











—

22
30
50
78
100
112
128
134
140

Table of Contents

® Preface
® The Year in Review
* Perspectives

8 ¢ Chemical and Nuclear Wastes — Different
Problems with Different Solutions?

14 o Petroleum Exploration in the National Petroleum
Reserve in Alaska

Missions, Organization, and Budget

National Mapping, Geography, and Surveys

Geologic and Mineral Resource Surveys and Mapping

Water Resources Investigations

Conservation of Lands and Minerals

Office of Earth Sciences Applications

National Petroleum Reserve in Alaska

Program Support Divisions

Organizational and Statistical Data

140 o Chart of Organization

142
147
148
158

U.S. Geological Survey Offices
Guide to Information and Publications

Cooperators and Other Financial Contributors
Budgetary and Statistical Data

iii









The Year
in Review

Fiscal year 1981 proved to be unusually
challenging for the U.S. Geological Survey as it
sought to satisfy the established claims upon its
capabilities and resources expressed in law,
custom, and settled policy, and to position itself
to support the incoming administration’s an-
nounced policies toward the Nation’s land,
mineral, and water resources, all within the limits
of available funds and personnel.

Among the Survey’s active concerns at the
beginning of the year were a number of programs
deriving from recently enacted laws, Secretarial
decisions, and other directives concerning the
assessment and development of minerals on
Federal and Indian lands, both onshore and off-
shore. The 1979 decision to resume leasing on
federally owned coal lands was one such event.
Another was the passage of the Outer Continental
Shelf Lands Act Amendments in 1978. The Sur-
face Mining Control and Reclamation Act of 1977
applied to all coal lands, public and private, and
created a demand for information that the Survey
was responsible for providing and, in the case of
Federal and Indian lands, for applying. The
mineral assessment of public lands nominated for
wilderness classification continued under the
Wilderness Act of 1964. Lastly, the character and
extent of the Survey’s functions in Alaska were
changing as the oil and gas assessment program
in the National Petroleum Reserve was phased
out and new responsibilities were assumed under
the Alaska National Interest Lands Conservation
Act of 1980.

In addition to its responsibilies for resource
assessment and management, the Survey had, by
fiscal year 1981, been charged with providing in-
formation needed to mitigate the effects of
geologic hazards. Attention was strongly focused
on these hazard-related duties by the sensational
eruption of Mount St. Helens on May 18, 1980, 3
weeks after the Survey had issued a warning that
permitted State and Federal authorities to take
preventative actions that saved many lives.
Geologic and hydrologic studies conducted dur-
ing the past year have provided knowledge that
has been valuable in assessing the posteruption
effects of volcanic phenomena and in refining
prediction techniques.

Many of the Survey’s ongoing commitments
rapidly began to merge with newer ones as a
result of the new administration’s pledge to,
among other things, increase private access to
Federal lands for mineral and energy develop-
ment, reduce the regulatory role of the Federal
Government, accelerate and expand domestic

energy and mineral production, and generally
reduce funding and staffing of Federal activities
other than those related to national defense and
certain other specified areas. These new attitudes
and policies had direct implications for both the
scientific and the regulatory functions of the
Survey, and fiscal year 1981 saw the initial stages
of a reorientation of Survey programs and in-
vestigations to support the goals of the new
Administration.

The highlights of fiscal year 1981 activities
summarized below reflect the conjunction of the
Survey’s established functions and responsibilities
with those acquired as the result of the 1980
general election.

Alaskan Transition

When the final six wells were completed during
fiscal year 1981, the oil and gas exploration pro-
gram on the National Petroleum Reserve in
Alaska, conducted for the Department of the In-
terior by the Geological Survey since the pro-
gram’s transfer from the Navy Department in
June 1977, was essentially finished. Over the 7
years of the program’s life, 28 exploratory wells
were drilled and 13,500 line miles of geophysical
surveys run on the 37,000-square mile Reserve ly-
ing between the Colville River and the Arctic
Ocean in a systematic effort to assess its
petroleum potential, and, secondarily, to discover
commercially producible deposits of oil and gas.
Although no commercially significant discoveries
were made, the investigations indicated a
50-percent probability that 5.2 billion barrels of
recoverable oil and 9.4 trillion cubic feet of gas
may be found on the Reserve

The phasing out of the exploration program
was succeeded by the first leasing activity on the
Reserve. In September 1981, the Secretary of the
Interior selected 53 tracts comprising 1.5 million
acres from the acreage nominated by the
petroleum industry to be offered for lease in
December 1981. This sale is to be followed by
another of 0.5 million acres in May 1982.

Elsewhere in Alaska, petroleum exploration ac-
tivity focused on the Continental Shelf beneath
the Beaufort Sea, where 34 wells had been drilled
on State of Alaska leases at the end of fiscal year
1981 and where the first gravel island on a
Federal lease was built by Exxon Corporation dur-
ing the fiscal year for use in the 1981-1982 winter
drilling season. A second lessee, the Shell Oil Cor-
poration, announced its intention to construct a
gravel island on its lease. In view of the active in-
terest shown by the petroleum industry in
Beaufort Sea leases, the new lease schedule



released by the Department in July 1981 ad-
vanced the next Federal lease sale No. 71, by 5
months to September 1982. Lease sales 55 and 60,
for tracts in the Gulf of Alaska and lower Cook
Inlet, respectively, attracted little interest.

The Alaska National Interest Lands Conserva-
tion Act, which became law in December 1980,
gave the Secretary of the Interior a number of
tasks that require support from the Geological
Survey. One provision requires that the Secretary
study all Federal lands north of 68° latitude, ex-
cept the National Petroleum Reserve in Alaska, to
assess their potential oil and gas resources, make
recommendations for the use and management of
those resources, review wilderness characteristics,
and recommend protective measures for fish and
wildlife.

The Act also charges the Secretary to ““assess
the oil, gas, and other mineral potential of all
pubic lands in the State of Alaska in order to ex-
pand the data base with respect to the mineral
potential of such lands.” In effect, this assign-
ment will be carried out by the continuation and
expansion of the Survey’s Alaska Mineral
Resources Assessment Program, which has been
under way for several years. In recognition of this
need, the Survey was granted an additional $3
million during fiscal year 1981, which permitted a
substantial increase in staffing and the acquisition
of some additional aeromagnetic data. As a result
the amount of mapping increased by 50 percent
over what had been programmed initially; more
than 70,000 square miles were mapped at
1:250,000 scale in fiscal year 1981.

The Survey participated in two additional
specific studies ordered by the Act. The first—the
Arctic National Wildlife Refuge Coastal Plain
Resource Assessment—calls for an inventory of
fish and wildlife and an analysis of the impacts of
oil and gas exploration, development, and produc-
tion and authorizes selected exploratory activity
(not to include drilling) on the Wildlife Refuge.
Survey effort during fiscal year 1981 concentrated
on the preparation of exploration guidelines and
an environmental impact statement on ex-
ploratory activities. Subsequent exploration plans
will be submitted to the Secretary for approval.

The second study, and one for which the
Survey was assigned the lead role, called for the
Secretaries of Interior, Defense, and Energy to
“initiate and carry out a study of the mission,
facilities, and administration of the Naval Arctic
Research Laboratory at Point Barrow,
Alaska.”This assignment, a subsection of which
will make recommendations for redirecting the
United States Arctic research policy, required ex-
tensive coordination and discussions between the

2

Survey and other Federal agencies, State and
local political entities, scientific organizations,
and individual experts. At the end of the fiscal
year, the study was in its final stage.

Mount St. Helens Revisited

By October 1, 1980, when fiscal year 1981
began, activity at Mount St. Helens had tapered
off to occasional nonexplosive eruptions, in
dramatic contrast to the shattering violence of
the May 18, 1980, eruption, which devasted an
area of 230 square miles, killed more than 60 peo-
ple, and caused over a billion dollars worth of
damage. In the course of the eruption, Mount St.
Helens deposited ash hundreds of miles down-
wind in Washington, Idaho, and Montana,
dumped more than 0.7 cubic mile of debris into
the North Fork of the Toutle River (which, in turn,
transported enough of it downstream to close the
Columbia River to navigation at Portland for a
time), and [eft the volcano’s drainage area with a
legacy of hydrologic instability that will endure
for years to come.

Geological Survey activity at Mount St. Helens
during fiscal year 1981 was concerned both with
monitoring current activity and with assessing the
aftereffects of the catastrophic May 18 eruption.
The ad hoc organization hastily put together at
Vancouver, Washington, in response to the burst
of activity in the spring of 1980, was established
formally as the Cascades Volcano Observatory;
the observatory staff represents diverse scientific
disciplines, appropriate to its task of observing
activities at Mount St. Helens and other Cascade
Range volcanoes and assessing and reporting on
their effects.

To assist the observatory in its mission, addi-
tional stations have been added to geophysical
and hydrological observation networks in the
vicinity of Mount St. Helens, and installation of
monitoring networks at three other Cascade
volcanoes—Mount Shasta and Lassen Peak in
California and Mount Baker in Washington —has
begun.

Four flood-warning gaging stations were added
during the year to the Survey’s 7-station satellite-
data relay network in the immediate area of
Mount St. Helens. Additional flood-warning sta-
tions without telemetry and other stations
measuring river systems in the ash-impacted
areas, maintained as part of the warning and
information-gathering network, bring the total
numbers of stations in service to 34.

The six eruptive episodes that have occurred
since December 1980 have been characterized by
the formation of an irregular mound or dome of



extruded lava on the crater floor. Each eruption
has added to the size of the dome, which, by the
end of fiscal year 1981, was some 2,100 feet long,
1,700 feet wide, and 500 feet high. This series of
nonexplosive, dome-building eruptions has been
extremely useful to Survey geologists attempting
to develop techniques for predicting activity of
this sort. Survey scientists, have used data from
seismic, ground-deformation, and volcanic gas
monitoring to provide reliable forecasts several
hours or days, or even weeks, in advance of the
last seven eruptions. The current phase of inter-
mittent, largely dome-building activity is expected
to continue for many more years, although the
possibility of future moderate-size eruptions can-
not be dismissed. The probability of another large
eruption similar to the one that occured May 18,
1980, is very low.

The effort that went into assessing the effects
of the May 18 eruption during fiscal year 1981
will form the basis of numerous reports. The
definitive work, The 7980 Eruptions of Mount St.
Helens, Washington, which should be available in
1982 as Professional Paper 1250, treats all asperts
of the volcano’s activity both before and after
the May 18 eruption. This volume is dedicated to
the memory of David A. Johnston, a Survey
volcanologist who died in the initial eruption.

Individual studies of the complex changes in
the hydrologic regime caused by the eruption
seek to determine water-related hazards and
predict their impacts and to improve understand-
ing of the processes responsible for these hazards.
Included are studies of sediment deposition in
river channels, the susceptibility of debris-
avalanche dams to failure, the toxicity of leach-
ates, the mechanisms for triggering mudflows, the
effects of the eruption on glaciers, and the effect
of ashfalls on the rate of snowmelt and snow ac-
cumulation on glaciers. The first eight circulars in
a series dealing with these effects and others
have been issued, and another is currently being
prepared.

The profound topographical changes around
Mount St. Helens have made it necessary to
remap the area affected by the May 18 eruption
at 1:24,000 scale. During fiscal year 1981, new
data were compiled for 28 7.5-minute quadrangle
maps planned for publication in calendar year
1982. Digital elevation data and 7.5-minute or-
thophotoquads covering this area also were made
available in fiscal year 1981. Additional ortho-
photoquads and digital elevation data for an ex-
panded area are scheduled for completion early
in calendar year 1982.

Streamlining Leasing and
Regulatory Procedures

The Reagan administration’s commitment to
eliminating unnecessary and burdensome
regulatory procedures and reporting requirements,
together with its announced goal of expanding
the size of oil and gas lease offerings on the
Outer Continental Shelf, were factors underlying
an extended Survey effort in FY 1981 to bring its
procedures and directives into line with those ob-
jectives.

In issuing his proposed Outer Continental Shelf
leasing plan in July 1981, Secretary of Interior
James G. Watt announced his intention to offer
all or significant portions of entire planning areas
for lease at a single sale. These offerings, com-
prising more than 10 million acres each, are much
larger than the 500,000 to 1,500,000 acres offered
in past sales and will dictate profound changes in
the Survey’s preleasing actions, which, in the past,
have relied on detailed geologic and geophysical
work for tract selection, input for environmental
impact statements, assessment of geologic
hazards, and prelease determination of economic
values for the tracts offered.

During fiscal year 1981, the Survey consulted
with other bureaus and offices in the Department
on how best to meet the new requirements posed
by the large increase in the size of lease offerings
without jeopardizing the environment, the in-
terests of adjacent States, and the public
resources in question. Although details were still
lacking at the fiscal year’s end, some general con-
clusions had been reached. The Geological
Survey will prepare geologic maps of entire plan-
ning areas prior to sale dates, but postsale
economic evaluation will concentrate only on the
relatively small portion of the large offering that
is bid on at any given sale. Marketplace competi-
tion will be used to establish the fair value of the
tracts, subject to the Survey’s monitoring.

Presale evaluation of offshore geologic
hazards, which previously has relied heavily on
high-resolution seismic data gathered by the
Survey on all tracts offered, now will depend on
an evaluation of regional data. Less reliance will
be placed on data collected by the Survey, in-
stead, the Survey will analyze data gathered and
supplied by the lessees in support of their ex-
ploration plans, with the understanding that
leases found to contain unacceptable hazards will
be subject to cancellation.



Conversion to these streamlined leasing pro-
cedures will begin when the Secretary’s revised
leasing plan is approved and will be completed
sometime in 1983.

The basis for the Survey’s current efforts to
identify and rework burdensome, counterproduc-
tive, and unnecessary regulations is Executive
Order 12291, signed by President Reagan in
February 1981. Much of the Survey’s response to
that order in fiscal year 1981 has been devoted to
changes that will become effective in succeeding
years.

Onshore, the rules governing Federal oil and
gas leases are being updated to bring them into
line with current practice. Regulations enforcing
the Connally Act of 1935, which forbids interstate
shipment of oil produced in violation of State
market demand proration orders—a stipulation
made pointless when market demand proration
ended in the early 1970’s—were eliminated.
Another similar regulation dealing with the ac-
quisition and leasing of water wells also was
deleted.

Offshore, initial proposals include exempting
the mature producing area of the western Gulf of
Mexico from the requirement that operators sub-
mit development and production plans for ap-
proval; eliminating redundancy in environmental
reporting; and providing for an extension of a
lease period if inordinate delays have occurred in
the issuance of permits.

The Geological Survey is also streamlining
regulations governing reporting requirements, re-
taining only those that are truly necessary and
identifying the least costly alternatives for its
other rules. When the streamlining process has
been completed, the application regulatory codes
will be up to date and free of unnecessary provi-
sions. A continuing review will be undertaken to
insure that they remain so.

Coal Program

The 10-year pause in Federal coal leasing that
began with a moratorium imposed by the Depart-
ment of the Interior in 1971 to discourage
speculative leasing of tracts ended on January 13,
1981, when the first part of the Green River-Hams
Fork competitive lease sale was held in Colorado
and Wyoming. The second part of the sale was
held the following day, and the remaining
acreage was leased on April 30, 1981. A second
sale was held in Alabama on June 25, and a third
sale in the Uinta region of Utah was held on July

30. Altogether, 19 tracts comprising nearly 33,000
acres were leased for approximately $25 million.

The resumption of active leasing by the Federal
Government, together with the administration’s
strong emphasis on increasing coal production on
both public and private lands, has important im-
plications for the Survey’s coal program. To meet
the goals set by the administration for coal usage
by 1985, the domestic coal industry will need to
produce nearly double the 800 million tons mined
in 1980, and the 10 percent share of that total
contributed by Federal and Indian land leases
also will have to continue to grow.

These prospective large increases in coal pro-
duction will require additional knowledge about
the Nation’s coal resources (extent and quality,
bed and overburden thicknesses, chemical proper-
ties, and other information) if informed decisions
are to be made in both the public and the private
sectors, about resource development, land-use
planning, and evaluation of federally and Indian-
owned coal. In addition, the Survey’s specific
responsibilities for supplying general hydrologic
information on all surface-mining areas under the
Surface Mining Control and Reclamation Act of
1977 will increase with the growth in surface min-
ing.

The Survey’s work in coal hydrology, which has
been expanding since its beginning in fiscal year
1974, continued to focus on the Eastern (Ap-
palachian) and Interior coal provinces during
fiscal year 1981. By the end of the year, 19
hydrologic reports had been completed on major
subbasins in these provinces. These reports and
the 41 others planned for fiscal years 1982 or
1983 will summarize all pertinent hydrologic data
on the Nation’s principal coal lands.

In addition to the Federal coal hydrology pro-
gram, continuing work under the Federal-State
Cooperative Program on 77 projects in 31 States
was aimed at evaluating site-specific mining
hydrologic problems such as acid mine drainage,
subsidence, impacts on local water supplies, ex-
cessive sediment in streams and reservoirs, and
pollution from coal washing and unloading
facilities.

The Survey’s coal investigations program con-
tinued to identify and delineate Federal coal
resources in the northern Great Plains and Rocky
Mountain provinces and on low-sulfur beds in the
central and southern Appalachian province. The
data generated by these investigations are
presented mainly in a series of map folios,
predominatly at 1:100,000 scale. At the end of
fiscal year 1981, work was in progress on 24 folios



describing the resources of the western basins
and 4 devoted to basins in the Eastern States.
Two folios (Denver East and Recluse in Colorado
and Wyoming, respectively) were completed. In
addition, work was completed on four Wilderness
areas in Pennsylvania, Kentucky, Illinois, and
Alabama, and fieldwork was completed on one
RARE Il area in New Mexico. Fieldwork also was
completed on five coal-resource assessment
studies sponsored by the Bureau of Indian Affairs.
In these coal investigations and others, some
47,000 feet of test hole were drilled and
geophysically logged.

Data generated by the Survey’s coal investiga-
tions in fiscal year 1981 were incorporated into
the National Coal Resources Data System, as in
past years. In return, data from the system were
used in preparing the coal folios.

Royalty Management

The complete overhaul and reorganization of
the Survey’s royalty management system, which
began in fiscal year 1980 and continued through
1981, has been one of the most significant
management-improvement initiatives that the
Survey has undertaken in recent years. At the
fiscal year’s end, the Survey began its planned
conversion from the early (1950's) decentralized
accounting system to an improved interim phase
which will be replaced, in 1983, by a highly so-
phisticated, computer-assisted operation ad-
ministered through a headquarters organization
and five field offices.

The new system centralizes all minerals royalty
collection and accounting functions under a
Deputy Division Chief for Royalty Management at
the Survey’s headquarters in Reston. The field
organization consists of a national Accounting
Center and a Review and Analysis office, both
located in Lakewood, Colorado. Four Review and
Analysis suboffices are located in Albuquerque,
New Mexico; Metairie, Louisiana; Tulsa,
Oklahoma; and Lakewood, Colorado. Under the
old system, management, accounting, and audit
functions were performed separately for onshore
and offshore leases at 14 offices in 11 cities. Con-
version to the new system is being implemented
in phased increments; already, three regional of-
fices have ceased collections. All new or restruc-
tured components are scheduled to be in place
and operating by early 1984.

Several benefits will derive from the unified
policies and standardized procedures of the new
royalty management program, including increased

income for the U.S. Treasury, the Indians, and the
States; timely availability and processing of
funds; increased personnel productivity; and a
substantially reduced reporting burden on private
industry. From the standpoint of internal control,
the new system will assure greater security for the
proprietary information collected, reduce the
potential for fraud and abuse in royalty reporting,
and provide better administrative control over ac-
tivities and funds. The resulting reduction in
undercollections, together with prompt payments
and same-day deposits into interest-bearing ac-
counts, is expected to add millions of dollars an-
nually to the revenues accruing to the Federal
Treasury and to other recipients of royalty
payments. These payments, which were less than
$425 million in fiscal year 1970, had reached
$2.96 billion 10 years later and are expected to
exceed $4 billion in calendar year 1981. Thus, as
energy costs continue to rise, the Survey faces
the next decade with an efficient royalty manage-
ment program for its mandated revenue collec-
tion.

Water Data Telemetry

The Geological Survey’s satellite-data relay net-
work, begun in 1972 to expedite the collection of
hydrologic data from remote locations, continued
its steady expansion through fiscal year 1981 to
include 380 collection sites and one ground-
receive station. The ground-receive station, ac-
tivated in Tacoma, Washington, in February 1981,
receives data through geostationary satellite from
numerous data-collection sites in the Pacific
Northwest, including the flood-warning network
surrounding Mount St. Helens. A second ground-
receive station, scheduled for installation in
Phoenix, Arizona early in 1982, will include sup-
port for the 45-station central Arizona flood-
warning network operated by the Survey.

Of the 380 data-collection sites in the network,
105 are operated under contract by COMSAT
General, and 140 others are operated by the
Survey in cooperation with the U.S. Army Corps
of Engineers. Twenty new sites in the Upper
Missouri River Basin will be added under an
agreement with the Corps during fiscal year 1981,

This telemetered data-collection network uses
satellites orbiting 23,000 miles above the Earth’s
equator to relay data gathered at remote sites to
processing facilities, brings a real-time reporting
capability to hundreds of stations; data gathered
at these stations used to be stored on punched



tape and were collected at intervals of 4 to 6
weeks. The timely receipt of water data makes it
possible not only to sense critical hydrologic
events such as floods at their outset but also to
monitor instruments daily and to identify sensor
problems within hours rather than weeks.

Acid Rain

Several cooperative studies completed during
fiscal year 1981 provided valuable new informa-
tion about acid rain. For a number of years, the
Geological Survey has been collecting informa-
tion on the chemical composition of precipitation
as part of its Federal-State Cooperative Program,
most notably in Florida, New York, North
Carolina, and Pennsylvania. Survey hydrologists in
Colorado and Wisconsin have been investigating
the effects of acid precipitation on watersheds
having limited buffering capacities. Data obtained
from a reconnaissance study of snow chemistry in
the Northeastern United States are being used to
describe the occurrence and distribution of
chemical constitutents in winter precipitation
over the Northeastern United States from
December 1980 to March 1981.

Hazardous Wastes

In July 1981, the Survey replaced the Office of
Radiohydrology with the Office of Hazardous
Waste Hydrology to coordinate research and in-
vestigations related to the disposal of all types of
hazardous waste, both radioactive and toxic-
chemical. This organization change recognizes
the fact that the transport of all types of waste
through the environment is controlied by the
same geologic, hydrologic, and geochemical con-
ditions. The change is expected to improve the
Survey’s effectiveness in providing the technical
information needed to alleviate a critical threat
to public health and safety.

Work continued on the Survey’s high-level
radioactive-waste disposal program, which at-
tempts to identify environments suitable as
disposal sites for commercial power-reactor
wastes. The geologic and hydrologic
characteristics of broad physiographic provinces
are used as a basis for screening successively
smaller land units where potentially suitable
repository sites might be located. The Basin and
Range province, lying between the Rocky Moun-
tains and the Sierra Nevada and Cascade Ranges,
was selected for a prototype study to determine
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the feasibility of this method of identifying poten-
tial repository sites. A Province Working Group
composed of earth scientists from the Geological
Survey and the States of Arizona, California,
Nevada, Idaho, Oregon, Utah, New Mexico, and
Texas has been organized to conduct the screen-
ing and to recommend areas suitable for more in-
tensive study.

Oil and Gas Resource
Estimates

The first 5-year review and revision of the
Survey’s systematic appraisal of undiscovered oil
and gas resources of the United States, published
in 1975 as Circular 725, was released in February
1981. The product of more than 80 specialists in
the 137 petroleum provinces studied, the review
disclosed relatively minor changes in the total
amount of undiscovered oil estimated to exist in
the United States but noted an encouraging in-
crease in the estimate of total gas resources. New
appraisals of both oil and gas resulted in substan-
tial differences in a few provinces, where the ac-
quisition of new data permitted more definitive
estimates. A comparison of the two appraisals
showing amounts estimated at 95- and 5-percent
probability and the mean value for total un-
discovered recoverable crude oil and natural gas
is given below.

Commodity 1975 1981

Crude oil, in billions of barrels

95 percent (low}) = . . 50 60

5 percent (high) .. 127 105
Mean . .. 82 83
Natural gas, in trillion cubic fee

95 percent (low) = | .. 322 475

5 percent (high) .. 655 739
Mean . 484 594

Digital Cartography

By fiscal year 1981, digital cartography had
progressed to the point where this aspect of the
Survey’s national mapping functions began to
take shape. A study conducted by the Office of
Science and Technology Policy at the direction of
the Office of Management and Budget verified
the need for a national digital cartographic data
base and recommended that the primary respon-
sibility for the program within the Federal
Government rest with the Geological Survey. The
study determined further that the demand for
digital cartographic products is such that the



development of the data base could be financed
from revenues resulting from the sale of the prod-
ucts.

This recommendation represents a sharp
departure from the Survey’s historic approach to
product pricing, which previously had recovered
only the actual cost of reproduction and distribu-
tion, not initial preparation, which was financed
by annual appropriations. Because the change re-
quires legislative action, the Secretary of the In-
terior forwarded to Congress a proposed ““Digital
Cartography Act of 1981,” which was introduced
in the Senate on May 21, 1981, as S-1280. The
bill as introduced would provide for a gradual
shift to full financing of all costs of ditigal car-
tographic products from sales revenues.

Development of the digital data base proceed-
ed through fiscal year 1981 with plans to incor-
porate (1) data on boundaries, public land net,
streams and water bodies, and transportation
features on 1:24,000-scale maps; (2) elevation data
largely obtained concurrent with the orthophoto-
quad program; (3) the planimetric features from
the 1:2,000,000-scale sectional maps of the Na-
tional Atlas; (4) elevation data obtained from the
1:250,000 scale maps series; (5) land use and land
cover data; and (6) geographic names.

Progress in fiscal year 1981 was encouraging.
Digital elevation models for 2,500 1:24,000-scale

quadrangle maps were added to the data base,
and boundary and net data for 2,000 quadrangles
also were added. Elevation data from the
1:250,000-scale maps are now available for most
of the United States. All 21 regional sheets of the
National Atlas series were digitized, and editing is
continuing.

Organization and
Management Notes

No significant changes were made in the for-
mal organization of the U.S. Geological Survey
during fiscal year 1981, which was devoted to
consolidating and completing the thoroughgoing
changes initiated during the previous year.

On September 30, 1981, in ceremonies held at
the National Center in Reston, Virginia, Dallas L.
Peck was sworn in as the eleventh Director of the
U.S. Geological Survey, succeeding H. William
Menard, who resigned the previous January to
return to Scripps Institute at La Jolla, California.
Peck, who had been the Survey’s Chief Geologist
for 4 years at the time of his appointment, has
spent his entire professional career of 30 years
with the Survey.



Perspectives

Chemical and
Nuclear Wastes —
Different Problems
with Different
Solutions?

By John B. Robertson

Although public awareness and concern for
nuclear wastes have been evident for decades, we
have only recently begun to take notice of a
sleeping giant— toxic chemical waste con-
taminants. We have awakened during the past 2
years with the threats to our ground water from
toxic waste sites like the Love Canal, New York,
and the Valley of the Drums, Kentucky. It is clear
that operating our complex, energy-hungry, in-
dustrial society has some undesirable risks and
costs, not the least of which are hazardous
wastes, which must be effectively dealt with. The
waste-management issues are complicated not on-
ly by challenging technological questions but also
by emotional, political, and ethical concerns. In
this essay, | will attempt to place the broad ques-
tion of hazardous waste management in clearer
technical perspective with regard to the nuclear
and toxic chemical viewpoints.

With the national attention that nuclear power
projects have received, it might appear that
nuclear wastes are a much bigger environmental
threat than other wastes and that the technical
barriers that must be overcome to dispose of the
nuclear wastes safely are greater than those for
chemical wastes. But are they?

Since the beginning of nuclear development in
the 1940’s, nuclear wastes have been strictly
regulated by one principal Federal agency— first,
the Atomic Energy Commission; later, the Energy
Research and Development Administration; and
currently, the Nuclear Regulatory Commission.
(The Department of Energy regulates most
nuclear wastes generated by activities of the
Federal Government.)

Authority over toxic chemical waste manage-
ment, however, has been incomplete and scat-
tered through several agencies and regulations.
Recently enacted laws such as the Resource Con-
servation and Recovery Act (1976) and the Com-
prehensive Environmental Response, Compensa-
tion, and Liability Act of 1980 (*’Superfund’’) have
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helped to consolidate and expand Federal control
of toxic waste management. In the 1980 U.S.
Geological Survey Yearbook, Gerald Meyer sum-
marized the evolution and complexity of Federal
waste-management programs and their relation-
ship to ground-water contamination problems.

... it might appear that nuclear wastes are a much big-
ger environmental threat than other wastes and that the
technical barriers that must be overcome to dispose of
the nuclear wastes safely are greater than those for
chemical wastes. But are they?

One fact that becomes clear through all this is
that nuclear and chemical waste regulations have
developed almost completely independently of
each other with differing philosophies, technical
approaches, and amounts of money and other
resources applied to the problems. Even within
the Environmental Protection Agency, for exam-
ple, two separate groups address the two issues.
For some time, the Geological Survey has had in-
terests and activities devoted to earth science
aspects of both chemical and radioactive waste
disposal. Priority within the Geological Survey
research program, in terms of dollars spent, was
assigned to efforts dealing with radioactive
wastes. Since the 1950’s, the Survey has expended
approximately five times more money and effort
on research on radioactive waste than on toxic
chemical waste.

RELATIVE MAGNITUDE OF CHEMICAL
AND NUCLEAR WASTE PROBLEMS

To gain some perspective on the relative
magnitude of chemical and nuclear wastes, some
comparisons can be made on quantities of wastes
accumulated to date and current generation
rates, extent of contamination problems resulting
from the wastes, numbers of disposal sites, and
sources and characteristics of the wastes.

Table 1 lists estimates of some of these
characteristics. There are, of course, other impor-
tant technical characteristics that also could be
compared such as relative toxicity, mobility in
ground water, and others. However, many of
these become rather complex and are outside the
expertise of the Geological Survey or beyond the
scope of this review. Although admittedly
simplified, the information in table 1 does serve
to make the point that the volume and complexi-
ty of toxic chemical waste and existing con-
tamination problems are much larger than those
of nuclear wastes and could lead to the conclu-



Table 1.—Some characteristics of nuclear wastes compared to those of toxic chemical wastes. Estimated
volumes and other data in this table are based primarily on information from the documents listed at the

foot of this table.

Characteristics

Nuclear wastes

Toxic chemical wastes
(liquids and solids)

Estimated volumes
on hand, 1980.

Estimated yearly
volume gener
ated, 1980.

Number of known
disposal or stor
age sites.

70 million cubic yards, uranium mill tailings.
2 million cubic yards, all other nuclear waste.

1.5 million cubic yards, uranium mill tailings.
300,000 cubic yards, all other nuclear wastes.

42 uranium mill tailings sites
20 other major waste sites. Does not include
nuclear-power reactors (70) where spent fuel is

6 billion cubic yards.

50 to 500 million cubic
yards.

7,000 to 100,000.
Does not include municipal
landfills and septic tanks.

temporarily stored.

Estimated area
underlain by
ground wa-
ter contaminated
beyond potable
use.

10 to 30 square miles

Residential popula- None known
tions affected

by condemned

groundwater

supplies.

Composition of the
wastes.

Fairly well known

Principal sources of

Relatively few industrial and institutional
wastes. activities; well known and regulated.

1,000 to 10,000 square
miles.

More than 2 million.

Extremely variable; largely
unknown.

All sectors of public and in-
dustrial activities; poorly
known and controlled.

Gass, T E, 1980, To What Extent 1s Ground Water Con-
tammated?: Water Well Journal, November 1980, p 26-27

Landa, Edward, 1980, Isolation of Uranium Mil| Tailings and
Their Component Radionuclides from the Biosphere— Some
Earth-Scrence Perspectives: U S Geological Survey Circular
814,31 p

Pishdadazar, H and Moghissi, A A, 1980, Hazardous Waste
Sites in the United States Nuclear and Chemical Waste
Management, v 1, nos 3 and 4, p 161-309

sion that the magnitude of toxic chemical wastes
problems is also considerably larger than that of
nuclear wastes.

As a case in point, | am aware of only one well
used for public drinking water that has been con-
demned due to radioactive waste contamination
(near Argonne, lllinois), even though low-level
radioactive wastes have been disposed to the sub-
surface in a variety of methods and sites since
the 1940’s. That is not to say that more ground
water has not become contaminated with waste
radionuclides; there are many instances where it

U S Council on Envronmental Quality, 1981, Contamination
of Ground Water by Toxic Organic Chemicals: 85 p

U S Department of Energy, 1981, Low-Level Radioactive Waste
Policy Act Report—Response to Public Law 96-573- DOE/NE
0015, 57 p

1981, Spent Fuel and Radioactive Waste Inventories and
Projections as of December 31, 1980- DOE/NE-0017, 279 p

U S Environmental Protection Agency, 1980, Ground-Water Pro-
tection. a Water Quality Management Report, 36 p.

has. Generally, these situations are in areas where
no one is using the water and where its quality is
well monitored. In contrast, toxic chemical
contaminants have caused the condemnation of
wells supplying drinking water to millions of
residents across the Nation, from large cities to
rural households.

Other aspects of table 1 worthy of amplifica-
tion are the descriptions of types and sources of
wastes. Radioactive wastes result from a relative-
ly few well-known and documented sources.
Although the physical forms of those wastes



cover a broad spectrum—from sludge to paper WHAT IS THE ROLE OF EARTH SCIENCE?
and rubber gloves to machinery —the ra-
dionuclides present in them are generally fairly
well known.

Over one-half the people in this Nation rely on
ground water as their source of drinking water.
Understanding the behavior and fate of con-

... toxic chemical contaminants have caused the con- taminants in this resource is a highly important
demnation of wells supplying drinking water to millions technical concern. Among the most important
of residents across the nation, from large cities to rural technical aspects of waste disposal are the
households. physical, biological, and chemical processes that

Toxic chemical wastes, on the other hand,
result from almost every industrial, institutional,
and household activity. There has been no central
system of comprehensive documentation of toxic
waste sources or even disposal sites. After so
much publicity on Love Canal-type situations, |
am sure that many people believe that these sites
and the waste from large chemical companies are
the biggest problem.

The Environmental Protection Agency has con-
cluded that the most common toxic contaminants
found in ground water are nitrates, heavy metals,
and petroleum derivatives. In most areas, the
most common sources of contamination are from
common household septic systems Another large
source of toxic waste contaminants is ordinary
municipal waste landfills. Although | do not wish
to diminish the concern for large industrial toxic
waste-disposal sites, it is important to see them in
the proper perspective. In addition to about 6,800
identified hazardous waste-disposal sites in the
United States, there are probably 200,000
municipal landfills containing hazardous waste.
Depleted pesticide, paint, and solvent containers
and used motor oil (loaded with toxic metals and
carcinogenic organic compounds) often are dis-
carded in household trash which then contributes
to the toxic contamination potential of our local
landfills.

Nearly every community has leaky gasoline
and oil tanks and pipelines; consequently, nearly
every community has ground-water contamination
from these sources. Many small businesses and in-
dustries common to most communities (dry clean-
ing and machine shops, for example) often are
the source of toxic contaminants such as tri-
chloroethylene in ground water.

The National Water Well Association estimates
that only about 1 percent of the area underlain
by usable ground water is contaminated from in-
dustrial wastes; unfortunately, however, the areas
most contaminated are often areas of greatest
water demand. Although that estimate includes
effects of septic tanks and municipal landfills, it
fails to include ground water contaminants from
agricultural sources which might easily double
the figure.
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affect contaminants beneath the ground surface.
The ultimate goal is to minimize the rate at
which contaminants migrate from disposal or spill
sites, thus keeping contaminated concentrations
in ground water and areas of contamination to a
minimum. Figure 1 schematically depicts the
manner in which contaminants from a variety of
sources can enter and migrate in ground-water
systems. The major processes which control the
occurrence, concentration, migration rate, and
fate of contaminants in ground water are de-
scribed in table 2. It should be clear from table 2
that the processes which control contaminants in
ground water are extremely complex and in-
terdependent. Also, it is apparent that, in general,
nearly all the same fundamental processes apply
to most contaminants, regardless of their source
or whether they are radioactively or chemically
toxic. One basic difference between nuclear and
chemical wastes is important: Nuclear materials
all have decay rates that can be accurately
calculated, whereas chemical wastes do not.
Heavy metal contaminants, such as mercury and
lead, have no decay rates and some stable
organic compounds such as polychlorinated
biphenyls (PCB'’s) are extremely persistent.
However, many other toxic organic compounds
do decompose with time due to chemical and
biochemical breakdown.

The Environmental Protection Agency has concluded
that the most common toxic contaminants found in
ground water are nitrates, heavy metals, and petroleum
derivatives. In most areas, the most common sources of
contamination are household septic systems.

Other important earth science concerns are
geologic and hydrologic factors which can affect
the long-term ability of a disposal or storage site
to isolate waste produced from the biosphere.
These factors would include effects of geologic
faulting, earthquakes, volcanism, and erosion.
Some radioactive and chemical waste products
require isolation periods of hundreds of thousands
of years or longer to permit the radioactive
wastes to decay to innocuous levels, or disperse,
or reduce the chemical wastes to an acceptable
concentration level or a harmless form. There-
fore, very long-range predictions of infrequent or





















Between 1974 and 1977, the Navy used private
oil-exploration contractors to drill seven wells in
the northeastern corner of the Reserve, following
the Prudhoe trend and hoping for similar results
but with no success. The Navy also drilled four
exploration wells in the Barrow area to increase
gas reserves for local use and discovered, about 7
miles east of the South Barrow field, the East Bar-
row deposit, which had an estimated producible
reserve of 12 billion cubic feet of gas.

In 1975, the Navy signed a 5-year contract with
Husky NPR Operations, Inc., to manage and
supervise all aspects of the exploration program.
Four of the seven test wells in the northeastern
corner of the Reserve were drilled for the Navy
under the Husky contract.

The Naval Petroleum Reserves Production Act
of April 5, 1976, authorized further development
of and actual production and sale of crude oil
from Naval Petroleum Reserves Nos. 1, 2, and 3
in California and Wyoming, and redesignated
Naval Petroleum Reserve No. 4 as the National
Petroleum Reserve in Alaska. Thus, the purpose
of these Reserves was redirected from meeting
naval requirements to augmenting domesting sup-
plies of crude oil. The Act also mandated conti-
nuing the exploration program in the Reserve and
required studies of other resources and alter-
native management systems, all to be completed
and submitted to Congress by January 1980.
Although the exploration program was not tied
directly to the schedules of other studies in the
Act, its results obviously would have had con-
siderable influence on further land-use decisions.
The Navy’s 5-year plan, containing a schedule for
the exploration program was stated for comple-
tion in 1980.

The Act transferred responsibility for the Na-
tional Petroleum Reserve in Alaska to the
Secretary of the Interior, who in turn assigned to
the U.S. Geological Survey three responsibilities:
(1) continuation of the exploration program, (2)
continuation of operations, maintenance, and pro-
duction at the Barrow gasfields, and (3) cleanup
of debris left over from previous activities in and
adjacent to the Reserve. The Navy’s 5-year con-
tract with Husky NPR Operations, Inc., as well as
other minor contracts, also was transferred to the
Geological Survey, in accordance with the Act.
The Navy had moved the operational base for the
exploration program from Barrow to Camp Lone-
ly, 90 miles east on the Arctic coast. The Barrow
gasfield had been operated and maintained for
the preceding several years under an interservice
agreement with the Office of Naval Research and
its contractor for the operation of the Naval Arc-
tic Research Laboratory at Barrow. This arrange-

ment has been continued by the Survey. Until
Congress directs otherwise, the Department of In-
terior will continue to be responsible for supply-
ing gas to the Barrow community.

Thus, when the U.S. Geological Survey took
over supervision of the exploration program on
June 1, 1977, several constraints were already in
place. The program was oriented toward future
land-use decisions—national in scope rather than
naval—and a timetable was imposed both by the
reports that the Act required and by the 5-year
contract transferred from the Navy. Further, a
base of operations and an overall logistics
capability already had been established. Three
drill rigs capable of drilling to about 20,000 feet
and one capable of reaching somewhat shallower
depths were under subcontract. Another drilling
rig was contracted for later drilling of shallow
(2,500 feet) development wells at the Barrow
gasfields. These subcontracts, along with others
for services such as transportation, communica-
tion, and operation of the Camp Lonely base
facility, constituted fixed costs. An additional,
and perhaps the most significant, constraint on
program planning in the Arctic was the absolute
necessity to time activities to the seasons. To
maintain a four- or five-well drilling program,
each winter’s activities had to be planned and
coordinated on an extremely tight schedule.
Logistics planning had to be completed at least 1
year in advance, and final locations had to be
determined about 6 months in advance.
Geophysical surveys were shot the winter before
drilling was to begin, but interpretations of these
surveys were not completed until a few weeks or
days before the locations had to be staked. An
environmental assessment, including archeologic
clearance, had to be completed before work at
the site began. An excellent review of this subject
and other environmental considerations in the
Reserve appeared in the “U.S. Geological Survey
Yearbook, Fiscal Year 1978” (Britton, 1978).

Within these planning constraints and with the
1977-78 drilling season more or less already
established by the Navy as of June 1, 1977, the
Geological Survey reviewed the plan and various
exploration strategies in an attempt to meet the
objectives of the Naval Petroleum Reserves Pro-
duction Act. The prime objective was defined as
an assessment of oil and gas in the entire
Reserve—an area of 37,000 square miles, or more
than 23 million acres. An important but second-
ary objective was the discovery of commercially
producible deposits. Thus, all tests were located
“on structure” to the extent that it could be
determined from the available data. To meet
these objectives and to develop an exploration
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strategy through 1980, the Survey made a “play”’
analysis. (A “play” is defined as a group or cluster
of prospects having similar geological and
geophysical characteristics.) Characteristics con-
sidered included the presence or absence of
source rocks, reservoir beds, and traps; thermal
history; the timing of oil generation and migra-
tion; and the history of trap formation. Originally,
10 plays were defined, 9 largely on the basis of
specific stratigraphic units or of closely related
units. The remaining play was a geologic and
geographic “belt” that included several forma-
tions in a complex structural setting. Potential
source rocks are present throughout the Reserve,
and traps in the form of closed structures are
abundant in the foothills and in the disturbed belt
north of the Brooks Range. Closed structures,
however, are scarce in the northern part of the
Reserve, and trapping mechanisms, if they are
present, are controlled by stratigraphy, uncon-
formities, pinch-outs, and the like. These factors
were all considered in the play analysis. It was
proposed finally that the exploration strategy
should call for at least two exploration test wells
in each play to provide specific subsurface infor-
mation and to discover any deposits that might
exist within the area of the play; some followup
test wells also were included in the strategy. It
was concluded that about 20 to 40 test wells
would have to be drilled to further refine the play
approach, to assess which part of the Reserve had
the greatest potential, and to make a more
reliable assessment of resources in the entire
Reserve. At no time, however, was it believed that
20 or even 40 wells would provide a definitive
assessment of the hydrocarbon potential of the
National Petroleum Reserve in Alaska.

HIGHLIGHTS OF DRILLING RESULTS

In all, 28 exploration wells were drilled during
the 1974-81 program. All of the technical data
gathered from these test wells have been released
and can be obtained from the National
Geophysical and Solar Terrestrial Data Center,
National Oceanic and Atmospheric Administra-
tion, 325 Broadway, Boulder, Colorado 80303. All
geophysical surveys and data are also available;
all technical reports submitted by the prime con-
tractor and by subcontractors either have been or
will be released through that office, as well. An-
nual program summaries for 1977 through 1981
have been published by the U.S. Geological
Survey in the Yearbooks.

A review of drilling results is most meaningful
if the reviewer has an in-depth knowledge of the
regional geology. Although such a discussion is
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beyond the scope of this essay, a few general
comments will illustrate what the program has
contributed to the knowledge base and to the
understanding of the hydrocarbon potential of the
National Petroleum Reserve in Alaska.

Basement rocks (that is, rocks with little or no
hydrocarbon potential) rise from a depth of about
10,000 feet at Prudhoe Bay to their shallowest
point at Barrow, where basement is at a depth of
only 2,300 feet. These basement rocks dip south
under the Reserve to a depth of a least 25,000
feet at about the latitude of the Colville River
and then are exposed at the surface in the Brooks
Range, where they form a trough of sedimentary
rocks generally referred to as the Colville trough
or geosyncline. All of the area underlain by this
thick section of sedimentary rocks is considered a
potential province for hydrocarbon accumulation.
The Reserve covers about half of the province.

The seven wells drilled by the Navy between
1974 and 1977 explored the extension of the
Prudhoe-Barrow trend into the Reserve. Perhaps
the W. T. Foran Test Well came the closest to
duplicating the geologic setting of Prudhoe Bay.
A similar sequence of rocks was penetrated, and
good porosity and permeability were present in
the Sadlerochit formation, the main producing
horizon at Prudhoe Bay. Although the test well
produced only water, good oil and gas shows
were present at several horizons. The Geological
Survey’s prime contractor, Husky, drilled nine
more tests along the Prudhoe Bay trend, which in-
cludes several of what are believed to be the
more favorable plays. Furthermore, because the
sedimentary section above basement is no more
than 10,000 feet thick and near the coast,
development of a deposit there would be less ex-
pensive than it would be in the deeper and more
remote parts of the Reserve. The J. W. Dalton
Test Well, on the Arctic coast, also penetrated
nearly 800 feet of sandstone and limestone hav-
ing good porosity and permeability in the
Sadlerochit and Lisburne formations, but only
heavy residual oil was produced on test. There
are good indications that the Dalton and Foran
test wells represent older accumulations of oil
that have moved basinward as the Arctic Ocean
subsided. A Prudhoe Bay-type deposit may be
present just offshore of the Reserve.

Several test wells were drilled on the southern
flank of the Prudhoe-Barrow trend to test the
onlap edges of potential reservoirs of Early
Cretaceous and Jurassic age. The Survey test well
at Walakpa No. 1, 14 miles southeast of Barrow,
penetrated a 20-foot gas sand at a depth of about
2,075 feet. A followup well 5 miles to the south
of Walakpa No 1 penetrated 40 feet of the same



gas sand. Tests show that each well could pro-
duce up to 3 million cubic feet of gas per day. At
that rate, however, gas hydrates form and shut
off the flow. If this problem can be solved, it may
be possible to obtain higher flow rates. Ascertain-
ing the full extent of this deposit will require ad-
ditional drilling, but a reserve of several hundred
billion cubic feet of gas may be present in the
Barrow area.

Test wells farther south on the downslope of
the Prudhoe-Barrow trend were drilled to test the
wedge edge of the Lisburne group of Mississip-
pian and Permian age. Although limestones of
this age were penetrated, none had the porosity
and permeability required to provide a good
reservoir in which oil could have accumulated.

Two wells, Inigok and Tunalik, were drilled in
the center of the sedimentary trough to test deep
structures and older formations just above base-
ment. The Inigok Test Well encountered hydrogen
sulfide gas at 17,570 feet and bottomed at 20,102
feet in rocks of Mississippian age, but only minor
shows of gas in Cretaceous rocks were noted. The
Tunalik Test Well, in the extreme northwestern
corner of the Reserve, encountered high-pressure
gas at 12,550 and 14,725 feet in sandstone reser-
voirs of Early Cretaceous age. The test well bot-
tomed in the Lisburne group at 20,335 feet, a new
depth record for Alaska.

The shallow detached structures in rock of
Cretaceous age in the central part of the Reserve
were not tested in the early stages of this pro-
gram because they had been drilled extensively in
the 1945-53 program. QOil had been discovered
at Umiat, and gas had been found at Gubik; thus,
some assessment of this play was available. Other
potential gas deposits also were encountered, but
possible flow rates were not tested because gas in
northern Alaska was of little or no economic in-
terest at that time. However, in the latter stages
of the 1974-81 program, it was deemed impor-
tant to test and establish the potential gas
reserves of these shallow structures and espe-
cially to test the entire Cretaceous sequence.
Thus, the deeper horizons on the Umiat structure
were tested, a high-pressure gas zone in the
Cretaceous was penetrated at 5,340 feet. Tests in-
dicated a depleting reservoir, however, and, after
initial tests of up to 6 million cubic feet per day,
production dropped sharply. At Awuna Test Well
No. 1, highly fractured sandstone beds were
drilled at about 8,400 feet in the Fortress Moun-
tain formation of Early Cretaceous age. Tests pro-
duced strong blows of gas and a water flow of
more than 2,000 barrels per day. From that point
to the well’s total depth of 11,200 feet, the rocks
penetrated were predominantly fractured sand-

stones having several zones of high-water flow.
The Koluktak test well was designed to test the
potential of gas sandstone reservoirs equivalent
to those at Gubik and Umiat. However, the test
was a dry hole, and no further information was
acquired on potential flow rates or reserves in
this play.

The tenth play is defined as the Disturbed Belt,
an area of complexly folded and broken thrust
faults along the northern front of the Brooks
Range. The structure of these rocks is very dif-
ficult to map and interpret. A test drilled at
Lisburne on what appeared to be a closed struc-
ture encountered only minor hydrocarbon shows.
The well penetrated at least five stacked plates
and possibly seven plates of the Lisburne forma-
tion, further documenting the complex geologic
history of this play.

During Congressional hearings for the fiscal
year 1981 program, a number of members asked
that discovery of commercial deposits be made
the prime objective; accordingly, the focus of the
program was returned to the shallower prospects
along the Prudhoe-Barrow trend. This redirection
resulted in the discovery at Walakpa Test Well
No. 2 which may prove to be a large gas deposit
of considerable interest as an energy source, at
least locally. The exploration and development of
local sources of energy fuels, here and elsewhere
in the United States, are of considerable
significance to national fuel requirements.

The Congressional mandate to continue supply-
ing gas to the Barrow community also required
drilling additional test and production wells in
that area. Six wells were drilled, and four were
completed for production.

A LOOK AHEAD

Although the exploration program just con-
cluded did not find any commercial hydrocarbon
deposits, it did provide a new and more
sophisticated knowledge base for further assess-
ment and exploration of the Reserve. All
geological, geophysical, and geochemical data
collected and analyzed systematically over the
entire Reserve have been or are being made
available to the general public. This set of data
may be unique for so large an area in a single
petroleum province because it was collected
systematically in a relatively short time and was
made readily available to the public.

As the exploration progressed, several ap-
praisals of the potential hydrocarbon resources of
the Reserve were made. The latest appraisal was
made available by the Department of Interior in a
press release dated July 17, 1980. The release
reads, “The new estimates suggest a 95 percent
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chance of 0.55 billion barrels of oil in place, a 5
percent chance of 15.8 billion barrels, and a 50
percent probability that 5.2 billions barrels of oil
are contained in the Reserve. Revised figures for
gas in place show a 95 percent chance of 2.5
trillion cubic feet (tcf), a 5 percent chance of 27.4
tcf, and a 50 percent chance of 9.4 tcf.”” All these
figures were generated by a somewhat com-
plicated, computer-based probability analysis that
used as its geologic base the play concept. The
10 original plays were subdivided into 17 separate
plays; several factors for each were evaluated
quantitatively by a knowledgeable geologic team.
Positive information on these factors is limited,
however, and wide ranges of values had to be
assigned on the basis of geologic judgements. The
probability analyses sampled these values
statistically. Obviously, as new data are collected,
these values will change; thus, the range of
values having assigned probability is the most
significant and useful information to result from
such assessments.

In the Department of Interior Appropriation Act
for fiscal year 1982, Congress agreed to terminate
Federal exploration and authorized a leasing pro-
gram in the Reserve to begin in 1982. The leasing
of up to 2 million acres without a new en-
vironmental impact statement was authorized. A
call for lease nominations went out to all in-
terested parties, and nearly all of the 23 million
plus acres were nominated. The Geological
Survey and the Bureau of Land Management
selected 5.8 million of those acres for further
study; 1.5 million acres have now been earmarked
for lease in December 1981, and another 0.5
million acres will be available for lease in May
1982. Further lease sales will follow, but no
schedule has been announced.

The 1974-81 exploration program has shown
that vast quantities of oil and gas must have been
generated in the Reserve portion of the Colville
sedimentary trough. The existence of the Prudhoe
Bay field has proved that at least one giant
deposit and several other large deposits did ac-
cumulate in the eastern part of the trough.
Substantial deposits of oil and probably of gas
have been discovered by government exploration
programs within the Reserve. The existence of
deposits large enough to warrant economic
development in the Reserve has not been proven
or disproven. The government exploration pro-
gram of 1944-53 led the way for modern oil ex-
ploration in the Arctic. The 1974-81 program
has gathered a treasure trove of data from which
new interpretations of Alaskan geology can be
derived.
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All of this information is readily available in
public files and provides a sound base for making
further land-use decisions and resource assess-
ments and for the next stage of exploration by
private industry.

As Chief of the Office of the National Petroleum’
Reserve in Alaska, George Gryc directed all U.S.
Geological Survey programs and activities described in
this essay from july 1977 until his departure in October
1981 to become Assistant Director for the Western
Region. He has specialized in Alaskan geology and
mineralogy since 1943 and is author or coauthor of more
than 50 papers in his field.
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Missions,
Organization,

and
Budget

Missions

The U.S. Geological Survey was established by
an act of Congress on March 3, 1879, to answer
the need for a permanent government agen&y at
the Federal level to conduct, on a continuing,
systematic, and scientific basis, the investigaton
of the “geological structure, mineral resources
and products of the national domain.” A number
of laws and executive orders since have expanded
the scope of the Survey’s scientific respon-
sibilities, both as to function and geographic ex-
tent.

Although established primarily as a scientific
agency, the Geological Survey had from its begin-
ning the responsibility for classifying Federal
lands as to their mineral and waterpower poten-
tial—a function it still discharges. In 1925, it was
given the further responsibility for supervising the
operations of private parties exploring for and
producing minerals from Federal and Indian lands
under leases and permits. This responsibility was
extended to the Federal portion of the Continen-
tal Shelf in 1953.

The Survey’s most recently added responsibility
has been the management of the oil and gas ex-
ploration program on the National Petroleum
Reserve in Alaska (NPRA), which was transferred
from the Department of the Navy to the Depart-
ment of the Interior in June 1977 under the Naval
Petroleum Reserves Production Act of 1976
(Public Law 94-258). This program, carried out
under contract with a private oil exploration com-
pany, had been virtually completed by the end of
the 1981 fiscal year, and preparations were under-
way to begin leasing acreage for private oil and
gas exploration in fiscal year 1982. Other provi-
sions of the law assign to the Department of the
Interior the continuing responsibility for operating
the South Barrow gasfield as a source of energy
for the village of Barrow and several Federal in-
stallations. This responsibility, in turn, was given
to the Geological Survey.

In general, then, it may be said that the
Geological Survey is charged with two basic mis-
sions: scientific and regulatory. The first of these
is to collect, organize, interpret, and publish infor-
mation about energy, mineral, water, and land
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resources and to develop an understanding of the
structure, processes, and history of the Earth and
other members of the solar system. The primary
focus of these efforts is the United States and its
territories, but the reach of the Survey’s investiga-
tions has extended to the ocean floor and all con-
tinents and beyond these to the Moon and the
planets. The second of the Survey’s missions is to
classify Federal lands as to their mineral and
waterpower potential and to supervise the ac-
tivities of lessees who explore for and develop
the mineral resources of Federal and Indian lands,
including the Outer Continental Shelf.

These two missions are carried out through a
variety of functions and activities, including
topographic mapping; geologic, geophysical, and
geochemical investigations; stream gaging and
water resource assessments; research on predic-
tion and mitigation of damage from natural
hazards; assistance in applying earth science in-
formation to urban development planning; the
classification and evaluation of Federal lands; the
enforcement of regulations and procedures to
assure the safe, orderly, and diligent development
of energy and mineral resources on Federal and
Indian lands; and the collection of all rents and
royalties due from such development.

Organization

The U.S. Geological Survey is a bureau within
the Department of the Interior headquartered in
Reston, Virginia. Its work is administered through
four major Program Divisions (National Mapping,
Geologic, Water Resources, and Conservation)
and two Offices (the Office of National
Petroleum Reserve in Alaska and the Office of
Earth Sciences Applications). These six mission
units are serviced by three Support Divisions (Ad-
ministrative, Computer Center, and Equal Employ-
ment Opportunity Office).

Reporting to the Survey’s National Center head-
quarters at Reston is a field organization of more
than 200 offices located throughout the United
States and Puerto Rico whose work is coordinated
by three Assistant Directors in Regional Offices
located at Reston, Virginia, Denver, Colorado,
and Menlo Park, California. Coordination among
the Divisions at the National Center is ac-
complished through five functional Assistant
Directors acting in the areas of administration,
program analysis, research, resource programs,
and engineering geology.

A chart of the Geological Survey organization
may be found on pages140and 141 a selective direc-
tory of the National Centef and field offices
begins on page 142
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Location of nuclear powerplants (planned, under construction, or completed) in the conterminous United States.

base of geologic knowledge and data as applied
to nuclear powerplant siting. In the Southeastern
United States, the 1886 Charleston, South
Carolina, earthquake and its application to
engineering design was not well understood.
Similarly, in the northwest, information about the
1872 earthquake in Washington was inadequate.
The Reactor Hazards Research Program was
established in 1975 to conduct the basic research
for these as well as many other areas of limited
knowledge.

Through the ensuing years, a diversified
research effort of over 40 projects has evolved
covering regional tectonics, applied geophysics,

seismology, age-dating methods, and geologic
processes; brief descriptions of the objectives of
these efforts are given below. Priority for areas of
research has been determined, in part, by those
areas of major power needs— the Pacific coastal
states and the eastern and midcontinent industrial
and population centers (see map).

Regional Tectonics

Research projects in regional tectonics are
directed towards a more comprehensive
understanding of the deformation of the Earth’s
crust over the past 65 million years and its rela-
tion to present-day seismicity. In the Western
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United States, research has demonstrated the rela-
tion between earthquakes and faults. Because of
the particular geologic setting, movement along
certain faults can be observed following large
earthquakes. In the Eastern United States such an
obvious relationship is not evident. There have
been large earthquakes, but the evidence as seen
at the ground surface by movement along faults,
to date has not been observed. The reasons for
this basic difference between eastern and western
earthquakes are not clear. To probe more deeply
into the origin or cause of eastern seismicity,
research projects have been developed that pro-
vide for the investigation of major geologic struc-
tures such as basins and arches within the Atlan-
tic Coastal Plain and a major structural boundary
in New England. A common objective of these ef-
forts is to develop fault histories to ascertain
rates of deformation and fault behavior through
time under varying stress fields. Recent acquisi-
tion of data from deep seismic reflection surveys
in the Charleston, South Carolina, area and in
Virginia along a transect extending from the Blue
Ridge Mountains to the Chesapeake Bay and
along a shorter segment across the Culpeper
Basin is leading to the recognition of additional
structural elements that need to be assessed with
respect to the potential to generate earthquakes
of significance to engineering design of nuclear
powerplants in the east.

Applied Geophysics

In addition to the interpretation of seismic
reflection data mentioned above, other geo-
physical studies include deep magnetic soundings
in New England and in the Pudget Lowland of
Washington, an aeromagnetic survey of the
Foothills fault zone, California, a detailed gravity
survey in support of subsidence research in
Arizona and Texas, and seismic reflection surveys
of the Great Lakes. All such studies assist in ex-
tending our knowledge of surface geologic struc-
ture to the subsurface, thus adding the third
dimension, depth, to our understanding of
regional structures and how they relate to siting
nuclear facilities.

Seismology

Research in seismology has included support
for seismic networks at Charleston, South
Carolina, and the Mojave Desert area, California,
and studies in ground motion as applied to
engineering design. In addition, a continuing ef-
fort is made to update the U.S. earthquake
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catalog. An integral part of this research is the
review and reanalysis of major earthquakes that
occurred before modern instruments were
available to refine existing data about their inten-
sity and the locations of their epicenters.

The South Carolina seismic network has been
in operation continuously since 1974. Although no
large earthquakes similar to the 1886 event near
Charleston have occurred, numerous smaller
events have been recorded. Analyses of these
events are being made in conjunction with ongo-
ing geologic mapping and geophysical studies in
an effort to understand and evaluate the seismic
risk of the area.

Age-Dating Methods

In regions where faults may be close to nuclear
powerplant sites, the geologic siting criteria set
forth by the Nuclear Regulatory Commission re-
quires an interpretation of the age of last move-
ment of the fault, particularly where movement
may have occurred during the past 35,000 years.
To establish the age of fault movement reliable
methods of age dating are required.

The Reactor Hazards Research Program in-
cludes research in various techniques and is
developing new methods of determining geologic
age dates. Ages younger than 35,000 years before
present can be determined using the carbon-14
dating method provided, of course, that material
suitable for sampling are available. For ages from
35,000 years before present to 1,000,000 years
before present, other methods are required. Cur-
rent research applicable to this age span includes
fission track, thermoluminesence, soil chronology,
paleontology, volcanic ash stratigraphy tech-
niques, and paleomagnetic stratigraphy. All re-
searchers utilizing these various age-dating
methods are collaborating and integrating their
respective studies with those of field mapping
projects. For example, field geologists mapping in
Charleston, South Carolina, and the Cape Fear
Arch, North Carolina, areas are collecting
stratigraphic reference samples for paleontology,
amino acid, soil chronology, U series, carbon-14,
and paleomagnetic dating. In the Western United
States soil and volcanic ash (including ash from
the May 1980 eruption of Mount St. Helens) are
being collected for soil and volcanic ash
chronology, carbon-14, paleomagnetic, and
paleontologic dating. The overall results being ob-
tained from this research are as follows: (1) multi-
ple methods of age dating are providing a means
of cross-correlating and verification of ages of
faulting and fault movement, (2) methods are be-
ing refined and both precision and confidence



levels increased, and (3) risk assessment or other
studies relying upon recurrence intervals of tec-
tonic or volcanic events are being accomplished
with greater reliability.

Geologic Processes

Research in geologic processes has been
directed towards subsidence caused by fluid
withdrawal and hazards resulting from volcanic
eruptions and landsliding.

Research on land subsidence caused by
withdrawal of the underlying fluids includes in-
stances where there has been ground failure
associated with both the production of large
volumes of ground water and solution mining. In
the Phoenix, Arizona, region, large fissures have
developed and the ground surface over a large
area has subsided as a result of many years of
ground-water extraction. The degree of ground
failure, either as differential subsidence or fissur-
ing, is of significance to large structures which
must remain functional, such as nuclear reactor
containment vessels.

In the Houston, Texas, area, subsidence
research has been coupled with study of another
process— aeseismic or “‘growth’” faulting. The
Houston Basin has subsided many feet as a result
of the extraction of large volumes of fluids; this
subsidence has been expressed at the ground sur-
face as a steplike southeastward ground move-
ment along preexisting faults. The total disloca-
tion has taken place over a period of several
decades primarily as a process of slow creep and
without detectable seismicity. The faults,
therefore, are considered as posing no seismic
threat to engineered structures. Differential move-
ment across the faults, however, does pose a
threat to buildings. In several greater Houston
housing areas, streets have sagged several feet
across the scarp, and some homes have been
deformed. At the San Jacinto Monument, a small
landscaped pool and the access road are sub-
siding. An area with a similar potential for dif-
ferential subsidence would not be recommended
for use as a nuclear powerplant site. Siting con-
straints are being determined through these field
analyses and will be used as guides for location
of plants in more favorable areas.

Landsliding is another aspect of ground failure
hazard important in nuclear plant site evaluation.
Even such an event as disruption of the cooling-
water supply caused by the temporary damming
of a river by a massive landslide must be con-
sidered. Similar slides have developed in the past
and were triggered either by an earthquake or by

local slope conditions. The mechanics of land-
slide processes must be understood; the research
of the Reactor Hazards Research Program in this
field will help in establishing a more complete
understanding of these processes and the
variability of critical parameters.

The hazards posed by volcanic activity have
been a component of the Reactor Hazards
Research Program since its inception. The hazard
analyses considered, among other factors, poten-
tial ash fall accumulations at various distances
from volcanoes of the Cascade Range in the
Pacific Northwest. Some of the early results were
used in formulating guidelines for reactors at the
following locations: Trojan and Pebble Springs,
Oregon, and Skagit, Satsop, and Hanford,
Washington. The 1980 eruptions of Mount St.
Helens provided a unique opportunity to docu-
ment and further refine concepts of the various
hazards. Two effects of the May 18, 1980, erup-
tion that are of particular interest are the ap-
parent anomalous thickness of ash that ac-
cumulated at Ritzville, Washington, and the total
effect of the ash load in the ensuing flood down
the Toutle and Cowlitz Rivers and ultimately into
the Columbia River. Enough ash load was
deposited in the bed of the Columbia River
upstream (south) from the confluence of the
Cowlitz River that the navigational channel had
to be dredged before the large ships from
Portland could traverse the passage. The surge of
relatively high-density flood debris apparently
was strong enough to flow several miles
southward against the normal northward flow of
the Columbia River, a situation not considered
probable until the eruption and flood proved
otherwise. These kinds of effects are now being
carefully analyzed and the results will be incor-
porated in the overall volcanic hazard assess-
ment.

SUMMARY

The Reactor Hazards Research Program was
established in 1975 with the principal goal of pro-
viding a more adequate base of geologic and
seismologic knowledge that would aid in the
siting of nuclear powerplants. To date, numerous
maps and texts dealing with tectonic structures,
new techniques of age dating, and analyses of
ground motion have been published. These
publications and regular presentations of the
results of investigations and research at national
or regional meetings of geologic or seismological
professional societies serve as the means of mak-
ing the data available to ther public.
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face is studied using an imaging radar system
similar to that planned for a Venus mission in the
near future.

Saturn’s 17 known moons can be divided into
two general classes. The first class includes eight

Planetary Exploration: The
Geology of Saturn’s
Satellites

A team of U.S. Geological Survey geologists
and cartographers, working with the Voyager Im-
aging Science Team at the Jet Propulstion
Laboratory in Pasadena, California, played a ma-
jor role in planning and executing the National
Atmospheric and Space Administration’s Voyager
spacecraft missions to Saturn and Jupiter. The
emphasis of the missions was on the geology and
cartography of the moons of the giant planet.

During 1980 and 1981, the primary focus was
the Saturnian system. The Voyager 1 spacecraft
arrived at Saturn in early November 1980 and im-
aged at high resolution the moons Mimas, Dione,
and Rhea with distant views of Tethys, Enceladus,
lapetus, and Hyperion. Voyager 2’s sequence was
planned to complement Voyager 1's investiga-
tions and yielded high-resolution images of Tethys
and Enceladus and far better views of lapetus
and Hyperion than did Voyager 1. In addition,
Voyager 2 provided the first photographic infor-
mation on Phoebe, Saturn’s most distant moon.
Voyager 1 discovered three small ““shepherd”
moons; two orbiting along and evidently confin-
ing the complex braided F ring and a third or-
biting at the edge of the A ring, the outermost of
the main sections of Saturn’s rings. Although
Voyager 1 passed very close to Saturn’s largest
moon, Titan, a dense cloudy atmosphere
prevented imaging of the surface. Hence, most of
the information we have about Titan comes from
other nonimaging experiments that measured the
temperature, pressure, and composition of Titan’s
atmosphere. Results from those instruments in-
dicate Titan may be the most exotic world in the
solar system. The Voyager missions discovered
that Titan has a dense cold nitrogen atmosphere
in which methane may behave much like water
does in the Earth’s atmospheric system. The
temperature and pressure conditions are close to
those required for methane snow, methane rain,
and even methane rivers. The surface temper-
ature is near —360° F. In addition, complex
photochemical reactions occur as solar radiation
strikes Titan’s upper atmosphere, thus creating a
wide range of hydrocarbon molecules. It has even
been speculated that Titan now may resemble
chemically the early prebiotic conditions of Earth.
The true nature of Titan’s surface and its geologic
history and processes will remain a mystery until
Titan’s atmosphere and surface are investigated
with some form of landing vehicle and (or) its sur-
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new or minor satellites discovered since the
mid-1960’s. These include the three “shepherd”
moons mentioned above which orbit along the
edge of the A and F rings, two coorbital satellites
that share an orbit between the rings and the or-
bit of Mimas, and three Trojan satellites that oc-
cupy stable positions ahead of or behind two of
the larger satellites. These bodies are found at the
classical Lagrange points 60° ahead of and
behind Tethys and 60° ahead of Dione. These ob-
jects show irregular shapes, suggesting an origin
by fragmentation. Very likely they are remnants
of larger bodies and not produced by direct ac-
cretion. Their existence indicates an early period
of tremendous collisions within the Saturnian
system capable of destroying moons in the size
range of a few hundred miles in diameter.

The second class of moons includes the nine
classical moons which have been known since the
19th century. These include, in order out from
Saturn: Mimas and Enceladus, which are 250 and
300 miles in diameter, respectively; Tethys and
Dione, which have nearly identical diameters of
about 700 miles; Rhea, which is 950 miles in
diameter, about one-half of the size of the Earth’s
Moon; cloudy Titan, which is the size of Mercury
or Ganymede (one of Jupiter’s moons); Hyperion,
which is an object of very irregular shape much
like the new or minor satellites but about the size
of Mimas and Enceladus; lapetus, which is at a
much greater distance from Saturn and has a
diameter nearly identical to that of Rhea; and
Phoebe, which is a very dark and distant moon
seen for the first time by Voyager 2.

All of the inner moons of Saturn are rotating
synchronously and revolving in orbit. Hence, one
hemisphere faces Saturn, as our moon’s ““front-
side” faces the Earth. The “leading hemisphere”
always faces forward as the body moves in its or-
bit. Voyager 1 global views of Dione and Rhea
show them to have generally bland leading
hemispheres, lacking albedo (reflectivity) varia-
tions, but to have trailing hemispheres displaying
complex interwoven patterns of bright swaths set
against a dark background. These patterns occur
in a small circular region on each body centered
in the trailing hemisphere. Because the moons are

Surface of Saturn’s moon Enceladus viewed from

Voyager 2 on August 25, 1981. The small satellite,
only 300 miles in diameter, is seen from a height

of 69,500 miles.









recieves from the Sun. Additionally, Enceladus’
orbit coincides with the peak intensity of the E
ring, a diffuse ring of material well outside the
main ring system. Normally, satellites clean out
or sweep out material along their orbits; the
evidence indicated that Enceladus is a source
rather than a sink of material. Finally, C. Yoder of
the Jet Propulsion Laboratory realized that there
is an orbital resonance between Dione and
Enceladus similar to that by which Europa heats
lo, the volcanically active moon of Jupiter. Dione
causes Enceladus to move through Saturn’s
gravitational field in such a way that the surface
is flexed. Voyager 2 images of Enceladus show
that, in fact, it does have an extremely complex
geologic history. Terrains vary in their crater
populations from cases where craters are nearly
shoulder to shoulder to those where craters are
absent, at least to the limit of resolution of the
Voyager images. A wide array of other terrains
that are intermediate in crater density between
these two extreme crater densities also can be
identified. Complex “ropy” ridges are found on
the margins of some of the crater-free plains.
Evidently Enceladus has undergone geologic ac-
tivity, perhaps episodically, throughout its history.
Preliminary estimates by A. Cook and R. Terrile of
the Voyager Imaging Science Team suggested
that tidal energy may well be inadequate to heat
a body composed of pure-water ice. One possible
explanation is that the interiors of the icy moons
may contain more volatile species. Methane and
ammonia are likely candidates and are known to
be abundant in the atmosphere of Titan. Either
one of these materials, if present in substantial
quantities within the moons, would lower their
melting points by perhaps 180° F. to ranges not
far above their surface temperatures. Under such
conditions, tidal heating, perhaps assisted by
some early radiogenic heating, could easily keep
such a tiny icy world geologically active.

World Energy Resources—
The Need to Know Their
Quantity and Location

For more than 100 years the U.S. Geological
Survey has had the responsibility for assessing
mineral resources to provide a basis for informed
decisions and policies in both the public and

private sector of the United States. The need for
reliable data on the extent, location, and quality
of these mineral resources has continued to grow
with the broadening of our concerns and com-
merce. The United States requires mineral sup-
plies from countries around the world, as do all
technically advanced societies. Not only is a wide
variety of minerals in demand, but, the energy
minerals, very large quantities are needed.

Fortunately, the United States is very well en-
dowed with mineral wealth and especailly with
the energy minerals. We are, and have been
throughout the period of the Industrial Revolu-
tion, one of the world’s principal producers of
petroleum, coal, and more recently uranium. Qur
capacity to produce and discover remains high,
but so does our demand. For instance, the de-
mand for petroleum over the past decade has
been about three times the rate of domestic
reserves additions. The Nation presently is em-
barked on a major exploratory effort to discover
and produce more petroleum. At the same time,
we are taking steps to divert petroleum demand
to other energy sources, such as coal, and to
reduce consumption. However, it is clear that
continued cooperation, on as broad a base as
possible, with other supplier nations is essential to
our economic well being and hence national
security.

In decades past, a stable price and supply
rendered petroleum readily available to all na-
tions with such reliability that national security
was not affected. Now, however, extraordinary
prices, political upheavals in the Middle East,
changing economic principles in supplier coun-
tries, and domestic resource depletion require
that we broaden our base of knowledge about the
distribution and potential future availability of
energy minerals throughout the world. This
knowledge is essential to formulating interna-
tional relations and to maintaining our national
security.

From the perspective of the U.S. Government,
there is no need for direct assistance for explora-
tion activities conducted by the private sector at
this time; however, the U.S. Government does
need a broad knowledge of the worldwide
regional resource availability as an aid to the con-
duct of international relations. A case in point is
the sudden emergence of Mexico as a major pro-
ducer of petroleum. In retrospect, the signs of
that emergence clearly were evident 10 years ago.
But in the absence of a program capable of
recognizing the clues and analyzing their
significance, the U.S. Government had no base of
geologic resource understanding over a period of
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several years to enable it to respond politically
and diplomatically to the changing resource
realities.

The principal focus of the U.S. Geological
Survey’s World Energy Resources Program is on
petroleum, but a modest effort to build a base for
the worldwide investigation of other energy
mineral resources has been initiated. The intent
of the program is to provide an understanding of
world energy mineral resources for the purposes
of policy planning and analysis, including
domestic resource assessment, that will be useful
to the President, Congress, and other Federal
agencies such as the Departments of State,
Energy, and Commerce. The initial program ob-
jective has been to develop a geologic synthesis
of the major petroleum producing regions of the
world and, in cooperation with petroleum
engineers in other agencies, to assess the present
and future producibility of those resources.
Secondly, we have initiated studies in frontier
areas of the world that offer great promise for
future production or are significant areas of inter-
national concern (Antarctica, for example). And
finally, resource studies have begun in areas of
modest resource potential but ones that show
geologic promise of at least supplying some
measure of local energy mineral needs. The pro-
gram is coordinated with and depends critically
on research activities in the domestic energy
resource area. Relations with other Survey inter-
national programs also are maintained for best
use of available manpower and data sources.

The principal products of the program will be
Survey Circulars reporting on our assessment of
resource potential in a given country or basin,
coupled with a brief discussion of the geology
leading to the assessment. Separate publications
will include a more detailed presentation of the
resource geology which will provide a baseline of
information for ongoing analysis. To gain full ad-
vantage of the resource investigations, the assess-
ment must be continuing, and, for each area
studied, the program will maintain a surveillance
of exploration activity as a check on the assess-
ment process. At the completion of the first year
of operation, assessments have been completed
and are available as Open-File Reports for the
following countries or parts of countries: Arabian-
Iranian Basin (subdivided by country); West
Siberia, Volga Urals, and Middle Caspian Basin,
U.S.S.R;; Venezuela; Indonesia; Malaysia-Brunei;
world offshore basins; southeast Mexico, Belize,
and northern Guatemala; Trinidad; and northeast
Mexico.
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Hard Minerals From the
Deep Sea: The Role of
Spreading Ridges

For more than three decades the sedimentary
rocks of the world’s continental shelves have
been a prolific source of oil and gas. In recent
years, due both to advances in marine mineral
recovery technology and the increasing cost of
locating and producing onshore supplies, there
has been a marked growth of interest in the sea
floor as a prospective source of nonfuel minerals
as well. These hard minerals, such as zinc, cop-
per, and silver and so called because they are
formed and concentrated in hard crystalline rocks
as distinguished from the softer sedimentary
deposits that are the source and habitat of oil,
gas, and coal, are presently the focus of extensive
commerical and scientific investigation.

Of particular interest to scientists has been the
evidence of mineral formation along the great
45,000-mile-long system of oceanic spreading-
center-ridges that circles the world and is the site
where new crust is being continously formed by
the upwelling of molten rock from the underlying
mantle (fig. 1). As the new crust is formed, it
moves away from the spreading center on both
sides of the ridge at varying rates up to 6.3 inches
per year. Recent investigations have disclosed the
occurrence of mineral-rich submarine hot springs
that are a source of potentially valuable minerals
along the spreading-center-ridge system. Some
areas of the Western United States and Alaska
contain sections of oceanic crust that have been
transported via plate tectonic movement and in-
corporated into the continental crust. Studying
the current mineralization processes on oceanic
spreading ridges will thus enhance our ability to
identify these onshore areas and target them for
mineral explorations.

In 1979, a detainled photographic and
geophysical survey of the Pacific sea floor off
Mexico discovered a number of hot springs form-
ing concentrations of zinc, copper, and silver, in
ore-grade sulfide-mineral deposits on very young
glassy volcanic rocks. The initial work, which
used unmanned vehicles, was immediately fol-
lowed by manned submersible investigation of
selected submarine springs, and mineral deposits
and hot water samples were recovered. The
hydrothermal waters were much hotter
(700°-750°F.) than previously observed or
suspected. Since the initial discovery, this











































































understanding of water-use patterns and of the
hydrology of drought, the availability of auxiliary
water resources during drought, and an improved
ability to predict drought occurrence and severity.
At present, drought and drought-related phe-
nomena are among the least understood aspects
of hydrology, imposing severe limitations on plan-
ning and management measures.

Principal Federal participants in drought
evaluation include the National Weather Service,
the U.S. Geological Survey, and the Soil Conser-
vation Service. The National Weather Service
monitors and assembles data on climatic vari-
ables related to droughts. Similarly, the
Geological Survey observes and publishes infor-
mation on the quantity and quality of surface-and
ground-water resources, and the Soil Conservation
Service has responsibility for coordinating and
managing information on soil moisture and
western mountain snowpacks.

Monthly information on ground-water levels
and streamflow conditions is published by the
Geological Survey in a publication entitled Water
Resources Review. During periods of drought, the
Geological Survey expands data-collection activi-
ty on streamflow, reservoir, and ground-water
levels to provide State and local agencies and
private organizations additional information to
make water management decisions. During the
1980-81 drought, the Geological Survey re-
sponded to numerous requests for information on
supplemental water sources, water-quality
changes, ground-water levels, and location of
saltwater fronts.

EMERGENCY RESPONSE

Response of Federal agencies to ongoing
droughts is intended to supplement the efforts
and capabilities of State and local governments.
The Federal Emergency Management Agency co-
ordinates Federal assistance and technical
guidance in areas experiencing a drought and has
compiled a list of Federal agency programs,
authorities, functions, and activities that may
assist States with water-shortage problems.

River-Quality Assessments
in the Federal-State
Cooperative Program

The need for water-quality information nation-
wide is rapidly increasing. Despite considerable
progress in solving complex water problem:s,
stresses affecting the quality of the Nation’s
waters are multiplying. Any deterioration in the

quality of water available for domestic, munici-
pal, industrial, or agricultural uses obivously has
an adverse affect on human health and the Na-
tion’s economy.

In the 1970’s, public awareness and concern
about water quality resulted in the passage of a
variety of Federal and State laws which provided
a legal framework for protection and improve-
ment of water quality. Nevertheless, the scientific
and technical information base required for deci-
sionmaking is still inadequate. Challenging prob-
lems remain to be solved.

Many leading water-quality specialists believe
there is a need for a scientific approach to river-
quality management which emphasizes an under-
standing of the cause-and-effect relations in-
volved, distinct from a legalistic approach. When
such relations are defined and verified, a power-
ful predictive tool is developed which can be
used by planners and managers to evaluate alter-
native courses of action.

In this discussion, “river quality” refers to the
physical, chemical, and biological characteristics
of water with regard to its suitability for specific
uses. A river may be of good quality for one use
and bad for another, depending on its char-
acteristics and the selected quality criteria. D. A.
Rickert and W. G. Hines, 1975, stated, “The
characteristics and criteria for judging quality are
based on scientific knowledge and popular per-
ceptions. Popular perceptions, in turn, depend on
environmental, economic, and demographic con-
ditions. As these conditions change, perceived
purposes and suitabilities of rivers change, and
the water resource decisionmaker is often left
without adequate scientific information to
evaluate alternatives.”

To fill this information void, river-quality
assessments are designed to determine the quality
of rivers from the standpoint of the river system
stress and response in time and space and as a
function of streamflow. River-quality assessments
define major environmental and cultural controls
of those characteristics of a river system that
decisionmakers perceive as being most important
to resource planning and management.

GEOLOGICAL SURVEY’'S RIVER-QUALITY
ASSESSMENT PROGRAM

Historically, many agencies have collected
water-quality data and prepared river-quality
reports. In 1964, in an attempt to eliminate
duplication of effort and to develop uniform data
standards, the Bureau of the Budget designated

' A Practical Framework for River-Quality Assessment:
U.S. Geological Survey Circular 715-A, 1975.
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the Department of the Interior as the lead agency
in coordinating Federal activities related to water-
data acquisition. Responsibility for this function
was assigned by the Department to the U.S.
Geological Survey. The Survey established ad-
visory committees to assist it in discharging this
responsibility.

In 1971, the Survey’s Advisory Committee on
Water Data for Public Use recommended that the
Geological Survey conduct a river-quality assess-
ment. As a result, in 1973, a prototype assessment
was begun in the Willamette River Basin, Oregon.
Since then, six other federally funded
assessments, which encompassed a wide variety
of river-quality problems, have been conducted
by the Survey.

The basins studied during the federally funded
pilot program were carefully selected from 80
basins which had been nominated for investiga-
tion by field offices of the Geological Survey; by
other Federal, State, and local agencies; and by
the Advisory Committee on Water Data for Public
Use. The basins were located in all sections of
the country. As a result, considerable interest was
aroused in the assessment program as a tool to
aid in water resources planning and management.

began to be aware of widespread PCB dispersion
in the environment and the resultant possibility of
hazard to health. The discharge of PCB’s into the
Hudson River from about 1950 to 1977 had re-
sulted in serious degradation of the river as a
source of food and drinking water.

In 1976, the Geological Survey, as part of its
Federal-State Cooperative Program and in coop-
eration with the New York State Department of
Environmental Conservation and the Board of
Water Commissioners of the Town of Waterford,
began a study of PCB’s in the Hudson River to
determine concentration and transport rate of
PCB’s in the river and to provide a basis for
deciding what actions should be taken to reduce
the level of contamination.

History of the Problem

PCB'’s are actually a group of closely related
compounds, the molecular structure of which is
illustrated in figure 1. Between 1 and 10 chlorine
atoms can be attached in any of the 10 substitu-
tion sites (X) on the biphenyl portion, creating
over 200 possible compounds. Commercial mix-
tures contain a number of these compounds
whose chlorine content is dependent on the par-
ticular manufacturing process used by the pro-

RIVER-QUALITY ASSESSMENTS IN
THE FEDERAL-STATE COOPERATIVE
PROGRAM

ducer. At the time of the Hudson River assess-
ment, the only important U.S. producer was Mon-

The federally funded program resulted in
development and demonstration of method-
ologies for conducting other river-quality
assessments. Currently, there are 27 projects in
the Federal-State Cooperative Program that satisfy
the criteria of river-quality assessments. This Pro-
gram provides a logical means of providing
grassroots identification of problems, a strong
meld of Federal and State interests, and an oppor-
tunity to further develop techniques that have
high potential for transfer to other locations.
Typical of the Program assessments under way
are (1) Pequea Creek in Pennsylvania, which is
concerned with defining the discharge of sus-
pended sediment, nitrogen, phosphorus, and
triazine herbicides from selected land use areas,
(2) the water-quality assessment and steady-state
dissolved oxygen model of the White River in
Arkansas, which defines dissolved oxygen
dynamics in a stream with numerous large pools,
and (3) the Hudson River assessment, a descrip-
tion of which follows.

THE HUDSON RIVER ASSESSMENT

In the late 1960’s and early 1970’s, nearly four
decades after the introduction of polychlorinated
biphenyls (PCB’s) into commercial use, scientists
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santo Chemical Company which marketed PCB's
under the trademark of Arochlors until produc-
tion was discontinued in 1977.

Although PCB’s had a variety of uses, their ma-
jor use was in electrical capacitors and
transformers, where their resistance to degrada-
tion at high temperatures made them particularly
valuable as insulators and coolants. The General
Electric Company purchased PCB’s for use in
manufacturing of electrical equipment at plants
in Fort Edward and Hudson Falls. Records in-
dicate that between 1966 and 1974 these two
plants accounted for 15 percent of all domestic
purchases of PCB’s.

Discharge of PCB’s from two outfalls on the
Hudson River dates back to about 1950, although
records of the actual volume discharged are
available only for the past 10 years. These
records show that the quantity averaged 35
pounds per day in the early 1970’s. Discharge was
terminated in 1977. Wastes accumulated in a
river pool retained by the Old Fort Edward Dam,
a 150-year-old stone-and-wood structure used for
generation of hydroelectric power. In October
1973, when the dam was removed, massive quan-
tities of PCB-laden sediment that had collected
behind the dam were washed downstream. It is
estimated that about 650,000 pounds of PCB’s are































































































































































Office

Office of Earth Sciences Applications

Chief

Associate Chief

Earth Resources Observations Systems
Office, Chief

Resource Planning Analysis Office, Chief

Environmental Affairs Office, Chief

Earth Sciences Assistance Office, Chief

Visual Information Services Office, Chief

Name

Gene A Thorley
James R Burns (Acting)

John W Salisbury
Dennis R Hood
james R Burns
Jerry C Stephens
Theresa M Sousa

Office of National Petroleum Reserve in Alaska

Chief

Technical Officer
Program Officer

Computer Center Division

Chief
Associate Chief
Office of Teleprocessing

Administrative Division

Chief

Administrative Operations Officer
Personnel Officer

Contracts Officer

Finance Officer

General Services Officer
Management Analysis Officer

Selected Field Offices
National Mapping Division
Regional Centers

Eastern

Mid-Continent

Rocky Mountain

Western
Printing and Distribution
Public Inquiries Offices

Alaska

Califormia
Los Angeles

Menlo Park

San Fransico

Colorado

District of Columbia

Texas

Utah

George Gryc

Valentine Zadnik
(Vacant)

Carl E Diesen
R Michael Gall
Ralph N Eicher

Edmund J. Grant
George F Hargrove, |r
Maxine C Millard

Paul A Dennett (Acting)
Posey B Howell, Jr
Robert E Rogers
William F Grossman, Jr

Roy E Fordham
Lawrence H Borgerding

John D. MclLaurin

john R Swinnerton

Charles D. Kuhler

Ehzabeth C Behrendt

Lucy E Birdsall

Bruce S Deam

Patricia A Shiffer

Irene V Shy

Bruce A Hubbard

john P Donnelly

Wendy R Mabey

* Office of National Petroleum Reserve in Alaska 1s headquartered in Anchorage, Alaska

Telephone number

(703) 860-7471
(703) 860-7811

(703) 860-7881
(703) 860-6717
(703) 860-7455
(703) 860-6961
(703) 860-6162

(907) 276-7422

(703) 860-6208
(703) 860-6208

(703) 860-7106
(703) 860-7108
(703) 860-7119

(703) 860-7201
(703) 860-7204
(703) 860-6127
(703) 860-7261
(703) 860-6181
(703) 860-7206
(703) 860-7211

(703) 860-6352
(314) 341-0880
(303) 234-2351

(415) 323-8111,
ext 2411
(703) 860-6761

(907) 277-0577

(213) 688-2850

(415) 323-8111,

ext 2817

(415) 556-5627

(303) 837-4169

(202) 343-8073

(214) 767-0198

(801) 524-5652

Address

National Center, STOP 703
National Center, STOP 703

National Center, STOP 730
National Center, STOP 750
National Center, STOP 760
National Center, STOP 720
National Center, STOP 790

*2525 “C” St, Suite 400
Anchorage, AK 99503
National Center, STOP 151
National Center, STOP 151

National Center, STOP 801
National Center, STOP 801
National Center, STOP 805

National Center, STOP 201
National Center, STOP 203
National Center, STOP 215
National Center, STOP 205
National Center, STOP 270
National Center, STOP 207
National Center, STOP 206

National Center, STOP 567

1400 Independence Road,
Rolla, MO 65401

Box 25046, STOP 510,
Denver, Federal Center,
Denver, CO 80225

345 Middlefield Road
Menlo Park, CA 94025

National Center, STOP 580

108 Skyline Bldg.,
508 2d Ave,
Anchorage, AK 99503

7638 Fed. Bidg,
300 N Los Angeles St
Los Angeles, CA 90012
345 Middlefield Rd,,

STOP 33, Bldg 3, Rm 122,

Menlo Park, CA 94025
504 Customhouse,

555 Battery St,

San Fransico, CA 94111
169 Fed. Bldg,

1961 Stout St.,

Denver, CO 80294
1028 GSA Bldg,

19th and F Sts, NW,

Washington, DC 20244
1C45 Fed Bldg.,

1100 Commerce St,

Dallas, TX 75242
8105 Fed Bldg,

125 S State St,

Salt Lake City, UT 84138
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Selected Field Offices— Continued

Office

Public Inquiries Offices — Continued

Virginia

Washington

Distribution Branch Offices
Alaska

Western

Eastern

Geological Division
Regional Offices

Eastern
Central

Western

Water Resources Division
Regional Offices

Northeastern
Southeastern

Central
Western

District Offices
Alabama

Alaska

Arizona
Arkansas

Califormia
Colorado
Connecticut
Delaware

District ot Columbia
Florida

Ceorgla

Hawaii

Idaho
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Name

A Ermestine Jones

Jean E Flechel

Natalie Corntorth

Dwight F Canfield

George V DeMeglio

Avery A Drake, Jr
Richard F Mast

G Brent Dalrymple

lames E Biesecker
James L Cook

Alfred Clebsch, |r

John D Bredehoeft

Charles A Pascale

Philip Emery

Robert D. Mac-Nish

Ector E Gann

Timothy Durbin

James F Blakey

Dawvid McCartney
Herbert } Freiberger
Herbert } Freiberger
I H Kantrowitz

Jetfrey T Armbruster

Benjamin L jones

Ermnest F Hubbard, |r

Telephone number

(703) 860-6167

(509) 456-2524

(907) 456-7535

(303) 234-3832

(703) 557-2781

(703) 860-6631
(303) 234-3625

(415) 323-8111

(703) 860-6985
(404) 221-5174

(303) 234-3661

(415) 323-8111,
ext 2337

(205) 752-8104

(907) 271-4138

(602) 792-6671

(501) 378-6391

(415) 323-8111,
ext 2326
(303) 234-5092
(203) 244-2528
(301) 828-1535
(301) 828-1535
(904) 386-7145
(404) 221-4858

(808) 546-8331

(208) 334-1750

Address

1C402 National Center,

STOP 503, 12201 Sunnise Valley Dr,

Reston, VA 22092

678 U S. Courthouse
W 920 Riverside Ave,
Spokane, WA 99201

101 12th Ave, Box 12
Fairbanks, AK 99701

Box 25286, STOP 306,
Denver Federal Center
Denver, CO 80225

1200 S Eads St,
Arlington, VA 22202

National Center, STOP 953

Box 25046, STOP 911,
Denver Federal Center
Denver, CO 80225

345 Middlefield Rd,
Menlo Park, CA 94025

National Center, STOP 433
Richard B Russell Federal Bldg,
75 Spring St., SW, Suite 77,

Atlanta, GA 30303

Box 25046, STOP 406,
Denver Federal Center
Denver, CO 80225

345 Middlefield Road, MSé6b,
Menlo Park, CA 94025

PO Box V, 202 Oil and Gas Board Bldg,

University of Alabama,
University, AL 35486
733 W 4th Ave, Suite 400,
Anchorage, AK 99501
Federal Bldg,
301 W Congress St,
Tucson, AZ 85701
2301 Federal Office Bldg.,
700 W Capital Ave,
Little Rock, AR 72201
855 Qak Grove Ave,
Menlo Park, CA 94025
Box 25046, STOP 415,
Denver Federal Center,
Denver, CO 80225
135 High St, Rm 235,
Hartford, CT 06103
See Maryland District Office
See Maryland District Office
325 John Knox Rd,,
Suite F-240,
Tallahassee, FL 32303

6481 Peachtree Industnal Blvd , Suite B,

Doraville, GA 30360

P O Box 50166, Rm 6110,
300 Ala Moana Blvd,
Honolulu, HI 96850

Box 036, Federal Bldg,
Rm 365, 550 W Fort St,
Boise, 1D 83724



Selected Field Offices— Continued

Office

Water Resources— Continued
District Offices— Continued
Jhinoss

Indiana

lowa

Kansas

Kentucky

Loutsiana

Maine
Maryland

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska

Nevada

New Hampshire
New Jersey

New Mexico

New York

North Carolina

North Dakota

Ohio

Oklahoma

Oregon

Pennsylvania

Name

Larry G Toler

Dennis K. Stewart

Donald K Leifeste

Joseph S. Rosenshein

Altred Knight

Darwin Knockenmus

Ivan C James Il
Herbert J Freiberger

Ivan C james Il

T Ray Cummings

Donald R. Albin

Garald G Parker, Jr

Horace G Jeffery (Acting)

George M Pike

Wilham M Kastner

Vacant

lvan C james |l
Donald E Vaupel

james F Daniel

Lawrence A Martins

Elver | McClelland

Grady Moore

Steven M Hindall

james H. lrwin

Stanley F Kapustka

David E Click

Telephone number

(217) 398-5353

(317) 269-7101

(319) 337-4191

(913) 864-4321

(502) 582-5241

(504) 390-0281

(617) 223-2822
(301) 828-1535

(617) 223-2822

(517) 377-1608

(612) 725-7841

(607} 960-4600

(314) 341-0824

(406) 449-5263

(402) 471-5082

(702) 882-1388

(617) 223-2822
(609) 989-2162

(505) 766-2246

(518) 472-3107

(919) 755-4510

(701) 255-4011,
ext 601

(614) 469-5553

(405) 231-4256

(503) 231-2009,
ext 4776

(717) 782-3468

Address

Champaign County Bank Plaza,
102 E Man St, 4th Floor,
Urbana, IL 61301

1819 N Mendian St,
Indianapolis, IN 46202

PO Box 1230,

400 S Clinton St,
lowa City, A 52240

1950 Ave A, Campus West,
University of Kansas,
Lawrence, KS 66045

572 Federal Bldg,

600 Federal PI,
Louisville, KY 40202

P O. Box 66492,

6554 Florida Blvd,
Baton Rouge, LA 70896

See Massachusetts District Office

208 Carrol Bldg,

8600 La Salle Rd.,

Towson, MD 21204
150 Causeway St.,

Suite 1001,

Boston, MA 02114

6520 Mercantile Way,
Suite 5,

Lansing, Ml 48910

1033 Post Office Bldg.,
St Paul, MN 55101

Suite 710, Federal Bldg,

100 West Capitol St,
Jackson, MS 39201
1400 Independence Rd,

STOP 200,
Rolla, MO 65401

Federal Bldg.,

Drawer 10076,
Helena, MT 59626

406 Federal Bldg, and U.S Courthouse,
100 Centennial Mall, North,
Lincoln, NE 68508

Federal Bldg, Rm 229,

705 N Plaza St,

Carson City, NV 89701
See Massachusetts District Office
430 Federal Bldg.,

402 E State St.,

Trenton, NJ 08608

P.O Box 26659, Western Bank Bldg,
Rm 809, 505 Marquette, NW.,
Albuquerque, NM 87125

PO 1350, 343 US Post Office and
Courthouse Bldg,

Albany, NY 12201

P O. Box 2857, Rm 436,
Century Postal Station
Raleigh, NC 27602

821 East Interstate Ave,

Rm 332, New Fed Bldg.,
3d St and Rosser Ave,
Bismark, ND 58501

975 West Third Ave,
Columbus, OH 43212

Rm 621, 215 Dean A. MeGee St ,
Oklahoma City, OK 73102

PO Box 3202,

830 NE Holladay St,
Portland, OR 97232

P O Box 1107, 4th Floor,
Federal Bldg, 228 Walnut St.,
Harrisburg, PA 17108
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Selected Field Offices— Continued

Office

Water Resources Division— Continued

District Offices— Continued
Puerto Rico

Rhode Island
South Carolina

South Dakota

Tennessee

Texas

Utah

Vermont
Virginia

Washington

West Virgima

Wisconsin

Wyoming

Conservation Division
Regional Offices
Eastern/Atlantic OCS

Central

North Central

South Central

Gulf of Mexico Outer Continental
Shelf (OCS) Operations

Pacific OCS

Alaska/Alaska OCS

Office of Earth Sciences Applications

Earth Resources Observetion Systems Data Center

South Dakota

National Petroleum Reserve in Alaska

District Offices
NPRA Operations Office

Exploration Strategy Office

Administrative Division
Regional Management Offices

Eastern
Central

Western

146

Name

Ferdinand Quinones-
Marquez

lvan C James Il

Rodney N Cherry

Richard E Fidler

Arthur Putnam

Charles W Boning

Theodore Arnow

lvan C James

William E Forrest

Charles R Collier

David H Appel

Vernon Norman

Wilham W Dudley, Jr

George F. Brown

John B. Trippe

Dwayne E Hull

James W. Sutherland

Lowell G Hammons

Reid T Stone (Acting)

Joseph M. |ones

Allen H Watkins

Max Brewer

Arthur Bowsher

Roy Heinbuch
Jack ] Stass

Avery W Rogers

Telephone number

(809) 783-4660
(617) 223-2822
(803) 765-5966
(605) 352-8651,

ext 258

(615) 251-5424

(512) 397-5766

(801) 524-5663

(617) 223-2822

(804) 771-2427

(206) 593-6510

(304) 343-6181,
ext 310

(608) 262-2488

(307) 778-2220,
ext 2153

(202) 254-3137
(303) 234-2855
(303) 265-5550,

ext 5746
(505) 766-2841

(504) 837-4720,
ext. 9381

(213) 688-6875

(907) 271-4304

(605) 594-6123

(907) 276-~7422

(415) 323-2917

(703) 860-7691
(303) 234-3736

(415) 323-2211

Address

GSA Center, Bldg 652,
Ft Buchanan, PR 00936
See Massachusetts District Office
Strom Thurmond Federal Bldg,
Suite 658, 1835 Assembly St
Columbia, SC 29201
Rm. 317, Federal Bldg,
200 4th St., SW,
Huron, SD 57350
A-413 Federal Bldg,
U.S. Courthouse,
Nashville, TN 37203
649 Federal Bldg,
300 E 8th St,
Austin, TX 78701
1016 Administration Bldg,
1745 W. 17th St, S,
Salt Lake City, UT 84104
See Massachusetts District Office
200 W. Crace St, Rm 304,
Richmond, VA 23220
1201 Pacific Ave., Suite 600,
Tacoma, WA 98402
3017 Federal Bldg and U S. Courthouse,
500 Quarrier St., E,
Charleston, W VA 25301
1815 University Ave , Rm 200,
Madison, W1 53706
PO Box 1125,
2120 Capitol Ave, Rm 5017,
Cheyenne, WY 82001

1725 K St, NW, Suite 204,
Washington, DC 20006

Box 25046, STOP 609,
Denver Federal Center, Bldg 85,
Denver, CO 80225

100 East B St., Rm 4130,
Casper, WY 82601

PO Box 26124,
505 Marquette, NW #815
Albuquerque, NM 87125

PO Box 7944, 434 Impenal Oftice Bldg,
3301 N Causeway Blvd,
Metairie, LA 70010
130 Federal Bldg, 1340 West 6th St.,
Los Angeles, CA 90017
800 “A” St., Suite 201,
Anchorage, AK 99501

EROS Data Center,
Sioux Falls, SD 57198

2525 "C” St, Suite 400,
Anchorage, AK 99503

345 Middlefield Rd,
Menlo Park, CA 94025

National Center, STOP 290

Box 25046, STOP 201,
Denver Federal Center,
Denver, CO 80225

345 Middlefield Rd, STOP 11,
Menlo Park, CA 94025



Guide to
Information and
Publications

Throughout this report reference has been
made to information services and publications
of the US Geological Survey A complete
listing of these services and publications with
instructions on how to obtain them is given in
Geological Circular 777, A Guide to Obtaining
Information from the USGS 1981, available
free upon request from US Geological
Survey, Distnibution Branch, 604 S Pickett St,
Alexandria, Va 22304 A summary histing of
services and publications offered appears
below

To buy Survey book publications or to re-
quest Survey circulars, catalogs, pamphlets,
and leaflets (limited quantities free), write or
visit:

U.S Geological Survey

Distribution Branch Text Products Section
604 S Pickett St

Alexandria, VA 22304

To buy maps of areas east of the Mississippi
River, write or visit:
U S Geological Survey
Eastern Distribution Branch
1200 S Eads St
Arlington, VA 22202

To buy maps of areas west of the Mississippi
River and to request Survey catalogs, pamph-
lets, and leaflets (limited quantities free), write
or visit:

US Geological Survey

Western Distribution Branch

Box 25286, Bldg 41, Federal Center
Denver, CO 80225

To buy Alaskan maps, residents of Alaska
may write or visit:
US Geological Survey
Alaska Distribution Section
101 12th Avenue, Box 12
Fairbanks, AK 99701

To obtain information on the availability of
microfiche or paper-duplicate copies of open-
file reports, write:

U S Geological Survey
Open-File Services Section
Box 25425, Federal Center
Denver, CO 80225

To get on the mailing list for the monthly list
of New Publications of the Geological Survey
(free), write:

US Geological Survey
Computer Operations Office
582 National Center

12201 Sunnise Valley Drive
Reston, VA 22092

Mississippi
National Space Technology Laboratories
National Cartographic [nformation Center
U S Geological Survey
Bldg 3101
NSTL Station, MS 39529
Missourn
Midcontinent Mapping Center
National Cartographic Information Center
1400 Independence Rd
Rolla, MO 65401
Tennessee
Tennessee Valley Authority
200 Haney Bldg
311 Broad St
Chattanooga, TN 37401
Virginia
National Cartographic Intormation Center
507 National Center
12201 Sunnse Valley Dr
Reston, VA 22092

Eastern Mapping Center

National Cartographic Information Center
536 National Center

12201 Sunnise Valley Dr

Reston, VA 22092

To obtain information on satellite and space
photography, write or visit.
US Geological Survey
EROS Data Center
Sioux Falls, SD 57198

To obtain assistance in locating sources of
water data, indentifying sites at which data
have been collected, and specific data, write:
U S. Geological Survey
National Water Data Exchange
421 National Center
12201 Sunnse Valley Dr
Reston, VA 22092

To obtain information on ongoing and plan-
ned water-data acquisition activities of all
Federal agencies and many non-Federal
organizations, write:

US Geological Survey

Office of Water Data Coordination
417 National Center

12201 Sunrise Valley Dr

Reston, VA 22092

To obtain information on water resources in
general and about the water resources of
specific areas of the United States, write:

U S. Geological Survey
Water Information Group
420 National Center
12201 Sunnise Valley Dr
Reston, VA 22092

To obfain information on geology topics
such as earthquakes, energy and mineral
resources, the geology of specific area, and
geologic maps and mapping, write:

U S Geological Survey
Geologic Inquiries Group
907 National Center
12201 Sunnise Valley Dr
Reston, VA 22091

147



COOperatorS and Other Financial Contributors Department of Energy —Continued

Bonneville Power Administration (w)

[Cooperators histed are those with whom the U'S Geological Survey had a Brookhaven National Laboratory (¢)
written agreement « asigned by Sunvey otticials and the «ooperating agen Chicago Operations Office (w)

d ar 19,
oy tor tinancial cooperation in tiscal year 14981 Parent agencies are listed Energy Programs Division (e)
separately trom their subdivisions whenever thers are separate cooperative

agreements for ditterent projects with a parent agency and with a subdia Grand Junction Office (g)
sion ot it Agencies with whom the Geological Survey has research «on Idaho Operations Office (g, w)
tracts and to whom 1t supplied research tunds are not listed ) Lawrence Livermore Laboratory (g)
Los Alamos Science Laboratory (g, w)
Cooperating othice ot the Geological Survey Morgantown Energy Technology Center (g)
‘ 7(‘)?“5""“;” ﬁ';"'“” ool Nevada Operations Office (g, w)
::2;;;::ta| aDr:\,;,:,l:mes plicatiany Oak Ridge Operations Oftice (g, w)
n—National Mapping Division Oftice ot Energy Research (g)
W —=Water Resources Diision Oftfice ot International Affairs (g)
Richland Operations Office (¢, g, w)
Federal Cooperators San Francisco Operations (g, w)
Appalachian Regional Commission (e) Department of Health, Education, and Welfare (w)
Central Intelligence Agency (g)
Council on Environmental Quality (e) Department of Housing and Urban Development (w)

Department of the Interior:
Alaska State Otfice, Natural Gas Pipeline (g)
Bureau of Indian Affairs (e, g, n, w)
Bureau of Land Management (e, g, n, w)
Bureau of Mines (e, g, n, w)
Hernitage Conservation and Recreation Service (e)
National Park Service (e, g, n, w)
Oftice ot the Secretary (e, g)
Office of Surface Mining Reclamation and Enforcement
(e, g nw)
Trans-Alaska Pipeline (e)
U S Fish and wildhfe Service (e, g, n, w)
Water and Power Resources Service (g, w)

Department of Agriculture:
Economics, Statistics, and Cooperatives Service (n)
Forest Service (e, n, w)
Graduate School (w)
Saience and Education Administration (e, w)
Soil Conservation Service (g, n, w)

Department of the Air Force:
AFWLIPRP Kirtland Air Force Base (w)
Air Force Academy (w)
Bolling Air Force Base (g)
Hanscom Air Force Base (g)
Headquarters, AFTAC/AC (g)
Vandenberg Air Force Base (w)

Wurtsmith Air Force Base (w) Department of the Navy:

Naval Explosive Ordance Disposal Test Center (g)
Naval Oceanographic Office (n, w)

Naval Weapons Center, China Lake (g, w)

U'S Marine Corps, Camp Pendleton (w)

Department of the Army:
Corps of Engineers (e, g, n, w)
Fort Belvoir (n)
Fort Carson Military Reservation (w)
Rocky Mountain Arsenal (w)
Mobihity Equipment Research and Development Command (g)

Department of State:
Agency ot International Development (g, w)
Bureau ot International Organization Affairs {e)
International Boundary and Water Commission, U S
and Mexico (w)
International Joint Commission, U S and Canada (w)

Department of Commerce:
Coastal Plains Regional Action Planning Commission (e, g)
Four Corners Regional Action Planning Commission (e)
National Bureau ot Standards (g)
National Oceanic and Atmospheric Administration
National Marine Fisheries Service (w)
National Ocean Survey (n)
National Weather Service (g, w)
Office ot Sea Grants (e)
Old West Regional Action Planning Commission (e}
Ozarks Regional Action Planning Commission (e)
Pacific Northwest Regional Action Planning Commission (e)
Southwest Border Regional Action Plannming Commission (e)

Department of Transportation:
Federal Highway Administration (g, w)
St Lawrence Seaway Development Corporation (w)

Department of Treasury:
US Customs Service (n)

Environmental Protection Agency: (n)
Corvallis Environmental Research Laboratory (w)
Oftice ot Energy, Minerals and Industry (g, w)
Oftice ot Monitoring and Technical Support (w)

Department of Defense Agencies:
Otfice of Research and Development (c)

Defense Advanced Research Projects Agency (g)
Defense Mapping Agency (n)

Defense Nuclear Agency (g)

Defense Intelligence Agency (g)

Federal Emergency Management Agency (e, g)

General Services Administration (w)
Department of Energy:

Albuquerque Operations Oftice (g, wl Great Lakes Basin Commission (e)
Argonne National Laboratory (c)
Batelle National Laboratory (c) Missouri River Basin Commission (e, w)
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National Academy of Sciences Marine Board (c) State, County, and Local Cooperators— Continued

National Aeronautics and Space Administration (e, g, w, n) California—Continued
National Science Foundation (e, g, n) Antelope Valley-East Kern Water Agency (w)
Califorma Department of Conservation (g)
New England River Basins Commission (e) Division of Mines and Geology (g)
Califormia Department ot Fish and Game, Region 2 (w)
Nuclear Regulatory Commisssion (g, w) Calitornia Department ot Boating and Waterways (w)
Calitornia Department of Transportation, District 3 (w}
Tennessee Valley Authority (n, w) Calitornia Department ot Water Resources (n, w)
Calitormia Regional Water Quality Control Board (w)
United States Arms Control and Disarmament Agency (g) Central Coast Region (w)
Colorado River Basin Region (w)
Water Resources Council (n, w) Lahontan Region (w)

North Coast Region (w)
San Francisco Bay Region (w)
Santa Ana Region (w)
Alabama: California Water Resources Control Board (w)
Carpinteria County Water District {(w)
Casitas Municipal Water Distrnict {w)
City and County of San Francisco (w)
Hetch Hetchy Water and Power (w)
City of Los Angeles (w)

State, County, and Local Cooperators

Alabama Highway Department (w)
Geological Survey of Alabama (c, n, w)
Jefterson County Commission {w)

Alaska City of Merced (w)
Alaska Department ot Fish and Game (w) City of Modesto (w)
Alaska Department ot Natural Resources (w) Public Works Department [w)
Division of Forests, Lands, and Water Management (w) City of Santa Barbara (w)
Division ot Geological and Geophysical Surveys (w) Public Works Department (w)
Division ot Policy Development and Planning ( w) City of San Diego (w)
Alaska Department of Transportation and Public Facilities (w) City ot Thousand Qaks (w)
Alaska Power Authority (w) Coachella Valley County Water District (w)
City and Borough of juneau (w) Contra Costa County Flood Control and Water
City ot Craig (w) Conservation District (w)
Department of Environmental Conservation {w) County ot Modoc (w)
Fairbanks North Star Borough (w) Public Works Department (w)
Kenail Peninsula Borough (w) County of San Diego (w)
Municipality ot Anchorage (w) Department of Public Works (w)
Matanuska Susitna Borough (w) Planning and Land Use (w)
County of San Joaquin (w)
Arizona: Flood Control and Water Conservation District (w)

County of San Mateo (w)

Arizona Bureau of Geology and Mineral Technology (e} X
Department of Public Works (w)

Arizona Department of Health Services (w)

Arizona Department of Water Resources (w) Planning Department (dW]
Anzona Game and Fish Department (w) Crestline-Lake Arrowhead Water Agency (w)

City ot Flagstatf (w) Desert Water Agency (w)

City of Safford (w) East Bay Municipal Utility District (w)

East Bay Regional Park District (w)

Fresno County, Department of Resources and Development (w)
Fresno Metropolitan Flood Control District {(w)
Georgetown Divide Public Utility Distnict (w)
Goleta County Water District (w)

Humboldt Bay Municipal Water District tw)
Impenal County Department of Public Works (w)
Impenial Irngation District (w)

Indian Planning Consortium—Central California (w)
Indian Wells Valley County Water District (w)

Kern County Water Agency (w)

Kings River Conservation District (w)

City of Tucson (w)

Flood Control District ot Marcopa County (w)

Gila Valley Irrigation District (w)

Maricopa County Municipal Water Conservation District No 1
(w)

Metropolitan Water District of Southern Calhtornia (w)

Pima County Board of Supervisors (w)

Salt River Valley Water Users” Association (w)

San Carlos Irngation and Drainage District (w)

Show Low Irngation Company (w}

University of Arizona (w)

Arkansas: Lake County Planning Department (w)
Los Angeles County Flood Control District (w)
Arkansas Department of Pollution Control and Ecology (w) Los Angeles Department of Water and Power (w)
Arkansas Soil and Water Commission {w) Madera County Flood Control and Water Conservation Agency
Arkansas Geological Commission (g, n, w,) (w)
Arkansas State Highway and Transportation Department (w) Madera Irngation District (w)
Marin County Department ot Public Works (w)
California: Marin Municipal Water District (w)
Alameda County Flood Control and Water Conservation Mendocino County Department of Public Health (w)
District, Merced Irngation District (w)
Zone 7 (w) Mojave Water Agency (w)

149



State, County, and Local Cooperators— Continued State, County, and Local Cooperators — Continued

California—Continued Colorado— Continued

Montecito Water District (w) City of Northglenn (w)

Monterey County Flood Control and Water Conservation City ot Pueblo (w)
District (w) Colorado Department of Health {w)

Monterey Peninsula Water Management District (w) Water Pollution Control Division (w)

Napa County Flood Control and Water Conservation District (w) Colorado Department Of_ Highways {w)

Orange County Environmental Management Agency (w) Colorado Department of Local Aftairs (n)

Oroville-Wyandotte Irrnigation District (w) Colorado Divsion of Water Resources {w)

Pacheco Pass Water District (w) Office of the State Engineer (w)

Rancho Cahiforma Water District {w) Colorado Dwision ot Wildlhife, Department ot Natural Re-

Paradise Irrigation District (w) sources (w)

Placer County Water Agency {w) Colorado Geological Survey (w)

Riverside County Flood Control and Water Conservation Colorado River Water Conservation District (w)
District (w) Colorado Water Conservation Board (w)

Sacramento Regional County Sanmitation District, Department of Copper Mountain Water and Sanitation District (w)
Public Works (w) Denver Regional Council ot Governments (w)

San Benito County Water Conservation and Flood Control Eagle County Commussioners (w)
District (w) Elbert County Planning Department (w)

San Bernadino Valley Municipal Water District (w) El Paso County (w)

San Francisco Water Department (w) Water Users Association (w)

San Luis Obispo County (w) Frenchman Ground Water Management District (w)
Engineering Department (w) Lanmer—Weld Regional Council of Governments (w)

Santa Barbara County Flood Control and Water Conserva- Marks Butte Ground Water Management District (w)
tion District (w) Metropolitan Denver Sewage Disposal District No 1 (w)

Santa Barbara County Water Agency (w) Mineral County Commissioners {w)

Santa Clara Valley Water District (w) Northern Colorado Water Conservation District (w)

Santa Cruz City (w) Pitkin County Board of County Commissioners {w)
County Community Resources Center, Zone 4 (w) Pueblo Area Council of Goverments (w)

Santa Cruz County (w) Pueblo Civil Defense Agency (w)
Flood Control and Water Conservation District (w) Purgatoire River Water Conservancy District (w)

Santa Mana Valley Water Conservation District (w) Rio Grande Water Conservation District (w)

Santa Rosa Band of Mission Indians (w) Sand Hills Ground Water Management District (w)

Siskiyou County Flood Control and Water Conservation District St Vrain and Left Hand Water Conservancy District {w)
(w) Southeastern Colorado Water Conservancy District (w)

Sonoma County Planning Department (w) Southwestern Water Conservation District (w)

Soquel Creek County Water District (w) Trinchera Conservancy District (w)

South San Joaquin County (w) Uncompahgre Valley Water Users (w)

Terra Bella Irrigation District (w) Upper Arkansas River Water Conservancy District (w)

Tulare County Flood Control District (w) Urban Drainage and Flood Control District (w)

Turlock lenigation Disteict (w) White River Soil Conservation District (w)

United Water Conservation District (w)
University of Califorma (w) Connecticut:
Division of Environmental Studies (Davis) (w)
Los Alamos Scientific Laboratory (c)
School of Forestry and Conservation (Berkeley) (w)
University of California {Santa Barbara) (¢)
Ventura County Public Works Agency (w)

Western Mumicipal Water District {w) Midstate Regional Planning Agency (w)
New Haven Water Co (w)

Northwest Regional Planning Agency (w)
Town of Enfield (w)

City of New Britain (w)

City of Torrington (w)

Connecticut Department of Environmental Protection (e, g, n,
w)

Woodbridge Irrigation District (w)
Yolo County Flood Control and Water Conservation District (w)

Colorado: Town of Fairfield (w)
Town of Manchester (w)
Adams County Board of Commissioners (w) Town of Meriden (w)

Arapahoe County {w)

Town of Norwalk (w)
Arkansas River Compact Administration (w)

Town of Simsbury (w)

Central Yuma Ground Water Management Distnct {w) Town of Southbury (w)
Chapel Hills Water and Sanitation District (w) Town of Windsor (w)
Cherokee Water District {w) Town of Woodbury (w)

City and County of Denver (w)
City of Aspen (w)
City of Aurora (w)

University of Connecticut (w)

City ot Colorado Springs (w) Delaware:

Department of Public Utilities (w) Delaware Geological Survey (n, w)

Office of the City Manager (w) Department of Natural Resources and Environmental Control
City of Glenwood Springs (w) (w)
City of 1daho Springs (w) New Castle County, Public Works Department (w)
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State, County, and Local Cooperators— Continued State, County, and Local Cooperators —Continued

District of Columbia: Florida— Continued

Orange County Board of County Commissioners (w)
Palm Beach County Board of County Commissioners (w)
Pinellas County Board of County Commissioners (w)

Department of Environmental Services (w)

Florida: .
Polk County Board of County Commissioners (w)

Big Cypress Basin Board (w) Reedy Creek Improvement District (w)
Brevard County (w) St Johns County (w)

Board of County Commissioners (w) St Johns River Water Management District (w)
Broward County (w) Sarasota County (w)

Environmental Quahity Control Board (w) South Flonda Water Management District (w)

Water Management Division (w) Southwest Flonda Water Management District (w)
City of Boca Raton (w) Sumter County Recreation and Water Conservation and Con-
City of Bradenton (w) trol Authority (w)
City of Cape Coral (w) Suwannee River Authority (w)
City of Clearwater (w) Suwannee River Water Management District (w)
City of Cocoa (w) Town of Highland Beach (w)
City of Fort Lauderdale (w) Town of Juno Beach (w)
City ot Fort Walton Beach (w] Volusia County (w)
City of Gamesville (w) Walton County (w)
City ot Hallandale (w) West Coast Regional Water Supply Authority (w)
City of Hollywood (w) Winter Haven Lake Region (w)

City ot Pensacola (w)
City of Perry (w)

City of Pompano Beach (w). Georgia:

Water and Sewer Department (w) Bibb County Board of Commuissioners (w)
City ot Quincy (w) Chatham County Board of Commussioners (w)
City of St Petersburg (w) City of Albany (w)

City of Sarasota (w) City of Brunswick {w)

City of Tallahassee (w) City of Covington (w)

City of Tampa (w) City of Valdosta (w)

City of Winter Park (w) Clayton County Water Authority (w)
Collier County (w) Consolidated Government of Columbus (w)
Consolidated City of Jacksonville (w) Department of Natural Resources (n, w)

Department of Health and Environmental Services (w) Environmental Protection Division (w)

Department of Public Works (w) Geologic Survey (n, wi
Coordinating Council on the Restoration of Kissimmee Department of Transportation (w)

River Valley and Taylor Creek-Nubbins Slough Basin {w) Macon-Bibb County Water and Sewage Authonty (w)
Englewood Water District {w)

Escambia County (w) Hawaii:

Board of County Commissioners (w)
County Utilities Department (w)
Flagler County (w)
Florida Bureau of Water Resources Management (w)
Florida Department of Environmental Regulation (w)
Florida Department of Natural Resources (n)
Florida Department of Transportation (w)
Flonda Division of Recreation and Parks (w)
Flonda Keys Aqueduct Authority (w)
Hillsborough County (w) Idaho:
Jacksonville Electric Authornity (w)
Jupiter Inlet District (w)

City and County of Honolulu (w)
Board of Water Supply (w)
Department of Public Works (w)
State Department of Health (w)
State Department of Land and Natural Resources (w)
Division of Water and Land Development (w)
State Department of Transportation (n, w)

Butte Soil Conservation District (w)
Idaho Department of Fish and Game (w)
Lake County (w). Idaho Department of Health and Welfare (w)
Board of County Commissioners (w) Bureau of Water Quakity (w)
Pollution Control Department (w) Idaho Department of Transportation, Division of Highways (w)
Water Authority (w) Idaho Department ot Water Resources (w)
Lee County (w) Idaho Water District No 1 (w)
Board of County Commissioners (w) Idaho Water Resources Board (w)
Leon County Public Works (w) Shoshone-Bannock Tribes (w)
Manatee County Board of County Commissioners (w)
Marion County Board of County Commissioners (w)

Metropohtan Dade County (w) linois:
Department of Environmental Resources Management (w) Bloomington and Normal Sanitary District (w)
Planning Department (w) City of Springfield (w) »
Public Works Department (w) Cook County (w).

Miamr-Dade Water and Sewer Authority (w) Forest Preserve District (w)

Northwest Florida Water Management District (w) llhinois Department of Conservation (w)

Old Plantation Water Control District {w) Ithnois Environmental Protection Agency (w)
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State, County, and Local Cooperators — Continued

Ilinois — Continued

Ihnos Institute of Natural Resources (w)

State Water Survey Division (w)
llhnois State Geological Survey (e, n)
McHenry County Regional Planning Commission (w)
Metropolitan Sanitary District of Greater Chicago (w)
Northeastern [llinois Planning Comnussion {w)
State Department of Transportation (wi

Division ot Highways (n, wi

Division ot Water Resouries (n w)

Indiana:

lowa:

Kansas:

City ot Fort Wayne (w]

City of Indianapals (w)

Indiana State Board of Health (w)

Indiana Department of Natural Resources (n, w)

Indiana Geological Survey (el

Indiana Department ot Highways (w)

Inchana Unnersity School of Public and Environmental
Attairs (e)

Town ot Carmel {w)

City ot Ames (w)

City ot Cedar Rapids 1w)

City ot Charles Gity iw)

City of Clear Lake (w)

City ot Des Moines jw)

City ot Fort Dodge (w)

City ot Harlan (wi

City of fowa Gity (w)

City of Marshalltown fw)

City ot Sioux City {(w)

City of Waterloo (w)

Des Moines Water Works (w)

lowa Department ot Transportation (n, w)
Highway Division (w)
Highway Research Board (w)

lowa Geological Survey (e, n, w)

lowa Natural Resources Council (w)

lowa State University (w)
Department ot Agricultural Engineering (w)
lowa Agricultural Experiment Station (w)

Ottumwa Water Works (w)
Sewage Disposal Plant (w)

University ot towa jw)
Institute ot Hydraulic Research (w)
Umversity Physical Plant (w)

West-Central lowa Rural Water Association (w)

City of Hays inl

City of Wichita jwj

Kansas Department ot Transportation (n, w)

Kkansas Geological Survey (n, w)

Kansas-Oklahoma-Arkansas River Commission (w)

Kansas State Board ot Agriculture {w)
Division of Water Resources (w)

kansas Department ot Health and Environment (w)

Kansas Water Ottice (w)

Southwest kansas Ground Water Management Distric t
No 3 (w)

Western kansas Ground Water Management District
No 1 (w)
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State, County, and Local Cooperators— Continued

kentucky:

City of Lousville (w)
kentucky Department of Commerce (w)
Division of Research and Planning (w)
Kentucky Department tor Natural Resources and
Environmental Protection (w)
Duvision ot Conservation (w)
Division of Water (w)
Khentucky Department ot Transportation (wi
Division of Design iw)
kentucky State Geological Survey University ot ken-
tucky (e, n, wi
Water Quality Advisory Board (wi)

Louisiana:

Baton Rouge City-Parish Government (w)
Capital Area Ground Conservation Commission (w)
Lowisiana Department of Natural Resources (w)
Otfice of Conservation (w
Otfice ot Environmental Affairs (w)
Louisiana Ottice of Highways (w)
Department ot Transportation and Development
(w)
Loutsiana Otfice of Public Works (n, w)
Department ot Transportation and Development
Sabine River Compact Adnunistration (w) (see also
Texas)
Louniana State Planming Ottice (n)

Androscoggin Valley Regional Planning Commussion (w)
Cobbossee Watershed District (w)
Maine Department of Conservation (w)

Geological Survey (n, w)
Maine Department ot Environmental Protection (w)
Maine Department ot Human Services (w)
Town of Wilton (w)

Maryland:

Anne Arundel County (w)
Baltimore County (w)
Department ot Permits and Licenses (w)
Department of Public Works (w)
Otfice ot Planning and Zoning (w)
Calvert County (w)
Caroline County (w)
Carroll County (w)
Howard County (w)

(w)

Maryland Department of Health and Mental Hygiene (w)

Maryland Department of Transportation (w)
The State Highway Administration (w)

Maryland Energy Admimistration (w)

Maryland Geological Survey (e, n, w)

Maryland Water Resources Administration (w)

Montgomery County (w)

St Mary's County (w)

Town of Poolesville (w)

Upper Potomac River Commission (w)

Washington Suburban Sanitary Commission (w)



State, County, and Local Cooperators— Continued State, County, and Local Cooperators— Continued

Massachusetts: Mississippi—Continued
Barnstable County (w) Harnson County (w)
Cape Cod Planning and Economic Development Commission (w) Board ot Supervisors (w)
Department of Public Works (g, n, w) Development Commission {w)
Dwvision of Research and Matenals (w) Jackson County (w).
Metropolitan District Comnussion (w) Board ot Supervisors (w)
State Water Resources Commission (w) Port Authority (w)
Division ot Water Pollution Control (w) Mississippi Research and Development Center (n, w)
Division of Water Resources (w) Mississippi State Highway Department (w)
Town of Falmouth (w) Pat Harrison Waterway District (w)
University of Massachusetts (e) Pearl River Valley Water Supply District (w)
Michigan: Missouri:
Branch County (w) City of Springfield (w})
City of Ann Arbor (w) Sanitary Services Department (w)
City of Battle Creek (w) Department of Natural Resources (w)
City of Clare (w) Division of Environmental Quality, Laboratory Services
City of Coldwater, Board of Public Utilities (w) Program, (w)
CGity of Flint (w) Division of Geology and Land Survey (n, w)
City of Jackson jw) Little River Drainage District (w)
City of Kalamazoo, Department of Public Utilities (w) Missouri Department of Conservation (w)
City of Lansing, Board of Water and Light (w] Missourt Highway and Transportation Commuission (w)
City of Mason (w) St Louis County (w)
City of Portage (w) Department of Highways and Traffic (w)

City of St Johns (w)
City ot Ypstlanti (w)

Department ot Agriculture (w). Montana:
Soil and Water Conservation Division (w) Department ot Natural Resources and Conservation (w)
Department of Natural Resources (e, n, w) Montana Bureau of Mines and Geology (c, w)
Bureau of Management Services (w| Montana Department ot Health and Environmental Sciences (w)
Geological Survey Division (e, w) Montana Department ot Highways (w)
Department ot Transportation (w) Montana Fish, Wildlife, and Parks (w)
Dickinson County Board of Road Commissioners (w) Montana State University (w)
East-Central Michigan Planming and Development Region (w) Wyoming State Engineer (w) (see also Wyoming)
Genesee County Drain Commission (w)
Huron-Clinton Metropolitan Authority (w) Nebraska:

Imlay City (w)

kent County Airport (w)

Macomb County (w)

Oakland County Drain Commission (w)
Otsego County Road Commission (w)
University ot Michigan (e)

Van Buren County Road Commission (w)

Central Platte Natural Resources District {w)
Kansas-Nebraska Big Blue River Compact Administration (w)
Little Blue Natural Resources District (w)

Lower Loup Natural Resources District (w)

Lower Republican Natural Resources District (w)

Nebraska Department of Environmental Control (w)
Nebraska Department of Water Resources (w)

Nebraska Natural Resources Commission (w)

Minnesota:
Twin Platte Natural Resources District (w)
City of St Louwis Park (w) University of Nebraska (w)
Coon Creek Watershed District (w) Conservation and Survey Division (w)
Elm Creek Conservation Commission {w) Water Resources Center (w)
Metropolitan Council of the Twin Cities Area (w) Upper Loup Natural Resources District (w)

Metropolitan Waste Control Commission (w)
Minnesota Department of Health (w)

Division ot Environmental Health (w) Nevada:
Minnesota Department of Natural Resources (w) Carson City Department of Public Works (w)
Minnesota Department of Transportation (w) Clark County, Department ot Comprehensive Planning (w)
Minnesota Geological Survey (w) Desert Research Institute (w)
Minnesota Pollution Control Agency (w) Douglas County, Department of Planning (w)
Minnesota State Planning Agency (e) Nevada Bureau of Mines and Geology (g, n, w)
Red Clay Project (w) Nevada Department of Conservation and Natural Resources (w)

Division of Environmental Protection (w)
Division ot Water Resources (w)
Nevada Department of Transportation (w)
City of Jackson (w) Washoe County (w)
Department of Natural Resources (w)
Bureau of Geology and Energy Resources (w)

Bureau of Land and Water Resources (w)
Bureau of Pollution Control {w) New Hampshire Water Resources Board (w)

Mississippi:

New Hampshire:
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State, County, and Local Cooperators— Continued State, County, and Local Cooperators— Continued

New Jersey: New York —Continued
Bergen County (w) Hudson River-Black River Regulating District (w)
Camden County (w) Irondequoit Bay Pure Waters District (w)
Board ot Chosen Freeholders (w) Long Island Regional Planning Board (w)
Delaware River Basin Commission (w) (see also Pennsylvania) New York State College of Agriculture and Life Sciences (w)
Morris County Municipal Utilities Authority (w) New York State Department of Education (w)
New Jersey Department of Agriculture (w) Museum and Science Service (w)
State Soil Conservation Committee (w) New York State Department of Environmental Conservation (w)
New Jersey Department of Environmental Protection (w) (see also Pennsylvania)
Bureau of Fisheries {w) Bureau of Standards and Comphance (w)
Division of Fish, Game, and Shell Fisheries (w) Division of Water (w)
Division of Water Resources (w) New York State Energy, Research and Development Authority
North Jersey District Water Supply Commussion {w) (w)
Passaic Valley Water Commussion (w) New York State Department of Health (w)
Somerset County (w) Division of Sanitary Engineering (w)
Board of Chosen Freeholders (w) New York State Department of Transportation {w)
Township of Bridgewater (w) Bridge Planning and Railroads Bureau (n, w)
Environmental Commission (w) New York State Geological Survey (e}
Township of Crantord (w) Oswegatchie River-Cranberry Reservoir Commission (w)
West Windsor Township (w) Power Authority ot the State of New York (w)
Environmental Commission {w) State University of New York at Albany (e, w)
State University of New York at Butfalo (e)
New Mexico: Susquehanna River Basin Commission (w) (see also
Pennsylvania)

Albuquerque Metropolitan Arroyo Fiood Control Authority (w)
City of Albuguerque (w)

Costilla Creek Compact Commission (w)

Elephant Butte Irngation District (w)

New Mexico Bureau of Economic Development (e)

New Mexico Bureau of Mines and Mineral Resources (c, w)
New Mexico Environmental Improvement Division (w)

New Mexico Natural Resources Department (w)

New Menxico State Highway Department (w)

Pecos River Commission (w)

Town of Brookhaven (w)

Town of Clarkstown (w)

Town of Warwick (w)

Unversity ot Virginia (w) (see also Virginia)
Department of Environmental Sciences (w)

Village of Nyack (w)

North Carolina:

Agricultural Research Service {w)

Pueblo Indians of Zuni (w) City of Burlington (w)
Rio Grande Compact Commussion (w) City of Cary (w)
City of Charlotte (w)
New York: City of Durham (w)

Department of Water Resources (w)
City of Greensboro (w)
City of Raleigh (w)
City of Rocky Mount (w)
State Board of Transportation, Division ot Highways (w)
State Department of Natural Resources and Community Devel-
opment {n, w}

Central New York State Park and Recreation Commission (w)
City ot Albany (w)
Department of Water and Water Supply (w)
City of Auburn (w)
City of New York (w).
Department of Environmental Protection (w)
City of Rochester (w)
Department of Public Works (w) North Dakota
County of Chautauqua (w)
Department ot Planning and Development (w)
County of Cortland (w)
County ot Duchess (w)
County of Monroe (w).
Water Authority (w)
County ot Nassau (w)

North Dakota Geological Survey (w)
North Dakota State University (e)

Oliver County Board of Commussioners (w)
State Department of Health (w)

State Water Commussion (n, w)

Department of Public Works (w) Obhio:

County of Onondaga (w) City of Canton (w)
Department of Public Works (w) Water Department (w)
Water Authority (w) City of Columbus (w)

County ot Oswego Planning Board (w) Department of Public Service (w)

County of Putnam (w) Division of Water (w)

County of Rockland (w) Cuyahoga County (w)

Drainage Agency (w) Geauga County (w)

County of Suftolk (w): Miami Conservancy District (w)
Department of Health Sciences (w) Northeast Ohio Areawide Coordinating Agency (w)
Water Authority (w) Ohio Department of Natural Resources (w)

County of Ulster (w) Division of Geological Survey (w, g)

County of Westchester (w) Division of Reclamation (w)

Department of Public Works (w) Dwvision of Water (w)
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State, County, and Local Cooperators— Continued State, County, and Local Cooperators —Continued

Ohio—Continued Pennsylvania:

Ohio Department of Transportation (n, w)
Division of Highways (w)
Ohio Environmental Protection Agency (w)

Oklahama:

Central Master Conservancy District (w)
Cherokee Indian Tribe (w)

City of Ada (w)

City of Altus (w)

City of Claremore (w)

City of Edmond (w)

City of Guthrie (w)

City of Lawton (w)

City of Oklahoma City (w)

City of Sapulpa (w)

City of Tulsa (w)

Foss Reservoir Master Conservancy District
Fort Cobb Reservoir Master Conservancy District (w)
Lugert-Altus Irrigation District (w)
Oklahoma Conservation Commission (w)
Oklahoma Department of Highways (n)
Oklahoma Department ot Transportation (w)
Oklahoma Geological Survey (w)

Oklahoma State Health Department (w)
Oklahoma Water Resources Board (w)

Oregon:

Burnt River lrrigation District (w)
City of Corvallis (w)
City of Eugene (w).

Water and Electric Board (w)
City of Lakeside (w).

Lakeside Water District (w)
City of McMinnville (w).

Water and Light Department (w)
City of Medford (w):

Public Works Department (w)

City of Portland (w).

Department of Public Utilities (w)

Department of Public Works (w)
City of Reedsport (w)

City of Salem (w)

Confederated Tribes of Umatilla Indian Reservation (w)
Confederated Tribes ot Warm Springs Indian Reservation (w)
Coos Bay-North Bend Water Board (w)

Coos County (w)

Board of Commissioners (w)
Douglas County (w).

Department of Public Works (w)
Lane Council of Covernments (w)
Lane County (w)

Otfice of the Chief Administrator (w)
Mid-Willamette Valley Council of Governments (w)
Multnomah County (w)

Board of Commissioners (w)
Oregon Department of Environmental Quality (w)
Oregon Department of Fish and Wildlife (w)
Oregon Department of Geology and Minerals (w, n)
Oregon State Highway Division (w)
Oregon Water Resources Department (w)
Rogue Valley Council of Governments (w)
Wasco County (w)

Planning Office (w)

Allegheny County (w)
Department of Planning and Development (w)
Chester County (w).
Board of Commissioners (w)
Health Department (w)
Water Resources Authonty (w)
City of Bethlehem (w)
City of Harnisburg (w)
Department of Pubhc Works (w)
City of Philadelphia (w)
Water Department (w)
Delaware River Basin Commission (w) {see also New Jersey)
Delaware Valley Regional Planning Commission (w)
Green County Commissioners (w)
Letort Regional Authority (w)
New York State Department ot Environmental Conservation (w)
(see also New York)
Pennsylvania Department of Environmental Resources (w).
Bureau of Surface Mine Reclamation (w)
Bureau of Topographic and Geologic Survey (n, w)
Bureau of Water Quality Management (w)
Office of Resources Management (w)
Pennsylvania Department of Transportation (w)
Pennsylvania Fish Commission (w)
Slippery Rock State College (w)
Susquehanna River Basin Commission (w) (see also New York)
Warminster Township (w)

Rhode Island:

City of Providence (w).
Department of Public Works (w)

State Department of Environmental Management (w)
Diwvision of Land Resources (w)
Division of Water Resources (w)

State Water Resources Board (w)

Statewide Planning Program (w)

Untversity ot Rhode Island Center for Ocean Management

Studies (e)

South Carolina:

City of Lancaster (w)
City of Myrtle Beach (w)
City of North Myrtle Beach (w)
Commissioners of Public Works (w)
Spartanburg Water Works (w)
Grand Strand Water and Sewer Authority (w)
State Department of Highways and Public Transportation (w)
State Geological Survey (w)
State Health and Environmental Control (w)
State Water Resources Commission (w)

South Dakota:

Black Hills Conservancy Subdistrict (w)

City of Siou Falls (e, w)

City of Watertown (w)

East Dakota Conservancy Subdistrict (w)

South Dakota Department of Transportation (n)

South Dakota Department of Water and Natural Resources (w)
Division ot Geological Survey (w)
Division of Water Rights (w)

South Dakota School of Mines and Technology (w)
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State, County, and Local Cooperators— Continued

Tennessee:

Texas:

City ot Frankline (w)
City of Lawrenceburg (w)
City ot Memphis (w)

Light, Gas and Water Diviston (w)

Public Works Division (w)

Water Division (w)

Lincoln County Board ot Public Utilities (w)
Metropolitan Government ot Nashville and Davidson County
Iw)

Department ot Public Works (w)
Murfreesboro Water and Sewer Department (w)
Shelby County (w)

Tennessee Department of Conservation (e, w)

Dwision of Geology (e, n, w)

Division of Water Resources (w)
Tennessee Department of Public Health (w)

Diwvision of Water Quality Control (w)
Tennessee Department of Transportation (w)

Bureau of Highways (w)

Bureau of Planning and Programming (w)

Ottice of Research and Planning (w)
University of Tennessee (w)

Athens Municipal Water Authority (w)
Bexar-Medina-Atacosa Counties Water Improvement District
No 1 (w)
Bistone Municipal Water Supply District (w)
Brazos River Authority (w)
City of Abilene (w)
City of Alice (w)
City of Arlington (w)
City of Austin (w)
City of Brady (w)
City of Cleburne (w)
City of Clyde (w)
City of Corpus Christi (w)
City of Dallas (w)
City ot El Paso (w)
City ot Garland (w)
City of Gamnesville (w)
City of Graham (w)
City of Houston (w)
City of Nacogdoches (w)
City of San Angelo (w)
City of San Antonio (w)
Engineering Department (w)
Public Service Board (w)
Water Board (w)
City ot Wichita Falls (w)
Colorado River Municipal Water District (w)
County ot Dallas (w)
County ot Qrange (w)
County of Wood (w}
Edwards Underground Water District (w)
Franklin County Water District (w)
Greenbelt Municipal and Industrial Water Authority (w)
Guadalupe-Blanco River Authority (w)
Harns County Flood Control District (w)
Harris-Galveston Coastal Subsidence District (w)
Lavaca-Navidad River Authority (w)
Lower Colorado River Authority (w)
Lower Neches Valley Authortty (w)
Mackenzie Municipal Water Authority (w)
North Central Texas Municipal Water Authority (w)
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State, County, and Local Cooperators— Continued

Texas— Continued

Northeast Texas Mumcipal Water District (w)

Nueces River Authority (w)

Palo Pinto County Municipal Water District No 1 (w)

Pecos River Commission (w)

Reeves County Water Improvement District No 1 (w)

Sabine River Authority of Texas (w)

Sabine River Compact Administration (w) (see also Louisianal

San Antonto City Water Board (w)

San Antonia River Authority (w)

San Jacinto River Authority (w)

Tarrant County (w)

Texas A & M (e)

Texas Department of Water Resources (n, w)

The Unwversity ot Texas at Austin (w)

Titus County Fresh Water Supply District No 1 (w)

Tom Green County Water Control and Development District
No 1 (w)

Trimty River Authority (w)

Upper Guadalupe River Authority (w)

Upper Neches Municipal Water Authority (w)

Upper Trinity Base Water Quality Compact (w)

West Central Texas Municipal Water District (w)

Wichita County Water Improvement District No 2 (w)

Utah:

Bear River Commission (w)
Salt Lake County {w)
Board of County Commissioners (w)
Department of Water Quality and Water Pollution Control
(w)
State Department of Natural Resources (w)
Division of Water Resources (w)
Division of Water Rights (w)
Division of Wildlife Resources (w)
Utah Geological and Mineral Survey (¢, g, n, w)

Vermont:

Agency ot Environmental Conservation (n)
State Department of Water Resources (w)
Town ot Springtield (w)

Virginia:
City of Alexandria (w)
Department of Transportation and Environmental Services (w)
City of Newport News (w)
Department ot Public Utilities (w)
City ot Roanoke (w)
Utilities and Operations (w)
City ot Staunton (w)
County of James City (w)
Southeastern Public Service Authornity of Virginia (w)
University of Virginia (w) (see also New York)
Department of Environmental Sciences (w)
Virginia Department of Conservation and Economic Develop-
ment
Dwvision of Mineral Resources (n)
Virginia Department of Highways and Transportation (w)
Virginia Polytechnic Institute and State University (e)
Virginia State University (e)
Virgima State Water Control Board (w)

Washington:

City of Bellevue, Public Works Department (w)
City of Everett (w)



State, County, and Local Cooperators— Continued

Washington— Continued

City of Seattle (w)

Department ot Lighting (w)

Water Department (w)
City of Tacoma (w)

Department ot Public Utilities (w)

Department of Public Worhks (w)
Chelan County (w})
Clallam County Board ot Commissioners (w)
Clark County (w}

Department ot Public Works (w)

Public Utility District (w)
Cowhitz County Public Utility District (w)
Hoh Indian Tribe (w)
Intercounty River Improvement (w)
Island County Planming Department (w)
King County Department ot Public Works (w}
Lewis County Board of Comnussioners {(w)
Makah Tribal Council (w)
Muckleshoot Indian Tribe (w)
Municipahity of Metropolitan Seattle (w)
Nisqually Indian Community Council (w)
Pend Oreille County Public Utility Distrnict No 1 (w)
Pierce County Board of Commissioners (w)
Quinault Indian Business Council (w)
San Juan County Board of Commissioners (w)
Shoalwater Bay Tribal Council (w)
Skagit County (w)
State of Washington (w)|

Department ot Ecology (w)

Department ot Natural Resources (g)
Town of Fircrest (w)
Tulahip Tribal Board of Directors (w}
University ot Washington, Fisheries Research Institute (w)
Walla Walla County Board ot Commissioners {w)
Washington Public Power Supply Service (w)
Washington State Department ot Ecology (w)
Washington State Department of Fisheries {w)
Washington State Department of Natural Resources (n)
Washington State Department ot Transportation (w)
Washington State University (w)

Department ot Agricultural Engineering (w)
Whatcom County Board of Commussioners (w)
Yakima Tribal Council (w)

West Virginia:

City of Buckhannon (w)

City of Morgantown (w)
Water Commussion (wi

Upshur County (w)

West Virgimia Department ot Highways (w)

West Virgimia Department ot Natural Resources (w)
Division of Forestry (w)
Division of Water Resources [w)

West Virgima Geological and Economical Survey (n, w)

Wisconsin:

Brown County Regional Planning (w)
City of Middletown (w)
Dane County (w)
Department of Public Works (w)
Regional Planning Commission (w)
Madison Metropolitan Sewage District (w)
Madison Water Utility (w)

State, County, and Local Cooperators— Continued

Wisconsin—Continued

Sokaogon Chippewa (Mole Lakel Commumty ot Wisconsin (w)
Southeastern Wisconsin Regional Planning Commission (w)
State Department of Natural Resources (g, n, w)
State Department of Transportation (n, w)
Bridge Section (w)
Division of Highways (w)
Town of Schleswig (w)
Umiversity of Wisconsin—Extension Geological and Natural
History Survey (n, w)
Village ot Oregon (w}

Wyoming:

Cheyenne Board of Public Utilities (w}
Umversity ot Wyoming (e)
Water Resources Research Institute and Institute tor Policy
Research (e)
Wyoming Department of Agrniculture (w)
Wyoming Conservation Commission (w)
Wyoming Department of Economic Planming and Development
(w)
Wyoming Department of Environmental Quahity (w)
Wyoming Game and Fish Department (w)
Wyoming Highway Department (w)
Wyoming State Engineer (n, w) (see also Montana)

Other Cooperators and Contributors

Government of American Samoa (w)
Government of Guam (w)

Government of the Northern Mariana Islands (w)
Government of Peru (g)

Government of Saudi Arabia (w, g)

Puerto Rico:

Puerto Rico Aqueduct and Sewer Authonty (w)

Puerto Rico Department of Agriculture (w)

Puerto Rico Department ot Health (w)

Puerto Rico Department of Natural Resources (w, g)

Puerto Rico Department of Transportation and Public Works (w)
Puerto Rico Electric Power Authority (w)

Puerto Rico Environmental Quality Board (w)

Puerto Rico Industrial Development Company (w)

Puerto Rico Land Authority (w)

Puerto Rico Mineral Resources Development Corporation (g)
Puerto Rico Planming Board (w)

Puerto Rico Sugar Corporation (w)

Trust Territory of the Pacific Islands (w)

United Nations:

United National Development Program (w)

Virgin Islands:

College ot the Virgin Islands (w)
Virgin Islands Department ot Public Works (w)
Virgin Islands Planming Oftice (w)
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Budgetary and Statistical Data

[Data in these tables may differ slightly from data in the individual division chapters because of rounding; and totals may

sometimes not add because of rounding]

TABLE 1.—Geological Survey budget for fiscal years 1976 to 1981, by activity and sources of funds

[In thousands of dollars]

Budget activity 1976 Transition 1977 1978 1979 1980 1981
quarter
Total _________ $353,970 $102,858 $433,403 $698,272 $764,718 $782,136 $783,656
Direct program _________________________ 264,434 77,570 319,460 576,393 634,886 639,143 623,057
Reimbursable program __________________ 89,536 25,288 113,943 121,879 129,832 142,993 146,700
States, counties, and municipalities _____ 35,006 8,956 39,621 40,784 44,124 46,849 48,700
Miscellaneous non-Federal sources _____ 7,923 1,991 10,229 12,825 15,789 16,817 19,605
Other Federal agencies _______________. 46,607 14,341 64,093 68,270 69,919 79,327 78,395
Alaska Pipeline Related Investigations _____ 287 85 317 272 o emioe cmmeee
Direct program _______________________ 287 85 317 272
Reimbursable program ________________ el oo - - -
Other Federal agencies . _________  ___oo_ oo e mmmme | ccmmee | mmmmee | mmmmee
National Mapping, Geography and Surveys _ 52,220 13,289 57,073 69,520 74,566 82,683 89,177
Direct program _______________________ 43,354 11,548 50,311 61,356 65,584 72,759 77,449
Reimbursable program ________________ 6,866 1,741 6,762 8,164 8,982 9,924 11,727
States, counties, and municipalities ___ 3,675 882 3,268 3,320 3,371 3,083 2,985
Miscellaneous non-Federal sources ___ 501 133 601 499 597 610 1,095
Other Federal agencies ______________ 2,690 726 2,893 4,345 5,014 6,231 7,648
Geologic and Mineral Resource Surveys and
Mapping' __ - 115,554 32,194 130,269 163,193 178,556 193,652 208,287
Direct program _______________________ 92,322 24829 100,007 123,830 134,846 146,963 162,756
Reimbursable program ________________ 23,232 7,365 30,262 39,363 43,710 46,689 45,531
States, counties, and municipalities ___ 1,467 383 1,403 956 584 640 758
Miscellaneous non-Federal sources ___ 4,936 1,120 6,439 8,510 10,914 11,258 13,192
Other Federal agencies — - ___________ 16,829 5,862 22,420 29,897 32,212 34,791 31,761
Water Resources Investigations? __________ 112,480 30,716 131,509 146,014 168,598 184,871 194,016
Direct program _____________________ 57,176 15,916 68,555 278,487 96,847 108,664 115,458
Reimbursable program ________________ 55,304 14,800 62,954 67,527 71,751 76,207 78,558
States, counties, and municipalities ___ 29,735 7,672 34,761 36,457 40,156 43,126 45,138
Miscellaneous non-Federal sources ___ 940 260 1,331 1,429 1,673 1,778 2,088
Other Federal Agencies ______________ 24,629 6,868 26,862 29,641 29,922 31,303 31,332
Conservation of Lands and Minerals _______ 41,677 13,386 67,427 77,409 85,484 106,395 127,001
Direct program ____ . 41,489 13,375 67,239 77,299 85,362 105,928 125,739
Reimbursable program ________________ 188 6 188 110 122 467 1,262
Miscellaneous non-Federal sources ___ 1 16 9 12 29
Other Federal agencies . __________ 187 6 172 101 122 455 1,233
Office of Earth Science Applications _______ 17,278 8,919 23,476 23,226 23,965 23,734 23,205
Direct program _______ _______________ 14,908 7,795 17,698 18,132 19,959 18,935 18,849
Reimbursable program _____________.___ 2,370 6,124 5,778 5,094 4,006 4,799 4,356
States, counties, and municipalities ___ 130 19 189 51 13 ol e
Miscellaneous non-Federal sources ___ 1,496 469 1,741 2,153 2,333 2,808 3,139
Other Federal agencies . __________ 744 636 3,848 2,890 1,660 1,991 1,217
National Petroleum ReserveinAlaska ______  ______  ______ 9,154 202,704 216,886 169,845 107,001
Direct program __. . ______ . e e 2,079 202,598 216,886 169,845 107,001
Allocation transfer _________ e 7,063 106 . oo e
Reimbursable program (Federal) ________  ______  ______ 12 _ _ [
General Administration® _________________ 3,398 1,491 3,760 3,650 3,661 3,776 3,896
Direct program _______________________ 3,398 1,491 3,760 3,650 3,661 3,776 3,896
Facilities e 9,500 2,530 9,494 10,769 11,741 12,273 11,909
Direct program ___________.____________ 9,500 2,530 9,494 10,769 11,741 12,273 11,909

See footnotes at end of table.
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TABLE 1.—Geological Survey budget for fiscal years 1976 to 1981, by activity and sources of funds—Con-
tinued

Budget activity 1976 Transition 1977 1978 1979 1980 1981
quarter

Miscellaneous services to other accounts __ $1,576 $253 $924 $1,515 $1,261 $4,907 $5,266
Reimbursable program ________________ 1,576 253 924 1,515 1,261 4,907 5,266
Miscellaneous non-Federal sources _____ 49 10 102 225 272 351 62
Other Federal agencies ________________ 1,527 243 822 1,290 989 4,556 5,204
“ Funds include Employee Compensation Payments subactivity of the Water

! Funds exclude the Land Resource Analysis program for fiscal year 1976. Resources Investigations activity for 1976.

2 Excludes Employee Compensation Payments subactivity for fiscal years
1975 to 1976. * Funds for the Airborne Positioning System, appropriated to
Water Resources Investigations are included as obligations of Topographic
Surveys and Mapping ($2,172 thousand).

TABLE 2.—Geological Survey Federal-State Cooperative Program funds for fiscal years 1976 to 1981, by
State

[In thousands of dollars]

State 1976 Transition 1977 1978 1979 1980 1981
quarter

Total' _________ . $69,252 $17,482 $79,163 $80,598 $86,962 $91,090 $94,716
Total State share? _______________ 35,007 8,956 39,622 40,784 44,123 46,849 48,745
Alabama ______________________________ 1,124 171 1,234 1,074 1,075 1,134 1,304
State share ________ e ___ 550 87 607 532 537 569 641
Alaska __________________ 782 202 1,141 1,275 1,421 1,675 1,998
State share _ o _______ 407 101 561 654 753 903 1,157
Arizona ___________ . _____ 1,255 335 1,393 1,552 1,721 2,229 2,030
State share ——— 639 177 700 783 878 1,165 1,081
Arkansas ______________________________ 811 190 1,033 1,118 1,315 1,224 1,300
State share __________________________ 371 94 481 543 695 639 692
California __ . ___________________________ 4,825 1,271 5,336 6,079 6,003 5,768 6,035
State share __________________________ 2,473 675 2,714 3,091 3,135 2,963 3,082
Colorado ___ e 2,199 662 3,052 3,036 3,581 3,244 2,892
State share ________________ S 1,196 349 1,564 1,561 1,784 1,598 1,531
Connecticut ____________________________ 858 241 871 864 1,242 1,164 1,271
State share __________________________ 415 108 421 411 576 678 578
Delaware _____________________ — 213 54 225 192 157 127 235
State share ____ o _____ 116 30 121 109 92 64 136
District of Columbia _____________________ 3 1 4 4 4 4 4
State share _____________ o ______ 2 ______ 2 2 2 2 2
Florida ________________________________ 5,763 1,481 6,428 7,219 7,415 8,118 8,120
State share o ____________ .. 2,851 735 3,202 3,667 3,819 4,428 4,227
Georgia _______________________________ 2,510 552 2,452 1,706 1,919 2,129 2,228
State share _____________ _____________ 1,243 275 1,209 866 942 1,174 1,131
Hawaii ________________________________ 896 191 897 1,000 1,294 1,368 1,693
State share __ o ___________________ 501 101 460 518 646 699 806
Idaho _______________ o ____ 852 223 952 1,131 1,024 1,234 1,447
State share ____________ o ____ 417 111 465 611 480 617 721
Iinois _________ ___ o ____ 848 208 1,109 1,092 1,324 1,299 1,717
State share __________ ________________ 459 120 592 575 718 717 914
Indiana __________________ . _______ 1,519 366 1,987 2,006 2,210 1,893 1,774
State share ______________ . _________ 779 182 981 1,078 1,107 1,058 941
lowa ________ o __ 822 241 1,004 1,031 1,060 1,102 1,109
State share _ e __ 405 121 494 521 531 646 557
Kansas ________________ o _______ 1,625 442 1,721 2,237 2,378 2,295 2,386
State share __________ o ___ 752 220 849 1,113 1,163 1,237 1,179
Kentucky _________________ o ______ 2,828 717 3,015 2,407 1,425 1,242 1,277
State share __________________________ 1,300 297 1,433 1,018 709 665 629
Louisiana ______________________________ 1,694 440 2,628 1,856 2,027 2,146 2,577
State share __________________________ 862 227 1,319 929 1,015 1,148 1,427

See footnotes at end of table.
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TABLE 2.—Geological Survey Federal-State Cooperative Program funds for fiscal years 1976 to 1981, by

State—Continued

Transition

State 1976 1977 1978 1979 1980 1981
quarter
Maine ________________________________ $ 313 $ 89 $ 333 $ 382 $ 566 $ 689 $ 761
State share __________________________ 181 50 179 191 290 369 389
Maryland ______________________________ 1,016 243 1,176 1,174 1,393 1,559 1,555
State share __________________________ 517 125 602 605 706 805 777
Massachusetts _________________________ 1,627 368 1,402 1,593 1,837 1,461 1,972
State share __________________________ 779 191 684 801 847 903 1,054
Michigan ______________________________ 1,078 252 1,101 1,203 1,497 1,280 1,611
State share __________________________ 521 123 541 596 761 700 799
Minnesota _____________________________ 1,191 320 1,082 1,759 2,330 1,614 1,467
State share __________________________ 625 198 566 949 1,249 938 804
Mississippi . _________________________ 646 170 713 754 747 817 878
State share __________________________ 316 85 349 407 374 413 432
Missouri ______________________ _________ 642 207 827 635 713 763 878
State share ____________ o _____ 316 105 420 316 341 446 489
Montana _______________________________ 596 146 1,330 676 734 800 915
State share _____________ o _____ 301 76 673 338 402 417 463
Nebraska ______________________________ 785 187 957 1,048 1,175 1,176 1,199
State share __________________________ 396 95 469 522 579 582 589
Nevada ____________________ ____________ 922 244 1,063 1,440 1,488 1,151 1,661
State share __________________________ 367 103 415 456 535 676 724
New Hampshire ________________________ 230 63 248 187 150 176 160
State share __________________________ 99 28 103 92 68 88 79
New Jersey ____________________________ 1,090 276 1,269 1,437 1,427 1,404 1,433
State share __________________________ 565 143 642 851 800 723 736
New Mexico ____________________________ 1,510 338 1,537 1,621 1,841 1,841 1,910
State share __________________________ 768 175 778 838 942 939 972
New York ______________________________ 2,822 727 3,008 3,363 3,871 4,083 4,689
State share __________________________ 1,615 407 1,573 1,893 2,377 2,363 2,747
North Carolina _________________________ 1,462 379 1,805 1,713 1,633 1,523 2,025
State share __________________________ 724 197 894 858 817 910 1,010
North Dakota ___________________________ 990 246 834 1,023 1,029 1,101 1,177
State share __________________________ 489 125 408 505 498 572 579
Ohio ________ 1,255 336 1,598 1,799 1,962 1,885 2,211
State share __________________________ 671 175 838 973 1,075 1,093 1,104
Oklahoma _____________________________ 786 196 846 936 1,131 1,078 1,248
State share __________________________ 386 98 414 462 577 582 615
Oregon ______________________________ 899 287 1,230 1,214 1,391 1,551 1,683
State share __________________________ 449 163 639 610 674 817 855
Pennsylvania ___________________________ 2,510 554 2,718 2,688 2,847 2,766 2,911
State share __________________________ 1,269 284 1,365 1,366 1,301 1,470 1,530
Rhode island ___________________________ 124 31 145 160 233 260 271
State share __________________________ 60 16 72 80 117 130 135
South Carolina _________________________ 557 142 603 625 832 967 949
State share __________________________ 272 71 296 329 363 506 476
South Dakota __________________________ 528 146 562 662 766 1,048 1,120
State share __________________________ 259 73 275 331 382 546 551
Tennessee ___________ __________________ 1,035 280 1,255 1,383 1,509 1,612 1,704
State share __________________________ 508 139 615 686 729 804 860
Texas ___ . ______ o ____ 4,351 1,102 4,621 4,525 4,588 4,276 4,396
State share __________________________ 2,148 550 2,354 2,244 2,299 2,140 2,214
Utah ______________ _________ 1,314 334 1,631 1,451 1,657 1,955 1,972
State share ______ ____________________ 745 186 810 726 842 1,094 999
Vermont ____________ ___________________ 138 28 134 142 166 173 248
State share __________________________ 68 14 70 70 81 90 124
Virginia ________________________________ 737 142 768 778 897 813 886
State share ________ __________________ 378 78 393 397 548 477 441
Washington ____________________________ 2,115 509 3,271 2,537 2,859 2,782 2,977
State share __________________________ 1,066 265 1,653 1,243 1,378 1,453 1,525

See footnotes at end of table.
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TABLE 2.—Geological Survey Federal-State Cooperative Program funds for fiscal years 1976 to 1981 by

State—Continued

Transiti
State 1976 ':L‘;:t‘;” 1977 1978 1979 1980 1981
West Virginia _____ - . ———— % 716 $ 175 $ 830 $ 688 $ 752 $ 694 $ 837
State share __________________________ 418 105 472 388 402 369 453
Wisconsin _____________________________ 1,874 552 1,703 1,883 1,969 1,953 2,319
State share __________________________ 999 297 935 1,026 1,022 1,074 1,137
Wyoming ______________________________ 754 167 903 901 819 859 1,061
State share __________________________ 397 86 391 381 412 437 545
American Samoa _______________________ 40 9 60 64 47 50 100
State share __________________________ 20 4 30 32 23 25 50
Guam ___________ _ . e 68 18 70 85 104 123 143
State share _____ ______ . 33 9 33 47 56 80 100
Northern Marianas ______________________  ______ e e 18 40 42 50
State share ____________ o oo oo 9 21 21 25
Puerto Rico _ _ — 1,016 185 843 922 1,083 1,344 1,716
State share ________ __________________ 451 84 396 459 518 691 773
Trust Territories ________________________ 170 44 173 180 184 196 166
State share ______ ____________________ 84 22 84 90 92 98 83
Virgin Islands ___ - e 18 2 32 70 94 78 60
State share __ 9 1 16 35 43 39 30

" Includes Federal Funds from direct program.
2Includes reimbursable program funds from
municipalities.

States, counties, and

TABLE 3.—Geological Survey reimbursable program funds from other Federal agencies for fiscal years 1976

to 1981, by agency

[In thousands of dollars]

ansition
Agency 1976 T’qua"er 1977 1978 1979 1980 1981
Total _ e $46,607 $14,347 $57,017 $68,164 $69,919 $79,326  $78,395
Appalachian Regional Commission ________  ______ . cooer mmccen mmmmem mmmmee e
Department of Agriculture ________________ 2,008 605 2,130 2,727 2,619 3,878 3,567
Department of Commerce ________________ 2,205 36 334 183 141 276 ____..
National Oceanic and Atmospheric
Administration I 1,513 772 1,947 1,708 1,464 2,388 823
Ozarks Regional Commission ___________  ______ . mmmmer mmmmee e 76
Department of Defense __________________ 11,965 3,195 12,308 15,655 16,760 17,447 18,490
Department of Energy' ___________________ 4,704 1,926 8,573 14,980 15,338 14,406 10,885
Bonneville Power Administration ________ (130) (32) (141) (138) (48) (61) (81)
Department of Housing and Urban
Development ____ — — 4,624 1,873 6,003 3,789 1,967 302 188
Department of the Interior ________________ 6,290 2,362 12,186 16,528 17,746 22,926 22,553
Bureau of Indian Affairs ________________ 759 277 915 2,385 4,345 9,295 3,999
Bureau of Land Management ___________ 3,682 1,467 9,011 10,791 9,712 7,807 13,800
Bureau of Mines ______________________ 148  ______ 200 108 240 297 299
Bureau of Reclamation ________________ 790 267 1,199 1,871 1,975 2,257 2,231
National Park Service ______________.____ 576 230 542 791 771 818 1,121
Office of the Secretary _________________  ______ 44  ______  ______ 82 203 154
Office of Surface Mining _______________  ______ .  ______ 135 21 1,563 469
U.S. Fish and Wildlife Service ___________ 205 45 178 447 600 686 480
DepartmentofState _____________________ 949 221 1,075 1,010 1,455 2,449 2,272
Department of Transportation ____________ 470 240 313 193 149 21 273
Environmental Protection Agency ______.___ 1,921 777 2,137 3,074 2,873 2,645 1,259
National Aeronautics and Space
Administration _______________________ 3,584 1,051 2,648 2,763 4,033 2,793 5,065
National Science Foundation _____________ 1,650 40 2,712 848 896 1,211 2,001
Nuclear Regulatory Commission __________ 1,439 427 1,758 1,318 1,583 1,325 1,781
Tennessee Valley Authority _______________ 216 70 297 216 261 243 317
Miscellaneous Federal agencies __________ 1,542 499 1,774 1,882 1,645 2,105 7,935
Miscellaneous services to other accounts __ 1,527 253 822 1,290 989 4,556 986
"Shown as Energy Research and Development and Federal Energy
Administration prior to October 1, 1977
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