
culty members circulated throughout the room espe-
cially laid out for the gaming exercise, refereed dis-
putes, and functioned essentially as the judiciary sys-
tem. No other constraints were explicitly imposed on
the participants.

What invariably occurred next was a scene reminis-
cent of the floor of the New York Stock Exchange on
a heavy trading day. Energy levels and intensity were
high for all participants, and time passed quickly.
The game demanded frequent reference to the in-
formation base and to the planning materials about
onshore OCS-related facilities requirements and im-
pacts introduced at earlier sessions. Participants were
being taught the value of information, and that one
never has enough information in the form that one
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FIGURE 18.—State and local coastal-zone management officials
participate in realistic and lively simulation game on the on-
shore impacts of OCS development, under the direction of
American Society of Planning Officials and RALI Program
faculty.
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prefers when one needs it. This process of making do
with partial information is the essence of decision-
making—as distinguished from the academic ideal-
ized planning exercises presented in earlier sessions.

Without prompting, participants assumed their
roles, and compromises between disparate groups
began to emerge. For example, an announcement of
the closing of a military base in an area already suf-
fering high unemployment provoked a temporary
coalition between conservationists and elected offi-
cials. In another case, a new industry offered to con-
struct a community health services clinic in exchange
for local acquiescence to the siting of a pipe-coating
yard that would emit considerable noise pollution.
In yet another case, property exchanges were nego-
tiated to protect the integrity of a wildlife preserve.
And so it went, until time was called and the exercise
was critiqued.

The gaming exercise exposed participants to the
pressures, uncertainties and conflicts involved in the
OCS-related facility siting process. The critique then
provided an opportunity to decide as a group whether
the objectives of the game had been met, to sort out
some of the major events and determine why they
had happened, to think about how they would do it
“next time,” and to evaluate the overall value of the
gaming exercise itself.

PRODUCTS AND BENEFITS FOR COASTAL
STATES ‘

Judging from participant response thus far, the
workshops disseminate needed information effici-
ently, and in a manner that will likely affect future
planning and decisionmaking in coastal communities
anticipating OCS-related impacts. But this is not acci-
dental success. Research and the development of ma-
terials began 2 years before the first session and sev-
eral organizations collaborated in the effort:

The Panel and Group Discussion

For each workshop a panel of individuals who had
experienced a particular aspect of industrial impact
relevant to the workshop participant was assembled.
Panelists were from the region in which the work-
shops were held and covered such subjects as plan-
ning for installation of an offshore drilling platform
construction yard in Northhampton County, Virginia,
to development of a marine terminal/storage/pipe-
line complex’in Clallam County, Washington.

The participants were then split into three groups
to discuss specific problems relating to local reactions
and methods used as mitigating and control tech-

niques. One group discussed industrial development;
the second, land-use controls; and the third, policy
formulation and implementation.

A commonality of problems was apparent in all the
discussions, as was the fact that many of the tradition-
al approaches to coping with impacts of industrial de-
velopment are not as useful in reducing adverse socio-
economic impacts as are some of the more innovative
techniques, such as negotiation with industry and
contract zoning.

The New England River Basins Commission (NERBC)
prepared: (1) the most extensive set of facts ever
assembled describing the kinds of onshore facilities
likely to be constructed to support OCS oil and gas
development operations (NERBC, 1976A); (2) three
scenarios for the development of the North Atlantic
(Georges Bank) oil and gas resources, along with a
procedure for developing such scenarios in other
coastal areas (NERBC, 1976B); (3) a planning method-
ology, incorporating the facts and scenarios described
above, designed to aid planners in identifying alterna-
tive sites and impacts of various OCS-related facilities
(NERBC, 1977A); and (4) various materials and graph-
ics designed to support a nationwide series of work-
shops.

The American Society of Planning Officials (ASPO)
prepared: (1) a source book which describes the state-
of-the-art in industrial facility siting methodologies
(ASPO, 1977A); (2)an extensive annotated bibliogra-
phy to the literature, to on-going research, and
sources of expertise (ASPO, 1977B); and (3) a set of
issue papers which describe the controversies, history,
and parties involved in OCS-related activities (ASPO,
1977C).

In addition, ASPO, with the aid of consultants and

‘the RALI Program staff, designed the workshop, the

gaming exercise, and the multimedia package of ma-
terials given to each participant. Further, by means of
direct communication with each coastal State Govern-
or’'s office, along with the use of APSO’s extensive
membership list of practicing planners and elected
planning officials, we were assured that the partici-
pants were, in fact, the people who would actually be
called upon to make facility siting decisions as the
OCS resources are developed.

The U.S. Environmental Protection Agency, Office
of Research and Development, provided funding for
ASPO involvement, and participated actively in work-
shop sessions involving the assessment of environ-
mental impacts.

The Office of Coastal Zone Management of the
National Oceanic and. Atmospheric Administra-
tion, the Bureau of Land Management, and the Con-
servation Division of the Survey contributed technical

GAMES COASTAL AREA PLANNERS PLAY | 51



assistance and presented valuable materials to the
workshop participants.

Finally, the Survey’s RALI Program conceived the
entire project, funded the NERBC activity, participated
in the development of all NERBC and ASPO materials,
led individual workshop sessions, and managed and
coordinated each project element.

The above listing of sponsors and contributors show
the wide range of talents, intere'sts, and resources
needed to provide technical assistance such as this to
the land-use planning community. Planning is a broad,
multifaceted discipline. Planning assistance requires
an equally broad basis, perspective, and participation.

The Workshop Schedule

From June through October 1977 six regional work-
shops were held: Newport, Rhode Island; Ocean City,
Maryland; Savannah, Georgia; Otter Crest, Oregon;
Biloxi, Mississippi; and Anchorage, Alaska. Each work-
ship used the same basic materials, but was custom-
ized to the needs of the region by the selection of
pertinent examples and the use of local experts to
augment the permanent faculty. Not surprisingly, each
gaming exercise produced different siting results. The
exercise was not intended to produce a “‘best” result,
but merely to give coastal State officials the oppor-
tunity to engage in a hypothetical exercise using best-
available information and methods.

A second series of workshops is scheduled for mid-
to-late 1978—same locations, and, hopefully, same
paticipants. The objectives of the next series are: (1)
to acquaint participants with the results of planning
assistance studies currently underway; (2) to investi-
gate more exhaustively both existing and developing
methods for calculating secondary and tertiary im-
pacts; (3) to give participants a better understanding
of the economics of information as it relates to im-
proving their decisionmaking ability; and (4) to con-
duct a new series of gaming exercises involving small
groups—38 to 10 people, real data, and current issues.

CONCLUSIONS

The history of the development of frontier OCS oil
and gas areas off the Gulf and Southern California
coasts indicates that public resistance to such devel-
opment is at least partly due to fear of the unknown
and to a lack of confidence in studies that purport to
assess potential, coastal impacts. This workshop series
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attempts to present objective facts, to the extent they
are knowable, and thus move the debates that will
inevitably occur about such development away from
issues of data credibility and toward the more pro-
found issues of values and philosophies.

Results of the workshops thus far indicate that

- coastal area officials are eager and willing to distin-

guish the objective and subjective elements of the
issues, and want to become familiar with the im-
portant part that scientific information should play in
determining and thus planning for coastal area im-
pacts. Participant evaluations of the workshops indi-
cate that they believe this kind of hypothetical experi-
ence to be valuable indeed.

As the Geological Survey and the rest of the De-
partment of the Interior proceed in their roles in the
development of oil and gas on the Outer Continental
Shelf, coastal communities must continue to find ways
to cope with the development that will inevitably oc-
cur. Experiences, particularly of various Gulf Coast
communities already impacted by OCS development,
indicate that the communities that plan ahead experi-
ence fewer adverse and more positive impacts. The
workshop series described above provides coastal
officials with the means to accomplish this planning
and is thus supportive of Federal energy policy. A
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Submarine Landslides

By Dwight A. Sangrey and Louis E. Garrison

He had brought a large map representing the sea,
Without the least vestige of land;
And the crew were much pleased when they found it to be

A map they could all understand.

INTRODUCTION

The maps of many sea regions have undergone
striking changes in recent years as new tools are
provided to brush aside the waters electronically and
permit scientists to peer closely at the sea floor itself.
Former areas of blank blue paper “without the least
vestige of land” have come to show an amazing var-
iety of forms—mountains, plateaus, mesas, troughs,
trenches, and canyons—that have been mapped until
the major ocean-bottom features are as well known
as the major features on land. But nowhere has the
sea floor been subjected to such microscopic scrutiny
and its shape and consistency so carefully analyzed
as in the areas of petroleum production where giant
oil platforms and their spider web of pipelines stand
at the mercy of the ocean environment. Here, where
a small oversight may be very costly, an enormous
amount of effort is expended in trying to understand
the subtle environmental clues which ultimately may
spell the difference between safety and danger, or
success and failure of the platforms.

Much has been learned from these experiences.
Areas of the sea floor once thought to be essentially
immobile are now known to undergo changes at rates
that are sometimes startling. In extreme cases, maps
of the seafloor may require annual updating to retain
their usefulness, and some areas must be resurveyed
after each major storm or earthquake.

A wide variety of geological processes are respon-
sible for these dynamic qualities, but none is more
spectacular, or bears more potential for damaging
offshore platforms than the submarine landslide. In
the inventory of sea floor instabilities, it is one of the
most difficult to predict, yet its results can be the
most disastrous.

In 1969 when Hurricane Camille ripped northward
through the Gulf of Mexico, three major oil platforms
standing on the Mississippi Delta were victims of her
fury. Post-storm investigations revealed, however,
that they were not bowled over by the force of
Camille’s 322-kilometer (200-mile) per hour winds,
nor even by the pounding of her more than 15-meter
(50-foot) high waves. Rather, it is believed that they

Lewis Carroll

were damaged and lost because their foundations
were shifted by landsliding triggered by the storm.

There had been earlier records of landslide dam-
age, but these were largely confined to pipelines and
telephone cables supported on the sea floor. The
classic example was the Grand Banks slump in 1929,
when an earthquake-induced sea floor failure caused
damage to telephone cables over a distance of sev-
eral hundred kilometers (fig. 19).

During the “Good Friday Earthquake” which struck
the Prince William Sound area of Alaska in 1964, a
large portion of the waterfront (more than 98-million
cubic yards) at the town of Valdez disappeared into
the sea. With it went the docks and warehousing fa-
cilities carrying some 30 people to their deaths. Later,
investigations shown that a massive submarine land-
slide had occurred, triggered by the earthquake shak-
ing of soft deltaic sediments. At least 100-million
cubic meters (3,531-million cubic feet) of sediments,
including the Valdez waterfront, had almost instan-
taneously moved seaward in this gigantic submarine
landslide.

Accompanying many of these submarine landslides
are the dangerous tsunamis, or immense ocean waves
which spread outward from the slide area and travel
at high speeds for great distances. These waves strike
land areas with disastrous results. Many cases can be
cited, but perhaps the worst on record in human lives
lost occurred in the Lisbon earthquake of November
1, 1775, when tsunami waves washed the west coasts
of Portugal, Spain, and Morocco and left some 60,000
dead in Lisbon alone.

All landslide phenomena are not so catastrophic,
nor are all associated with storms and earthquakes.
In quieter modes, small areas of sea floor muds have
been observed to move without any obvious force
functions other than gravity.

For example, in 1974 a jack-up drilling rig in the
Gulf of Mexico suddenly and without warning moved
several hundred meters seaward of its original loca-
tion, shearing conducter pipes and drill string. The
drilling rig, sitting on unstable sediments, was caught
up in a submarine landslide but was fortunate enough
to ride out the slide without overturning. Another
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drilling rig disappeared during Hurricane Camille in
1969, and was later found to be completely buried in
slide debris under the sea floor.

Similarly, in certain areas of the Mississippi Delta,
repeated pipeline breaks and well-jacket displace-
ments have cost their owners hundreds of thousands
of dollars annually in repairs and lost production
time. Although the cause was not understood at the
time these structures were emplaced; it is now known
that the area is honeycombed with small slides that
are either in almost constant motion or periodically
activate themselves in a burst of movement. Pipelines
laid across these features are sheared, and nearby well
jackets sometimes bent grotesquely out of alignment
when stress accumulation is sufficient.

Submarine slides are an important natural process
whereby great masses of sediment move from shal-
lower to deeper locations on the ocean floors. Be-
cause of the increasing use of shallow sea floor areas

for construction of oil production facilities, it is im-
portant to understand the mechanisms of these slides,
the factors which create a slide, and the warning
signs that point out the danger. In some cases, con-
struction must be done in slide areas, and structures
must be designed to withstand their forces. Intensive
studies, therefore, must be initiated in order to pre-
dict these forces and their effect on the structures.

Offshore landsliding presents a broad range of im-
portant implications. The conventional arguments
concerning risk of economic loss or loss of life are
accentuated by our experiences with such loss and
the fact that a single offshore structure (fig. 20) may
cost more than $100 million and support a work
force of 50 or more people. Another important ele-
ment is the great risk of environmental damage in
failures. Although no landslide-related accident to
date has produced environmental damage, the poten-
tial exists and, therefore, we must make every effort
to minimize the risk.

FIGURE 20.—The offshore production platform must support drilling equipment, a complex of processing machinery and safe
living space for large work crews. We must limit the vulnerability of these structures to landslides.
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NATURE OF SUBMARINE LANDSLIDES

What is submarine landsliding, and how does it
differ from what we see on land?

There is obviously a wide variety of types and
causes of sea floor instability and the term “landslid-
ing” is applied very broadly to describe many of
these phenomena. Different sea floor materials, differ-
ent environments, and different forms of loading all
influence the kinds of landsliding which can occur.
The wide variety of landslide forms is a direct conse-
quence of the infinite mix of these factors. Studies of
landsliding must concentrate on understanding the
role of each factor individually and in combination.
The form and distribution of submarine landslides are
the consequence of interaction among many factors.

One of the major difficulties with studies of under-
water landsliding is that we cannot “see” the form of
the slide in the way that we can on land. This is one
of the reasons why the scope and significance of off-
short landsliding are just now beginning to be ap-
preciated. As new technology and methods are ap-
plied, however, a variety of forms and sizes have been
revealed, and distributional patterns are taking shape.
While no formal classification system has yet been
proposed for underwater landslides, several general
types can be described. The particular types are in-
evitable consequences of combinations of materials,
environment, and loading.

To understand landsliding, submarine or terrestrial,
it is necessary to describe the features in quantitative
terms. In its most simplified form, quantification of a
landslide, such as illustrated in figure 21, involves the
mechanical balancing of driving forces tending to
produce failure or movement against the forces re-
sisting movement. Although it may be triggered by
earthquake shaking or by storm waves, gravity acting
on the soil mass is the major force which drives a
landslide. The shearing resistance or strength acting

Original bottom surface

Position after failure

Slump debris

FIGURE 21.—When driving forces are greater than
forces, landslides such as this block slump occur. Simplified
illustration of force balancing used in quantitative analysis
of landsliding.

resisting
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along the failure surface provides the resistance to
movement. As long as resisting forces are greater, the
slope remains stable, but when the combination of
triggering function and gravity become greater than
resistance, failure results and a slide occurs.

Block slumps are a common and simple form of
submarine landsliding. A downslope cross-section
through a block slump would show a relatively un-
disturbed mass which had rotated or slid with respect
to its initial position. Any dislocation of sediment
layers within the feature is usually a good indicator
of the type and magnitude of movement. On land, a
cross-sectional profile can be developed from exten-
sive borings or trenches cut through a landslide. Off-
shore the seismic profile is used to produce much the
same information from which important features of
a slide can be defined. For a different perspective, the
plan view of the sea-bottom surface can be obtained
using side-scan sonar. As illustrated for the block
slump (fig. 22), this instrument gives a much clearer
view of the size and extent of landslide features.

Research on slope stability concentrates on the
various driving and resisting forces acting on a slope.
A powerful and frequently-used approach is the
analysis of existing failures where slide geometry is
known and samples can be obtained for determi-
nation of strength and other properties. Block slump-
ing is particularly adaptive to this approach because
of the relatively simple form and minimum disturb-
ance of the slide material (figs. 21 & 22).

Block slumping can occur in most continental shelf
areas where slope gradients are sufficient and in a
wide variety of materials. It is often the initial failure
in what becomes a more complex form, such as a
flow slide or mudflow. Although movement may oc-
cur suddenly, block slumps often move more slowly
than other types of landslides. Nevertheless, the dam-
age potential is high because the relative displace-
ment across a failure surface will shear off almost any
man-made structure. Structures riding on moving
slump blocks are also damaged, and their use im-
paired, when they rise up or sink with respect to the
sea surface.

Flow slides, in contrast to block slumps, are char-
acterized by a disrupted or chaotic accumulation of
landslide debris which has flowed downslope from a
source area (fig. 23). This type of sliding can be asso-
ciated with a variety of earth materials, but submarine
flow slides usually occur in relatively weak sediments.
Flow slides are often associated with a catastrophic
loading event, such as an earthquake, and some off-
shore flow slides cover tens of square kilometers.
These factors, coupled with rapid rates of movement,
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FIGURE 23.—Seismic profile of a flow slide showing its highly disrupted internal structure and the widespread flow of debris
associated with this very destructive form of offshore landsliding.

place the flow slides among the most destructive
types of offshore bottom-stability problems (fig. 24).
The deaths and damage at Valdez during the Alaska
earthquake are typical of the violent and unexpected
nature of submarine flow slides.

The flow slide is very complex. Original bedding
and other sedimentary structure are destroyed by the
flow, the slide material is often not available for

sampling and testing, and analysis is much more diffi-
cult because of this disturbance and the rate at which
failure occurs. Because of their wide distribution and
extremely high potential to do damage, however, the
understanding of flow slides is a high-priority re-
search area.

Mudflows are landslide features best developed in
the submarine environment. They are commonly
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FIGURE 24.—Waterfront area engulfed in submarine flow slide at Valdez during the Alaska earthquake in 1964. (Sketch by
David Laneville; from H. W. Coulter and George Migliaccio, U.S. Geol. Survey, Prof. Paper 542-A, 1969).

found in areas of rapid deposition, as around river The Mississippi River Delta area is an ideal environ-
mouths (fig. 25) where fine grained muds form thick ment for the development of mudflows, and nowhere
masses of extremely soft and unstable material. The have they been studied more intensively. Much of
form of a mudflow may be quite complex (fig. 26) this basic research has been done or supported by
and, to date, their mechanics are poorly understood. the Geological Survey, and we can attribute much of
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FIGURE 25.—Seismic profile of a typical Mississippi River Delta mudflow. The rates at which these masses slide down the slope
remains an important unanswered question.

our present understanding of mudflows to this work.
The extensive production of petroleum from the Gulf
of Mexico has resulted in a need for better under-
standing of mudflows and the implications for build-
ing safe and reliable facilities. Most of the damage to
structures and pipelines in the Mississippi Delta area
is now attributed to this type of bottom instability. In
an effort to provide better information about these
problems, the Geological Survey has produced maps
describing the hazards, surficial geology, and other
features of the area (fig. 27).

Although the movements of great submarine land-
slides in today’s oceans receive much attention, geo-
logical evidence shows that mass sediment failure was
even more prevalent at various times in the Earth’s
past. When the great glaciers attained their last maxi-
mum advance about 25,000 tc 30,000 years ago, the
storage of vast quantities of ice on the continents re-
moved enough water from the world’s oceans to
lower sea level by an estimated 100-150 meters.
Great expanses of our present continental shelves
were then land areas, and coastlines lay in regions of
modern outer shelves. Rivers dumped their sediment
loads on more steeply sloping sea floors and, as these

deposits grew in thickness, submarine landslides were
frequent.

Recent studies of shelf edge deposits in the Gulf of
Mexico show many such fossil slides, now buried
beneath thin veneers of later sediments (fig. 28). The
present degree of stability of these slide deposits
is not known, nor are sufficient data now available to
indicate what forces would be required to set them
in motion again.

APPLYING NEW TECHNOLOGIES

As man strikes out into new frontiers, he frequently
finds that familiar tools and technologies are no
longer adequate to meet the new challenges. Off-
shore geological studies are no exception.

Since early 1973 the Geological Survey has investi-
gated the problem of submarine landslides and other
manifestations of sea floor instability. The Mississippi
Delta Project, conducted in cooperation with univer-
sity scientists, industry groups, and other govern-
mental agencies, has taken part in the development
of many new tools and technologies.
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FIGURE 26.—Side-scan sonar records show that the submarine mudflows come in a variety of shapes and sizes. All of them
are potentially destructive to facilities built offshore.

Among the new factors being considered and ap-
plied to the problems of submarine bottom stability
is the role of pore-fluid pressures. Pore pressures are
the hydrostatic fluid pressures acting within the void
space of porous materials such as soil and rock. It
has long been appreciated in geotechnical engineer-
ing onshore that the only rational way to evaluate the
strength of soil and rock materials is to consider the
pore pressure acting within them. Application of this
principle offshore has been limited in the past be-
cause of the time and expense required to measure
pore pressures. During the past 2 years, however, sig-
nificant strides have been made in the development
and testing of pore-pressure measuring systems for
use offshore. As part of the Delta Project’s SEASWAB
experiment in the Gulf of Mexico, the first compre-
hensive set of pore-pressure measurements from a
deepwater offshore location has been collected (fig.
29). These data provide a major breakthrough in our
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efforts to understand and quantify the destructive
mudflow phenomena of the Mississippi Delta area.

The use of sound waves reflected from the sea
floor and from sedimentary layers beneath it is con-
stantly being refined to enable us to detect and
measure smaller features. High frequency sonar has
been adapted to be “flown” above the sea floor as
air-borne radar is flown above a land surface, with
somewhat analogous results (figs. 22 & 26). Using
these radar images, project scientists have made mo-
saics which yield an almost photographic image of
subtle variations in relief and texture of the sea floor.
Such images permit geomorphic analyses of sub-
marine features with unprecedented accuracy.

In addition to such new mapping tools, new tech-
niques are being developed to assess the state of
stability of marine deposits. Industry has extended
the conventional use of sea floor borings for soil
samples with the addition of new down-hole tools
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FIGURE 27.—A map of the Mississippi Delta offshore area indicating the location of geological features, particularly mudflows,

which constitute a potential hazard for development in these areas.
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FIGURE 28.—This seismic view across a slide shows that the submarine landslide must be old and immobile. Such slides may be
relatively stable or can be reactivated by man’s activities.

that measure sediment strengths with minimum dis- this gas. The significance of gas in landsliding' and
turbance to the material. For gassy sediments, in other bottom-sediment instability was completely un-
which all measurements were notoriously unreliable known. As part of the DELTA Project studies, Louisi-
until now, Texas A & M University as a part of the ana State University now has field and laboratory data
Delta Project has developed a pressurized core barrel ~ which indicate a clear tie between the geochemical
which permits sample recovery at down-hole ambient environment, gas generation, and sediment strength
pressures. These samples are opened only in special and stability. We are beginning to understand that an
chambers on land where appropriate testing can be increase in gas content, as tiny bubbles within the
performed under corresponding pressures. soil pores, decreases soil strength and can lead to

The presence of large amounts of gas in shallow collapse or landsliding. Much work remains to be
sediments has been recognized for some time, but done, but the directions for study have been defined.
until the last 2 years little was known about the geo- The influence of wave loading on bottom stability is
chemical mechanisms and environments producing another area of significant change and growth in
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understanding of offshore landslides. Only within the
last decade has there been any suggestion that sur-
face waves could influence bottom-sediment stability,
except through an erosion process near the coastline.
We now recognize that wave loading is a major fac-
tor in most marine areas and out to depths of water
in excess of 100 meters. Louisiana State University has
collected field evidence that surface waves cause sym-
pathetic oscillation of soft marine sediments (fig. 30).
This motion in turn produces changes in pore pres-
sure, sediment strength, and stability and provides a
quantitive explanation of the link between submarine
landslide damage and hurricane or storm waves.

Many offshore areas with high priority for study
and development lie in close proximity to active plate
margin areas which are areas of concentrated earth-
quake activity. The potential for earthquate load-
ing is, therefore, an important factor in any con-
sideration of bottom stability. Earthquakes affect
marine deposits both by increasing the loading due
to ground motion and by causing strength decrease
in the soils as a result of earthquake shaking and an
increase in pore pressures. That earthquakes cause
catastrophic submarine landslides is clearly docu-
mented but, at present, virtually nothing is known
about the size, distribution, or frequency of earth-
quake-induced landslides in the submarine environ-
ment. Some of the first comprehensive studies of this
type are presently being done by the U.S. Geological
Survey in the Gulf of Alaska. The objective is to evalu-
ate the hazard posed by earthquake-induced land-
slides and to develop a rational understanding of the
problem as a basis for avoiding or controlling dam-
age.

<

FIGURE 29.—Installation of the USGS-Texas A&M piezometer
in South Pass Block 28 as part of the research in the Delta
Project. Instruments such as this are required to measure in-
situ pore pressures.

Many other factors significant in submarine land-
sliding are being identified and studied by an increas-
ing number of scientists in various disciplines. For
example, rates of mass movement in various types of
skding are an important problem. Special loading
mechanisms such as the impact of sea ice, erosion by
submarine currents, tectonic deformation, and inter-
nal sea waves are being considered in particular areas.
Another very important new problem is the influence
of man’s activities on submarine slope stability. It is
now clear that some bottom instability has been
caused by loads imposed by bottom-supported struc-
tures. Other activities such as dredging, mining, and
soil-structure interaction during earthquakes also
have potential for producing landslides.

The conception and utilization of all these new
tools and technologies have paralleled the develop-
ment of a new ‘‘scientist’” as well. In the complex
world of sea floor investigations, this new scientist
must integrate data from physical measurements,
from oceanographic modelling, from chemical anal-
yses, biological research, and sedimentological study.
The interpretations must be compatible with soil en-
gineering practice and should ultimately be trans-
lated into a form that can be used by the structural
design engineer. The new scientist clearly is not an
individual but one of a team. To advance appreciably
on these problems requires a group of skilled special-
ists, each of whom is not only an expert in his own
field but has rare talent for grasping the ideas of
his colleagues from other disciplines and weaving
them firmly into the fabric of his own thinking. Only
through the directed efforts of a group of such scien-
tists can we hope to understand and predict the phe-
nomena with which we are dealing. A
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FIGURE 30.—Data collected from the Delta Project SEASWAB
experiments showing that surface waves cause bottom dis-
placement and changes on pore pressure, all of which affects
submarine landsliding. (Suhayda, J. N., Whelan, T., Coleman,
). M., Booth, ). S., and Garrison, L. E., 1976, Marine sediment
instability: Interaction of hydrodynamic forces and bottom
sediments: Offshore Technology Conference, OTC Paper No.
2426.)
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Missions, Organization, and Budget

For nearly a century, the U.S. Geological Survey
has served Federal, State, and local governments, and
the public, by collecting, analyzing, and publishing
detailed information about the Nation’s energy, min-
eral, land, and water resources. The Geological Survey
was created in 1879 to study the geologic structure
and mineral resources of the public domain and to
provide information to support development of the
West. Congressional and Executive direction later ex-
panded the Survey’s authorities and responsibilities
to include topographic mapping; chemical and physi-
cal research, stream-gaging and water supply assess-
ments; supervision of mineral exploration and devel-
opment activities on Federal and Indian lands; engi-
neering supervision of waterpower permits; and ad-
ministration of a minerals exploration program.

And, in June 1977, under provisions of the Naval
Petroleum Reserves Production Act of 1976, jurisdic-
tion of the Petroleum Reserve in Alaska was trans-
ferred from the Department of the Navy to the De-
partment of the Interior. Responsibility for adminis-
tration of the continuing petroleum exploration pro-
gram on the Reserve and operation of the South Bar-
row Gas Field was delegated to the Director of the
Survey by the Secretary of the Interior.

Except for operation of the South Barrow Gas Field
to supply gas to the village of Barrow and its vicinity,
the Geological Survey has not departed from its fact-
finding mission described in the brief authorizing
legislation of 1879, although program emphasis and

< Hallet Peak, Colorado. (Photograph by David Usher.)

balance have changed over the years to meet de-
mands of users of Survey data.

That fact-finding mission has two objectives: First,
the Survey is charged with increasing the scientific
knowledge of the extent, distribution, character, and
origins of the natural resources and of the geologic
processes that affect the use of the land so that man
may adjust his activities to the constraints imposed
by the environment and so that the Earth’s resources
may be managed wisely. The responsibilities delegated
to the Survey for the exploration program on the Na-
tional Petroleum Reserve in Alaska call for an engi-
neering and geologic evaluation and assessment of
the petroleum potential of the Reserve. These
studies—to be completed in 1980—are closely allied
to this first objective and are needed to assist the
Department in an adequate petroleum resource ap-
praisal of the Reserve.

Second, and no less important, are the Survey’s
regulatory responsibilities—classifying Federal lands
and supervising mineral lease development on Fed-
eral and Indian lands. By working closely with the
Bureau of Land Management and other land-manage-
ment agencies, the Survey seeks to identify and con-
serve the Nation’s public resources and to supervise
their development, so that the public receives its fair
share for leased resources, and so that damage to
other resource, environmental, and social values is
minimized during exploration and development.

Implicit in carrying out the Survey’s mission and
defined objectives are factual and impartial reporting
of investigations, identification of natural constraints
on land use and resource development, and analyses
of the consequences of alternative policies or actions
related to resource development, conservation, and
environmental protection.
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ORGANIZATION

The scientific and regulatory mission of the Geo-
logical Survey (and the operation of the South Bar-
row Gas Field) are carried out by six organizational
units, each of which is responsible for one of the Sur-
vey’s major programs or budget activities (see or-
ganizational chart on pages 186-187 and table 26 in the
section entitled “Organizational and Statistical Data").

® The Topographic Division produces maps delin-
eating the physical features of land areas in the
United States and its outlying areas and in Ant-
arctica. The Division also collects and distributes
information on the availability of aerial photo-
graphs and space images, maps and charts, geo-
detic data, and related cartographic information
through the National Cartographic Information
Center.

® The Geologic Division conducts research on geo-
logic processes and the Earth’s history and there-
by provides the information that permits man to
adjust intelligently to the Nation’s environment
and to use the Earth’s resources wisely. The Di-
vision also determines the composition and
structure of the rocks and materials that lie at
and beneath the Earth’s surface, identifies po-
tential energy and mineral resources (including
those of the Outer Continental Shelf), and de-
velops and distributes knowledge about natural
hazards such as earthquakes, volcanic eruptions,
and land subsidence.

@ The Water Resources Division assesses the quan-
tity and quality of the Nation’s water supply,
develops the knowledge necessary to predict the
environmental consequences of alternative plans

aph by E. F. Patterson.)

for developing water resources, coordinates Fed-
eral water-data-acquisition activities, collects and
distributes information about the availability of
water data through the National Water Data Ex-
change, and develops and distributes informa-
tion about natural hazards such as floods and
land subsidence.

® The Conservation Division classifies the public
lands with respect to leasable mineral and water
power sites and supervises exploration and de-
velopment authorized under leases and permits
on Federal and Indian lands.

® The Lland Information and Analysis Office coor-
dinates and administers interrelated, interdis-
ciplinary programs of the Survey, as well as other
units of the Department of the Interior, with the
objective of interpreting and displaying resource
information in ways that are readily accessible
and understandable to a wide range of potential
users, particularly land-use planners and deci-
sionmakers.

e The Office of National Petroleum Reserve in
Alaska manages the continuing exploration of
the Reserve during the interim between the
transfer of jurisdiction from the Department of
the Navy to the Department of the Interior and
the effective date of any legislation for a perma-
nent development and production program, en-
forces regulations and stipulations which relate
to the exploration program, and operates the
South Barrow Gas Field to supply gas to the vil-
lage of Barrow and its vicinity.

The structure of the Geological Survey’s budget
closely parallels the structure of its organization. Each
program Division (Topographic, Geologic, Water Re-
sources, and Conservation), the Land Information and
Analysis Office, and the Office of National Petroleum
Reserve in Alaska (ONPRA) is responsible for one of
the Survey’s major budget activities.

A small activity, Alaska Pipeline Related Investiga-
tions, is currently administered by the Geologic Di-
vision with technical assistance from the Water Re-
sources Division.

Funds for the program Divisions and the Land In-
formation and Analysis Office are appropriated under
the heading, “Surveys, Investigations, and Research.”
Although a small SIR appropriation was made in fiscal
year 1977 for transition of the NPRA function to the
Department of the Interior, funds related to the ex-
ploration activity on the NPRA were appropriated to
the President and transferred to the Department of
the Interior. In the future, funds for the NPRA will be
appropriated under the heading, “‘Exploration of Na-
tional Petroleum Reserve in Alaska.”



TABLE 8.—Participation of Survey organizational units in areas of study included in the fiscal year 1977 budget

Office

of the

Land Director
Informa- and National
Topo- Water Conserva~ tion and Administra- Petroleum
graphic Geologic Resources tion Analysis tive _Reserve
Area of Study Division Division Division Division Office Division in Alaska
OCS oil and gas . ____ - X - X - - -
Onshore oil and gas . ____________ - X - X - - -
Coal e - X X X - - -
Uranium, geothermal, and oil shale ________ - X X X - - -
Metallic, nonmetallic, and ocean minerals _.. - X - X - - -
Multipurpose geologic baselines ___________ - X - - - - -
Earthquakes, volcanoes, and landslides ______ - X _— - — - -
Water-data collection, analysis, and research _ - - X X - - -
Topographic mapping programs ____________ X - - - - - -
Earth Resources Observation Systems _______ - - - —-— X - --
Land resource decision products _..________ - - - - X - -
General administration - ________ __ o - - - X -
X

DEFINITIONS OF BUDGET TERMS

Some of the terms used to describe the budget
of the Geological Survey, which appear frequently
throughout the next few chapters, are explained here.
Funds appropriated directly to the Survey are cate-
gorized under several budget activities or broad func-
tional areas; for example, Topographic Surveys and
Mapping or Water Resources Investigations. These
activities are further subdivided or categorized as sub-
activities, programs, and program elements, depend-
ing upon the size and complexity of the activity. But
the term “program’ is used more generally and may
refer to the entire budget, a budget activity, or a
subactivity—or may denote work supported by funds
from a particular source, especially in the case of
funds received from reimbursement.

Funds to support programs of the Survey come
from two sources: (1) annual appropriations and (2)
reimbursement from Federal and non-Federal agen-
cies. Directly appropriated Federal funds support the
Survey’s directly appropriated programs under each
budget activity. Funds from State and local agencies,
other Federal agencies, permittees and licensees of
the Federal Power Commission, foreign countries,
and international organizations pay for various infor-
mation products and services provided by the Sur-
vey’s reimbursable programs.

Whereas directly appropriated programs for “‘Sur-
veys, Investigations, and Research’”’ are aimed at re-
source investigations and research on problems of
nationwide concern, the reimbursable programs
enable the Survey to apply its expertise in the Earth

Sciences to the specific problems of the funding
agencies. The results of these investigations contrib-
ute in a very substantial way to the solution of urgent
national resources problems and respond directly to
the changing needs of the funding agencies and the
Survey for Earth Science information. Agencies and
organizations with which the Survey had formal
agreements for fiscal cooperation in fiscal year 1977
are listed in the section entitled ““Organizational and
Statistical Data” beginning on page 195.

Work done for State, county, or municipal agen-
cies may be performed on a cost-sharing basis. Fund-
ing arrangements may vary according to the type of
investigation, and the annual appropriations for Sur-
veys, Investigations, and Research stipulated that Fed-
eral funds may not be used to finance more than one-
half the cost of any topographic mapping or water
resource investigation carried on in cooperation with
a State or municipality. Within this general 50-per-
cent limitation, each annual appropriation act also
specifies the dollar amount of Federal funds that shall
be available for cooperative water resource investi- .
gations. On the other hand, appropriated funds may
be used to pay for more than 50 percent of the cost
of other cooperative programs of the Survey. The ac-
tivities jointly funded by State and local reimbursable
program funds (State share) or direct program funds
(Federal share) are collectively referred to as the Fed-
eral-State Cooperative Program.

Other work related to Surveys, Investigations, and
Research done by the Survey for specific Federal
agencies and non-Federal organizations is usually per-
formed on a fully reimbursable basis.
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TOTAL $433.4 MILLION

SOURCE OF FUNDS

BUDGET

The total funds obligated by the Geological Survey
in fiscal year 1977 amounted to $433 million, an in-
crease of $79 million over fiscal year 1976. Part of the
increase, $7 million, reflects transfer of furds from
the Department of the Navy for NPRA. Appropriated
funds for Surveys, Investigations, and Research in fis-
cal year 1977 provided about 74 percent of the total
funds available to the Survey. Nearly $114 million was
provided from Federal, State, and local agencies and
from miscellaneous non-Federal sources. The alloca-
tion of funds to the Survey’s activities funded under
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Land information
and analysis

$23.5

General

services

pipeline
related
investigation

$0.3

National petroleum
reserve in alaska

$9.1

USE OF FUNDS

the SIR appropriation (Topographic Surveys and Map-
ping, Geologic and Mineral Resource Surveys and
Mapping, Water Resources Investigations, Conserva-
tion of Lands and Minerals, and Land Information and
Analysis) all increased in fiscal year 1977. The largest
increases were for the Conservation of Lands and
Minerals activity—67 percent—and Water Resources
Investigations activity—20 percent; other increases
were more modest. But the overall percentage in-
crease for SIR-funded activities was over 20 percent.

administration
acilities and
miscellaneous



TABLE 9.—Geological Survey obligations for fiscal years
1976-77 (dollars in thousands)

[Data in other chapters may differ because of rounding]

Activity

Fiscal year
1976

Transition Fiscal year

quarter

1977

TOTAL me =

Direct program cces=scomess
Reimbursable program ______

Alaska Pipeline Related
Investigations ___.________

Topographic Surveys and
Mapping —coevovacocmmmnn
Direct program ____________
Reimbursable program ______

Geologic and Mineral
Resource Surveys and
Mapping . ________

Direct program ___________
Reimbursable program ____

Water Resources Investigations

Direct program ____________
Reimbursable program _____

Conservation of Lands and
Minerals ________________

Direct program ____________
Reimbursable program _____

Land Information and Analysis _

Direct program —_o___—_-..
Reimbursable program ______

General administration _______
Facilities - ___
Miscellaneous services to

other accounts -w-cowwawe

National Petroleum
Reserve in Alaska ________
Direct program ___________
Allocation Transfer ________

$353,970 $102,858 $433,400

264,434 77,570 319,468
89,536 25,288 113,932
287 85 317
52,220 13,289 57,073
45,354 11,548 50,311
6,866 1,741 6,762
115,554 32,194 130,269
92,322 24,829 100,007
23,232 7,365 30,262
112,480 30,716 131,509
57,176 15,916 68,555
55,304 14,800 62,954
41,677 13,381 67,427
41,489 13,375 67,239
188 6 188
17,278 8,919 23,476
14,908 7,795 17,698
2,370 1,124 5,778
3,398 1,491 3,760
9,500 2,530 9,502
1,576 253 924
e e 9143
o - 2,079
e e 7,064

FIGURE 31.—Geological Survey budget, by source of funds,
fiscal years 1967-77.

SOURCE OF FUNDS / USE OF FUNDS | 69



OCS oil and gas

Onshore oil and gas

Coal

Uranium, geothermal, and oil shale ———————
Metallic, nonmetallic,and ocean minerals —————
Earthquakes, volcanoes,and landslide hazards———.

1

Multipurpose geologic baselines

Water data collection analysis and research————

Topographic mapping progra
Earth Resources Observation Systems ———————

Land resource decision products —— ———

General administration

National Petroleum Reserve in Alaska ———————

[
EXPLANATION

[ pirect program
[JReimbursable program

FY 1977 DECISION PACKAGES

30 40

FUNDS AVAILABLE (millions)

50

60

70

80

90 100

FIGURE 32.—Distribution of Geological Survey obligations for fiscal year 1977, by areas of study.
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FIGURE 33.—Geological Survey budget by activity, fiscal years 1967-77.
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PERSONNEL

While funds available for programs of the Geologi-
cal Survey have more than tripled since 1968, the
number of permanent full-time employees available
to implement the programs remained more or less
constant through fiscal year 1973 (fig. 34 and table
44). In fiscal years 1974-77, however, 1,237 additional
permanent full-time positions were filled, 1n increase
of 15 percent over fiscal year 1973. (See figure 35 for
distribution of the 9,326 permanent full-time em-
ployees by organizational unit as of the end of fiscal
year 1977.) Augmenting the Survey’s permanent work
force were 2,604 employees on the rolls in other than
permanent full-time positions.

12

. Total employment
. Permanent full-time employment

1

=
o

el

7

EMPLOYMENT (in thousands)
®

1967 1977

END OF FISCAL YEAR

FIGURE 34.—Geological Survey end-of-year employment, fiscal
years 1967-77.

Administrative
and others
23.5%

Technical 23.5%

B.S. 32.9%

Professional 50.2%

Professionalism—denoting employees classified in
professional or technical positions as defined by the
Civil Service Commission—in programs of the Geo-
logical Survey is reflected in the composition of its
work force. At the end of fiscal year 1977, the Survey
employed 9,326 people on a permanent full-time
basis, 50 percent of whom were employed in profes-
sional or technical positions (engineering, carto-
graphic, chemical, geologic, geophysics, or hydro-
logic). The Survey’s professional work force provides
the Federal Government with a significant resource
of scientific and technical expertise in energy, min-
eral, land, and water resources, the skills needed to
fulfill its mission.

Water Resources Division
2840

Conservation
Division
1498

Geologic Division

2046
Topographic \
Division
1644

FIGURE 35.—Distribution of permanent full-time Survey em-
ployees by organizational units as of the end of fiscal year 1977.

FIGURE 36.—Permanent full-time Survey employees by type.
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/’"/ The Digital Profile Recording and Output System (DPROS) de-
/‘J/ veloped by the Survey forms a versatile system for digitizing

and recording terrain profiles from different stereoplotting
instruments. The digital profile data are stored on magnetic
tape and can be processed into terrain models by a com-
puter. The data can also be used to control an offline ortho-
photoprinter (p. 80) producing displacement-free photographic
images of the terrain.

INTRODUCTION

The National Mapping Program involves the prep-
aration and dissemination of accurate and up-to-date
basic cartographic data for the United States in forms
that can be readily applied to the new expanding
needs of the Nation. Topographic maps, illustrating
detailed and precisely referenced information about
natural and manmade features on the earth’s surface,
continue to be the most important product with over
1,300 new 1:24,000-scale topographic maps published
during the year ending September 30, 1977 (table 46).

These maps provide fundamental information, both
natural and manmade, required by a large num-
ber of Federal and State agencies in dealing with most
of the important key national issues including the lo-
cation and evaluation of energy and other resources,
examination of environmental impacts and develop-
ment alternatives and planning and locating a wide
variety of public works, commercial, and other facil-
ities. In addition to the 1:24,000-scale topographic
maps, the Geological Survey provides other products
and services such as orthophotoquads (image maps),
intermediate scale (1:100,000 and 1:50,000) plani-
metric and topographic maps, and a wide variety of
basic cartographic data used by other agencies as base
materials for special maps they prepare. Fundamental
to the value of the basic maps is the need for a con-
tinual revision of the data shown on the maps.




TABLE 10.—Mapping production for fiscal year 1977 (in square miles)

1:24,000-scale 1:24,000-scale 1:24,000-scale Intermediate

topographic orthophotogquads revisions scale
Alabama _ . _____ 1,907 10,238 124 16,388
Alaska - ______________. 286  ____. 4613  ___._
Arizona . _____________ 3,344 2,821 5,995 7,048
Arkansas ___________________ 1,147 8,754 2,003  _____
California ___________________ 2,105 22,640 4,306 23,532
Colorado - -~ 1,687 5,916 759 19,164
Connecticut . ___ —— em 198 2,859
Delaware _ . __________ ——e 58 10 978
District of Columbia _—________ e i S,
Florida e~ —- 4,875 2,583 5,560
Georgia oo 1,945 158 . 1,127 4,271
Hawaii oo~ —— e ——— 4,665
ldaho . __ 1,307 14,904 89 3,451
HIiNOIS = oo 2,595  ____ 1,016 4,663
Indiana o oe oo : —_— o 337 2,713
lowa 3,792 7,465 2,450 2,310
Kansas _ o ___ 1,009 _____ 1,012 2,702
Kentucky _ . _______ ——— 1,475 1,316 1,324
Louisiana — - __________ 1,128 3,072 485 2,051
Maine _____________________ 332 4,240 ——- 4,570
Maryland o __ e e 586 2,098
Massachusetts _______________ ——.— O 635
Michigan . _________ 1,197 11,340 2,726 3,060
Minnesota _________________ 599 7,384 1,273 24,585
Mississippi - __________ 948 4,221 211 7,430
Missouri - oo o= 2,672 7,985 2,185 689
Montana oL 3,221 6,707 308 16,205
Nebraska o _______ 2,011 . 2,666 411
Nevada oo 2,675 13,804 114 9,181
New Hampshire _____________ —— oo e dem
New Jersey _ oo m—— e ——— 1,265
New Mexico - ____________ 3,395 10,086 312 25,066
New YorK oo 669  ____. 55 2,552
North Carolina - _______ 2059 L. 1,608 557
North Dakota .o ____ 3,363 7,600 1,333 13,976
ORIO oo ——_——— 171 3,888 2,641
Oklahoma e __ 1,224 30 368 1,946
Oregon e 1,684 26,001 547 -
Pennsylvania ____ . _____ ——— - 1,798 11,314
Rhode Island - ____________ e e 132
South Carolina . ___________ 574 e 137 2,596
South Dakota _.______________ 3,989 15,863 993 809
Tennessee . ______ ——_—— 736 1,902
Texas oo 6,361 16,320 5117 17,090
Utah . 1,533 2,088 I 4,760
Vermont ____________________ 88 . ——— 692
Virginia _ . ___ ———— e 631 1,636
Washington _______ . ______ 720 8,610 778 3,240
West Virginia ______________ 448 87 7,633 529
Wisconsin oo e 2,683 848 1,255 9,842
Wyoming e _____ 1,655 8,393 657 5,742
Guam e . ——ame- 197 -
Puerto Rico _ . ________ ——_——ocaeo —_—— e
Samoa o _____ —_—— e —_— dce-

Virgin Islands _________.______ . — ameee

Approximately 1,100 quadrangles are now revised Forest Service so that they will use their mapping
annually and the need for revision continues to grow capability to revise maps in the national forests, thus
as more of the basic mapping is completed. Agree- increasing the total number of maps revised yearly in
ment was reached in fiscal year 1977 with the U.S. the National Mapping Program.
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Fiscal year 1977 saw the initiation of a new effort
to provide cartographic data in computer readable
form to meet the requirements of a growing number
of users. In the years to come, these types of data will
become an increasingly important element of the Na-
tional Mapping Program. A significant aspect of this
effort involved the establishment of a full-time re-
search effort and initiation of an equipment modern-
ization program. Also, limited production on a pilot
project basis was started in fiscal 1977 to evaluate
alternative techniques for producing the digital map
related data and to assess user requirements.

An increasing emphasis on intermediate-scale maps
was also evident during fiscal year 1977. Agreement
was reached between the Geological Survey and the
Defense Mapping Agency for the preparation of
1:50,000-scale quadrangle maps as part of the inter-
mediate-scale program to meet military training re-
quirements. The cooperative program with the Na-
tional Ocean Survey, Department of Commerce, to
provide maps in coastal areas that include both topo-
graphic and bathymetric information was expanded
to include offshore protraction boundaries provided
by the Bureau of Land Management. These combi-
nation maps will become the standard product in all
coastal areas as maps are revised and should provide
a single source for much of the data needed in coastal
resource management.

Other new roles for the Geological Survey are being
suggested—programs for large-scale urban mapping,
systematic high-altitude photography, and increased
direct assistance to the map user. These apparently
diverse requirements should be addressed by the Na-
tional Mapping Program because of the relationship
to standard map products and the mapping process
and the need for coordination and standardization.

Coordination of Mapping

The responsibility for coordinating domestic map-
ping activities is assigned to the Department of the
Interior by OMB Circular A-16 and delegated to the
Geological Survey. Annual priorities for basic map-
ping are established based on formal requests of 35
Federal agencies, State Mapping Advisory Committees
representing 15 States, and cooperators from 37 States
and Puerto Rico. Requests from private individuals
and representatives of local governments are also con-
sidered. Yearly requests for new and revised top-
ographic mapping—a total of 50,596 requests for
28,303 quadrangles in 1977—far exceed the produc-
tion capacity and funding level. As such, judgments in
the establishment of priorities and selection of proj-
ects are important. During the past year, emphasis
has been placed on identifying requirements for digi-

tal data through interagency pilot projects. These are
intended to determine data compatibility and to de-
velop uniform standards.

Special support, from technical assistance to data
preparation, is being provided for major national pro-
grams of the Department of Housing and Urban De-
velopment (Flood Insurance Program), the Soil Con-
servation Service (Prime Farmlands Program), the
National Oceanic and Atmospheric Administration
(Coastal Zone Management Program), and the Fish
and Wildlife Service (National Wetlands Inventory).

The increased importance of geographically related
data to national decisions on energy, economics, and
ecology increases the need for map data which are
accurate, up-to-date, and compatible with other re-
lated information. As an example, geologic, soils,
water, land-use, and topographic data must be relat-
able in order to provide adequate information for
surface mining decisions. Continued and improved
coordination between data gathering agencies is a
necessity for the effective use of these kinds of avail-
able data.

Highlights

e Establishment of a full-time Digital Applications
Team to develop the capability for producing
digital cartographic data to meet the require-
ments of Federal and State agencies. Initial pro-
duction capability was installed and data gener-
ation began on a pilot basis in cooperation with
other Federal agencies.

® Agreement with the Forest Service to jointly revise
selected 1:24,000-scale maps in national forest
areas, thereby, substantially increasing the total
number of maps that can be revised nationally.

® Agreements with South Carolina, Arizona, Georgia,
and New Mexico to establish State-operated in-
formation centers for collecting and distributing
cartographic data. The centers are affiliated with
the National Cartographic Information Center.

e Agreement with the Fish and Wildlife Service for
the Geological Survey to provide two full-time
advisers to work with FWS in solving cartographic
problems and for the Geological Survey to pro-
vide aerial photography and 1:100,000-scale base
maps to meet requirements of the National Wet-
lands Inventory.

Agreement with the Department of Housing and
Urban Development for the Geological Survey
to provide information on existing cartographic
data and mapping assistance to HUD contractors
and grantees prior to their preparation of new
maps. The intent is to avoid duplicate mapping.
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® Initiation of several metric mapping projects in
States which have agreed to convert the 7.5-
minute maps to metric products. Specifically,
agreement was reached with the Commonwealth
of Massachusetts to revise and convert the
topographic maps of the entire State to the
metric system.

® Completion of 304 intermediate-scale maps to meet
special needs of Federal and State agencies. Agree-
ment was reached with Defense Mapping Agency
for Geological Survey to produce 1:50,000-scale
base maps to meet military training needs.

® Addition of more than 1,088,600 square kilometers
(420,300 square miles) of aerial photography to
the national aerial photo data base.

FIGURE 38.—Palm Springs, Calif., 1:24,000-scale orthophoto- »

quad. Combined with marginal descriptive information, a
high-altitude photograph is differentially rectified to remove
positional errors caused by camera tilt and terrain variation.

® Development and installation of equipment to pro-
duce digital cartographic data during standard
map compilation and orthophoto production,
thus providing a capability to produce data not
previously available from these instruments.

® Publication of 2,500 new and revised maps, ranging
in scale from 1:24,000 to 1:250,000. In addition,
about 4,130 orthophotoquads were produced.
Initial 1:24,000-scale topographic map coverage
of Georgia was completed during fiscal year 1977
as a result of a cooperative effort with the State.

FIGURE 37.—Status of standard topographic mapping and revision.
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Other Federal
agencies

TOTAL $57.07 MILLION

SOURCE OF FUNDS

Budget and Personnel

The Topographic Surveys and Mapping budget
covers three subactivities:

1. Quadrangle mapping and revision, including the
production and revision of the 1:24,000-scale
maps (1:63,360 in Alaska) and related activities.

2. Small-scale and Special Mapping, including prep-
aration of other maps and map products from
the intermediate scale to the very small scale
U.S. base maps.

3. The National Cartographic Information Center for
the acquisition and dissemination of informa-
tion about available cartographic data.
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USE OF FUNDS

For fiscal year 1977, Topographic Surveys and Map-
ping obligations amounted to $57.1 million (table 11).
Included are funds from 37 States, which, when
matched by Federal funds, amounted to $6.5 million
for cooperative mapping. These cooperative projects
mutually benefit the State and national programs by
assuring the completion of map coverage sooner than
would otherwise be possible.

The program was carried out through a combi-
nation of in-house efforts and contracts. The in-house
effort involved 1,644 career employees, many with
special training in cartography, data processing, engi-
neering, photographic technology, and the physical
sciences. About 225 additional employees, many on



TABLE 11.—Topographic Surveys and Mapping activity obligations for fiscal years 1976~77, by program (dollars in millions)

[Data may differ from that in statistical tabies because of rounding]

Fiscol year Transition Fiscal year
Program 1976 quarter 1977
TOTAL $52.22 $13,29 $57.07
Quadrangle Mapping and Revision e 43.30 10.46 47.51
Direct programs o e 38.26 9.40 42.39
Reimbursable programs .. 5.04 2.15 5.12
States, counties and municipalities - ___ 2.93 .70 2.73
Miscellaneous non-Federal _ .. 33 .08 45
Other Federal agencies - 1.78 .28 1.94
Small-scale and Special Mapping - oo 7.19 2.41 6.92
Direct programs . o e 5.36 1.73 5.28
Reimbursable programs . e 1.83 .68 1.64
States, counties and municipalities . _______.__ .74 .18 .54
Miscellaneous non-Federal _________________________.__. 17 .05 15
Other Federal agencies __ .- 92 .45 95
National Cartographic Information Center _._.__.______..______ 1.76 42 2.64
Direct programs . e 1.76 42 2.64

work-study programs, served as temporary aides and
professional consultants.

QUADRANGLE MAPPING AND REVISION

Aerial photographs of the land surface are essential
to the mapping process. In fiscal year 1977, the Sur-
vey contracted for 1,088,600 million square kilometers
(420,000 square miles) of aerial photography. Three
fourths of the photographs were taken from altitudes
higher than 11,700 meters (39,000 feet) for use in
photomapping and map revision.

Field control surveys are needed to present map
features in correct relationship to each other and to
the earth’s surface. Horizontal ground control estab-
lishes and maintains correct scale, position, and orien-
tation of the map. Vertical control governs the con-
tours and spot elevations which show the shape of

the terrain. These data are used to prepare the map
base, the framework on which map detail is complied.
During fiscal year 1977, 248,500 square kilometers
(92,950 square miles) of horizontal control and 115,-
700 square kilometers (44,670 square miles) of vertical
control were established.

During fiscal year 1977, 1,318 standard topographic
maps were published, covering 194,600 square kilo-
meters (72,125 square miles), of the U.S. domain (fig.
37). Most of the maps are in the 7.5-minute series,
1:24,000-scale or 1:63,360 and 1:25,000 in Alaska.
In addition to meeting the needs of many users, these
are also the basic maps from which smaller scale and
special maps are usually derived. As national coverage
in the 7.5-minute series increases, the revision map-
ping workload increases. The need for revision of indi-
vidual maps is determined based on the amount of
change detected in comparing the published maps
with current aerial photographs. Maps are reviewed
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Digital profile data stored on magnetic tape (p. 73) controls this
offline orthophotoprinter for production of displacement-free
photographic images.

cyclicly with emphasis on urban, coastal zone, air-
ports, major transportation corridors, and other areas
of high national interest. In 1977, 3,987 7.5-minute
maps were reviewed and 1,081 were revised.

EXPLANATION

Orthophotoquads available
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FIGURE 39.—Status of orthophotoquad production.

By reprocessing aerial photographs to correct for
distortion, orthophotographs are produced. In a
standard quadrangle format with grid and name in-
formation superimposed, the orthophotograph is
called an orthophotoquad and has many applications
as a map substitute or as a companion product to an
existing map. About 4,100 orthophotoquads were
prepared in 1977; printed stock is available for a
small percentage of these, with the majority available
for reproduction on request (fig. 39). Such orthopho-
toquads are normally produced in black-and-white, al-

. though techniques are being developed for adding

color to aid the user in interpreting the imagery.
The orthophotograph may also be combined with

~ the line detail of a topographic map. In some areas

where conventional line maps are ineffective in por-
traying the special character of the terrain, ortho-
photomaps are substituted for the line maps. About
500 orthophotomaps are in various stages of produc-
tion; the largest projects cover Florida swamps, Min-
nesota lake regions, and coastal stretches of Louisiana

and Georgia.

SMALL-SCALE AND SPECIAL MAPPING

To meet the need for basic map data at various
levels of detail and at scales between 1:24,000 and
1:250,000, the intermediate-scale map series was in-

T
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troduced in 1975. The user can select the map content
from over 20 categories of data and choose county,
regional, or 30’ X 60’ quadrangle format. The capabil-
ity is being developed to provide intermediate-scale
map data in digital as well as graphic form. In fiscal
year 1977, priority was given to completing 304 inter-
mediate-scale maps for Federal and State agencies.

As part of the intermediate-scale program, the
Survey has entered into an agreement with the De-
fense Mapping Agency for the joint preparation
of 1:50,000-scale metric topographic maps for areas
of the U.S. to meet military training requirements.
Under this agreement, 1,800 maps will be produced
throughout the conterminous U.S. within the next five

FIGURE 40.—Status of 1:250,000-scale map revision and digital terrain data.
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FIGURE 41.—Status of the Intermediate-Scale Mapping program.

EXPLANATION

In program

years. Both USGS and DMA will be involved initially
in the production of these maps with DMA preparing
128 maps and USGS preparing 129 maps during FY
1978. The maps will be prepared in accordance with
jointly prepared specifications and can be used di-
rectly in the preparation of other intermediate-scale
maps as required.

The 1:250,000-scale topographic map series pro-
vides the largest scale complete coverage available
for the United States and is thus valuable to many
Federal and State agencies with regional concerns.
The maps are also used by the Survey for preparing
State base maps, the 1:1,000,000-scale International
Map of the World, various geologic maps, and spe-
cial-purpose maps such as those produced for the
Land Use and Land Cover program.

The 1:250,000-scale maps of Standard Metropolitan
Statistical Areas are generally revised every five to
seven years. Most other quadrangles in this series are
revised every 8 to 10 years. In fiscal year 1977, 31
revisions were completed and 96 more were in pro-
duction. Terrain data digitized from the contours on
the 1:250,000-scale maps are available on magnetic
tape from the National Cartographic Information
Center (p. 85).
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The joint USGS/NOS program for the preparation
of topographic-bathymetric maps continues and in-
volves 44 maps at the various scales of 1:24,000,
1:100,000, and 1:250,000. Four of these maps have
been published and an additional 40 are in work.
In fiscal year 1978, 36 additional maps will be entered
into the program.

During 1977, two shaded relief National Park maps
were published and one revised map was in work.
The Park Service has requested two new maps and
seven revised maps for the next fiscal year.

The experimental folded map program has been ex-
panded to include 22 maps at various scales. These
maps provide coverage of high-use recreational areas
and points of significant interest. Analysis of early
user responses indicates the products have been well
received, especially in high-use recreational areas.

FIGURE 42.—Hilton Head Island and Parris Island lie in an area
that is being mapped at 1:100,000 scale. On topographic/
bathymetric maps such as these, bathymetric data and shore-
line information from the National Ocean Survey are com-
bined with USGS topographic data.
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INTERNATIONAL COOPERATION

Formal agreements and reimbursably funded proj-
ects between the Geological Survey and various for-
eign nations continued during fiscal 1977. Two cartog-
raphers remain in Saudi Arabia to provide surveying
and mapping support to the Survey’s geologic mis-
sion as well as to the country. A 1:100,000-scale Land-
sat image map of the new Federal Capital Territory
of Nigeria was compiled for use by the Nigerian Gov-

PALMER
STATION

:::::

ernment. Two trainees from Nigeria assisted in the
preparation of the map as part of an ongoing pro-
gram of foreign participant training. Other nations,
including Mali, Nepal, and Trinidad and Tobago, also
selected members of their mapping agencies for
training at Survey facilities.

Fiscal year 1977 marked the 20th consecutive year
that the Survey participated in the National Science
Foundation’s U.S. Antarctic Research Program.

Four Geological Survey cartographers conducted
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FIGURE 43.—Status of mapping in Antarctica.




ground surveys and operated satellite-tracking and
seismological equipment in support of geophysical
and glaciological studies.

This year, two 1:250,000-scale topographic maps of
the Antarctic were prepared. In the Dry Valleys area
eight topographic maps at 1:50,000 scale with 50
meter contour interval were published. These are the
first of a new series in Antarctica covering areas of
special scientific interest. Each map is formatted so
that it covers 2 degrees of longitude and 15 minutes
of latitude.

A brochure titled “Maps Published of Antarctica by
the U.S. Geological Survey” was prepared and pub-
lished this past year, containing color samples of
different maps of Antarctica with information and a
map index for ordering.

The first experimental U.S. Geological Survey map
containing cartographic data south of the U.S.-Mexico
border was compiled and distributed at the XI PAIGH
General Assembly in Quito, Ecuador. This experi-
mental map is the result of an agreement allowing the
two nations to exchange cartographic information and
coordinate their mapping efforts.

Seminars and workshops on map maintenance and
Landsat image mosaicking were conducted by Survey
personnel at several locations in Central and South
America. Representatives from 15 Latin American
countries participated.

THE NATIONAL CARTOGRAPHIC
INFORMATION CENTER

In fiscal year 1977, the National Cartographic Infor-
mation Center continued to expand its program to
improve public access to U.S. cartographic data. Ac-
tivities during the last year centered on negotiating
information exchange agreements with other Federal
agencies, opening additional offices and affiliates and
developing new information and operating systems.

In January, the Second Federal Coordinating Con-
ference was held with representatives of 34 Federal
agencies and the States of Florida and Texas. Papers

were presented on NCIC's progress since the first
NCIC Coordinating Conference in 1974. A series of
workshops were held during the conference to dis-
cuss recommendations for future NCIC activities.

Agreements relating to NCIC were signed in the
last year between the Geological Survey and the
Department of Housing and Urban Development
(HUD) and with the Defense Mapping Agency (DMA).
NCIC will help HUD contractors and grantees locate
cartographic data they need before starting HUD
funded projects. In return, NCIC will be sent descrip-
tions of any data produced during the projects. The
DMA agreement provides for the exchange of carto-
graphic products and information (including DMA
domestic photographs).

During the fiscal year, a new office was opened at
the National Space Technology Laboratories in Bay
St. Louis, Mississippi as were four new affiliated State
offices in Arizona, South Carolina, Georgia, and New
Mexico. The State affiliates expand the services NCIC
offers by providing more direct access to information
and assistance.

A project to develop a master file of Survey topo-
graphic maps produced since the 1800’s was com-
pleted in the fall. The file was then duplicated on
35mm roll microfilm and arranged alphabetically and
chronologically for each State.

Completion of the file marks a large step in NCIC's
program to use microfilm to organize the wide array
of available cartographic data. As part of another
microfilm information system, the second edition of
the Aerial Photography Summary Record System
(APSRS) was published in April, and the Aerial Pho-
tography Unit Record System in September. These
systems are used to locate both aerial photography
projects and single frames of photography.

To fill the requests for cartographic information the National
Cartographic Information Center offices use computer index-
ing systems to catalog and access data. Microfilm and micro-
fiche files permit viewing of both maps and aerial photo-
graphs before orders are placed. v




RESEARCH AND DEVELOPMENT

As a means of improving the quality and efficiency
of map production and responding promptly to chang-
ing and urgent needs, the Survey continually investi-
gates new cartographic instruments, methods, and
techniques. Research by the Topographic Division
continued particularly in development of computer-
ized instruments and techniques for cartographic
problems. These developments promise the means of
undertaking tasks that are not practical in conven-
tional cartography and of eventually increasing the
productivity of the cartographic work force. Chief
among developments in 1977:

® Camera for Space Shuttle photography. Design
work has been completed for the large-format
(23 X 46 cm) cartographic camera to be carried
aboard an early Space Shuttle mission. Survey
photographic specialists reviewed the camera
specifications with NASA and Itek Corporation
representatives and recommended technical im-
provements. After the camera is built by Itek, it
will be tested, calibrated, and certified in the
Survey’s optical laboratory.

® Mosaicking photographic images on film. Work-
ing with film rather than paper, the Survey has
developed an improved method of preparing
photomosaics. In the new method the separate
film images are not physically joined, as is done
with paper prints, but are exposed step-by-step
onto a single master film. The method is espe-
cially valuable in producing multicolor image
maps, such as a Landsat image map for an entire
State. Since the multispectral scanner on Land-
sat obtains simultaneous images in four bands of
the visible and near-infrared spectrum, two to
four separate master mosaics can be prepared for
the area of interest. The separate mosaics are
used to make photographic color composites or
lithographic pressplates for publication. Practical
training on the film-mosaics method was given
to cartographers in Central and South America
at the request of the Inter American Geodetic
Survey and the Government of Chile.

e Shallow-seas mapping with Landsat imagery. As
part of a continuing investigation of possible
applications of Landsat imagery to cartographic
problems, experimental editions have demon-
strated that small-scale charts of shallow-sea
areas can be prepared quickly and accurately.
These areas are difficult and expensive to chart
by conventional methods. This finding of the
Survey’s research is of interest to the agencies
responsible for nautical charting, particularly the
Defense Mapping Agency.
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FIGURE 44.—The Ditigal Data Editing System interacts with a
computer to integrate textual and graphic data files and to
provide for editing, collecting, or reformatting digital data.

® Digital applications team. Since a single map or
aerial photograph contains millions of bits of
information, converting that information to digi-
tal form, storing and processing it, combining it
with related information as needed, and recalling
it in the form needed by a user present a form-
idable challenge to the practical cartographer.
During the vyear, the Topographic Division
formed a Digital Applications Team to consider
the problems of digital cartography, design the
data bank, select and design equipment, and
plan the system for supplying data to users on
request. The products supplied may or may not
be in visible graphic form. For example, they may
consist of digital elevation models recorded on
magnetic tape.

® Geographic names information system. Geo-
graphic names are of interest to everyone and
therefore constitute an important element in any
cartographic data bank. It is estimated that more
than 3,000,000 geographic names are in active
use in the United States. An automated informa-
tion system has been designed, which will even-
tually encompass all those names together with
related information, such as location, size, and
kind of feature. The files are organized primarily
by State, with complete files now available for
Massachusetts, Alaska, and Rhode Island. Another
file contains all the formal decisions of the Board
on Geographic Names since its founding in 1890.
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Digital Cartographic Data Helps Assess the Nation’s Coal Resources

Computer readable data speeds up computations.

Map information traditionally drawn as lines
~ can now be expressed in numerical terms that are
input to computers for analysis and output in either
numeric or graphic form. For example, data pro-
duced by the Topographic Division’s Digital Car-
tographic Applications Program are now being used
to improve the process of evaluating and classify-
ing coal resources of the United States. A major
problem in evaluating the development potential
of coal resources is measuring the overburden
above the coal deposit. This has traditionally been
done by manually measuring elevation data from

Geological Survey 7.5-minute topographic maps
and using drill hole information on the depth to
the coal deposits to compute approximations for
the overburden.

New equipment procured as part of the Topo-
graphic Division’s equipment modernization pro-
gram is now being used to produce a three-dimen-
sional, computer-readable model of the Earth’s
surface. This digital elevation model is used in the
Geologic Division’s computer-based National Coal
Resources Data System to mathematically compute
the overburden. This information is combined with
digital files of the political boundaries and public
land survey network, also derived by the Topo-
graphic Division from 7.5-minute maps, to evaluate
the potential for mining known coal deposits on
specific parcels of land. When fully developed, this
more rapid and accurate method of evaluating and
classifying coal resources will be used by the Con-
servation Division and the Bureau of Land Man-
agement in planning for the development of the
Nation’s coal resources on Federal land.

In fiscal year 1977, the Topographic Division
supplied digital data for thirty-three 7.5-minute
quadrangles. Ultimately about 8,000 quadrangles of
data will be required to cover the Nation’s known
coal resource lands. A

As established, the files permit ready answers to
questions about specific features and also permit
assembly of comprehensive lists, such as gazet-
teers for States, or selective lists, for example,

A

cept, the design has been standardized for the
combined topographic-bathymetric maps
coastal areas being produced jointly with the
National Ocean Survey.

R R R S e

one describing all the streams in six counties. ® Automated mapping system. Production trials of

® Metric map series.

Assembly of complete files for the entire Nation
is a long-range project that will take several years.
Designs and specifications are
being prepared for the several new series of
metric maps, which will eventually replace the
current series based on U.S. customary units of
measurement. In consultation with the Defense
Mapping Agency, specifications for the 1:50,000-
scale series have been designed to meet both
military and civilian requirements and thus re-
duce duplication of efforts. Using a similar con-

the Gestalt Photo Mapper Il (GPM 2) led to sev-
eral improvements in software to improve per-
formance and in physical conditions to provide
a clean-room environment for the photograph
scanning and printing elements. The GPM 2 is
an advanced system that automatically correlates
pairs of aerial photographs and simultaneously
produces orthophotographs, contour plots, and
digital elevation models. As a result of the suc-
cessful trials, a second unit of the GPM 2 has
been ordered.
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Geologic and Mineral Resource
Surveys and Mapping

INTRODUCTION

The Geologic Division conducts nation-wide geo-
logic research and investigation programs through
continuing research and data collection, as a back-
ground for many economic and social decisions. Geo-
logic research is used to determine the structure of
the Earth and to develop a better understanding of
processes that influence our lives, such as earth-
quakes, volcanic eruptions, and landslides. Geologic
data on the Nation’s land, mineral, and energy re-
sources are continually being collected, analyzed, and
published to inform the public and provide a rational
basis for utilization with minimum damage to the
environment of the Earth’s surface and atmosphere.
The geologic programs are distributed among four
main fields of activity; Land Resource Surveys, Mineral
Resource Surveys, Energy Resource Surveys, and Off-
shore Geologic Surveys.

Land Resource Surveys provide geological, geo-
physical, and geochemical data needed to evaluate
the Nation’s land resources, the effect of human
activity on the land, and the hazards to human life
and property posed by natural forces and processes.

Mineral Resource Surveys provide information on
the Nation’s resources of metallic and nonmetallic
minerals, Studies of processes and mineral formation
provide a basis for identification of hitherto unknown
sources of metallic and nonmetallic minerals. These
studies are applied especially to public lands.

Energy Resource Surveys provide current, sys-
tematic, and thorough assessments of the Nation’s
energy resources. Information is established on the
location, quantity, and quality of energy resources in
the forms of coal, oil and gas, oil shale, uranium and
thorium, and geothermal heat.

Offshore Geologic Surveys provide an assessment
of the potential mineral and energy resources of the
continental margins of the United States. Studies are
also made to determine the geological and environ-

- Seismic Research Observatory (SRO) borehole seismometer be-
mental hazards that may effect the siting of offshore ing prepared for installation. Installed at depths of 100 meters

drill rigs, production platforms, and pipelines. (328 feet), these record seismic events as part of the World-
wide Standardized Seismograph Network (WWSSN).

<« Two-man submarine used to study sea-floor features and col-

lect ocean-bottom samples. INTRODUCTION TO GEOLOGIC PROGRAMS | 89



GEOLOGIC AND MINERAL RESOURCE
SURVEYS AND MAPPING
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Federal funds $3.49
State and local funds $1.40

TOTAL $130.2 MILLION

SOURCE OF FUNDS

BUDGET AND PERSONNEL

In fiscal year 1977, obligations of the geologic and
mineral resources surveys and mapping activity were
$130.2 million. This amount was supplemented by
approximately $1.4 million from 31 States and $22.4
million from other Federal agencies and miscellaneous
non-Federal sources (table 12).

At the end of fiscal year 1977, the Geologic Division
had 2,046 permanent full-time employees and 935
temporary or part-time employees.
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Land Resource
Surveys
$50.53

Mineral Resource |
Surveys $31.70 -

Reimbursable
$7.94

Energy Resource
Surveys $29.02

Reimbursable
$4.15

Offshore Geologic
Surveys $18.95

USE OF FUNDS
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TABLE 12.—Geologic and Mineral Resource Surveys and Mapping activity obligations for fiscal years 1976~77
by program (dollars in millions)

Fiscal Fiscal
year Transition year
1976 quarter 1977
Total - $115.55 $32.19 $130.20
Land Resource Surveys _____ . 46.61 12.95 50.53
Direct Programs e 34.08 9.68 35.20
Earthquake Hazards ..~ 11.26 3.78 11.88
Volcano Hazards .68 a7 .69
Environmental Aspects of Energy . __________ 5.23 1.20 6.61
Arctic Environmental Studies __. .. ______ 37 .10 45
Engineering Geology . 1.29 .36 1.29
Regional Mapping and Analysis . _____________ 15.25 4.07 ' 14.28
Regional Geology .
Geophysical Surveys . _______ 9.23 2.49 8.86
Geochemical Surveys o
Dating and Correlation . __ . _________.___ 4.76 1.26 411
Geologic Processes 1.26 32 1.31
Reimbursable Programs ______ . ___ ... 12.53 3.27 15.33
States, Counties, and Municipalities _______________.____ 1.17 .31 1.08
Miscellaneous non-Federal sources . _._______.___ .20 .06 .26
Other Federal agencies . 11.16 2.90 13.99
Mineral Resource Surveys ________________________________ 26.36 6.97 31.70
Direct Programs _ __ e 19.78 5.32 23.76
Mineral Resource Assessment __. __. . oo 6.97 1.89 7.92
Wilderness Areas _______________ oo . 1.46 .35 1.35
Alaska e 3.48 1.03 4.44
Conterminous States . ___ ... 1.85 46 1.91
Mineral Discovery Loan Program ______________.____ 18 .05 .22
Mineral Commodities Assessment _________________.___ 2.02 .55 2.37
Critical Commodities - __ . ______.____________ 1.48 .42 1.73
Minerals for Energy Production ______________________ .54 13 .64
Mineral Information System and Analysis ______________ 1.66 .69 2.14
Resources Processes Technology ______ . ______________ 5.23 1.27 5.87
Resource Techniques in Geochemistry and Geophysics ___ 3.90 .92 5.46
Reimbursable Programs ___ . e 6.58 1.65 7.94
States, Counties and Municipalities .___ .. ______.___ .19 .05 .20
Miscellaneous non-Federal sources _____._ _________.___ 4.74 1.05 6.17
Other Federal agencies _ ... _______________.___ 1.65 .55 1.57
Energy Resources Surveys __ ... ____________________..___ 23.96 6.75 29.02
Direct Programs . ___ 23.00 5.86 26.25
Coal 2.31 .51 3.19
Oil and -Gas - 5.14 1.23 5.59
Oil Shale __ e 1.07 .28 1.02
Uranium and Thorium . _______________________.__ 4.45 1.07 5.36
Geothermal Energy . 8.65 2.55 9.61
Energy Resource Data System ________________.___._._ 1.38 .22 1.48
Reimbursable Programs _______________________________ .96 .89 2.77
States, Counties, and Municipalities —__________________ .03 ———- .03
Miscellaneous non-Federal sources ___._.____.___._.____ = _____ —— .01
Other Federal agencies ____________ . __._________. .93 .89 2.73
Offshore Geologic Surveys ___________________________...___ 18.62 5.52 18.95
Direct Programs o _ 15.47 3.92 14.80
Oil and Gas Resource Appraisal __._.________________. 9.49 2.24 9.23
Environmental Investigations ___..___ . __________._. 4.50 1.37 4.25
Marine Geology Investigations __________ . _____.___ 1.48 .35 1.32
Reimbursable Programs ______________________.___.__._ 3.15 1.56 4.15
States, Counties, and Municipalities .____________..___ .08 .03 .09
Miscellaneous non-Federal sources .. ______________ = _____ ——- ——
Other Federal agencies __.__________________________ 3.07 1.53 4.06

BUDGET AND PERSONNEL | 91



LAND RESOURCE SURVEYS
Earthquake Hazards

The goal of the earthquake hazards reduction pro-
gram is to mitigate potential casualties, damage, and
social and economic disruption caused by earth-
quakes. Reductions in the potential for hazard can be
effected by land-use planning, emergency prepared-
ness, and engineering design and application, all of
which can be greatly enhanced if geological and seis-
mological data and analyses are sufficiently refined.
The Geological Survey effort comprises research on
three major objectives: (1) to delineate and evaluate
potentially hazardous areas and processes, (2) to de-
velop the capability to predict the time, place, and
magnitudes of earthquakes, and (3) to acquire and dis-
seminate information on earthquake occurrences.
Some accomplishments and activities for fiscal year
1977 were:

® Improving and continuing the operation of regional
seismic nets in urbanized areas at high seismic

risk—central California, southern California,
Mississippi Valley, South Carolina, and Puerto
Rico.

® Since discovery of the anomalous land uplift in
southern California in late 1975, extensive efforts
have been underway to define the shape and
extent of the uplift, to understand its origin, and
to assess its implications for future large earth-
quakes in this region. The extent of the uplift as
of early 1974 was considerably larger than previ-
ously suspected, stretching eastward from Santa
Barbara to the Colorado River, covering an area
of about 90,000 square kilometers (35,000 square
miles) mostly along a band bounded on the
southwest by the San Andreas Fault (fig. 45).
Maximum uplift occurred at a point north of
Palm Springs, reaching about 45 centimeters (18
inches). However, uplift near Palmdale decreased

- FIGURE 45.—Area of recent uplift in the Transverse Range and adjacent parts of the Mojave Desert in California, during the
1959-74 period. Uplift occurs along the San Andreas Fault.
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between 1974 and 1976 from about 35 centi-
meters (14 inches) to about 17 centimeters (7
inches). The origin of the uplift is still poorly
understood, but it is likely that the uplift results
in some way from the same stresses that store
energy to be released as great earthquakes along

now installed and operating. The highly ad-
vanced SRO system combines the noise-free sen-
sitivity of the borehole seismometer with a mod-
ern digital recording system, effectively replacing
all six seismographs of the older system and add-
ing the capabilities of a gravimeter and two

tiltmeters.

® Analyses of older geodetic data identified an early
20th-century episode of crustal uplift and subse-
quent collapse in southern California having ap-
proximately the same location, size, and shape as
the present southern California uplift.

® Trench excavations of sedimentary layers disturbed
by the San Andreas Fault near Palmdale show
geologic evidence that 5 to 8 major fault slip
events have occurred there since about 1 A.D.

the San Andreas Fault.

® A system for interpreting tectonic stress from meas-
urements in bore holes has been developed and
employed in the seismic regions near Charleston,
S.C.; in New Madrid, Mo.; and in California.
While this system—based on the hydrofracture
technique—will undoubtedly be improved as ex-
perience is gained, it offers the first opportunity
to measure reasonably directly the fundamental
tectonic stresses that cause earthquakes.

e The Worldwide Seismic Network (fig. 46), managed
by the Geological Survey, is being upgraded
through the installation of 13 Seismic Research
Observatory (SRO) photo data systems. Seven are

Volcano Hazards

The principal objective of the Volcano Hazards Pro-
gram is to mitigate the hazards posed by the active

FIGURE 46.—Worldwide Standardized Seismograph Network Observatories.
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volcanoes in Hawaii and in the Cascade Range of
Washington, Oregon, and California. Mauna Loa Vol-
cano, Hawaii, continues to build toward its next erup-
tion, Kilauea Volcano displays intermittent activity,
and Mount Baker’s fumarolic condition is under sur-
veillance. Major accomplishments for fiscal year 1977
activities include:

® Intensive monitoring of Mauna Loa Volcano which
early in the year continued to inflate with little
accompanying seismic activity, but then slowed
its rate of inflation later in the year.

® Precise measurement of a triangle linking Mauna
Kea, Mauna Loa, and Hualalai volcanoes showed
a significant increase in horizontal distance that
reflects the inflation of Mauna Loa.

® Participation with Hawaii State and County officials
and other Federal agencies on contingency plan-
ning and lava diversion studies in anticipation of
a Mauna Loa eruption.

e |nitiation of a study to monitor the concentrations
of mercury found in the atmosphere and plants
around Kilauea Volcano; since people working
and living around the volcano may be absorbing
harmful amounts of this toxic element.

Environmental Aspects of Energy

The Environmental Aspects of Energy program ac-
quires, interprets, and distributes geologic, hydrologic,
geophysical, geochemical, and related information
that is essential to the analysis and solution of en-
vironmental problems associated with energy-re-
source development and the planning, siting, and
construction of energy facilties.

ENERGY LANDS

The development of coal and oil shale, primarily by
large surface mines, has the potential for causing
widespread permanent damage to the environment in
many areas across the country. The Energy Lands
Program establishes basic knowledge of existing en-
vironmental conditions in coal and oil-shale resource
areas in order to predict possible changes that would
be caused by mining coal and oil shale, and then
monitor the changes during energy development.

The studies include bedrock, surficial, and engi-
neering-geologic mapping, tests of physical proper-
ties, climatic effects on ongoing geologic processes,
rates of weathering, erosion, and inventory of ground
and surface waters and the effects on aquifers, and in-
ventory of the geochemical setting. Highlights for
fiscal year 1977 include:

e Completion of the surficial geology in areas being
mined for coal for fourteen 7%2-minute quad-
rangle maps in the Powder River Basin of Wyom-
ing, fourteen 7%2-minute quadrangle maps in the
San Juan Basin of New Mexico and Colorado, and
seven 2°x1° quadrangles in the Williston Basin
area of Montana.

® Preparation of an engineering-geologic map of the
Buffalo-Sheridan area of Wyoming that shows the
effects of coal mining on urban development.

® Preparation of maps showing the availability of
water, the occurrence and thickness of coal, and
the geologic hazards of the Kaiparowits Plateau
area in Utah.

® In conjunction with preparation for evaluating the
effects of surface mining, determination that a

Puu Kiai, (“Guardian Hill” in Hawaiian),
America’s newest topographic feature
formed by lava and spatter of the Septem-
ber 1977 eruption on Kilauea’s east-rift
zone. The new hill is about 240 meters
(800 feet) long, 140 meters (450 feet) wide,
and 34 meters (110 feet) high. (Photograph
by Boone Morrison.)



sharp increase. in the rate of erosion in the
Piceance Basin of Colorado began about 1875.

e Completion of a map of eastern United States lo-
cating carbonate-rock deposits suitable for use
in flue-gas scrubbers.

REACTOR SAFETY RESEARCH

The operational safety of nuclear power reactors is
very sensitive to geologic hazards such as fault move-
ments induced by man’s activities, and other failures
due to foundation and construction materials. These
hazards are evaluated to meet specific needs arising
from applications for reactor licenses. Accomplish-
ments during fiscal year 1977 include:

® Determining that the epicenter area of the 1886
Charleston, S.C., earthquake is now exhibiting
modest seismic activity along a northwest trend.

® Demonstrating that the ground-water withdrawal
in alluvial basins can cause surface faulting.

® Documenting the presence of surface faults that

show recent movement in the Texas Gulf Coast
area.

NATIONAL ENVIRONMENTAL OVERVIEW

Maps are being prepared, generally at a scale of
1:7,500,000, which will be useful for understanding
environmental problems and for making decisions on
land-use and mineral and energy resource develop-
ment on a national scale. The following maps have
been completed in preliminary form:

® Map showing areas of karst (solution) topography
and related terrains (fig. 47).

® Map showing areas subject to volcanic hazards.

® Map showing areas of possible landslides.

® Map showing the location of present and pr<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>