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DEDICATION

Thomas B. Nolan
1901-1992

The 1992 Yearbook is dedicated to the memory of Thomas B.
Nolan, Director of the USGS from 1956 to 1965. Dr. Nolan
died on August 2, 1992. Nolan was the ultimate scientist,
administrator, and public servant. Perhaps most importantly, he
was a good and kind human being, which was reflected in all he
did. For this most of all, he will be missed. Nolan joined the
USGS in 1931, and during the course of his 68-year career, he
authored more than 90 publications and served under 12
presidents. He created the modern USGS and served as its
director for 20 years. Highlights of his career include having been
honored in 1961 by President Kennedy when he received the
Rockefeller Public Service Award and in 1984 by President
Reagan when he completed 60 years of active service. In addition
to having mountains, minerals, and fossils named after him, he
received international accolades too numerous to list. As President
Reagan said in a letter to Nolan in honor of his 60 years of
Federal service, “Tom set the highest of standards for all of us to
pursue.” His legacy to the USGS and to the worldwide community
of earth scientists will never be forgotten.



Message from the Director

t its creation, the U.S. Geological Survey was given a

daunting challenge: map the entire United States and cat-
alog its natural resources. To help meet that challenge, the
young USGS drew on the finest scientific talent the Nation
had to offer, both from within its own ranks and from univer-
sities, State geological surveys, and industry. As the mission of
the USGS has expanded and evolved, cooperative earth sci-
~ence ventures have become the firmly established tradition—a
tradition that continues and flourishes today.

The strong working relations that we have built over the
years with our colleagues in the State geological surveys, with
other Federal agencies, and with the academic community
stood us in particularly good stead when the Nation faced
Hurricane Andrew—the most costly natural disaster in Ameri-
can history—and Hurricane Iniki and tropical storm Omar in
the Pacific.

Relief efforts mounted by Federal, State, local, and private
agencies relied on USGS maps. Map presses at the USGS ran
around the clock to meet requests for literally

Our desire to document the effects of Hurricane Andrew
on the environment also opened the door to humanitarian ser-
vice. USGS hydrologists tracing the extent of the storm surge
in Florida were sometimes the first visitors to devastated areas.
They provided the first emergency food and water supplies to
several neighborhoods that had been destroyed by the storm.
Later, USGS employees and retirees banded together to pro-
vide thousands of dollars in disaster relief funds to aid their
colleagues whose homes had been shattered by the storm.

In another disaster-related effort, we are paying closer
attention to our own issues of disaster response and coordina-
tion in ensuring that telecommunications systems at USGS
offices, particularly those in earthquake-prone California, are
set up to work efficiently in the wake of a disaster and to
ensure that we can continue to do our science and to commu-
nicate the information that is needed by community and State
officials when an earthquake or other disaster happens. The
message of preparedness is one that we all must heed.

These examples of collaboration following

hundreds of different maps of damaged areas
that poured in from such agencies as the Fed-
eral Emergency Management Agency, the
Defense Mapping Agency Combat Support
Center, the U.S. Army Corps of Engineers,
and the U.S. Environmental Protection
Agency.

USGS geologists at the Center for
Coastal Geology and Regional Marine Studies,
a cooperative undertaking with the University
of South Florida in St. Petersburg, joined with
scientists from the National Oceanic and
Atmospheric Administration, the National
Park Service, and the Florida Department of
Natural Resources to assess the storm’s effect
on Florida’s coast. USGS hydrologists worked
with long-time cooperating State and local
water management agencies to assess high-
water marks and the hydrologic effects of
Andrew’s destructive path across Florida.

By the time Hurricane Andrew crashed

As the mission of
the USGS has
expanded and

evolved,

cooperative earth
science ventures
have become the
firmly established

tradition—a

tradition that

continues and
flourishes today.

disasters are dramatic reminders of the value
of partnerships. As important as our joint
work in the face of disaster is, it represents
only a small fraction of the cooperative efforts
between the USGS and our counterparts
around the Nation and around the world.
Many of the areas in which we are laboring
cooperatively in the name of good science may
never be front-page news. Nevertheless, the
continual exchange of information, expertise,
and commitment helps the Nation to be ready
to respond to the challenges of safeguarding
our environment and ensuring sustainable eco-
nomic development.

The National Geologic Mapping Act of
1992 is a good example. This landmark legisla-
tion will further the production of geologic
maps, which are valuable environmental and
economic decisionmaking tools. The passage of
Public Law 102—285 was the product of coop-
erative work among State geological surveys

into Louisiana at the end of August 1992, its

fury was spent. But its destructive effects on the State’s
already-threatened coastline were tremendous. The USGS,
along with several other Federal agencies and State and local
agencies, had been working to establish the scientific reasons
behind the loss and deterioration of the State’s coastal wet-
lands and barrier islands to determine how to stem the loss of
these valuable ecosystems. Because of strong existing partner-
ships among the USGS, the U.S. Fish and Wildlife Service’s
Wetland Research Center, the Louisiana Geological Survey,
and the State’s academic community, scientists were ready to
respond when Hurricane Andrew hit. By using data gathered
during earlier coastal studies and displayed in the recently
published atlas of barrier island change, we were able to show
exactly what happened when Andrew hit, why the barrier
islands and wetlands reacted the way they did, and how the
damage wrought by Andrew compares with other natural and
human-caused impacts to coastal environments.

and the USGS. Geologic maps are a public
good —providing valuable information that can be used by
many to deal with the challenging tasks of reinvesting in and
reinvigorating the American infrastructure. As recent exam-
ples, the USGS, in cooperation with State and local agencies,
has demonstrated that using high-quality geologic map infor-
mation in siting landfills and planning transportation corridors
can significantly reduce costs and safeguard public well-being.
An effective partnership among all those involved in geologic
mapping and in the use of geologic map information is para-
mount in ensuring that we meet the challenges of effective
management and preservation of our resources and our
environment.

Increased cooperation in geologic mapping represents
only a portion of our efforts to promote partnerships in carto-
graphic activities. The USGS chairs the Federal Geographic
Data Committee (FGDC) on behalf of the Department of the
Interior and the Federal Government. The FGDC is spear-
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heading a governmentwide effort to standardize the collection
and sharing of spatial data needed for geographic information
systems and other advanced mapping technologies. In 1992,
the FGDC adopted a new spatial data standard —the Spatial
Data Transfer Standard (SDTS)—that is being employed
throughout the Federal system. A proposed national geo-
graphic data base, linking all levels of government and the
private sector, and slated for development by 2000, will be

an essential bridge between producers and users of spatial
data.

Partnerships have long been the way of doing business
for USGS water resources programs. The nearly 100 years of
successful cost-sharing coordination through the Federal-State
Cooperative program have resulted in countless investigations
that have served both Federal and State interests and have
built a solid cooperative family of more than 1,000 agencies
concerned about the health and welfare of the Nation’s water
resources. That model of cooperation is one of the essential
building blocks of the ongoing National Water-Quality Assess-
ment (NAWQA) program. Each NAWQA study unit (20 are
currently underway with another 20 due to start in fiscal year
1994 and the final 20 in fiscal year 1997) has a local liaison
committee. These liaison committees have representatives from
pertinent Federal, State, and local agencies and other inter-
ested groups. These local sounding boards for the success of
the NAWQA study function as a guiding force in ensuring
that the assessment addresses the water resource issues of the
area and as a check that the project is proceeding in a way that
meets the needs of all who are involved.

The Glen Canyon environmental study that the USGS has
undertaken with the Bureau of Reclamation (BOR) is an excel-
lent example of “in-house” cooperation of two Interior
bureaus pooling their specific expertise to meet a common
goal. The information that the USGS is developing on the
hydrology of the area will be used by the BOR to develop pro-
cedures for Glen Canyon Dam that will ensure that operation
of the dam is both environmentally sensitive and economically
reasonable. As another example of water resources coopera-
tion, the new Water Information Coordination Program
(WICP) unites representatives from Federal, State, and local
governments, Indian tribes, and the private sector in coopera-
tive water data-gathering efforts. Identifying opportunities to
improve the effectiveness of water information activities—from
the collection of basic data to the dissemination of interpretive
information—will be a key component of the WICP effort.

Today, many of the most pressing problems in science, as
well as critical issues in economic development, are global
questions. Each day we are becoming more and more of a glo-
bal community. To address these issues, USGS partnership
arrangements extend well beyond the borders of the United
States. USGS scientists apply the experience gained in coopera-
tive mineral and energy resource assessments in foreign coun-
tries to assist in domestic minerals research and to help the
U.S. minerals industry be more competitive in the world mar-
ketplace. Our efforts to help understand the ecology of water
systems and in developing water supplies in foreign countries
are useful in reexamining issues of water quality and water
supply in our own country. Research links with such organiza-
tions as the United Nations Environment Programme aid sci-
entists worldwide in their efforts to preserve the global

vi

environment. My official participation at the 29th Interna-
tional Geological Congress in Kyoto, Japan, in September 1992
was an exciting reminder of the cutting-edge, earth science
research that is ongoing in every corner of the world. It is
essential that we continue to promote the cause of good sci-
ence as an effective means of diplomacy and good will. The
opportunities that are evolving in areas such as Eastern
Europe underscore the value of scientific cooperation as a first
step in reestablishing effective economic and diplomatic rela-
tions. Through our science we can indeed be good ambassa-
dors in the world community.

In areas of administration and information resources
management, the USGS has been an effective partner as well.
We have taken the lead in developing the computerized, state-
of-the-art Federal Financial System (FFS), which has become
the model for all Interior bureaus and has now also become a
standard for many other Federal agencies. We are continually
looking at new ways to share our information and to help our
scientists network and interact online with other researchers to
keep the flow of good science current and coordinated.

I am also ever mindful of the most important resource of
this bureau—its people. We are constantly working to ensure
that our people feel empowered as partners within the bureau.
We have taken seriously the charges to improve employment
opportunities for women, minorities, and persons with disabili-
ties, to increase the use of volunteers, and to promote educa-
tion in the earth sciences. The Volunteer for Science program
has proved especially beneficial, providing opportunities for
people of many ages and many walks of life to help the USGS
and also providing much needed help to USGS employees,
while saving the Federal Government significant money. In
education, we not only encourage educational pursuits by our
employees and provide graduate and postgraduate opportuni-
ties for young people to get a foot in the door with the Fed-
eral system, but we are also making significant contributions to
precollege education. The students of today will be the
employees and voters of tomorrow, and it is in our own best
interest to ensure that students in our elementary, middle, and
high schools have a good solid understanding of the earth sci-
ences and the important role that science plays in each per-
son’s life every day.

The activities and investigations documented on the fol-
lowing pages would not have been possible without the contri-
butions of many hundreds of partners with whom we work in
other government agencies at the Federal, State, and local lev-
els, in academic institutions, and in the private sector. These
partnerships have implications that reach far beyond the world
of earth science research. Because the earth sciences are intrin-
sic to so many policy and management decisions regarding the
environment, natural resources, and the economy, they form
the base on which the Nation can build. As the country seeks
to restore the economy, rebuild the infrastructure, protect the
environment, and contribute to international well-being, the
USGS is proud of its contributions in providing “Earth Science
in the Public Service.”

Dallas L. Peck

































from more than 3,000 authorized commercial
map dealers nationwide.

Water Resources Division

he headquarters office of the Water

Resources Division is located in Reston,
Va. The Chief Hydrologist, the Associate
Chief Hydrologist, and five Assistant Chief
Hydrologists are responsible for the overall
direction of the Division. National water-
research programs are developed at Division
headquarters under the direction of the Assis-
tant Chief Hydrologist for Research and
External Coordination.

General direction of the Division’s field
programs is conducted through four Regional
Hydrologists, located in Reston, Va.; Nor-
cross, Ga.; Denver, Colo.; and Menlo Park,
Calif. Forty-eight District Offices conduct the
water-resources investigations and data-
collection programs of the Division in all 50
States, Puerto Rico, the Virgin Islands, and
the Territory of Guam.

National Water-Quality Assessment.—
The National Water-Quality Assessment
(NAWQA) program seeks to provide nation-
ally consistent descriptions of current water-
quality conditions and trends for a large, rep-
resentative part of the Nation’s streams and
ground-water resources and to provide expla-
nations of the major natural and human fac-
tors influencing water quality. Information
from the assessment is being used to monitor,
manage, and regulate water resources. In fis-
cal year 1992, 20 study unit investigations
developed assessment plans, began analyzing
available water-quality information, and con-
ducted reconnaissance-level field studies.

National Water Summary.—The National
Water Summary program provides water
information on a State-by-State and national
basis to aid policymakers in the analysis and
development of water policies, legislation, and
management actions. Changing patterns in
availability, quantity, quality, and use of water
resources are summarized for use by govern-
ment officials, natural-resources managers,
and the public.

The principal products of the program
are National Water Summary reports that
describe hydrologic events and water condi-
tions for individual water years and provide
a State-by-State overview of specific water-
related issues. In fiscal year 1992, the
1988-89 report on floods and droughts
(Water-Supply Paper 2375) was distributed.

Hazardous Waste Hydrology.—The USGS
conducts research and investigations into the
disposal of hazardous chemical and radioac-
tive wastes. This information is useful in
alleviating the effects of waste on the Nation’s
water resources. The USGS evaluates the
existing and potential effects on water re-
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sources of hazardous-waste disposal and pro-
vides baseline data on the chemical contami-
nation of surface and ground water to assist
the Department of Energy in developing pro-
cedures and guidelines for identifying suitable
waste-disposal sites.

Radioactive-waste studies are conducted
in the Nuclear Waste Hydrology program, the
principal emphasis of which is a better under-
standing of radionuclide transport in ground-
water systems.

Nonradioactive wastes are the focus of
the Toxic Substances Hydrology program,
which provides data to mitigate existing and
potential contamination problems.

Regional Aquifer-System Analysis.—The
Regional Aquifer-System Analysis (RASA)
program is a systematic study of a number
of regional ground-water systems that repre-
sent a significant part of the Nation’s water
supply. The program includes assessment of
discharge-recharge dynamics, hydrogeologic
and chemical controls governing response of
aquifer systems to stress, and development of
computer simulation models. As of fiscal year
1992, more than 800 RASA reports and maps
have been produced.

Acid Rain.—The USGS provides infor-
mation needed to improve the scientific
understanding of the occurrence and effects
of acid rain, so that judgments can be made
about effective measures for controlling or
alleviating the problem. Components of the
acid rain research and monitoring program
include determination of the effects of acid
deposition on lakes, streams, aquifers, and
building stones and operation of the National
Trends Network for monitoring precipitation
chemistry. The program is coordinated
through the Interagency Task Force on Acid
Precipitation. In fiscal year 1991, program
objectives were revised to emphasize evalua-
tion of the effectiveness of the Clean Air Act
Amendments of 1990.

Hydrologic Data Collection.—The Hydro-
logic Data-Collection program provides infor-
mation on the quantity, quality, location, and
use of the Nation’s surface and ground water
to support the needs of Federal, State, and
local governments. Data-collection stations are
maintained at selected locations to provide
records on streamflow, reservoir and lake
storage, ground-water levels, and the quality
of surface and ground water. These data
form an information base that supports
national and regional assessments of water
resources. In fiscal year 1992, the USGS oper-
ated more than 7,300 continuous streamflow
stations; collected stage and (or) discharge
data at about 5,200 other stream, lake, and
reservoir sites; determined ground-water lev-
els in about 31,000 wells; and collected water-



USGS Programs

S cientific programs are administered
through the Geologic, Water Resources,
and National Mapping Divisions and sup-
ported by the Information Systems and
Administrative Divisions. The National Center
of the USGS is located in Reston, Va., near
Washington, D.C. Research and investigations
are carried out through an extensive organi-
zation of regional and field offices located
throughout the 50 States, Puerto Rico, the
Virgin Islands, and the Territory of Guam.

National Mapping Division

he headquarters office of the National

Mapping Division is located in Reston,
Va., and is composed of five primary organi-
zational units: Program, Budget and Adminis-
tration; Coordination and Requirements;
Production Operations; Research; and
Information Services. Four mapping centers
(Reston, Va.; Rolla, Mo.; Denver, Colo.; and
Menlo Park, Calif.) and the EROS (Earth
Resources Observation Systems) Data Center
(Sioux Falls, S. Dak.) perform operational
mapping, remote sensing, printing, product
distribution, and data dissemination activities.

Mapping Coordination.—The USGS
annually coordinates requirements for maps
and digital cartographic data of Federal agen-
cies under authority of Office of Management
and Budget (OMB) Circular A-16. In Octo-
ber 1990, OMB revised Circular A-16 to
broaden the scope of Federal spatial data
activities to be coordinated. Under the new
circular, the USGS also coordinates require-
ments of State and local agencies for maps
and map-related products. In the area of digi-
tal cartography, the USGS chairs both the
Interior Geographic Data Committee (a
departmental committee) and the Federal
Geographic Data Committee (a multiagency
committee) established under the new Circu-
lar A-16. The USGS provides leadership in
the use of spatial data and in the development
of digital data exchange standards. The USGS
also provides staff support to the U.S. Board
on Geographic Names, an interdepartmental
board that determines the choice, form, spell-
ing, and application of official geographic
place names for Federal use.

Map and Digital Data Production.—The
USGS prepares base maps, image map prod-
ucts, digital cartographic and geographic data,
and selected thematic maps of the Nation that
are used extensively for land planning, land
and resource management, and recreation
purposes. Of rapidly increasing importance is
the production of digital geographic data in
various electronic media. Reproductions of
aerial photographs and satellite images also
are available. Digital data are available from

the National Digital Cartographic Data Base
as digital line graphs or digital elevation
models.

Primary topographic maps, including
7.5-minute maps mostly at 1:24,000 scale for
all areas of the lower 49 States and 15-minute
maps of Alaska at 1:63,360 scale, are espe-
cially useful where detailed information is
needed for all types of land and resource
management. These detailed maps are peri-
odically inspected and revised to maintain
data currentness.

Also available are smaller scale topo-
graphic maps, such as the intermediate-scale
maps prepared at 1:100,000 scale and the
1:250,000-scale map series. These map series
are widely used by Federal and State agencies
and the private sector for preparing their own
special-purpose maps and depicting their
unique data. Other maps available include
1:500,000-scale State base maps and smaller
scale U.S. base maps.

The land use and land cover maps,
primarily at a scale of 1:250,000 and of
1:100,000 for selected areas, provide the only
systematic nationwide inventory of land use
and land cover data. The USGS also prepares
special-purpose map products, such as ortho-
photoquads, small-scale image maps, U.S.
National Park maps, and thematic maps.

Research and Technology.—The USGS
has pioneered investigations that have led to
significant developments and changes in sur-
veying and mapping. Mapping research activi-
ties, which are centered primarily on the geo-
graphic and cartographic disciplines, currently
emphasize spatial data analysis, applications of
remote sensing and geographic information
systems, and advanced techniques for produc-
ing digital cartographic data.

The Division has embarked on a major
research and development plan to move from
manual to digital production and revision of
map products. The goals of the map modern-
ization effort are to implement the advanced
cartographic systems and procedures required
to automate map production and to provide
digital cartographic data required by Federal
and State agencies for computer-based analy-
sis of spatial data.

Information Services.— The USGS
disseminates much of the Nation’s earth
science information through its Earth Science
Information Centers (ESIC), 64 State ESIC-
affiliated offices, the Tennessee Valley
Authority, and the Library of Congress.
Information about products is provided in
many forms ranging from maps and books to
computer-readable magnetic tapes and
compact discs. About 130,000 different
maps, books, and reports and about 9.5
million aerial and space images are available
for purchase. USGS maps are also available
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quality data from about 3,700 surface-water
and 7,700 ground-water sites.

Federal-State Cooperative Program.—The
Federal-State Cooperative program, which
constitutes more than 40 percent of overall
Division activity, is a partnership for water-
resources investigations involving 50-50 cost
sharing between the USGS and more than
1,000 State or local government agencies. One
of the program’s unique characteristics is that
the USGS conducts most of the work on
behalf of the cooperators. Hydrologic data-
collection activities as well as water-resources
investigations and research are included in
the program. In fiscal year 1992, water issues
of highest priority included ground-water
quality; water supply and demand; stream
quality; wetlands, lakes, and estuaries; hydro-
logic hazards; hydrology of global climate
change; nonpoint source pollution; and
hydrologic data collection.

National Research Program.—Basic
research in the Water Resources Division
focuses on increasing understanding of the
fundamental hydrologic processes of the
Nation’s ground- and surface-water systems.
Knowledge and techniques derived from
these efforts are directed at solving current
problems and anticipating future problems.
Research studies are concentrated in surface-
water hydrology and chemistry, ground-water
hydrology and chemistry, sediment transport
and geomorphology, and ecology.

State Research Institutes.—The State
Water Resources Research Institutes program,
the costs for which are shared by Federal and
State governments, supports 54 Water
Research Institutes at land-grant colleges or
universities in the 50 States, the District of
Columbia, Puerto Rico, the Virgin Islands,
and Guam. Research projects at the institutes
are conducted in all water-related fields
including engineering and the physical, bio-
logical, and social sciences.

Research Grants.—The Water Resources
Research Grants program supports research
as defined in the Water Resources Research
Act of 1984. Competitive grants are awarded
on a dollar-for-dollar matching basis to quali-
fied educational institutions, foundations, pri-
vate firms, individuals, or agencies of local or
State governments. Research is supported on
water-resources-related problems of national
interest.

Water Data Activities Coordination.—
The Office of Water Data Coordination is
responsible for providing governmentwide
leadership to coordinate water-information
activities as required by the OMB memoran-
dum No. M-92-01, which established the
Water Information Coordination program
(WICP). The goal of the WICP, administered
by the USGS, is to establish and maintain an

active partnership among Federal, State, and
local agencies and the private sector to meet
the Nation’s water-resources information
requirements effectively and economically (see
article, p. 51).

Geologic Division

he headquarters office of the Geologic

Division is located in Reston, Va., and
consists of the Office of the Chief Geologist
and six subordinate offices: Earthquakes, Vol-
canoes, and Engineering; Regional Geology;
Mineral Resources; Energy and Marine Geol-
ogy; International Geology; and Scientific
Publications. Assistant Chief Geologists in the
Eastern, Central, and Western Regions act for
the Chief Geologist in carrying out general
objectives, policies, and procedures for the
Division. Project operations are conducted by
personnel located principally in regional cen-
ters at Reston, Va.; Denver, Colo.; and Menlo
Park, Calif.; at field offices in Flagstaff and
Tucson, Ariz.; Anchorage, Alaska; Woods
Hole, Mass.; Hawaii National Park, Hawaii;
Pasadena, Calif.; Albuquerque, N. Mex.;
Reno, Nev.; Seattle, Spokane, and Vancouver,
Wash.; and San Juan, P.R.; and at the Center
for Coastal and Regional Marine Studies in St.
Petersburg, Fla.

Geologic Hazards Surveys.—The Earth-
quake Hazards Reduction Program is a
national research effort conducted to reduce
hazards and risks from future earthquakes in
the United States. Specific tasks include evalu-
ation of earthquake potential for seismically
active areas of the United States and opera-
tion of global seismic networks. Specific
regions of emphasis include the central
United States, Pacific Northwest, Alaska, and
California. In fiscal year 1992, the Earthquake
Hazards Reduction Program provided sup-
port to several dozen scientists studying the
Landers and Big Bear earthquakes, the larg-
est earthquakes to hit California in the past
several decades; the ramifications of those
earthquakes in the near future are being
studied.

The Volcano Hazards Program conducts
research on volcanic processes to help reduce
the loss of life, property, and natural re-
sources that can result from volcanic erup-
tions and related hydrologic events. The
Hawaiian Volcano Observatory on the Island
of Hawaii, the Cascades Volcano Observatory
in Vancouver, Wash., and the Alaska Volcano
Observatory in Anchorage are the program’s
principal field research centers. Volcano erup-
tions in Alaska during fiscal year 1992 were
predicted in advance, and appropriate alerts
were provided to private, State, military, and
other Federal agencies. Ongoing monitoring
of Mt. Pinatubo by USGS and Philippine

Programs
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scientists has helped save thousands of lives
and prevent major equipment losses.

The Landslide Hazards Program empha-
sizes field and laboratory research on the
earth processes that result in ground failures
such as landslides, mudflows, subsidence, lig-
uefaction, and debris flows. A study of land-
slides in Hawaii, nearing completion in fiscal
year 1992, will help the State of Hawaii to
design mitigative techniques to reduce the risk
from future slides. The USGS also helped to
assess the immediate landslide threat from the
Oakland Hills wildfire in California.

Geologic Framework and Processes.—The
National Geologic Mapping Program conducts
basic geologic research to acquire fundamen-
tal data on the Nation’s geologic structure and
the environmental and dynamic processes that
have shaped it. Geologic mapping, geophysi-
cal research on the properties of Earth mate-
rials, age determinations of rocks, and mod-
ernization of mapping techniques through the
development of digital geologic cartographic
techniques are the main components of the
program. Geologic maps provide the data
required to address many societal and envi-
ronmental issues, such as water-quality and
toxic-waste issues; earthquake, volcano, and
landslide hazards; and potential ground-water
contamination by agrichemicals. The National
Geologic Mapping Act of 1992 authorizes a
program that includes not only the research
described above but also geologic mapping
conducted by State geological surveys. Under
the enacted legislation, the USGS is responsi-
ble for managing and coordinating all compo-
nents of the National Geologic Mapping Pro-
gram. Plans for implementing the national
cooperative program were developed during
1992 (see article, p. 66).

The Deep Continental Studies Program
conducts research to obtain information on
the composition, structure, formation, and
evolution of the middle and lower crust and
upper mantle of the Earth and on how
dynamics of the deeper crust affect life at the
surface.

The Geomagnetism Program measures
and interprets changes in the strength and
direction of the Earth’s magnetic field. Eleven
global geomagnetic observatories provide data
for continually updating navigational charts
and maps produced by Federal agencies for
use by Federal, military, and industrial enti-
ties. Efforts were expanded in fiscal year 1992
to integrate a global network of stations for
monitoring geomagnetism in realtime.

The Coastal and Wetlands Program con-
ducts research on the geologic processes
involved in coastal issues, such as coastal ero-
sion, wetland loss, and pollution. Information
from the program is used by land use manag-
ers to make decisions on multiple use of
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coastal lands. The Southern Lake Michigan
Coastal Erosion Study was completed in fiscal
year 1992 (see article, p. 55).

Global Change Research.—The Global
Change and Climate History Program con-
ducts research on the natural variability of
past climate, including the mechanisms and
rates of past change, and on the impacts of
global change on ecosystems and lands in sup-
port of the U.S. Global Change Research Pro-
gram, in which all USGS divisions participate.
Major field operations completed in fiscal
year 1992 are designed to obtain long records
of past global change in northern and central
California, along the California coast, and in
the Arctic off the North Slope of Alaska.

Offshore Surveys.— The Offshore Geo-
logic Framework Program conducts scientific
investigations to understand geologic and geo-
physical characteristics of the continental mar-
gins, adjacent slope and deep-ocean areas,
and the U.S. Exclusive Economic Zone.
Results of these studies and analysis of new
information are essential for energy and
mineral-resource evaluation and assessment.
During fiscal year 1992, researchers created a
model of how the Mississippi Fan off Louisi-
ana and the Monterey Fan off California
evolved, which will aid in understanding the
distribution of oil and gas reservoir rocks.

Mineral-Resource Surveys.—The National
Mineral Resource Assessment Program con-
ducts research to identify and delineate tracts
of land that have potential for the occurrence
of undiscovered mineral resources and to
estimate the probable amounts of these
resources. It provides useful, timely, and
credible mineral-resource information and
assessments for planning and managing the
use of the Nation’s lands and resources.
Recent developments include a quantitative
assessment of mineral resources in the East
Mojave National Scenic Area, California (esti-
mated gross-in-place value of metallic re-
sources is $6.2 billion) and preliminary
mineral-resource assessments of the following
areas: West Mojave Management Area and
San Bernardino National Forest, California;
Butte and Dillon quadrangles, Idaho and
Montana; Coronado National Forest, Arizona;
International Falls 1:250,000 quadrangle,
Minnesota; and West Virginia.

The Strategic and Critical Minerals Pro-
gram provides a continuing, accurate analysis
of global mineral resources and a network for
dissemination of comprehensive information
on minerals that are essential to a strong
national economy and security. In fiscal year
1992, the program (1) completed a mineral-
resource assessment of the Guayana Shield in
Venezuela and trained Venezuelan scientists;
(2) installed or expanded the USGS Mineral
Resources Data System (MRDS) data base in



















































importance of ground water in their lives.
Over 3,000 children attended the event in
1992, and there are over 8,000 children on
the list to participate in 1993. The USGS and
the Nebraska Groundwater Foundation have
a cooperative agreement to prepare a manual
to describe how to organize and coordinate a
children’s water festival. When completed, the
manual, “Making Waves,” can be used by
USGS offices in every State to work with local
agencies in-developing similar water festivals
for children throughout the country.

Outreach in Geology Education
By Laure Wallace

Comprehensive programs to enhance
geology and earth science education have
developed out of the impressive talents and
interests of a workforce dedicated to the con-
cept that education outreach is a fundamental
part of their responsibility as citizens and as
employees of the USGS.

Fiscal year 1992 was a banner year for
support of technology and information trans-
fer to the educational community. Nationwide
workshops were given on the CD-ROM’s
developed under the Joint Education Initia-
tive (JEdI). In cooperation with the National
Aeronautics and Space Administration, a mul-
tidisc set of CD-ROM’s on volcanoes was
developed for the educational community.
CD-ROM’s, which contain Landsat Thematic
Mapper imagery of the Navajo Reservation
and the Grand Canyon and sets of digitized
aerial photographs, were developed for the
Navajo Reservation schools in cooperation
with the Bureau of Indian Affairs’ Nazalini
School. A project with Mary Washington Col-
lege in Fredericksburg, Va., began to develop
a CD-ROM on data and imagery of Virginia
for the Commonwealth’s science teachers.

Working together in partnership is an
important aspect of the outreach programs in
the geological sciences. The USGS has been
instrumental in developing the Coalition for
Earth Science Education, an organization
dedicated to communication, cooperation,
and coordination within the earth science
community —geology, astronomy, hydrology,
atmospheric sciences, oceanography—on edu-
cational activities. The coalition will also pro-
vide a united voice on national and regional
policy issues that affect earth science educa-
tion reform. To date, more than 50 organiza-
tions, associations, Federal agencies, and aca-
demic institutions are committed to the vision
of the coalition.

The USGS is also continuing its commit-
ment to support local and regional teaching

communities. The following are a few notable
examples:

® Field guides on the Pacific Northwest
region were developed for earth science
teachers by the USGS field office in Spokane,
Wash., in conjunction with local school sys-
tems, the Idaho Geological Survey, and East-
ern Washington University. A summer field
program put the field guides to good use.

® Geo-Teach, a comprehensive field program
for local area earth science teachers, was
presented for the second year by scientists in
the USGS central region in Denver, Colo.
They also developed a field guide on the
Cretaceous-Tertiary boundary for Colorado
teachers. These scientists also presented a
comprehensive field and laboratory program,
complete with a publication and classroom
activities, for Bureau of Indian Affairs teach-
ers on the Pine Ridge Reservation in South
Dakota.

® Nearly 40,000 copies of “What’s Under
Your Feet,” an earth science activity book for
elementary-age children, were distributed.

® The library-based Teacher Resource Cen-
ters at the USGS centers in Menlo Park,
Calif., and Denver, Colo., were expanded,
and a new center was developed in Reston,
Va., at the National Center. °

® Educational outreach to Historically Black
Colleges and Universities was expanded
through a grant and through cooperative pro-
grams with Hampton University in Hampton,
Va., for teacher programs and workshops;
and through support of geology majors at
Elizabeth City State University in North
Carolina.

Enriching Partnerships in the
Southwest

By Jim Crawforth and Fred Joines

Partnerships—one new and one long
term—between the USGS and university com-
munities in the Southwest are enriching the
USGS with new ideas from bright and tal-
ented students and professors and are helping
the communities by connecting the USGS to
important local issues.

The USGS continued its cooperative
efforts with New Mexico Highlands University
that began in 1991. USGS representatives met
with heads of the engineering, environmental
science, mathematics, and business depart-
ments to discuss further the cooperative
efforts, including guest lecturers, summer
hires, and cooperative education appoint-
ments. A USGS scientist, for example, served
as a guest instructor at the Eagle Peak Sum-
mer Camp sponsored by New Mexico High-
lands. The goal of the Eagle Peak Summer
Camp is to introduce minority high school
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students to higher education and to career
opportunities in the natural sciences.

In Flagstaff, the USGS, local high
schools, and Northern Arizona University
have enjoyed a mutually beneficial, informal
relation for the past 25 years. Over the years,
the USGS has hired several high school stu-
dents as well as students and faculty from
Northern Arizona University. USGS employ-
ees have served as mentors, speakers, and
instructors and have participated on several
advisory committees. The relation was the
natural result of the close proximity of a small
community and the high level of interest in
education and science in the Flagstaff area.

From the days of the Apollo space pro-
gram in the late 1960’s to the present time,
several faculty members and about 25 stu-
dents have been employed each year at the
USGS center in Flagstaff. Most of the stu-
dents have come from the Northern Arizona
departments of geology, geography, mathe-
matics, engineering, and computer science.
The students performed many tasks, includ-
ing fieldwork, data manipulation, map compi-
lation, and computer programming and oper-
ation. A major contribution to the hiring of
students was the Minority Participation in the
Earth Sciences program, a nationwide USGS
program that was established at the center in
1972. This program provided funding to hire
10 to 15 minority and women students each
year, and additional project funding enabled
the USGS to hire an additional 10 to 15 stu-
dents, for a total of 25.

Collectively, these employees contributed
tremendously to the work done at the USGS
center and helped to reduce costs. The faculty
benefited from the participation in real
projects with actual data. The students
received many benefits including meaningful
employment, encouragement to continue their
education, and work experience that would
help them in the job market after graduation.
The USGS now has 25 employees, many of
them women and minorities, who started with
the USGS as students and who compose
almost one-fourth of the permanent work-
force at the Flagstaff Center.

Education Outreach at Hampton
University

By Ellen Findley

The USGS continues to strengthen its
relation with Hampton University in Hamp-
ton, Va., a historically black university,
through increased interaction among the stu-
dents, the faculty, and the USGS scientific
community. Beginning in fiscal year 1993, a
new cooperative education initiative with
Hampton’s graduate program in computer
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science will allow a student to remain on the
university campus and work on earth science
data base and telecommunications projects
for the USGS. One of the goals for the
project is to increase the knowledge of careers
in the earth sciences and at the same time
develop and implement highly flexible data-
management and processing systems for earth
science applications. Rapidly changing techno-
logical environments supply the means to
achieve the underlying information-retrieval
protocol necessary to automatically collect,
collate, and integrate diverse scientific data.
Highlights of the Hampton education
partnership include
® Developing an awareness of the increased
productivity that is possible through the use
of local area networks in earth science appli-
cations, such as sharing scientific data.
® Giving students hands-on experience
with the UNIX operating system, which is
emerging as a primary scientific computing
environment.
® Providing students an opportunity to exper-
iment with earth science data in a distributed
data-base environment through a local area
network. )
® Fostering a mentor relation with the
students.

Career Planning for the Year
2000

By Maxine C. Jefferson

The USGS unveiled a significant career
development tool in 1992, the Career Plan-
ning Manual, designed to help career goals of
women, minorities, and persons with disabili-
ties. Distributed bureauwide to clerical,
administrative, and secretarial employees in
grades 1-7, and their supervisors, the manual
provides a self-directed guide to developing
career goals, gaining self-awareness, and
achieving personal growth. The Civil Service
2000 report, recently issued by the Office of
Personnel Management, indicated that the
skill needs of the Federal Government will
continue to increase, while the supply of
skilled employees diminishes. The Career
Planning Manual reflects the USGS commit-
ment to meet the challenge of the year 2000
and beyond by providing its workforce with
assistance and direction in the development of
work skills, the identification of career inter-
ests, and the pursuit of career goals. Both the
employees and the USGS can benefit from
this career planning approach—the employees
find guidance with which to enrich their
knowledge, skills, abilities, and qualifications;
and the USGS gains more versatile, well-
trained employees and is better able to pro-
mote from within.



The career manual includes job analysis
information, a self-assessment exercise that
helps individuals pinpoint their own strengths
and weaknesses, a guide for setting perform-
ance goals, and tips that can make it easier to
achieve personal career goals. The manual
also encourages the mentoring concept by
providing an opportunity for employees to
interact with their supervisors and coworkers
to obtain useful career information and per-
spectives on career development.

The Career Planning Manual is specifi-
cally tailored to allow individuals to match
their personal preferences, skills, and abilities
with the following USGS jobs: administrative
operations assistant, computer clerk and assis-
tant, accounting technician, editorial clerk and
assistant, purchasing agent, hydrologic techni-
cian, cartographic technician, and library tech-
nician. These career targets were selected
because these are job classifications in which
there are large numbers of incumbents, there
is a reasonable turnover, the jobs are found in
sufficient numbers in all USGS geographic
locations, and the jobs offer a diverse pool of
career opportunity.

The Career Planning Manual was distrib-
uted bureauwide early in 1992, and briefing
sessions were held at USGS headquarters and
regional offices. The initial response from
employees and supervisors has been positive.
Supplements to the manual are planned that
will focus on USGS employees in technical
occupational series.

Women’s Advisory Committee

By Margo Kingston

The Women’s Advisory Committee
(WAC) was established in 1990 within the
Geologic Division to promote communication
with managers on issues related to the profes-
sional development of all women employees.
Committee members represent administrative,
clerical, scientific, and technical women
employees. WAC objectives are to examine
opportunities for career enhancement that
can be made available to all women in the
Geologic Division and to identify problems
that prevent or restrict women from realizing
these opportunities. Since the committee
began, numerous employees’ concerns have
been identified, recommendations have been
made to managers, and actions have been
taken to address these concerns. Both the
WAC recommendations and management
responses are made available to employees.

As a result of WAC recommendations, a
classification task force was established to pro-
vide occupational and position classification
information on support occupations. The task

force report is being used by the bureau’s
personnel office to revitalize the classification
of secretarial, administrative assistant, and
editorial support positions.

The WAC also tackled sexual harassment
issues that were seen as barriers to career
advancement for women. A USGS policy
statement on sexual harassment was issued in
October 1992, based on the draft statement
prepared by WAC members. The WAC devel-
oped a questionnaire on sexual harassment
issues, and a special task force prepared a
report on the results. In addition, employees
will receive training in preventing and dealing
with behaviors and actions that are sexually
harassing.

Improving communication is an impor-
tant issue of the WAC. Program forums in
each region have enabled employees to meet
with program managers and coordinators to
learn about opportunities and important
developments. Career and Management
Resource Centers have been established in the
three regional USGS libraries to centrally
locate books, videos, and other materials on
topics such as leadership training, team build-
ing, mentoring, and USGS programs and
organization.

A human resources specialist is now on
staff in the Geologic Division to better imple-
ment new training programs for improving
the quality of management and to provide
career-development growth opportunities. A
series of leadership-development and team-
building programs was sponsored by the divi-
sion chief. A task force has begun work on a
statistical study of career patterns of scientific
personnel.

Family and quality of work life are
important concerns to the WAC, which spon-
sored employees in short-term detail assign-
ments to investigate and report on alternative
work schedules and family leave and childcare
issues.

Women’s Executive Leadership
Program

By Susan Roach

The Women’s Executive Leadership pro-
gram, an initiative of the Office of Personnel
Management, is designed to train capable
women who are interested in managerial
and executive careers. The program provides
for increased visibility and expanded experi-
ences in preparing women for management
positions.

A pilot program was introduced in 1984
with 63 participants from Federal agencies in
the Washington, D.C., area. The program
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was expanded nationwide in 1986, growing
to 161 participants. In 1992, there were 305
graduates from 30 agencies across the coun-
try. Four USGS women from the National
Mapping Division have participated in the
program; three have graduated, and one is
enrolled in the 1992-93 program.

The primary benefit of the Women'’s
Executive Leadership program is the expo-
sure to a wide variety of experiences and
management styles through developmental
assignments and managerial contacts. Devel-
opmental assignments from which the USGS
and its participants have benefited include the
Departments of the Interior, Agriculture, and
Veterans Affairs and, through a cooperative
agreement, IBM. In addition to an increased
knowledge of other government agency prac-
tices, programs, and policies, the participants
gained a better understanding of USGS oper-
ations and its interactions with other organiza-
tions. USGS graduates of the program in the
National Mapping Division have enhanced
their career potential through the program.
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Ethnic Minority Advisory
Committee

By Jackie M. Williams

To ensure that the professional well-
being and career development of ethnic
minority employees are being met, the USGS
Geologic Division established an Ethnic
Minority Advisory Committee. The committee
met for the first time in June 1992 and
included ethnic minority representatives
from each of the regions and from scientific,
technical, administrative, and clerical job
categories.

Specific goals of the Ethnic Minority
Advisory Committee are to achieve equitable
representation, to increase cultural awareness,
and to promote open communications. At the
first meeting, the committee developed
recommendations for issues of concern to the
minority community. The main concerns cited
were promotion and advancement, career
development and training, increasing minority
staffing, communications, and conflict resolu-
tion. These concerns will be addressed by the
Ethnic Minority Advisory Committee in the
coming year.






































http:0.30-0.61













built. When the dam was completed in 1963,
the major supply of sand to the system was
cut off, and the annual sediment load at the
Grand Canyon stage gage was reduced from
90 to 14 million tons (82 to 13 million metric
tons) per year. The annual peak flow was
reduced commensurately, however, and the
distribution of sand in the system appears to
have reached equilibrium with the reduced
flow by 1980. About 30 percent of the chan-
nel bed was covered by sand before the dam
was built, and only a slightly smaller fraction
of the channel bed appears to be covered by
sand at the end of 1991.

Coarse, rapidly drained talus predomi-
nates along the channel margin, and sand
deposited at high stage near the edges of the
river is important to plants and for people
rafting down the Colorado River through
Grand Canyon National Park. Thin bands of
sand along the channel margin provide a sub-
strate for the most dense riparian vegetation,
large unvegetated sand deposits downstream
of rapids provide some of the best camping
beaches, and the vegetated beaches provide
marsh habitat for birds and warm backwaters
for native fish.

At moderate to high stage discharges,
sand in the mainstream is transported in sus-
pension and is continually exchanged with the
sediment in the river bed and the eddy bars.
As the stage rises, sand accumulates more
rapidly than it is lost when the stage falls,
which means that short periods of high dis-
charge can be used to build up sand deposits.
These beach-building flows, however, must be
repeated every several years. Maintenance of
high-elevation sand bars, which dominated
the river system before the dam was closed, is
extremely important because these beaches
are necessary for recreation and riparian hab-
itat. High stage discharge also removes a sub-
stantial amount of sand from the system, so
the discharge must be timed carefully so as
not to remove more sand from the Colorado
River than is added to the river reach down-
stream from Glen Canyon Dam from floods
in the Paria and Little Colorado Rivers
between beach-building events.

The USGS component of GCES II is to
model the response of a downstream environ-
ment to the water-release history of a dam
and to obtain the flow data necessary to test
and prove the model. Data on the rate of
addition—by debris flows and floods—of
coarse sediment to the main channel and
recirculation zones of the Colorado River and
the effect on the eddy beaches of the dis-
charge wave —generated daily in response to
electricity demands in the regional net-
work—are providing the foundation for the
environmentally sensitive operation of large
dams with a minimum loss of revenue.

USGS Continues
Coordination of Water-
Resources Information

By Nancy C. Lopez and Paul V. Dresler

ithin the United States, water-resources

data and information are collected by
thousands of Federal, State, and local agen-
cies, public interest groups, Native Americans,
and private groups and individuals at a cost
of several billion dollars annually. Federal
agencies collect water-resources information
to meet their individual mission requirements,
such as pollution control, weather forecasting,
emergency response, natural-resource man-
agement, regulatory enforcement, and basic
research. The Federal-State Cooperative pro-
gram, for example, which constitutes more
than 40 percent of all USGS water-resources
activities, promotes working partnerships
between the USGS and more than 1,000 Fed-
eral and non-Federal organizations, resulting
in the operation of more than 50,000 water-
measurement sites throughout the Nation. In
addition, non-Federal agencies, local and pri-
vate organizations, and public interest groups
use water-resources information to manage
and protect the resource and ensure that
established standards and regulations are
achieved.

Existing water-information acquisition
and dissemination methods meet some, but
not all, needs for decisionmaking at the
Federal, regional, State, and local levels
and in the private sector. Identifying opportu-
nities to improve the effectiveness of water-
information activities requires extensive com-
munication and collaboration among
collectors and users of water-resources infor-
mation. Previously, coordination efforts were
primarily focused on coordination at the
national level. The recognition that future
water-information needs are more likely to
occur at the State and local levels rather than
at the national level, however, has resulted in
interagency and intergovernmental coordina-
tion efforts that are ensuring that water-
resources information needs can be met at all
levels.

On December 10, 1991, the Office of
Management and Budget (OMB) issued
Memorandum No. M—92-01 that directs the
Federal Government to coordinate water-
information activities. The OMB memoran-
dum sets the requirements and objectives for
the establishment of a Water Information
Coordination Program (WICP) to ensure
effective decisionmaking for the management
of natural resources and protection of the
environment at all levels of government and
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in the private sector. Lead responsibility for
implementing the OMB memorandum was
assigned to the USGS, which has historically
been the Nation’s principal agent for water-
data acquisition. The new OMB memoran-
dum supersedes OMB Circular A—67 on
water-data coordination that was signed in
1964.

Implementation of the OMB memoran-
dum, through the establishment of the WICP,
will encourage and promote partnerships
among water-resources information collectors
and users at all government and nongovern-
mental levels, avoid duplication of efforts,
result in more effective and economical
natural-resource management, support envi-
ronmental protection, and make better use of
available resources to meet the Nation’s water-
information requirements. An important
objective of the WICP is to coordinate the
development of data-collection guidance to
field operations on the best methods for
collecting, analyzing, and reporting water-
resources information.

The WICP also will promote interagency
collaboration to establish data and informa-
tion archives that are interlinked and accessi-
ble. These archives need to contain informa-
tion sufficient to qualify and interpret the
data holdings and identify the status, quality,
and location of water-resources information.
Achievement of these goals will be accom-

U.S. Geological Survey Yearbook 1992

plished by focusing on four interrelated
activities:

® Water Information Program Review.—
Reviews water-information collection and dis-
semination programs for effectiveness and
needed changes.

® National Water Information Network.—
Develops plans and priorities to adjust exist-
ing national water-resources information col-
lection to meet current and future needs
more effectively and efficiently.

® Water Information Standards Develop-
ment.— Develops, accepts, and disseminates
water-information standards and establishes
mechanisms to evaluate and test sampling and
analytical methods that will produce compara-
ble results.

® National Water Information Clearing-
house.—Develops archiving procedures for
government and the private sector and for
public access to available data and interpretive
products.

It is through the establishment and main-
tenance of a strong partnership among all
members, Federal and non-Federal, of the
water-resources information community that
effective water-resources decisionmaking,
based on reliable and accurate information,
may be achieved for the Nation, States, and
local communities. The USGS leads the effort
to coordinate these partnerships and to pro-
vide water-resources information that is
responsive to the public need.

































California is the most seismically active area in
the conterminous United States and is threat-
ened by major earthquakes, which will have
serious effects on densely populated areas
such as the Los Angeles, San Diego, and San
Francisco Bay areas. In addition, California’s
academic institutions have an established tech-
nical infrastructure and a history of earth-
quake research in which to conduct this work
and to test the model as it develops.

Many of the probability estimates for
large earthquakes are based solely on the
length of the fault segment and the current
slip rate. The problems of fault segmentation,
fault behavior, and earthquake recurrence are
being addressed by detailed mapping and
trenching across known faults. Knowledge of
the recurrence interval for earthquakes on
different fault segments will make those prob-
ability estimates more accurate and reliable.

Southern California has specific earth-
quake problems that will be addressed by the
master model. For example, the southern sec-
tion of the San Andreas fault is expected to
produce a large earthquake sometime in the
coming decades. Depending on the magni-
tude, epicentral location, and, perhaps most
crucially, the time of day that it occurs, the
loss of life and property could be catastrophic.
Furthermore, recent earthquake activity in the
Los Angeles basin suggests that a complex
system of buried faults, capable of producing
a moderate or large earthquake, lies directly
beneath metropolitan Los Angeles. Reducing
the risk from future earthquakes requires a
good understanding of potential earthquake
sources and the types of ground shaking that
they can produce.

To measure the tectonic, or earthquake-
related, movement of the Earth’s crust, highly
accurate, interconnected survey networks have
been established throughout Southern Cali-
fornia. These networks provide sparse geo-
graphic coverage in most areas but good cov-
erage over time. By learning more about the
nature of these crustal movements, scientists

The two general types of vibrations produced by earthquakes are sur-
face waves, which travel along the Earth’s surface, and body waves, which
travel through the Earth. Surface waves usually have the strongest vibrations
and probably cause most of the damage done by earthquakes.

Body waves are of two types, compressional and shear. Both types of
body waves pass through the Earth’s interior from the focus of an earthquake
to distant points on the surface, but only compressional waves travel through
the Earth’s molten core. Because compressional waves travel at great speeds
and ordinarily reach the surface first, they are often called “primary waves”
or simply “P” waves. P waves push tiny particles of Earth material directly
ahead of them or displace the particles directly behind their line of travel.

Shear waves do not travel as rapidly through the Earth’s crust and man-
tle as do compressional waves, and because they ordinarily reach the surface
later they are called “secondary” or “S” waves. Instead of affecting material
directly behind or ahead of their line of travel, shear waves displace material
at right angles to their path and are therefore sometimes called “transverse”
waves.

The times of arrival of compressional and shear waves at selected seis-
mograph stations throughout the world indicate where and when the earth-
quake occurred and, sometimes, its focal depth. The recorded amplitudes of
seismic waves indicate the amount of energy released by the earthquake.

From the USGS general-interest publication, Earthquakes.
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will be better equipped to forecast when and
where the next large earthquake might occur.
The Los Angeles basin is a primary focus for
this study, since it is poorly understood and
has a large population at risk. Many counties
in Southern California and the California
Transit Authority are helping to fund this
effort and also are providing independent
survey data.

Many activities are currently focused on
the Los Angeles area, specifically the Sierra
Madre fault system, near the San Gabriel
Mountains north of Los Angeles, and the
Santa Monica-Hollywood fault system, which
runs east-west from the Pacific Coast north of
downtown Los Angeles to the Pasadena area,
where it becomes the Raymond fault. There
has not been a large earthquake on this fault
system in historic times, so the recurrence
interval is unknown. The Hollywood fault is
currently being trenched so that the record of
past movement in the geologic record and the
recurrence interval of large earthquakes can
be determined. A large earthquake on this
fault could be devastating to the Los Angeles
area since it is situated in the middle of the
most developed and most highly populated
area.

The SCEC operation was tested during
the Landers-Big Bear earthquake sequence,
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which began just after 5 a.m., P.d.t., on June
28, 1992. The magnitude-7.5 Landers main-
shock ruptured a 70-kilometer-long (43-mile-
long) fault about 95 kilometers (60 miles) east
of San Bernardino; the magnitude-6.5 Big
Bear mainshock occurred 3 hours later. Four
hours after the Landers mainshock, USGS
scientists met with OES officials and issued

a public warning advising residents of San
Bernardino and Riverside Counties to “avoid
nonessential activity, including use of the free-
way system.” The warning was accompanied
by a B level alert for a large earthquake in
Southern California for the next 24 hours,
meaning that there was a greater than 50 per-
cent chance of a magnitude-6.0 or larger
earthquake in the area of the main shock.
These probability estimates, based on statistics
from seismicity in the past, enable fire depart-
ments, hospitals, police departments, utility
companies, and other emergency units to
make preparations for responding quickly
and efficiently during emergency situations.
They also allow the public who may be
affected to ready themselves.

The participating groups in SCEC coop-
erated successfully in response to the Landers
earthquake sequence. Portable instruments
were deployed within hours of the main-
shock, and many details of the surface









specific areas for highly specific purposes and
are generally not available to outside users.

Geologic mapping that is done coopera-
tively, through joint ventures and agreements,
makes good economic sense. The cost of mak-
ing geologic maps is high because each step of
the process, from fieldwork to publication, is
labor and time intensive. As a result, the pri-
vate sector depends heavily on governmental
agencies for production of geologic maps. In
economic terms, geologic map making by
public agencies can be defined as a public
good: Information contained on the maps is
available to everyone, and the use by one con-
sumer does not diminish the availability or
usefulness to any other user. The public and
private sectors alike can use the information,
whereas similar data if produced by a private
firm would have highly restricted use. In
order to achieve the full public good of geo-
logic map information produced under the
National Geologic Mapping Act of 1992, State
geological surveys and the USGS will work in
partnership.

What Are the Goals of the Legislation? —The
objective of the National Geologic Mapping
Act of 1992 is “to determine the geologic
framework of the Nation by the systematic
development of geologic maps at scales appro-
priate to the geologic setting and perceived
applications” of the maps [P.L. 102-285, sec.
4, (c) (1)]. A national geologic map data base
will be the principal product. That data base
will be available to the public through a three-
level national archive: (1) At the State level,
maps produced at large (1:24,000) and inter-
mediate (1:100,000) scales by State geological
surveys will be archived by them as open-file
or published maps; (2) at the national level,
maps produced at large and intermediate
scales by the USGS will be archived initially in
various map series; (3) separate parts of the
large-scale archive from States will be consoli-
dated by the USGS into an intermediate-scale
national data base archive.

As rapidly as conversion can be accom-
plished, all geologic map information will be
archived in digital format that will meet
national digital geologic map standards and
national data transfer standards. The geologic
mapmaking will be performed in the context
of ongoing Federal efforts to coordinate sur-
veying, mapping, and related spatial data
activities under Office of Management and
Budget Circular A-16, revised.

Four other supplementary data bases will
be products of the national program. A
national geophysical-map data base, at a
principal scale of 1:100,000; a national geo-
chemical map data base at 1:500,000 scale;

a national paleontologic data base; and a
national geochronologic data base. All

May 18, 1992
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Public Law 102-285
102d Congress
An Act

To enhance geologic mapping of the United States, and for other purposes.

Be it enacted by the Senate and House of Representatives of the United States
of America in Congress assembled,

SECTION 1. SHORT TITLE.

This Act may be cited as the “National Geologic Mapping Act
of 1992”.

SEC. 2. FINDINGS AND PURPOSE.

(a) FINDINGS.—The Congress finds and declares that—

(1) during the past 2 decades, the production of geologic
maps has been drastically curtailed;

(2) geologic maps are the primary data base for virtually
all applied and basic earth-science investigations, including—

(A) exploration for and development of mineral, energy,
and water resources;

(B) screening and characterizing sites for toxic and
nuclear waste disposal;

(C) land use evaluation and planning for environmental
protection;

(D) earthquake hazards reduction;

(E) predicting volcanic hazards;

(F) design and construction of infrastructure require-
ments such as utility lifelines, transportation corridors,
and surface-water impoundments;

(G) reducing losses from landslides and other ground
failures;

(H) mitigating effects of coastal and stream erosion;

(I) siting of critical facilities; and

(J) basic earth-science research;

(3) Federal agencies, State and local governments, private
industry, and the general public depend on the information
provided by geologic maps to determine the extent of potential
environmental damage before embarking on projects that could
lead to preventable, costly environmental problems or litigation;

(4) the combined capabilities of State, Federal, and academic
groups to provide geologic mapping are not sufficient to meet
the present and future needs of the United States for national
security, environmental protection, and energy self-sufficiency
of the Nation;

(5) States are willing to contribute 50 percent of the funding
necessary to complete the mapping of the geology within the
State;

(6) the lack of proper geologic maps has led to the poor
design of such structures as dams and waste-disposal facilities;

(7) geologic maps have proven indispensable in the search
for needed fossil-fuel and mineral resources; and
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(8) a comprehensive nationwide program of geologic mapping
is required in order to systematically build the Nation’s geo-
logic-map data base at a pace that responds to increasing
demand.

(b) PURPOSE.—The purpose of this Act is to expedite the produc-
tion of a geologic-map data base for the Nation, to be located within
the United States Geological Survey, which can be applied to land-
use management, assessment, and utilization, conservation of nat-
ural resources, groundwater management, and environmental
protection.

Re-creation of an excerpt from Public Law 102-285, the National Geologic Mapping Act of 1992.
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program participants will maintain local data
bases, and the USGS is responsible for devel-
oping the formats and standards and for
assembling the nationwide data bases.

The task of developing geologic map
information for the Nation is immense. Base-
map coverage for the Nation, exclusive of
Alaska, at a scale of 1:24,000 (the standard
format of the popular USGS topographic
quadrangles), requires about 57,000 quadran-
gles. Nearly 1,800 base maps at a scale of
1:100,000 cover the country. Both large-scale
and intermediate-scale maps are critical in
deriving the most useful geologic information
to solve the broadest spectrum of earth
science concerns.

Priorities must be established at State and
Federal levels in order to produce geologic
maps in the most timely and cost-efficient
sequence possible, first for areas of highest
priority, then for areas of decreasing priority.
Again through State and Federal partnership,
priorities will be established. State geological
surveys will canvass State, county, and local
governmental agencies, local users from the
private sector, and colleges and universities
within each State to establish Statewide priori-
ties. Working through the Federal Geographic
Data Committee’s Subcommittee on Geologi-
cal Data, the USGS will canvass Federal agen-
cies and national organizations to determine
priorities for Federal geologic mapping.
Finally, analysis of State and Federal require-
ments will be merged to guide development
of work plans and funding proposals by all
partners to accomplish geologic mapping of
the highest priority at the beginning of the
program.

Implementation of the National Geologic
Mapping Program will be achieved through
four components. Each component will work
to accomplish its specific goals, but all will
work together toward the goal of developing
national geologic map data bases. The State
geologic mapping component, for example,
will determine the geologic framework of
areas that States “determine to be vital to
the economic, social, and scientific welfare
of the individual States” [P.L. 102—285, sec. 4,
(f) (3)]. This component is fundamental to the
program, because Federal funds will be avail-
able to be matched by the State on a one-to-
one basis with non-Federal funds, thereby
multiplying the extent and effectiveness of
geologic mapping.
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The USGS conducts two components of
the program. In one Federal component, the
USGS performs geologic mapping to establish
the geologic framework of areas that are vital
to the economic, social or scientific welfare of
the Nation. The second Federal component
provides interdisciplinary support for the geo-
logic mapping by performing paleontologic
and isotopic geologic studies to determine the
ages of earth materials, and support for the
development of techniques for and assembly
of a national digital geologic map data base.

The final program component, geologic
mapping education, is critical for the long-
term vitality of the overall national program.
During the past 15 years, the teaching of geo-
logic field methods and analysis has declined
or been abandoned in many colleges and uni-
versities. A combination of factors, such as a
past decrease in the availability of funds for
geologic mapping, the time- and labor-
intensive character of geologic mapping com-
pared to other kinds of earth science investi-
gations, and a general decline in mineral and
energy exploration in the Nation, has led to a
decrease in well-trained geologic mappers.
The fourth component of the National Geo-
logic Mapping Program would develop pro-
grams that teach students the principles of
geologic mapping and field analysis and
would support field teaching institutes.

What Are the Challenges of the Legislation? —
The National Geologic Mapping Act of 1992
provides intriguing challenges to institutions
across the country that have responsibility for
mapping the geology of our Nation. One
challenge is to reinforce partnerships in geo-
logic mapping and to reinvigorate geologic
mapping among all geological surveys. A sec-
ond challenge is to develop methods of accel-
erating geologic mapping and publication of
geologic maps. Another major challenge is to
develop new methods of representing geo-
logic map information clearly to an expand-
ing, sophisticated clientele, which is able rap-
idly to assimilate and use such information in
geographic information systems to solve a
variety of problems that require geologic data.
A final challenge is to interpret and apply
geologic map information for effective policy-
making at all levels of government. An effec-
tive partnership among all participants in the
geologic mapping program is the key to meet-
ing these challenges successfully.









Message from the Chief, National Mapping Division

ince 1885, when an agreement was signed with the State of Massachusetts to

produce topographic maps, the USGS has worked with Federal agencies, State
and local governments, the private sector, and academia to provide accurate and
timely maps and map-related descriptions of the Nation’s terrain, water features,
transportation networks, political and administrative boundaries, land cover and
use, and other geographic features. Today, this geographic information produced
through the National Mapping Program is a key ingredient in decisions that impact
the many economic, environmental, and natural resource issues facing the Nation.
At a time when the demand for this information has never been greater, no one
organization has the resources to meet this need. The use of computerized
technologies creates new opportunities for sharing data and challenges us to be
innovative in allocating, budgeting, and concentrating resources to create and
maintain these vital data.

Working through the Federal Geographic Data Committee and building on
current agreements, we are developing a new network of partnerships to produce
detailed, current digital geographic and orthophotoquadrangle coverage for the
Nation by 2000. This initiative builds on the strengths of the partners so that each
meets the needs of its programs and also benefits others. Much of the federally
funded data will be developed through the private sector. In addition, we anticipate
that at least a quarter of the data will be from State and local governments, utilities,
and others in the private sector. With these rich sources of data in mind, we are
strengthening our cooperative programs and beginning an innovative incentive
program. Our work to implement the Spatial Data Transfer Standard will reduce
the technical problems often encountered in these partnerships.

Partnerships are a key ingredient to understanding complex environmental
issues. Working with the Department of Agriculture, we recently established the
Terrestrial Ecosystem Regional Research and Analysis (TERRA) Laboratory to link
disciplines and gain a better understanding of changing regional land conditions.
Our activities in polar regions also depend on working with other agencies and
nations.

The key to anticipating and responding to issues facing the Nation lies in the
availability of current and accurate information about the rapidly changing
landscape. The task of obtaining this information is huge, and success depends on
all of us working together to share and benefit from the Nation’s investment in

geographic data.

Partnerships in the
National Mapping Program
By Richard L. Kleckner

Geographic information systems (GIS) and
related computer technologies have
become crucially important land resource
management tools. The best use of these sys-
tems, however, requires massive amounts of
geographic data in digital form—data that can
be compiled efficiently only through effective
partnerships of major data producers and
archivers.

To ensure that the necessary data are
available, the USGS has established a network
to gather and maintain high-quality spatial
data. This network creates unprecedented
opportunities for cooperation among govern-

Allen H. Watkins

ment agencies and between the public and
private sectors. Through these partnerships,
scientists and managers soon will be able to
perform resource assessments, socioeconomic
analyses, and disaster preparedness plans
faster and less expensively than ever before.
Although the USGS has devoted consid-
erable effort over the past 10 years to digitize
data from the 1:24,000-scale topographic
quadrangles for entry into the National Digi-
tal Cartographic Data Base (NDCDB), less
than 20 percent of the approximately 54,000
quadrangle maps that cover the contiguous
United States have been digitized. Completing
this essential data base and expanding the
NDCDB to include other scales and coverage
are paramount goals of the USGS effort.
Recognizing the need to better coordi-
nate the collection of digital spatial data and
to reduce duplication of effort, the Office of
Management and Budget (OMB) issued
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GIS

Geographic Information
System (GIS) technology is a
powerful new means of han-
dling spatially related informa-
tion and is a major element in
the new digital direction of
USGS mapping efforts. GIS’s
capture, store, and process
data according to their geo-
graphic or spatial relations.
From these systems, scientists
can produce maplike layers of
digital data that can be merged,
separated, manipulated, and
analyzed by computers to sup-
port more informed decision-
making for many scientific,
engineering, and planning
purposes.

revised Circular A-16, “Coordination of Sur-
veying, Mapping, and Related Spatial Data
Activities,” in October 1990. The revised cir-
cular expanded the breadth of spatial data
coordination, assigned leadership to Federal
departments for coordinating activities related
to certain categories of spatial data, and estab-
lished a new interagency coordinating com-
mittee to guide and oversee these activities.
The objective of the coordinating committee,
the Federal Geographic Data Committee
(FGDC), is to promote the development, use,
sharing, and dissemination of surveying, map-
ping, and related spatial data. The FGDC has
proposed developing a national spatial (geo-
graphic) data base, linking all levels of gov-
ernment and the private sector. This data
base (a distributed information system incor-
porating common criteria and standards) is
expected to promote the efficient transfer of
spatial data between producers and users. In
its efforts to implement revised Circular A-16
within the USGS, the bureau is developing
various partnerships to accomplish common
data collection goals.

The USGS has developed the National
Map and Digital Data Cooperative Program
to increase its capacity to offer up-to-date
maps, digital cartographic data, and remotely
sensed data. Under this program, the USGS
uses cooperative program resources to fund
up to 50 percent of the costs of a mapping
partnership project to produce spatial data
more efficiently.

In 1991, the USGS formed more than 35
partnerships with other agencies and pro-
vided $2.8 million toward the cooperative
production of standard USGS cartographic
products. Although the number of partner-
ships remained stable in 1992, funding
increased to $3.3 million.

Different types of agreements serve dif-
ferent potential partnerships. Funded agree-
ments involve sharing production costs for a
project. For unfunded agreements, either the
USGS and its partners complete portions of
the production work for a project without
transferring funds or produce completed
USGS standard products that are exchanged
with no transfer of funds. To add flexibility
and convenience to the cooperative program,
partnership agreements may contain combina-
tions of funded and unfunded activities.
Additionally, a consortium of partners with
identical product needs may collectively con-
tribute to a project, reducing the cost to each
partner to less than 50 percent.

The following are several examples of
products developed through the varying part-
nership arrangements.
® Electric Utility. The USGS participated in
a joint funding agreement with the City of
Austin, Texas, Electric Utility, which called
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for the USGS to produce digital line graph
(DLG) data from seven USGS 1:24,000-scale
maps. The digital layers included boundaries,
hydrography, and transportation. The data
were combined with the Electric Utility data
to form a resource data base that identifies
alternate transmission line routes and substa-
tion sites.

® Graphic revision of 7.5-minute topo-
graphic maps of Louisiana. The Louisiana
Department of Transportation and Develop-
ment (LADOTD) used a joint funding agree-
ment with the USGS for graphic revision of
7.5-minute topographic maps. The maps are
being used by LADOTD for planning, main-
tenance, and management of the State’s trans-
portation network, as well as flood control
and other water-resource needs. Other State
agencies use the maps for research and man-
agement applications.

® Digital line graphs and digital elevation
models (DEM’s) for Lake County, in north-
eastern Illinois. Lake County had a joint
funding agreement with the USGS for the
preparation of DLG’s (transportation, hydrog-
raphy, hypsography, Public Land Survey Sys-
tem [PLSS], and boundary overlays) and
DEM’s for the 7.5-minute quadrangles cover-
ing the county. These data are being used by
county officials and other agencies for wet-
lands management, storm water planning,
and landform analyses.

® Digital line graphs for Idaho. The USGS is
working with the Idaho Transportation
Department to produce and exchange some
630, 1:24,000-scale DLG’s. The overlays
include transportation, hydrography, bound-
aries, and PLSS. According to the agreement,
the work is shared, with each party complet-
ing half of the work and providing the other
party with the data.

® Digital elevation models for the U.S.
Forest Service. The USGS is close to complet-
ing a work-share agreement with the U.S.
Forest Service (USFS) for the production of
DEM’s. This agreement calls for the one-for-
one exchange of the 700 DEM’s produced by
each agency. The USFS uses the DEM data to
develop forest plans, conduct environmental
impact studies, and perform endangered spe-
cies habitat assessments and pest control man-
agement studies.

Until recently, no mechanisms existed to
effectively cooperate with public utilities and
the private sector. Under the fiscal year 1993
National Map and Digital Data Cooperative
program, the USGS began to initiate coopera-
tive agreements with public utilities and pri-
vate industry to acquire DLG data for entry
into the NDCDB and for public distribution
through the USGS Earth Science Information
Centers. The intent is to identify sources of
DLG’s or map data of similar accuracy being
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Message from the Assistant Director for
Information Systems

Parmerships. Networking. Teamwork. Nearly every noteworthy USGS
accomplishment in computing involves two or more people, computers, networks,
organizations, or locations joining forces in a partnership. Working together, we use
information resources technology to meet important earth science objectives that are
beyond the resources or talents of a single individual or compulter.

The ground motion from the 1989 Loma Prieta earthquake, for example, which
was felt so strongly at USGS offices in Menlo Park, Calif., reminded people about
the importance and vulnerability of our own telecommunications. Realizing that the
USGS provides crucial earthquake information to the world, we joined forces with
local and regional disaster-relief organizations to develop a recovery plan that would
quickly and reliably reconnect our voice and data networks with the “outside world.”

In other examples, several dozen USGS earth and computer scientists
collaborated with colleagues at NASA’s Jet Propulsion Laboratory to share
experiences and techniques in the new field of scientific visualization to create
animations that allow scientists to simulate earth science processes and envision
solutions. The exchange of ideas and products from computer-generated visuals is
already stimulating a new generation of applications that raise the understanding of
earth processes to a new level.

With leadership from the USGS, Wide Area Information Servers are being
adopted throughout the earth science and library communities as an easy and
inexpensive way to share access to data and information located in many agencies
and countries. In the field of education, GeoMedia builds on a partnership with
teachers, scientists, and students to give students an understanding of fundamental
earth science processes through the use of multimedia.

Clearly, the USGS is committed to joining forces with other organizations to
share in the fast-changing world of earth science computing. After all, it helps us,
and it helps our partners. Information resources technology provides an innovative

arena to capitalize on the creativity and growth fostered by partnerships.

Telecommunications and
Emergency Response
By Carol Lawson and Carl Mortensen

ocated in the heart of the San Francisco

Bay region, the USGS Western Region
headquarters in Menlo Park, Calif., is suscep-
tible to the effects of a damaging earthquake
along one or more of the many faults that
traverse the area. The Loma Prieta earth-
quake of 1989, served as a reminder to USGS
employees, both as scientists and as members
of the local community, of the need for effec-
tive emergency planning in the wake of a nat-
ural disaster.

Responding to an emergency, which
affects people as employees, as scientists, and
as providers of vital earth science information,
is an important part of ongoing planning at
the Menlo Park facility. While emergency
response has long been a reality for the
USGS, the Loma Prieta earthquake made the
bureau realize that its own facility in Menlo
Park needed to refine its existing plans into a

J.E. Biesecker

more coordinated approach to deal with
effective communications in the event of inev-
itable earthquakes and other disasters in the
area that would hamper or severely curtail
conventional telecommunications. With over
1,700 local employees, the USGS must be pre-
pared to address the safety and welfare of its
employees during a crisis. Seismologists and
geologists must be ready to provide scientific
information to Federal, State, and local emer-
gency services agencies to help ensure that
emergency response plans are effective. That
information must also be made available
quickly and in an understandable format for
the news media to transmit to the public. To
support these functions, telecommunications
systems have been developed that serve to
coordinate the management, scientific, and
public outreach components of USGS emer-
gency response plans.

Management Response Plan.— An effec-
tive communications network enables local
USGS officials to easily coordinate with one
another across the Western Region’s Head-
quarter’s 25-acre, campuslike facility. Com-
mand centers have been established in each of
the division level managers’ offices that offer
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three independent methods of communica-
tion: the internal telephone system, a backup
telephone system, and walkie-talkies. The
internal telephone system has a backup power
provision designed to maintain continuity of
service in the event of a major power outage.
It also provides outgoing trunk lines that have
been elevated to essential service status by the
local telephone carrier, which guarantees the
USGS priority access to available lines, under
most circumstances. Also in emergency cir-
cumstances, the telephone system services
contractor recognizes the USGS as a priority
customer. Should the Menlo Park facility’s
telephone system experience an equipment
failure during an emergency, the contractor’s
service department is instructed to offer
immediate support.

In the event that the internal telephone
system experiences an unforeseen problem
that disrupts service, a backup telephone
capability has been installed in each of the
command centers and in the offices of key
scientists. This backup capability is provided
by a major telephone carrier’s switch located
off-site with facilities designed to withstand a
magnitude 8.5 earthquake. The phones tying
into this off-site switch also carry essential ser-
vice status and have several useful features
including intercom, conferencing, and for-
warding capabilities that enable management
and scientists to effectively communicate with
each other and with others off-site.

Should a disaster necessitate the evacua-
tion of the office buildings, each manager also
has a walkie-talkie. These portable walkie-
talkies are used outside to allow for continued
communications among the widespread build-
ings. All three of these communication sys-
tems exist to ensure effective coordination
during the execution of the management
response plan. Additionally, public telephones
having essential service status have been strategi-
cally located throughout the facility. These
telephones enable 911 emergency calls to be
placed in the event other telephone systems
experience circuit overload. These essential
service pay telephones carry the highest possi-
ble priority of all of the established telephone
services; therefore, they have the greatest like-
lihood of being able to access a dial tone dur-
ing a disaster or emergency.

Scientific Response Plan.—USGS scientists
are key players in the Federal Response Plan
in the event of a catastrophic earthquake.
Authority for actions taken under this
plan derives from Public Law 93-288 (as
amended), also known as the Robert T.
Stafford Disaster Relief and Emergency
Assistance Act. USGS scientists provide con-
tinuously updated information, hazard warn-
ings, and technical advice (including the
extent, distribution, and nature of shaking,
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ground failure, and damage and estimates of
risk from aftershocks and progressive ground
failure) to State and Federal response organi-
zations immediately following a major earth-
quake. In the event of a Bay Area earth-
quake, the USGS can provide initial estimates
of shaking intensities and likely damage distri-
bution, as well as the likely distribution of sur-
face faulting, liquefaction, and landslides. The
accuracy and speed of these initial estimates
can assist State and Federal authorities in
directing local and regional response actions
such as establishing staging areas and deploy-
ing resources. The USGS plan for the Bay
Area will establish channels for effectively and
rapidly transferring technical and scientific
estimates, data, hazard warnings, and other
information to help formulate and guide State
and Federal responses. This plan serves as a
model for the development of similar plans
for USGS response to earthquakes in other
regions.

Telecommunications Response Plan.—
Telecommunications requirements for this
plan are largely met by 2 communications
command center that is designed to provide
easy-to-use telephone based communications
with access to the California State Office of
Emergency Services (OES), the Federal Emer-
gency Management Agency (FEMA), and
USGS officials. Five different phone-based
systems are available—the internal phone sys-
tem, the backup external phone system, a
microwave-based telephone system, a very
high frequency (VHF) radio telephone sys-
tem, and a satellite telephone system. The
internal and external backup phone systems
are the same as those used by managers in the
center management response plan. Both sys-
tems allow scientists and managers to easily
and conveniently communicate with each
other, as well as with individuals off-site. The
microwave-based system enables telephone
access to area codes outside of the immedi-
ately affected area by passing the call through
a series of microwave stations shared with the
U.S. Army Corps of Engineers. A typical
requirement of this system would be the need
to directly access a dial tone in the 916 area
code, about 90 miles (145 kilometers) from
the Menlo Park Center and where State emer-
gency offices are located. This capability is
important because telephone lines into and
out of an area that has experienced a wide-
spread disaster typically experience a severe
overload, hence access to local telephone ser-
vices commonly results in the receipt of a
busy signal. The VHF radio phone systems
allow the scientists to use radio capabilities
to establish an independent access link to a
916 area code telephone using a series of
relay stations (different than those used by



microwave). In compliance with established
radio regulations, this capability is used only
by USGS scientists. In the event that a large
enough earthquake (or other disaster) strikes
and renders conventional, microwave, and
radio communications inoperable (for exam-
ple, telephone company, central offices,
microwave towers, and repeater stations are
brought down), the command center can use
its satellite telephone system. This system ties
into the global International Maritime Satellite
Organization (Inmarsat) satellite network,
which operates a system of satellites in geosta-
tionary orbit over the Atlantic, Pacific, and
Indian Oceans. It provides worldwide land,
air, and sea coverage with access to land sta-
tions providing international telephone net-
working. The USGS’s satellite telephone sys-
tem is fully portable and can be deployed in
clear locations outside of the communications
command center building in the event condi-
tions are severe enough to require the evacua-
tion of buildings. This is the same technology
that was deployed extensively during Opera-
tion Desert Storm. Each of these communica-
tion systems is available to facilitate the USGS
role in the Federal Response Plan and to
enable communications with key personnel
within the USGS. These systems are available
to help the USGS support the improved effec-
tiveness of the Federal, State, and local emer-
gency response and recovery plans, and to
also benefit earth science investigators by
incorporating immediate reconnaissance and
other postearthquake investigations into the
total Federal effort.

Public Outreach Plan.—During an earth-
quake, a joint information center is set up at
the Menlo Park facility, using the facilities of
the communications command center and
staffed by public affairs professionals from
the USGS and other agencies, along with sci-
entific personnel. This joint information cen-
ter disseminates information that can help
response agencies and the public address what
has happened, as well as the unknown and
unexpected. Using first-hand field and instru-
mental information, the USGS can release fac-
tual information to the public, through the
news media, in an orderly and understand-
able fashion. The communications command
center adjacent to the joint information center
is available to continuously provide informa-
tion and updates on conditions to the public
through news media sources throughout the
State and country.

With managers, scientists, telecommuni-
cations personnel, and public affairs specialists
working in concert, the USGS is prepared to
serve the public and the Government and its
employees in the event of a major earthquake
in the San Francisco Bay Area. Through the
use of effective communications links, they

will be able to furnish information that can
play a vital role in the response and recovery
processes outlined in State and regional emer-
gency plans.

Video Aspects of Scientific
Visualization

By Richard A. MacDonald and
Carmelo F. Ferrigno

y adding a visual dimension, the USGS is

marketing its earth science data to new
users and showcasing exciting new applica-
tions in land use-land cover planning, natural
hazard forecasting, and natural resources
management. This new arena of scientific

visualization is making it possible to produce

and dlssemlr.late USGS data more effectively. . scien tifi ¢
Increasing volumes of data demand new ; o .

techniques for such applications as pattern visualization is

detection and analysis. With the added clarity makin g it

of a visual component, scientists can discover
meaning in data patterns that would not oth-
erwise be apparent or easily detected. An
example is the detection of ocean currents

possible to
produce and

through the use of time-dependent models disseminate
where changes can be observed by animation. USGS data more
Interactive modeling and simulations using .
visualizations enable scientists to alter models eﬁ ectzvely .

if their first attempts do not validate these
hypotheses. Animations are yet another way

in which visualization can provide additional
insights to existing data.

Scientific visualization also makes it easier
to present and distribute research results.
Quality audiovisual products of scientific visu-
alizations provide a universal medium for dis-
seminating earth science applications at rea-
sonable cost, thereby enhancing presentations
for professional and educational users.

Recording computer-generated anima-
tions on videotape requires specialized com-
puter hardware because the signals used to
generate the images on computer monitors
and television monitors are very different.

To convert between these signal types, a
special video graphics adapter is used in the
computer. This special adapter performs

two functions: First, to record a computer-
generated animation to videotape, this
adapter converts the computer signal (called
RGB for Red-Green-Blue) to a television sig-
nal (called National Television Standard Code
or NTSC). Second, the opposite process,
called frame grabbing, stores frames from a
videotape in the computer. Once stored in the
computer, these video frames can be manipu-
lated as if they were originally created on the
computer.

Information Systems Activities
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A mechanism is also needed to control
the video cassette recorder (VCR) from the
computer. VCR’s used to record scientific ani-
mations are usually higher quality than the
typical consumer VCR. Typically, the VCR is
connected to the computer in the same way
that a printer is connected to a computer.
The VCR controller may be a combination of
hardware (for example, an adapter in the
computer) and software or software only, all
of which enable the operator to control stand-
ard functions of the VCR (stop, rewind,
record, and so forth.) by using the computer
display and keyboard or mouse.

Two basic methods are used to record
computer-based animations: realtime and
frame-by-frame recording. In realtime record-
ing, the animated sequence of images is
recorded to videotape as the images appear.
If an animation displayed on the computer
monitor correctly portrays the information to
the viewer, it can be recorded in realtime.
However, depending on the power of the
computer and the complexity of the images in
the animation, there are situations where the
computer will be unable to generate the video
frames in realtime because each image can
take up to several minutes to be displayed on
the monitor, which is too slow to be properly
recorded to videotape. In this case, the com-
puter generates one animation frame, that
frame is recorded to videotape, and this proc-
ess continues until all frames have been
recorded. This is called frame-by-frame
recording.

The recording of the animation is only
the first step. Video editing, adding sound,
narration, titles, and word overlap, requires
additional computer software and hardware.

The USGS is evaluating various
computer-based video recording and editing
systems for scientific visualization applications,
including small desktop computers and UNIX
workstations. A Macintosh-based video pro-
duction system is currently being tested, and
videos have been produced using a PC-based
system.

One of the problems with both PC- and
Macintosh-based video systems is that the
computers do not have sufficient processing
power to produce animations for many com-
plicated earth science processes. Because of
this, the USGS is planning several pilot
projects to produce and record animations
created on high performance UNIX work-
stations.

The USGS is working with the Jet Pro-
pulsion Laboratory (JPL) in Pasadena, Calif.,
to test and use software developed at JPL.
This software will be used to generate ani-
mated sequences, such as terrain fly-bys,
which are used by scientists to analyze data
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that can be overlaid on a terrain surface
such as geophysical, geographic, and hydro-
logic data. Some of the animations created
in this testing will be recorded to tape by
using VCR’s directly controlled from the
workstation.

Plans for pilot projects that would pro-
vide visualization of earth science data are
underway. One project is a study of the
potential contamination of a bay, located near
a major metropolitan area, from a discharge
pipe for a sewage treatment plant. In devel-
oping other projects, USGS and other com-
puter specialists and scientists are working
together to target pressing environmental
issues that can be solved more readily through
the use of scientific visualization.

GeoMedia—Teaching
Earth Science Through
New Technology

By Deruse A. Wiltshire and
Mary E. Powell

GeoMedia is an earth science educational
system that uses multimedia technology
to teach middle-school students about the
hydrologic cycle, earthquakes, and maps.
Multimedia computer technology offers stu-
dents exciting new possibilities for navigating
through multiple layers of information. Geo-
Media is based on a newly emerging software
programming technology known as hyperme-
dia. Hypermedia techniques are used in Geo-
Media to create a computer system that allows
students to make associations between a mix
of information, such as graphics, text, anima-
tions, and sound.

GeoMedia was originally designed for
use by USGS personnel when making presen-
tations to students visiting USGS offices. How-
ever, to fulfill the many requests made by
teachers to obtain copies of the software, the
USGS decided to distribute the multimedia
system on digital compact disc (CD-ROM) for
use in the classroom. An accompanying pack-
age, the Teachers’ Developer Version, is
designed to give teachers and students the
ability to create additional educational mate-
rial for the earth sciences.

GeoMedia contains animations that show
natural processes such as the hydrologic cycle
and plate tectonics. The three subject modules
also include color images and sounds to fur-
ther illustrate the topics. Glossaries and read-
ing lists are included for each of the modules.















Message from the Assistant Director for Administration

hrough enhanced use of new technology, automation, and innovative

administrative programs in fiscal year 1992, we continued to provide the
USGS with cost-effective and responsive administrative support. Examples of new
technologies and automation activities included replacing microfilm storage of
financial records with electronic archival, retrieval, and research technology for
records management and adding electronic bulletin board and a toll-free telephone
number to our automated vacancy announcement system. An innovative personnel
program implemented this past year includes the use of On-the-Spot Awards, to
enable supervisors to grant immediate small-amount financial awards to deserving
employees. Other innovations include conversion to a direct accountability mail
system, remote input of financial transactions, and streamlining of fiscal data
processing through expanded use of alternative payment mechanisms.

Effective partnerships include internal bureau committees that ensure that
recommendations of managers and the workforce are considered in decisions
affecting administrative programs, as well as departmental committees and task
forces, where bureau concerns are considered in the formulation of departmental
administrative policies. Continued representation on intergovernmental committees
and working groups also provides opportunities to exchange viewpoints on personnel
and on financial, facilities, and property management. Finally, partnerships with the
educational community and public service groups paved the way for increased
participation in the Volunteer for Science Program, as well as a greater number of
women and minorities employed under student and other appointment authorities.

Looking to the future, the competition for scarce financial resources will
continue to be a challenge that the Administrative Division will address through

state-of-the-art tools, technology, and innovative ideas to ensure that the
administrative support that we provide is both cost effective and responsive to

bureau needs.

Highlights of
Administrative Activities

Highlights of administrative direction and
coordination in support of USGS scien-
tific and technical programs for fiscal year
1992 include

Financial Management.—In fiscal year
1992, improvements in the bureau’s manage-
ment of fiscal resources included expansion of
the use of Automatic Teller Machines for
travel advances and extension of remote data
entry to 88 sites, thereby expediting fiscal
transactions.

Facilities and Management Services.—
Accomplishments in fiscal year 1992 included
the start of construction for the new Reston
mapping facility, clearance for construction at
the EROS Data Center in Sioux Falls, S. Dak.,
completion of the new rock processing facility
at the Menlo Park, Calif., facility, and smooth
conversion to the U.S. Postal Service direct
accountability system, which achieved econo-
mies in postal costs. Numerous proactive
safety management initiatives earned the
USGS the Secretary of the Interior’s annual

Jack J. Stass

award for the best departmental safety
program.

Procurement and Contracts.—For the
fifth year, procurement transactions grew sub-
stantially. The bureau’s commitment to the
goals and objectives of the Department’s
Minority Business Enterprise Programs was
reflected in the USGS receipt of the Secre-
tary’s Award for Excellence, the second award
the USGS has won in this area in the past 3
years.

Personnel.—1In fiscal year 1992, the
USGS expanded participation in minority-
organization-sponsored career fairs and
recruitment visits to targeted minority schools
and universities, which resulted in increased
USGS employment of women and minorities
(see p. 105). Issuance of a Career Planning
Manual for clerical, administrative, and secre-
tarial employees provided enhanced career
development opportunities. Implementation
of an innovative On-the-Spot Award program
provided a vehicle to give employees immedi-
ate financial recognition for their accomplish-
ments.

Administrative Systems Management.—
Fiscal year 1992 administrative system
improvements included a new property man-
agement system; software to electronically
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report excess property; automated tracking
of performance standards and appraisals,
supervisory/managerial training, and volun-
teer activities; and production of new and
enhanced automated financial reports tailored
to the needs of USGS financial managers.

Systems Partnerships
By Kory K. Lee

Building upon its success with the Depart-
ment of the Interior’s (DOI) standard
financial management system—the Federal
Financial System (FFS)—the USGS is now
leading the effort to acquire and implement a
DOI standard procurement system—the Inte-
rior Department Electronic Acquisition Sys-
tem (IDEAS)—and has developed and coordi-
nated the implementation of a department-
wide job vacancy announcement system,
known as the Automated Vacancy Announce-
ment and Distribution System (AVADS). In a
partnership outside the Department of the
Interior, the USGS provided support to
implement and service the Department of
Education’s use of the USGS automated Per-
sonnel Actions System.

Federal Financial System.—In fiscal year
1992, the USGS Washington Administrative
Service Center (WASC) coordinated the
implementation of the FFS in two organiza-
tions. The Bureau of Indian Affairs (BIA)
presented DOI's most challenging FFS imple-
mentation to date. Complicating factors of
this implementation included BIA’s decentral-
ized approach to financial management and a
variety of challenging accounting and recon-
ciliation issues. BIA successfully converted to
the FFS in October of 1991, and the WASC
assisted BIA in stabilizing operations and
reducing financial-document backlogs during
its first few months of production under the
new system. With BIA now onboard, 7 of the
10 DOI bureaus are now using FFS. This rep-
resents over 97 percent of the 20 million
annual financial transactions within the DOI,
as the three bureaus yet to use FFS are com-
paratively small in terms of accounting vol-
ume. Also in fiscal year 1992, a non-DOI
organization, the Patent and Trademark
Office (PTO) of the Department of Com-
merce, also began use of the FFS. The PTO
sought and received special authority from
the Department of Commerce to replace its
existing financial system with FFS. The WASC
worked extensively with PTO during fiscal
year 1991 to prepare the organization for its
FFS implementation. These efforts paid off as
PTO began FFS production in October of
1991. This was a significant accomplishment
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in many respects. PTO was the largest non-
DOI organization ($282 million in budget
authority and 3,900 full-time employees) to
implement the DOI version of FFS, and PTO
used many FFS features that were not being
used by any DOI bureau, such as printing of
purchase orders and travel orders in FFS,
requisition approvals on-line, and commodity
orders.

The WASC continues to maintain the
DOI version of the FFS software, which is
used by seven DOI bureaus and four non-
DOI bureaus. Weekly meetings or conference
calls are conducted by the WASC with all the
DOI FFS customers to coordinate issues asso-
ciated with the FFS and its operation at these
organizations. The National Park Service,
USGS, BIA, and PTO process their FFS
transactions on the mainframe computer at
the USGS in Reston, Va. In addition, the
WASC also services the Administrative Office
of the U.S. Courts on its version of FFS. The
Denver Administrative Service Center (DASC)
provides FFS computer services to the DOI
bureaus and cross-serviced agencies located in
the Denver, Colo., area.

Interior Department Electronic Acquisition
System.—The USGS is also managing the
departmentwide implementation and mainte-
nance of the Department of the Interior’s
standardized automated procurement system,
IDEAS. The IDEAS project, which began in
FY 1991, is a major component of the Depart-
ment’s overall efforts to streamline adminis-
trative systems and to eliminate costly and
duplicative systems development and mainte-
nance, and will also serve to improve DOI
management controls over procurement data.
Implementation of IDEAS throughout the
Department will proceed on an incremental
basis over a multiyear period.

During fiscal year 1992, the WASC
implemented the first module of this multi-
phase project. The Interior Procurement Data
System (IPDS) was placed in production and
made available to all bureaus as the first por-
tion of IDEAS. The IPDS provides both the
capability for all of the bureaus to input and
retrieve individual and summary contract
action information, as well as the capability
for the Department to examine and aggregate
all contractual actions and report them to the
Federal Procurement Data System (FPDS).
Reporting requirements for both IPDS and
FPDS are legislatively mandated.

The WASC and other USGS staff,
assisted by representatives of the Department
and bureaus, also continued its efforts to com-
petitively acquire the balance of the IDEAS
software. A market review identified commer-
cially available software as providing a signifi-
cant portion of DOI’s requirements. The
acquisition of an existing commercially



available system and customizing it to meet
the remaining functionality requirements was
validated through a benefit/cost analysis. A
Request For Comment was circulated for
Department and industry review and com-
ment, and led to the issuance by the USGS of
a Request For Proposal for IDEAS. Proposals
were received, and the evaluation process
began prior to the end of fiscal year 1992.
Award of the IDEAS contract and initial
implementation at the USGS’s Office of Pro-
curement and Contracts is anticipated during
fiscal year 1993.

Automated Personnel Processing for the
Department of Education.—This year, the
USGS and the Department of Education (ED)
worked together to implement a modified
version of the USGS Automated Personnel
Actions System throughout the ED. Since
both agencies are customers of the DOI pay-
roll/personnel (Pay/Pers) system, many similar
information processes simplified the modifica-
tion effort.

In use at USGS for a number of years,
the system completely automates processing of
the Government’s Standard Form (SF) 52, the
Request for Personnel Action. The application
features two main subsystems: Requesting
Office Subsystem (SF-52) and the Personnel
Processing Subsystem (PERS). Users of SF-52
may initiate requests for personnel actions,
track the progress of the action as it is routed
through the appropriate levels of approval,
and then print reports of pending and com-
pleted actions. Users of PERS are within the
personnel office. They process the requests
by routing the action through the appropriate
section (Classification, Recruitment and Place-
ment, and Processing). The entire system
provides for electronic paperless routing—
ranging from the signature of the approving
official to the circulation through proper
channels of the personnel office.

The collaborative effort to implement the
system for ED consisted of a three-stage plan:
preparation, pilot operation, and full produc-
tion. Under the preparation stage, key per-
sonnel specialists worked together to analyze
ED’s flow of information and customize the
system to meet their needs. At the same time,
computer specialists identified equipment and
facilities to support full operations, worked
out a training plan, and established proce-
dures to quickly answer user’s questions (sys-
tem hotline). Pilot operations, designed to test
the system before full implementation, began
in September 1991, and consisted of a suc-
cessful trial run for 600 employees at ED
headquarters in Washington, D.C. Scheduled
to be fully implemented by the end of 1992,
the system will support over 5,000 personnel
at ED.

Departmental AVADS.—During 1992, the
USGS formally established partnerships with
all DOI bureaus to develop and implement
a departmentwide Automated Vacancy
Announcement and Distribution System
(AVADS). AVADS provides flexible and wide-
spread electronic access to job information for
all DOI vacancy announcements, both within
the Department and for external job appli-
cants. The USGS first implemented its own
AVADS 4 years ago. This earlier version has
been modified to meet the general require-
ments of all DOI bureaus, and the USGS is
now assisting them in their efforts to bring
the system into operation. To carry out this
effort, the USGS has entered into interagency
agreements with the DOI bureaus, which out-
line a program for technical assistance, com-
prehensive hands-on training, registration of
users, and a coordinated implementation
schedule.

AVADS is extremely flexible. Job infor-

mation can be directly accessed from the
mainframe computer, distributed through

The entire system
automated downloads to personal-computer

networks, or retrieved from stand-alone per- promdes f or
sonal computers. AVADS consists of compo- electronic
nents that run on the USGS mainframe com-

: ) aperless
puter in Reston, Va., and IBM-compatible pap .
personal computers. On the mainframe com- routing. . .

puter, DOI personnel specialists enter vacancy
announcements into a centralized data base.

On a weekly basis, the information is electron-
ically transferred across a computer network
to several hundred personnel offices and des-
ignated distribution sites throughout the
Department, where it can be accessed or fur-
ther redistributed to employees.

On the personal computer, a program
called MicroAVADS provides a method for an
applicant to search for and print vacancies
based on bureau, geographical location, job
series and (or) grade, without the need for
access to the mainframe computer. The easy-
to-use program, along with the vacancy infor-
mation, is distributed to the DOI personnel
office locations.

The primary strength of AVADS lies in
its ability to distribute job vacancy information
to a large number of potential job applicants.
During a typical year, an estimated 10,000
positions are open within the Department.
The system assists applicants, who have more
vacancies available to them, and hiring offi-
cials who have more applicants to choose
from. In addition to a more widespread distri-
bution of job information, the process is much
faster than mailing and reproducing paper
documents.

Job opening information through
AVADS is available to the general public, spe-
cial interest minority and women’s groups,
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college placement offices, and campus recruit-
ment centers at Historically Black Colleges
and Universities (HBCU), Hispanic Associa-
tion of Colleges and Universities (HACU),
Hispanic-Serving Institutions, Tribally Con-
trolled Community Colleges, and other
schools of higher training. With a personal
computer and modem, anyone can access the
AVADS Bulletin Board System by dialing
1-800-368-3321. This part of AVADS allows
non-DOI job applicants to view and copy all
DOI vacancy information, using selection cri-
teria such as organization, location, job title,
and salary range.

At present, all USGS vacancies are
included in the DOI AVADS, and three other
bureaus have begun entering vacancies into
the system; the remaining bureaus are at vari-
ous stages of implementation. By the end of
calendar 1992, all DOI bureaus are expected
to have begun use of the system. This system
is a major improvement in the Department’s
ability to reach its own employees, other
Federal employees, and other applicants
with current information on employment
opportunities.

Partnerships with Other
DOI Bureaus

By Joseph L. Murphy, John Walbert, and
Deborah L. Burton

In its leadership role to implement and
operate DOT’s standard financial manage-
ment system—the Federal Financial System
(FFS)—the USGS has created an effective
partnership with other DOI bureaus through
the establishment of a departmental users
group to guide the direction of systems devel-
opment and implementation efforts for FFS.

The FFS User Group serves as a commu-
nications forum among FFS users, the Wash-
ington Administrative Service Center (WASC),
the Denver Administrative Service Center
(DASC), and the Department’s Office of
Financial Management (PFM). It provides FFS
users a means of regularly sharing informa-
tion and a structure through which they may
develop agreements on FFS matters. The FFS
User Group also serves as a forum for users
to make recommendations to PFM regarding
FFS policies, and to the WASC, DASC, and
other DOI bureaus regarding FFS proce-
dures. The goal of the group is to promote
and coordinate the continued development
and operational improvement of FFS. Each
DOI bureau using FFS, the WASC, the
DASC, and PFM have one User Group mem-
ber. In addition, any DOI bureau not using
FFS is invited to attend the meetings.
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The USGS, together with DOI, initiated
the action to establish a DOI FFS User Group
during fiscal year 1989, with the initial FFS
implementations at USGS and the Bureau of
Reclamation (BOR). Initially, the WASC and
the departmental Office of Financial Manage-
ment served as co-chairs of the User Group.
Beginning in fiscal year 1990, responsibility
for chairing the group rotates among the DOI
bureaus. As each bureau prepared for its own
FFS implementation, they built upon the les-
sons learned from the experiences of USGS
and BOR. At this stage, much time was spent
in dealing with unique needs of individual
bureaus and directing efforts to incorporate
their requirements into FFS. As can be
expected with any major change of this
nature, the bureaus’ primary concerns were to
ensure that their needs would be adequately
addressed. The WASC and the DASC worked
with the other DOI bureaus to accomplish the
successful implementation of FFS in subse-
quent fiscal years. As the number of FFS pro-
duction bureaus has grown, so has the size of
the User Group. As of fiscal year 1992, 7 of
the 10 DOI bureaus were in production oper-
ations on FFS and active participants in the
group, as well as one of the three remaining
DOI bureaus yet to implement FFS. The pri-
mary functions of the User Group include
identifying and prioritizing enhancements
needed in FFS, determining how available
enhancement funding should be applied, and
reviewing proposed enhancement designs in
terms of the bureaus’ needs. The group also
provides a mechanism for sharing the result
of new software testing and determines the
timing for installing each new FFS release.

As the FFS operational community
expanded, the agenda of technical issues also
grew, and a separate group was established to
act as the technical advisory arm of the User
Group, the DOI Software Advisory Board
(SAB). The SAB is composed of representa-
tives from all of the DOI production bureaus,
the DASC, and the WASC. The SAB provides
technical support to the User Group in the
areas of FFS software design development,
testing, and implementation; develops a
standard schedule for the installation of new
releases of FFS software; recommends how
available funding should be allocated to
approved software modifications; and pre-
pares consolidated recommendations on FFS
design documents for approval of the FFS
User Group. The SAB is also responsible for
sharing the results of WASC, DASC, and
bureau testing among the DOI bureaus and
for quickly notifying all bureaus of a critical
software problem. A charter for the SAB,
written by the USGS, established a process for
dealing with FFS software installations, as well
as a process for evaluating, prioritizing, and



designing enhancements to FFS. The bureaus
adopted these processes as operating proce-
dures. The SAB chairmanship rotates among
the bureaus, the DASC, and the WASC.

In fiscal year 1992, another department-
wide working group—the External Reports
Committee—was formed to address numerous
issues pertaining to FFS reports required by
organizations outside of the DOI, for exam-
ple, the Department of Treasury and the
Office of Management and Budget (OMB).
The External Reports Committee was formed
with key personnel from each participating
Interior Department FFS bureau. One of the
challenges facing the committee was the dif-
ferent interpretations each bureau brought to
the table regarding the system requirements
for external reports. The WASC chaired this
committee and facilitated the effort to reach
agreement among the bureaus on how to han-
dle all of the issues identified with each exter-
nal report. Major enhancements were identi-
fied for the FFS version of the SF-133
(Report on Budget Execution) and the SF-225
(Report on Obligations). The bureaus also
agreed upon a design to improve the effi-
ciency of all FFS external reporting. All of
these enhancements are now under develop-
ment for DOTI’s FY 1993 release of the FFS.
The USGS took a lead role in providing input
and test results to the group on Treasury’s
220-series of annual reports, as well as the
TFS—2108 Year-End Closing Report.

The governmentwide FES User Group
also formed a similar committee to address
these issues for all FFS Federal agency users.
The DOI was represented by the WASC on
this committee and provided leadership in
documenting recommended designs for the
enhancement of the FFS in this area.

Employment Outreach
By Richard C. Williams

In 1992, the USGS took steps to provide
an enhanced and coordinated approach
to recruitment through development of a
plan for affirmative outreach to women,
minorities, and the disabled. In concert with
Workforce 2000 initiatives, the plan supports
the formation of recruitment teams made up
of managers, scientists, personnel specialists
and role models to attend selected job fairs
and college career days, visit with faculty and
placement officials on targeted campuses,
and host site visits from college and university
representatives.

Women, Minorities, and Persons with
Disabilities.— The USGS continued to show
progress in attracting women, minorities, and

persons with disabilities to employment with
the bureau through expanded outreach pro-
grams. The number of minority employees in
the permanent work force increased 2.9 per-
cent and the number of women increased 2.5
percent during the year. The number of per-
sons with disabilities in the USGS work force
increased by 6.1 percent.

A significant element of the USGS
recruitment program continues to be its pres-
ence at national, regional, and local career
fairs in support of women, minorities, and
persons with disabilities. In 1992, USGS rep-
resentatives attended and presented exhibits
at numerous conferences including: the High

Technology Minority and Women’s Job Fair
in Albuquerque, New Mex.; the Environmen-
tal Careers Organization Minority Conference
in Atlanta, Ga.; the Federal Asian Pacific
American Council (FAPAC) Conference in
Bethesda, Md.; and the Organization of Chi-
nese Americans National Convention in San
Jose, Calif., as well as other HBCU and
HACU sponsored activities.

...USGS
vacancy
information may

now be accessed
by non-Federal

The USGS also participated in joint out- gr oups and
reach programs with “sister” bureaus in the m dividuals
Department of the Interior, including the
National IMAGE Conference in Albuquerque, across the
New Mex.; the National Association for Equal Nation. . .

Opportunity in Higher Education (NAFEO)
Conference in Washington, D.C.; and the

Blacks in Government Conference, also in
Washington, D.C. These efforts represent the
beginning of new initiatives designed to
encourage the “pooling” of shared resources
by bureaus in conducting recruitment.

The USGS continued to expand its rela-
tions with the Environmental Careers Organi-
zation, Inc., a nonprofit organization involved
with establishing work-study partnerships for
students pursuing degrees in the environmen-
tal and earth sciences. In 1992, the bureau
used the services of eight women and minor-
ity students under this program.

With the expansion of the USGS Auto-
mated Vacancy Announcement Distribution
System (AVADS) and the addition of its com-
panion feature, the AVADS Bulletin Board
System (see p. 103), USGS vacancy informa-
tion may now be accessed by non-Federal
groups and individuals across the Nation by
dialing 1-800-368-3321. The telephone num-
ber is listed on all recruitment brochures, dis-
plays, and literature, and has been distributed
to special-interest minority and women’s
groups, college placement offices, and campus
recruitment centers at HBCU’s, HACU’s,
Hispanic-Serving Institutions, Tribally Con-
trolled Community Colleges, and other
schools of higher learning.

As Workforce 2000 approaches, the
USGS recognizes the need for strategic
recruitment plans and expanded recruiting
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...USGS
student
employment
programs
provided
opportunities
for over 850
students. . .

efforts to attract qualified individuals who
share a commitment to cultural diversity in
the work force.

Specialized Equipment and Services for
Disabled Employees.— The bureau’s Selective
Placement Program Advisory Committee,
composed of representatives from each divi-
sion, identifies and implements initiatives
designed to meet the equipment and service
needs of disabled employees within the USGS.
During the year, the committee approved a
variety of funding requests in support of dis-
abled employees, including purchase of the
following:
® Equipment designed to provide or enhance
the mobility of individuals at their work
station;
® Ergo-arms for use by employees with wrist
impairments who use computers to perform
work assignments;
® Additional Telecommunications Devices for
the Deaf (TDD), including compact TDD’s for
use by disabled employees while on official
travel;
® New software that allows hearing impaired
employees to utilize their computers as TDD’s
for communication purposes;
® A computer system with sophisticated
visual enhancements for visually impaired
employees;

@ Sign language interpreting services for
employees attending training courses;

® “Teacher-aid” equipment for instructors
who are hearing impaired; and

® Microcomputer equipment, which allows
hearing impaired employees to fully partici-
pate with hearing employees in training
courses provided at the National Training
Center.

The committee also approved funding in
support of a Conference on Accessible Tech-
nology in October 1992. This conference, the
first of its kind within the Department of the
Interior, provided information to managers
and other attendees on state-of-the-art tech-
nology, electronics, and computerization for
people with disabilities. Guest speakers and
panelists addressed issues concerning the
development and use of technology that
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enables persons with disabilities to function,
compete, and excel in the work place. Ven-
dors showcased a wide variety of equipment
and computers designed to assist disabled
employees. Plans are underway to convene
similar conferences at other USGS centers in
coming years.

Students as Partners.—Student employ-
ment programs continue to provide high-
quality temporary staff in support of USGS
mission requirements. Through cooperative
education, disadvantaged-youth, and related
employment programs, students have the
opportunity to apply their academic skills in
the real-world setting of scientific laboratories,
field sites, and offices while earning money to
continue their studies.

In 1992, USGS student employment pro-
grams provided opportunities for over 850
students to perform work assignments in a
wide variety of activities, including the collec-
tion of geologic samples at geographically
remote field locations, obtaining water sam-
ples and hydrologic data for laboratory analy-
sis, and gathering other information about
natural and manmade features, used in mak-
ing topographic and geologic maps.

About 300 students participated in the
Stay-in-School and Federal Junior Fellowship
Programs, which are designed to provide
opportunities for financially needy youth to
work and earn income so that they can con-
tinue their education. Over one-third of these
students are minorities and over one-half are
women. There were also significant increases
in the number of individuals, including
minorities and women, participating in coop-
erative education and other postsecondary
student employment programs. Many of these
students received permanent appointments
with the USGS upon graduating from high
school or college.

In an effort to strengthen student as well
as faculty employment programs and enhance
cooperative partnerships in educational initia-
tives, the USGS has more than 150 partner-
ship agreements with colleges and universities
located nationwide, including schools which
belong to the HACU as well as HBCU.
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Budget Information

USGS budget authority for fiscal year 1992, by appropriation, for surveys, investigations, and research (SIR)

[Dollars in thousands]

Fiscal year Fiscal year
Activity/Subactivity/Program element 1992 Activity/Subactivity/Program element 1992
enacted enacted
National Mapping, Geography, and Surveys................ $132,612 Water Resources Investigations .....cvovvevereinreeinnineneens $183,915
National Map and Digital Data Production................ 49,647 National Water Resources Research and Information
Cartographic Data and Map Revision.................... 41,629 System —Federal Program......................oni 112,629
Thematic and Special Data ................ccoeeiiennnn, 5,050 Data Collection and Analysis .......................ooi. 24,355
National Map and Digital Data Cooperative Program. 2,228 National Water Information Clearinghouse ............ 3,251
SLAR (Side-Looking Airborne Radar)................... 740 Coordination of National Water Data Activities........ 1,060
Information and Data Systems ...........c...ccveevnnnnn... 19,091 Regional Aquifer System Analysis........................ 8,593
National Data Base Management......................... 7,170 Core Program Hydrologic Research ..................... 10,261
Information Dissemination Services............c.ovveu.... 4,427 Improved Instrumentation ...............ocvevivuinnaen. 1,731
Global Change Data Systems ............cccovvuieeennn.. 7,494 Water Resources Assessment...................ooeunin 1,652
Research and Technology ...........c..ccvviiiniiiiiiin.... 18,892 Toxic Substances Hydrology ...........c....c.coviuinit 14,949
Cartographic and Geographic Research................. 8,657 Nuclear Waste Hydrology ..................ooovinn. 3,594
National Cartographic Requirements, Coordination, Acid Raill ..ot 3,196
and Standards ... 4,589 Scientific and Technical Publications..................... 2,346
Geographic and Spatial Information Analysis.......... 5,746 National Water-Quality Assessment Program .......... 28,463
Advanced Cartographic Systems ...........c..cocvvveennn... 44,982 Global Change Hydrology .................oooeiiiot. 7,727
Geologic and Mineral Resource Surveys and Mapping... 223,543 Truckee-Carson Program.............cocoovviiinion.. 1,451
Geologic Hazards Surveys.............ocoovenieinninenn.n, 68,040 National Water Resources Research and Information
Earthquake Hazards Reduction...............c........... 50,336 System —Federal-State Cooperative Program ........ 63,269
Volcano Hazards ............cccceiiiviviiiniiinininiann., 15,348 Data Collection and Analysis, Areal Appraisals, and
Landslide Hazards .....................o, 2,356 Special Studies .............oooei 59,210
Geologic Framework and Processes......................... 36,006 Water Use ..ooiiiiiiiiiiiiiiii et 4,059
National Geologic Mapping ............cccveneuiininnnn.. 21,993 National Water Resources Research and Information
Deep Continental Studies..............coovvvviieininnnn... 3,239 System—State Research Institutes and Research
Geomagnetism ..........o.oooeiiiiiiiiii 1,828 Grants Program.............cooviiiiiiiiiiin., 8,017
Coastal and Wetlands Processes........................... 8,946 State Water Resources Research Institutes.............. 5,576
Global Change Research............c.c.ococviiiiiiinn.... 11,021 National Water Resources Research Grants Program.. 1,765
Global Change and Climate History ..................... 11,021 Program Administration .............c.cooeveiiviniinnnn.. 676
Offshore Geologic Surveys ............coeevevneiiinininann.. 28,031 General Administration........................... 23,883
Offshore Geologic Framework.............c..ccoeuvean.. 28,031 Executive Direction............cooooiiiviviiiiiiinin 7,184
Mineral Resource Surveys..........c.c.coeevieiinininennn.. 50,296 Administrative Operations .................c.ccoeeeuiean.n. 14,247
National Mineral Resource Assessment Program...... 25,914 Reimbursements to the Department of Labor ............ 2,452
Strategic and Critical Minerals............................ 10,320 Facilities .......cooooviiiiii i e 20,241
Development of Assessment Techniques................ 14,062 National Center—Rental Payments to GSA ............... 17,100
Energy Geologic Surveys ..............cocciiiiiiiiniiinl, 30,149 National Center —Facilities Management .................. 3,141
Evolution of Sedimentary Basins ......................... 6,979
Coal Investigations ..........c.co.eviiiiineeiniineninnainnnn., 8,397 Total, SIR .......ooiiiiii i $584,194
Oil and Gas Investigations............c.c.coovuiininnnnn.. 6,034
Oil Shale INVestigations ...........c.vcvevereriennennenan.. 598
Uranium and Radon Investigations...................... 1,976
Geothermal Investigations ................c..oocvveinn, 5,336
World Energy Resource Assessment..................... 829
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USGS budget for fiscal years 1989 to 1992, by activity and sources of funds'

[Dollars in thousands; totals may not add because of rounding]

Budget activity 1989 1990 1991 1992

Y . $670,897 $ 723,137 $802,538 $851,979
Direct Program. . . . . . . . .t e i e e e e e e e e e e e e e 451,988 '501,510 575,044 586,699
Reimbursable program. . . . . . . ... Lo e 218,909 221,628 227,494 265,280
States, counties, and municipalities . . . . . ... ... L L 69,577 74,113 87,415 89,950
Miscellaneous non-Federal sources . . . . . . . . . . . . . L Lo e e e e e e e e 14,194 15,151 13,499 14,609
Other Federal agencies . . . . . . . . . .. ... .. ... e 135,138 132,363 126,580 160,721
National Mapping, Geography, and Surveys . . . . . . . . . . . . .t ittt ittt v et oo . 126,457 141,069 162,421 164,981
Direct programm. . . . . . . . . . . e e e e e e e e e e e 94,235 111,528 132,395 132,612
Reimbursable program. . . . . . . .. ... L e 32,222 29,542 30,026 32,369
States, counties, and municipalities . . . . . . ... oL e 1,520 2,132 2,366 3,028
Miscellaneous non-Federal sources . . . . . . .. ... .. .. ... o e 10,804 10,278 9,722 10,633
Other Federal agencies . . . . . . . . . . . . .. i it e 19,898 17,131 17,938 18,708
Geologic and Mineral Resource Surveysand Mapping. . . . . . . . . ..o ittt it 215,882 241,739 261,513 267,642
DIirect Program. . . . . . o v v i v e e e e e e e e e e e e e e 178,329 200,472 225,112 225,383
Reimbursable program. . . . . . . . ... e 37,553 41,267 36,401 42,259
States, counties, and municipalities . . . . . . ... ... 961 1,917 2,661 3,077
Miscellaneous non-Federal sources . . . . . . . . . . ... .. e 682 2,022 1,260 536
Other Federal agencies . . . . . . . . . . . . ... e e 35,910 37,328 32,480 38,646
Water Resources Investigations . . . . . . . . . . i i i i i i it it e e e e e e 287,154 295,128 333,238 363,287
DIirect Programl. . . . . v v v v v v v i e e e e e e e e e e e e e e e e e e 145,635 152,904 177,969 184,489
Reimbursable program. . . . . . . . . ... .. L e 141,520 142,224 155,269 178,798
States, counties, and municipalities . . . . . ... L. Lo 67,095 70,064 82,388 83,845
Miscellaneous non-Federal sources . . . . . . . . . . .. .. e 2,700 2,839 2,503 3,424
Other Federal agencies . . . . . . . . . .. . ... e 71,725 69,321 70,378 91,529
General Administration . . . . . . . o o ot it i e e e e e e e e e e e e e e e e e 19,059 21,493 21,528 25,028
Dir€ct Program. . . . . . . . o it e e e e e e e e e e e e e 16,330 18,081 21,206 23,883
Reimbursable program. . . . . . . . ... L L e 2,729 3,412 322 1,145
Miscellaneous non-Federal sources . . . . . . . . . .. .. .. e 0 1 1 1
Other Federal agencies . . . . . . . . . . . .. i e 2,729 3,411 321 1,144
Facilities . . o v o v v v vt et i e e e e e e e et e e e e e e e e 17,450 18,502 18,314 20,304
DIirect Program. . . . . . v v vt v v vt e e e e e e e e e e e 17,421 18,502 18,314 20,304
Reimbursable program. . . . . . . . ... L e e 29 0 0 0
Computer and Administrative SEIviCeS . . . « v v ¢ v v v v vt e e e e e e e e e 4,856 5,183 5,476 10,709
Reimbursable program. . . . . . . . . . ... e e e e e e e e e e 4,856 5,183 5,476 10,709
Miscellaneous non-Federal sources . . . . . . . . . . . ... 7 11 13 15
Other Federal agencies . . . . . . . . . . . . e e e e 4,849 5,172 5,463 10,694
Operation and Maintenance of Quarters . . . . . . . . o o it i ittt e e e e e e e e 38 23 48 28
DIirect Programl. . . . . . v v v v v vt e e e e e e e e e e e e 38 23 48 28

! Direct program includes $584,194 for current year, $2,292 for no year, $185 for Contributed Funds, and $28 for Operation and Maintenance of Quarters.

USGS reimbursable funds from other Federal agencies for fiscal years 1989 to 1992, by agency

[Dollars in thousands; figures in parentheses are included in Department of the Interior totals]

Budget activity 1989 1990 1991 1992

Department of Agriculture. . . . . . .. ... L e $ 3,638 $ 3,879 $ 3,464 $ 3,714
Department of Commerce . . . . . . . . .. .. e e e 0 281 323 9
National Oceanic and Atmospheric Administration. . . . . . . . ... ... ... ... .. ....... 5,327 1,448 2,258 5,146
Department of Defense. . . . . . . . . . . .. 40,478 41,257 42,002 56,461
Department of Energy . . . . . . . . . ... e e 31,630 29,574 28,521 30,679
Bonneville Power Administration . . . . . . . .. . L0 Lo e e e e e 311 358 159 217
Department of the Interior. . . . . . . . . . .. L L e e 14,076 12,728 12,533 12,451
Bureau of Indian Affairs . . . . . . . . . L L e (2,190) (2,018) (1,834) (1,847)
Bureau of Land Management . . . . . . . . . .. ...l e (1,317) (1,239) (1,256) (1,508)
Bureau of MINES . . . . . . . . . o i e e e e e e e e e e e e e e e e e e e e 0) (24) (0) 0)
Bureau of Reclamation . . . . . . . . . . . . ..o e e e e e e e (5,926) 6,119) (6,259) (5,990)
Minerals Management SETVICE . . . . . . . . . . . .. e e e e (222) (32) (76) (207)
National Park Service . . . . . . . . . . i e e e e e (1,304) (883) (1,036) (1,107)
Office of the Secretary. . . . . . . . . . . .. ... e (2,206) (1,343) (1,549) (1,551)
Office of Surface Mining . . . . . . . . . . . . e e (264) (106) (67) 8)
U.S. Fish and Wildlife Service . . . . . . . . . . . . . . o e e e (648) (964) (456) (733)
Department of State . . . . . . . ... L. e e e e e e e 10,082 8,144 8,279 10,524
Department of Transportation. . . . . . . . . . . . . it e e e 1,479 362 299 661
Environmental Protection AGENCY . . . . . . . . . . ... e e e e e 3,096 5,279 4,302 6,414
National Aeronautics and Space AdmINIStration. . . . . . . . . . . o o vttt e 4,952 5,607 6,270 9,589
National Science Foundation . . . . . . . . . . . . . L e 630 2,328 625 1,838
Nuclear Regulatory Commission . . . . . . . . .. .o 1,797 1,917 1,441 539
Tennessee Valley Authority . . . . . . . . . .. .. e 170 217 200 275
Miscellaneous Federal agencies. . . . . . . . . . . .. L 17,472 19,484 15,904 22,204
Total. . « v v v v v v v v v v e et e e e e e e e e e e e e e $135,139 $132,363 $126,580 $160,721
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Guide to Information and Publications

Earth Science Information
Centers

To obtain information on cartographic data
and on earth science programs, publications, and
services, or to obtain copies of reports and maps,
write or visit U.S. Geological Survey Earth Science
Information Centers at the following addresses:

Alaska:
Room 101
4230 University Dr.
Anchorage, AK 99508

Box 12, New Federal Bldg.
101 12th Ave.
Fairbanks, AK 99701

California:
Bldg. 3, Room 3128
345 Middlefield Rd., Mail Stop 532
Menlo Park, CA 94025

Colorado:
Bldg. 25, Room 1813
Box 25046
Denver Federal Center, Mail Stop 504
Denver, CO 80225

District of Columbia:
Main Interior Bldg., Room 2650
1849 C St., NW.
Washington, DC 20240
(When visiting, use E St. entrance.)

Mississippi:
Bldg. 3101
Stennis Space Center
Bay St. Louis, MS 39529

Missouri:
Room 231
1400 Independence Rd.
Rolla, MO 65401

South Dakota:
EROS Data Center
Sioux Falls, SD 57198

Utah:

8105 Federal Bldg.

125 S. State St.

Salt Lake City, UT 84138

Virginia:
Room 1C—402
507 National Center
12201 Sunrise Valley Dr.
Reston, VA 22092

Washington:
U.S. Post Office Bldg., Room 135
W. 904 Riverside Ave.
Spokane, WA 99201
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USGS Library System

The USGS Library system is one of the largest
earth science collections in the world and contains
more than one million monographs, serial publica-
tions, maps, and microforms. The collection covers
all aspects of the geological sciences and related
subjects. An online catalog provides public access.
The library honors the standard interlibrary loan
request forms as well as requests received online
from the Interlibrary Loan System of the On-Line
Computer Library Center. Information and refer-
ence services are available from the following
library locations:

USGS Library
950 National Center
Reston, VA 22092

USGS Library

Mail Stop 955 (Bldg. 5, Room 507)
345 Middlefield Rd.

Menlo Park, CA 94025

USGS Library
2255 N. Gemini Dr.
Flagstaff, AZ 86001

USGS Library

Mail Stop 914, Box 25046
Denver Federal Center
Denver, CO 80225

Water Information
Sources of Water Data

To obtain assistance in locating sources of
water data, identifying sites at which data have been
collected, and obtaining specific information, write:

National Water Data Exchange
U.S. Geological Survey

42] National Center

Reston, VA 22092

Water-Data Aquisition Activities

To obtain information on ongoing and planned
water-data acquisition activities of all Federal agen-
cies and many non-Federal organizations, write:

Office of Water Data Coordination
U.S. Geological Survey

417 National Center

Reston, VA 22092

Water Resources of Specific Areas

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

Hydrologic Information Unit
U.S. Geological Survey

419 National Center

Reston, VA 22092

Geologic Information
General Geology

To obtain information on geologic topics such
as earthquakes and volcanoes, energy and mineral
resources, the geology of specific areas, and geo-
logic maps and mapping, write:

Geologic Inquiries Group
U.S. Geological Survey
907 National Center
Reston, VA 22092

Mineral Resources

To obtain information on mineral resources,
write or visit:
Minerals Information Office*
Main Interior Bldg., Room 2647
1849 C St., NW.
Washington, DC 20240

*Joint venture of the USGS and the U.S. Bureau
of Mines.

Minerals Information Office, USGS
340 N. 6th Ave.
Tucson, AZ 85705

Minerals Information Office, USGS
c/o Mackay School of Mines
University of Nevada, Reno

Reno, NV 895570047

Minerals Information Office, USGS
Post Office Bldg., Room 133

W. 904 Riverside Dr.

Spokane, WA 99201

Maps and Books

To buy topographic and thematic maps of all
areas of the United States, to request USGS cata-
logs, pamphlets, leaflets, and circulars (limited
quantities free), and to buy USGS book publica-
tions, write or visit:

USGS Map Distribution
Box 25286, Bldg. 810
Denver Federal Center
Denver, CO 80225

To buy Alaska maps, residents of Alaska may
write or visit:

Earth Science Information Center
Box 12, New Federal Bldg.

101 12th Ave.

Fairbanks, AK 99701

Open-File Reports

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

ESIC Open-File Report Sales

Box 25286, Bldg. 810

Denver Federal Center, Mail Stop 517
Denver, CO 80225

Periodicals
New Publications

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

Distribution Support Section
U.S. Geological Survey

582 National Center
Reston, VA 22092

Earthquakes & Volcanoes

To subscribe to Earthquakes & Volcanoes, a
bimonthly, nontechnical digest that provides up-to-
date information on earthquakes, volcanoes, and
related natural hazards around the world, write:

Superintendent of Documents
Government Printing Office
Washington, DC 20402



U.S. Geological Survey Offices

[Information current as of April 1993]

Headquarters Offices

Central Region

National Center
12201 Sunrise Valley Drive
Reston, VA 22092

Office of the Director

Director

Associate Director

Special Assistant (Washington Liaison) and Deputy
Ethics Counselor

Assistant Director for Research

Assistant Director for Engineering Geology

Assistant Director for Administration

Assistant Director for Programs

Assistant Director for Intergovernmental Affairs

Assistant Director for Information Systems

Congressional Liaison Officer

Chief, Public Affairs Office

Equal Employment Opportunity Officer

Special Assistant to the Director for Human Resources

Director’s Representative—Central Region

Director’s Representative-——Western Region

Special Assistant to the Director for Alaska

Administrative Division

Chief

Administrative Officer

Office of Personnel, Chief

Office of Procurement and Contracts, Chief
Office of Financial Management, Chief

Office of Facilities and Management Services, Chief
Office of Systems Management, Chief
Washington Administrative Service Center, Chief
Central Regional Management Officer

Western Regional Management Officer

Information Systems Division

Chief

Deputy Chief

Office of Customer Services, Chief

Office of Computer and Communications Services,
Chief

Office of Management Services, Chief

Office of Field Services, Chief

National Mapping Division

Chief

Associate Chief

Assistant Division Chief for Research

Assistant Division Chief for Program, Budget and
Administration

Assistant Division Chief for Information and Data
Services

Assistant Division Chief for Coordination and Require-
ments

Assistant Division Chief for Production Management

Eastern Mapping Center, Chief

Denver Federal Center
Box 25046
Denver, CO 80225

Dallas L. Peck
Doyle G. Frederick
Jane H. Wallace

Stephen E. Ragone
James F. Devine
Jack J. Stassi

Peter F. Bermel
John J. Dragonetti
James E. Biesecker
Talmadge W. Reed
Donovan B. Kelly
Bruce D. Palmer

J. Lynn Smith
Harry A. Tourtelot
George Gryc

Paul D. Brooks

Jack J. Stassi
Louie Pectol
Maxine C. Millard
John K. Peterson
Vacant

William F. Gossman, Jr.

Phillip L.. McKinney
Phillip L. McKinney
F.B. Sower

George F. Hargrove, Jr.

James E. Biesecker
Wendy A. Budd
Virginia L. Ross
Charles D. Nethaway

Eliot Christian
Doug R. Posson

Allen H. Watkins
Roy R. Mullen
Joel L. Morrison
Richard E. Witmer

Gary W. North
Gene A. Thorley

James R. Plasker
K. Eric Anderson

Western Region

345 Middlefield Rd.
Menlo Park, CA 94025

(703) 648-7411
(708) 6487412
(202) 343-3888

(703) 648-4450
(703) 648-4423
(703) 648-7200
(703) 6484430
(703) 6484427
(703) 648-7108
(703) 648-4457
(703) 6484460
(708) 6484417
(703) 648-7111
(303) 236-5438
(415) 329-4002
(907) 2714138

(708) 6487200
(708) 6487204
(708) 648-7442
(708) 648-7373
(708) 6487604
(708) 648-7338
(708) 648-7256
(708) 648-7256
(308) 236-5900
(415) 329-4150

(708) 648-7108
(708) 6487103
(708) 648-7178
(708) 648-7077

(703) 648-7245
(303) 236-4944

(703) 648-5748
(703) 648-5745
(703) 6484640
(708) 6484611

(708) 648-5780
(703) 648-5742

(708) 648-4146
(703) 648-6002

101 National Center

102 National Center

Rm. 2648, Interior Bldg.
Washington, DC 20240

104 National Center

106 National Center

201 National Center

105 National Center

109 National Center

801 National Center

112 National Center

119 National Center

116 National Center

115 National Center

911 Denver Federal Center

Western Region, Stop 144

4230 University Drive, Suite 120

Anchorage, AK 99508

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

201 Denver Federal Center

Western Region, Stop 211

801 National Center
801 National Center
805 National Center
807 National Center

802 National Center

801 Denver Federal Center

516 National Center
516 National Center
519 National Center
514 National Center

508 National Center

590 National Center

511 National Center
567 National Center
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National Mapping Division—Continued
Mid-Continent Mapping Center, Chief

Rocky Mountain Mapping Center, Chief
Western Mapping Center, Chief

Earth Resources Observation Systems Data Center,
Chief

Geologic Division

Chief Geologist

Associate Chief Geologist

Assistant Chief Geologist for Program

Administrative Officer

Human Resources Officer

Office of Scientific Publications, Chief

Office of Regional Geology, Chief

Office of Earthquakes, Volcanoes, and Engineering,
Chief

Office of Energy and Marine Geology, Chief

Office of Mineral Resources, Chief, Acting

Office of International Geology, Chief

Assistant Chief Geologist, Eastern Region

Assistant Chief Geologist, Central Region

Assistant Chief Geologist, Western Region

Water Resources Division
Chief Hydrologist
Associate Chief Hydrologist
Assistant Chief Hydrologist for Scientific Information
Management
Assistant Chief Hydrologist for Operations
Assistant Chief Hydrologist for Research and External
Coordination
Office of Hydrologic Research, Chief
Office of External Research, Chief
Assistant Chief Hydrologist for Program Coordination
and Technical Support
Office of Atmospheric Deposition Analysis, Chief
Office of Ground Water, Chief
Office of Surface Water, Chief
Office of Water Quality, Chief
Assistant Chief Hydrologist for Water Assessment and
Data Coordination ,
Office of Water Data Coordination, Chief
Northeastern Region, Chief
New England Programs, Chief

Mid-Atlantic Programs, Chief

Mid-East Programs, Chief
Ohio Valley Programs, Chief
Western Great Lakes Programs, Chief

Southeastern Region, Chief

Southeast Programs, Chief
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Merle E. Southern

Randle W. Olsen
John R. Swinnerton
Donald T. Lauer

Benjamin A. Morgan
David P. Russ
Bonnie McGregor
Elwood H. Like
John D. McGurk
John M. Aaron
Mitchell W. Reynolds
Robert L. Wesson

Gary W. Hill

Willis H. White

A. Thomas Ovenshine
Nancy Milton

Harry A. Tourtelot
William R. Normark

Philip Cohen
John N. Fischer
James F. Daniel

William B. Mann IV
Robert M. Hirsch

Roger G. Wolff
John E. Schefter
Verne R. Schneider

Ranard J. Pickering
William M. Alley
Charles W. Boning

David A. Rickert
David W. Moody

Nancy C. Lopez
Stanley P. Sauer

Ivan C. James I1

Herbert J. Freiberger

Donald E. Vaupel
Catherine L. Hill
Daniel P. Bauer

James L. Cook

Michael W. Gaydos

(314) 341-0880

(303) 236-5825
(415) 329-4254
(605) 5946123

648-6600
648-6601
6486640
6486611
648-6628
648-6077
648-6959
648-6714

(703
(703
(703
(703
(703
(703
(703
(703

TS

(708) 648-6470
(708) 6486100
(708) 6486047
(708) 6486660
(308) 236-5438
(415) 329-5101

(703) 648-5215
(703) 648-5216
(703) 648-5699

(708) 648-5031
(708) 648-5041

(703) 648-5043
(708) 648-6800
(703) 648-5229
(708) 6486874
(708) 648-5001
(703) 648-5301
(708) 648-6862
(703) 648-6856
(708) 648-5019
(703) 648-5817
(508) 490-5002

(410) 828-1535

(609) 771-3902
(317) 290-3333
(608) 274-3535

(404) 409-7700

(404) 409-7700

1400 Independence Rd.,
Rolla, MO 65401

510 Denver Federal Center

Western Region, Stop 531
EROS Data Center
Sioux Falls, SD 57198

911 National Center
911 National Center
910 National Center
912 National Center
911 National Center
904 National Center
908 National Center
905 National Center

915 National Center
913 National Center
917 National Center
953 National Center

911 Denver Federal Center

Western Region, Stop 19

409 National Center
408 National Center
440 National Center

441 National Center
436 National Center

436 National Center
424 National Center
414 National Center

416 National Center
411 National Center
415 National Center
412 National Center
407 National Center

417 National Center
433 National Center
28 Lord Rd., Suite 280
Marlborough, MA 01752
208 Carroll Bldg.
8600 La Salle Rd.
Towson, MD 21204

810 Bear Tavern Rd., Suite 206

West Trenton, NJ 08628
5957 Lakeside Blvd.

Indianapolis, IN 46278
6417 Normandy Ln.

Madison, WI 53719
Suite 160

Spalding Woods Office Park

Norcross, GA 30092
Suite 160

Spalding Woods Office Park

Norcross, GA 30092



Water Resources Division—Continued
Southeastern Region—Continued
Lower Mississippi Programs, Chief

Florida-Caribbean Programs, Chief

Central Region, Chief
Midwest Programs, Chief

North Central Programs, Chief

Rocky Mountain Programs, Chief

Southwest Programs, Chief

Western Region, Chief
Pacific Northwest Programs, Chief

Great Basin Programs, Chief
California-Pacific Programs, Chief
District Offices
Alabama
Alaska
Arizona

Arkansas

California

Colorado

Connecticut

Delaware (See Maryland)
District of Columbia (See Maryland)
Florida

Georgia

Hawaii
Idaho
Illinois
Indiana

Iowa

Kansas

Wanda C. Meeks

Irwin H. Kantrowitz

James F. Blakey
James E. Kircher

William J. Herb

Charles A. Pascale

Charles R. Burchett

T. John Conomos
Marvin O. Fretwell

William J. Carswell, Jr.

John M. Klein

Hillary H. Jeffcoat
Philip J. Carpenter
Robert D. MacNish

Ector E. Gann

John M. Klein

David J. Lystrom

Chester E. Thomas, Jr.

John Vecchioli

Timothy W. Hale

William Meyer

Jerry L. Hughes
Stephen F. Blanchard
Jo Ann Macy

Norwood B. Melcher

Richard A. Herbert

(501) 378-6391

(904) 681-7631

(303) 236-5920
(913) 832-3567

(612) 783-3107

(303) 236—4882

(512) 873-3004

(415) 329-4403
(206) 5936510

(702) 887-7600

(916) 978-5529

(205) 752-8104
(907) 786-7110
(602) 6706671

(501) 3246391

(916) 978-5529

(303) 2364882

(203) 240-3060

(904) 681-7631

(404) 903-9100

(808) 541-2653
(208) 334-1750
(217) 398-5350
(317) 290-3333

(319) 3374191

(913) 832-3505

2301 Federal Office Bldg.
700 W. Capitol Ave.
Little Rock, AR 72201

227 N. Bronough St., Suite 3015
Tallahassee, FL 32301

406 Denver Federal Center

4821 Quail Crest Pl
Lawrence, KS 66049

2280 Woodale Dr.

Mounds View, MN 55112

415 Denver Federal Center
Box 25046
Denver, CO 80225

8011 Cameron Rd., Bldg. 1
Austin, TX 78753

Western Region, Stop 470

1201 Pacific Ave., Suite 600
Tacoma, WA 98402

333 W. Nye Ln., Room 203
Carson City, NV 89706

Rm. W-2234 Federal Bldg.
2800 Cottage Way
Sacramento, CA 95825

520 19th Ave.
Tuscaloosa, AL 35401

4230 University Dr., Suite 201
Anchorage, AK 99508

375 S. Euclid Ave.
Tucson, AZ 85719

2301 Federal Office Bldg.
700 W. Capitol Ave.
Little Rock, AR 72201

Rm. W-2234 Federal Bldg.
2800 Cottage Way
Sacramento, CA 95825
415 Denver Federal Center
Box 25046
Denver, CO 80225
Rm. 525
Abraham A. Ribicoff Federal Bldg.
450 Main St.
Hartford, CT 06103

227 N. Bronough St., Suite 3015
Tallahassee, FL 32301

Suite 130, Peachtree Business Center
3039 Amwiler Rd.
Atlanta, GA 30360

677 Ala Moana Blvd., Suite 415
Honolulu, HI 96813

230 Collins Rd.
Boise, ID 83702

102 E. Main St., 4th Floor
Urbana, IL 61801

5957 Lakeside Blvd.
Indianapolis, IN 46278

P.O. Box 1230
Rm. 269, Federal Bldg.
400 S. Clinton St.
Iowa City, 1A 52244

4821 Quail Crest Pl
Lawrence, KS 66049
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District Offices—Continued
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Kentucky

Louisiana

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

Puerto Rico

Rhode Island (See Massachusetts)
South Carolina

South Dakota

Tennessee

U.S. Geological Survey Yearbook 1992

Alfred L. Knight

Darwin D. Knochenmus

Derrill J. Cowing

James G. Peters

Michael C. Yurewicz
Cynthia Barton
George Garklavs

Gerald L. Ryan

Marvin G. Sherrill

Joe A. Moreland

Michael V. Shulters

Jon O. Nowlin
Brian Mrazik

Janice R. Ward

Russell K. Livingston

L. Grady Moore

James F. Turner

William F. Horak, Jr.
Steven M. Hindall
Kathy D. Peter
Marvin O. Fretwell
David E. Click

Allen L. Zack

Glenn G. Patterson

Kenneth L. Lindskov

Ferdinand Quinones-
Marquez

(502) 582-5241

(504) 389-0281

(207) 622-8201

(410) 828-1535

(508) 4905003
(517) 377-1608
(612) 783-3100

(601) 9654600

(314) 341-0825

(406) 449-5302

(402) 437-5082

(702) 8877600
(603) 225-1611

(609) 771-3931

(505) 262-5301

(518) 472-6567

(919) 571-4044

(701) 2504601
(614) 469-5553
(405) 2314256
(503) 251-3200
(717) 730-6910

(809) 7494433

(803) 7506100

(605) 3941781

(615) 736-5424

2301 Bradley Ave.
Louisville, KY 40217
3535 S. Sherwood Blvd.,
Suite 120
Baton Rouge, LA 70816
26 Ganneston Dr.
Augusta, ME 04330
208 Carroll Bldg.
8600 La Salle Rd.
Towson, MD 21204
28 Lord Rd., Suite 280
Marlborough, MA 01752
6520 Mercantile Way, Suite 5
Lansing, MI 48911
2280 Woodale Dr.
Mounds View, MN 55112
Suite 710, Federal Bldg.
100 W. Capitol St.
Jackson, MS 39269
1400 Independence Rd., Stop 200
Rolla, MO 65401
Drawer 10076, Rm. 428, Federal Bldg.
301 S. Park Ave.
Helena, MT 59626
Rm. 406, Federal Bldg.
100 Centennial Mall, North
Lincoln, NE 68508
333 W. Nye Ln., Rm. 224
Carson City, NV 89706
525 Clinton St.
Bow, NH 03304
810 Bear Tavern Rd., Suite 206
West Trenton, NJ 08628

Pinetree Office Park, Suite 200
4501 Indian School Rd., NE.
Albuquerque, NM 87110

P.O. Box 1669
343 U.S. Post Office and Courthouse
Albany, NY 12201

3916 Sunset Rd.

P.O. Box 30728
Raleigh, NC 27622

821 E. Interstate Ave.
Bismarck, ND 58501

975 W. Third Ave.

Columbus, OH 43212

202 N.W. 66th, Bldg. 7
Oklahoma City, OK 73116

10615 S.E. Cherry Blossom Dr.
Portland, OR 97216

840 Market St.

Lemoyne, PA 17043

P.O. Box 364424
GSA Center, Bldg. 652
Hwy. 28, Km. 7.2, Pueblo Viejo
San Juan, PR 00936

Stephenson Center, Suite 129
720 Gracern Rd.
Columbia, SC 29210

1608 Mountain View Rd.
Rapid City, SD 57702

810 Broadway, Suite 500
Nashville, TN 37203



Water Resources Division—Continued
District Offices—Continued

Texas

Utah

Vermont (See New Hampshire)

Virginia

Washington

West Virginia

Wisconsin

Wyoming

Richard O. Hawkinson

Harvey L. Case 111

Gary S. Anderson
Carl R. Goodwin
David P. Brown
Warren A. Gebert

Barney D. Lewis

(512) 873-3028

(801) 975-3405

(804) 771-2427
(206) 593-6510
(304) 347-5131
(608) 276-3801

(807) 772-2728

8011 Cameron Rd., Bldg. A
Austin, TX 78754

Rm. 1016, Administration Bldg.
1745 W. 1700 South
Salt Lake City, UT 84104

3600 W. Broad St., Rm. 606
Richmond, VA 23230

1201 Pacific Ave., Suite 600
Tacoma, WA 98402

603 Morris St.
Charleston, WV 25301

6417 Normandy Ln.
Madison, WI 53719

2617 E. Lincolnway, Suite B
Cheyenne, WY 82001
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Cooperators and Other Financial Contributors

Cooperators listed are those with whom the
USGS had a written agreement cosigned by USGS
officials and officials of the cooperating agency for
financial cooperation in fiscal year 1992. Parent
agencies are listed separately from their subdivi-
sions whenever there are separate cooperative
agreements for different projects with a parent
agency and with a subdivision of it. Agencies are

listed in alphabetical order under the State or terri-

tory where they have cooperative agreements with
the USGS. Agencies with whom the USGS has

research contracts and to whom it supplied research

funds are not listed.

Cooperating office of the U.S. Geological Survey
g—Geologic Division
n—National Mapping Division
w—Water Resources Division
Alabama
Alabama Department of —
Economic and Community Affairs (w),
Emergency Management (w),
Environmental Management (w),
Highways, Departments No. 1, 2, and 6 (w);
Anniston, City of (w);
Birmingham, City of (w);
Blountsville, Town of (w);
Covington, County of (w);
Geological Survey of Alabama (n,w);
Huntsville, City of (w);
Jefferson County Commission (w);
Mobile, City of (w);
Montgomery, City of (w);
Parrish, Town of (w);
Sumter, County of (w);
Tuscaloosa, City of (w);
University of Alabama—Tuscaloosa (w)
Alaska
Alaska Department of —
Fish and Game (w),
Natural Resources, Division of Water (w),
Transportation (w);
Alaska Energy Authority (w);
Alaska Industrial Development and Export
Authority (w);
Alaska Mineral Appraisal Program (g);
Anchorage, Municipality of (w);
Annette Islands Reserve Tribal Government (g);
Cordova, City of (w);
Juneau, City and Borough of (w);
Kenai Peninsula Borough (w);
Sitka, City and Borough of (w);
University of Alaska, Fairbanks (g,w)
American Samoa
Environmental Protection Agency of American
Samoa (w);
Power Authority (w)
Arizona
Arizona Department of —
Environmental Quality (w),
Water Resources (w);
Arizona State University (g);
Cochise County Flood Control District (w);
Gila Valley Irrigation District (w);
Gila Water Commissioner, Office of (w);
Hualapai Indian Tribe (w);
Hopi Tribe Department of Natural Resources (w);
Maricopa County—
Flood Control District (w),
Water District (w);
Metropolitan Water District of Southern
California (w);
Navajo Nation (w);
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Pima County Department of Transportation (w);
Safford, City of, Water, Gas, and Sewer
Department (w);
Salt River Project (w):
Scottsdale, City of, Water Resources Department
(w);
Show Low Irrigation Company (w);
Tucson, City of (w)
Arkansas
Arkansas Department of —
Parks and Tourism (w),
Pollution Control and Ecology (w);
Arkansas Game and Fish Commission, Fisheries
Division (w);
Arkansas Geological Commission (n,w);
Arkansas Soil and Water Conservation
Commission (w);
Arkansas State Highway and Transportation
Department (w);
Arkansas-Oklahoma: Arkansas River Compact
Commission (w);
Fort Smith, City of (w):
Independence, County of (w);
Little Rock—
Municipal Water Works (w),
Public Works Department (w);
Rogers, City of, Water Utilities Department (w);
Saline County Rural Development Authority (w);
University of Arkansas—
at Fayetteville (w),
at Little Rock (w)
California
Adelanto, City of (w);
Alameda County—

Flood Control and Water Conservation District

(Hayward) (w),

Water District (w);
Antelope Valley-East Kern Water Agency (w);
California Department of —

Boating and Waterways (w),

Fish and Game (w),

Parks and Recreation (w),

Pesticide Regulation (w),

Transportation (w),

Water Resources (w);
California Water Resources Control Board (w);
Calleguas Municipal Water District (w);
Carpinteria County Water District (w);
Casitas Municipal Water District (w);
Channel Islands Beach Community Services (w);
Coachella Valley Water District (w);
Contra Costa County Flood Control and Water

Conservation District (w);
Crestline-Lake Arrowhead Water Agency (w);
Desert Water Agency (w);
East Bay Municipal Utility District (w);
Eastern Municipal Water District (w);
Georgetown Divide Public Utility District (w);
Great Basin Unified Air Pollution Control
District (g);

Humboldt Bay Municipal Water District (w);
Imperial County Department of Public Works (w);
Imperial Irrigation District (w);
Indian Wells Valley Water District (w);
Los Angeles, County of (w);
Louisiana State University and A&M College (w);
Madera Irrigation District (w);
Marin Municipal Water District (w);
Mendocino County Water Agency (w);
Merced, City of (w);
Merced Irrigation District (w);
Metropolitan Water District (w);
Mojave Water Agency (w);

Mono, County of (w);
Montecito Water District (w);
Monterey County Water Resources Agency (w);
Monterey Peninsula Water Management District
(w);
Orange County Water District (w);
Pala Band of the Mission Indians (w);
Palmdale, City of (w);
Palo Alto, City of (w);
Pechanga Indian Reservation (w);
Riverside County Flood Control and Water
Conservation District (w);
Sacramento Municipal Utility District (w);
Sacramento County Department of Public Works
(w);
San Benito County Water District (w);
San Bernardino County Flood Control District (w);
San Bernardino Valley Municipal Water
District (w);
San Diego, City of (w);
San Diego County Department of Public Works
w);
San Francisco, City and County of (w);
San Francisco Water Department (w);
San Luis Obispo County Engineering
Department (w);
San Mateo County Department of Public
Works (w);
Santa Barbara, City of, Department of Public
Works (w);
Santa Barbara County—
Flood Control and Water Conservation
District (w),
Water Agency (w);
Santa Clara Valley Water District (w);
Santa Cruz, City of (w);
Santa Cruz County Flood Control and Water
Conservation District (w);
Santa Maria Valley Water Conservation District (w);
Santa Ynez River Water Conservation District (w);
Scotts Valley Water District (w);
Sonoma County—
Planning Department (w),
Water Agency (w);
Tahoe Regional Planning Agency (w);
Tulare County Flood Control District (w);
Turlock Irrigation District (w);
United Water Conservation District (w);
University of California—

at Berkeley (g),

at Davis (g),

at Santa Barbara (g),

Lawrence Livermore National Laboratory (g);
Ventura County Public Works Agency (w);
Water Master—Santa Margarita (w);

Water Replenishment District of Southern
California (w);

Woodbridge Irrigation District (w);

Yolo County Flood Control and Water
Conservation District (w);

Yuba County Water Agency (w)

Colorado

Arapahoe County Water and Wastewater (w);
Arkansas River Compact Administration (w);
Aspen, City of (w);

Aurora, City of (w);

Bent, County of (w);

Boulder, City of (w);

Boulder, County of (w);

Breckenridge, Town of (w);

Centennial Water and Sanitation District (w);
Cherokee Water and Sanitation District (w);



Colorado Department of—
Health (w),
Natural Resources, Oil and Gas Conservation
Commission (w),
Transportation (w);
Colorado Division of —
Water Resources, Office of the State
Engineer (w),
wildlife (w);
Colorado River Water Conservation District (w);
Colorado School of Mines (g);
Colorado Springs, City of —
Department of Public Utilities (w),
Engineering Division (w);
Colorado Water Conservation Board (w);
Delta County Board of Commissioners (w);
Denver Board of Water Commissioners (w);
Eagle County Board of Commissioners (w);
East Grand County Water Quality Board (w);
Englewood, City of (w);
Evergreen Metropolitan District (w);
Fort Collins, City of, Water and Wastewater (w);
Fountain Valley Authority (w);
Fremont Sanitation District (w);
Garfield, County of (w);
Glendale, City of (w);
Glenwood Springs, City of (w);
Lakewood, City of (w);
Lamar, City of (w);
Las Animas, City of (w);
Longmont, City of (w);
Loveland, City of (w);
Lower Fountain Water-Quality Management
Association (w);
Metropolitan Wastewater Reclamation District (w);
Moffat, County of (w);
Northern Colorado Water Conservation District (w);
Pueblo Board of Water Works (w);
Pueblo, City of, Department of Utilities (w);
Pueblo County Commissioners (w);
Pueblo West Metropolitan District (w);
Rio Blanco, County of (w);
Rio Blanco Water Conservation District (w);
Rio Grande Water Conservation District (w);
Rocky Ford, City of (w);
St. Charles Mesa Water District (w);
San Juan Basin Oil and Gas Coordinating
Committee (g);
Southern Ute Indian Tribe (g,w);
Southwestern Colorado Water Conservation
District (w);
Steamboat Springs, City of, Public Works
Department (w);
Teller-Park Soil Conservation District (w);
Thornton, City of (w);
Trinchera Water Conservation District (w);
Uncompahgre Valley Water Users Association (w);
University of Colorado (g);
Upper Arkansas Council of Governments (w);
Upper Arkansas River Water Conservation
District (w);
Upper Eagle Regional Water Authority (w);
Upper Gunnison River (w);
Upper Yampa Water Conservancy District (w);
Urban Drainage and Flood Control District (w);
Ute Mountain Indian Tribe (w);
Vail Valley Conservation Water District (w);
Westminster, City of (w);
Yellow Jacket Water Conservancy District (w)

Connecticut
Connecticut Department of —
Environmental Protection (g,n,w);
Fairfield, Town of, Conservation Department (w);
Meriden, City of (w);
New Britain, City of, Board of Water
Commissioners (w);

South Central Connecticut Regional Water
Authority (w);

Torrington, City of (w)

Delaware

Geological Survey (n,w)

District of Columbia
Department of Public Works (w)
Florida
Bay County Utilities (w);
Boca Raton, City of (w);
Bradenton, City of (w);
Broward, County of (w);
Cape Coral, City of (w);
Cocoa, City of (w);
Daytona Beach, City of (w);
Deerfield Beach, City of (w);
Florida Department of —
Environmental Regulation (n,w),
Natural Resources (w)—
Bureau of Marine Resource and
Evaluation (w),
Division of Survey and Mapping (n),
Transportation (n,w);
Florida Institute of Phosphate Research (w);
Florida Keys Aqueduct Authority (w);
Fort Lauderdale, City of (w);
Game and Freshwater Fish Commission (w);
Hallandale, City of (w);
Highland Beach, Town of (w);
Hillsborough, County of (w);
Hollywood, City of (w);
Jacksonville, City of, Department of Public
Utilities (w);
Jacksonville Electric Authority (w);
Joshua Water Control District (w);
Lake, County of, Water Authority (w);
Lake Mary, City of (w);
Lee, County of (w);
Manatee County—
Board of County Commissioners (w),
Environmental Action Commission (w);
Metropolitan Dade County (w);
Miami-Dade Water and Sewer Authority (w);
Northwest Florida Water Management District (w);
Perry, City of (w);
Pinellas, County of (w);
Polk, County of (w);
Pompano Beach, City of (w);
Port Orange, City of (w);
Quincy, City of (w);
Reedy Creek Improvement District (w);
Sarasota, City of (w);
Sarasota, County of (w);
South Florida Water Management District,
Department of Research and Evaluation (w);
South Indian River Water Control District (w);
St. Johns River Water Management District (w);
St. Petersburg, City of (w);
Stuart, City of (w);
Suwannee River Water Management District (w);
Tallahassee, City of—
Electric Department (w),
Water Quality Laboratory (w);
Tampa, City of (w);
Tampa Bay Regional Planning Council (w);
Tampa Port Authority (w);
University of Miami (g);
University of Florida (g);
Volusia, County of (w);
Walton, County of (w);
West Coast Regional Water Supply Authority (w);
Winter Park, City of (w)
Georgia
Albany, City of (w);
Albany Water, Gas, and Light Commission (w);

Attapulgus, City of (w);
Bibb, County of (w);
Blairsville, Town of (w);
Brunswick, City of (w);
Chatham County-Savannah Metropolitan Planning
Commission (w);
Chestatee-Chattahoochee Resource Conservation
and Development Center (w);
Clayton County Water Authority (w);
Covington, City of (w);
De Kalb County Public Works Department (w);
Georgia Department of —
Natural Resources—
Water Quality Support Program (w),
Geologic Survey (w),
Transportation (w)—
at Atlanta (w),
at Forest Park (w);
Gwinnett, County of, Preconstruction Division (w);
Helena, City of (w);
Macon-Bibb County Water and Sewage
Authority (w);
Monroe Water, Light, and Gas Commission (w);
Moultrie, City of (w);
Springfield, City of (w);
Thomaston, City of (w);
Thomasville, City of (w);
Tift County Commission (w);
Tifton, City of (w);
Valdosta, City of (w);
Zebulon, City of (w)
Guam
Guam, Government of, Environmental Protection
Agency (w)
Hawaii
Hawaii, County of, Department of Water
Supply (w):
Hawaii Department of —
Agriculture, Division of Agriculture Resource
Management (w),
Hawaiian Home Lands (w),
Land and Natural Resources (g)—
Commission on Water Resources
Management (w),
Division of—
Forestry and Wildlife (n,w),
Water Resource Management (w),
Transportation (w);
Honolulu, City and County of, Department of
Public Works (g,w);
Kauai, County of, Department of Water Supply (w);
Maui, County of, Department of Water Supply (w)

Idaho
Bonner County Commissioners (w);
Coeur d’Alene Tribe of Idaho (w);
Idaho Department of —

Health and Welfare (w),

Water Resources (w);
Salmon River Canal Co., Ltd. (w);
Shoshone, County of (w);
Southwest Irrigation District (w);
Teton, County of (w);
Water District No. 01 (Idaho Falls) (w);
Water District No. 31 (Dubois) (w);
Water District No. 32D (Dubois) (w)

Illinois

Bloomington and Normal Sanitary District (w);

Cook County Forest Preserve District (w);

Danville Sanitary District (w);

Decatur, City of (w);

DeKalb, City of, Public Works Department (w);

DuPage County Forest Preserve, Planning and
Development Section (w);

DuPage County Department of Environmental
Concerns (w);
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Illinois Department of —
Energy and Natural Resources—
Geological Survey Division (n),
State Water Survey (w),
Transportation—
Division of Highways (n),
Division of Water Resources (n,w);
Illinois Environmental Protection Agency (w);
Lake County Department of Planning, Zoning, and
Environmental Quality (w);
Metropolitan Water Reclamation District of Greater
Chicago (w);
Northern Illinois University (w);
Springfield, City of (w);
Wisconsin Department of Natural Resources (w)
Indiana
Carmel, Town of, Utilities (w);
Elkhart, City of, Water Works (w);
Indiana Department of—
Environmental Management (g,w),
Natural Resources (n)—
Division of —
Transportation (w),
Water (w);
Indianapolis, City of, Department of Public
Works (w);
Muncie Sanitary District, Bureau of Water
Quality (w)
Iowa
Ames, City of (w);
Cedar Rapids, City of, Engineering Department
(w);
Clinton, City of (w);
Davenport, City of (w);
Des Moines, City of (w);
Fort Dodge, City of (w);
Iowa Department of —
Transportation, Highway Division (w),
Natural Resources, Geological Survey
Bureau (n,w);
Iowa State University (w);
Muscatane Water and Light Board (w);
University of Iowa—
Institute of Hydraulic Research (w),
Hygienic Laboratory (w)
Kansas
Arkansas River Compact Administration (w);
Emporia, City of, Department of Public Works (w);
Franklin, County of (w);
Harvey County Conservation Distict (w);
Hays, City of (w);
Towa Tribe of Kansas and Nebraska (w);
Kansas City-Wyandotte County Health
Department (w);
Kansas Department of Transportation (w);
Kansas Geological Survey (n,w);
Kansas State Board of Agriculture, Division of
Water Resources (w);
Kansas State Conservation Commission (w);
Kansas State University Department of
Agronomy (w);
Kansas University Center for Research, Inc. (w);
Kansas Water Office (w);
Kickapoo Tribe of Kansas (w);
Linn, County of (w);
Olathe, City of (w);
Prairie Band of Potawatomi Tribe (w);
Sac and Fox Tribe of Missouri (w);
Wichita, City of (w)
Kentucky
Campbellsville Municipal Water (w);
Elizabethtown, City of (w);
Glasgow Water Company (w);
Kentucky Department of Natural Resources and
Environmental Protection Cabinet (w);
Metropolitan Sewer District (w);
Owensboro, City of (w);

118  U.S. Geological Survey Yearbook 1992

University of Kentucky, Kentucky Geological
Survey (n,w);
University of Louisville (w)
Louisiana
Caddo Parish (w);
Capital-Area Groundwater Conservation
Commission (w);
East Baton Rouge Parish (w);
Jefferson Parish Department of Public Utilities (w);
Louisiana Department of—
Environmental Quality (w),
Justice (w),
Transportation and Development (w), Office of
Public Works (n);
Louisiana Geological Survey (n);
Minden, City of (w);
Plaquemines Parish (w);
Sabine River Compact Administration (w);
St. John the Baptist Parish (w);
Terrebonne Parish (w);
West Monroe, City of (w)

Maine

Cobbossee Watershed District (w);

Greater Portland Council of Governments (w);
Maine Department of —

Conservation—

Geological Survey (w),

State Forest Service (n);

North Kennebec Valley Regional Planning
Commission (w);
Northern Maine Regional Planning Commission
(w);
University of Maine (w)
Maryland
Baltimore City of, Water Quality Management (w);
Delaware Geological Survey (w);
Delaware River Basin Commission (w);
Hyndman, Borough of (w);
Maryland Department of the Environment (w);
Maryland Geological Survey (n,w);
Salisbury, City of (w);
Untversity of Maryland (g)
Massachusetts
Cape Cod Commission (w);
Executive Office of Environmental Affairs (n);
Massachusetts Department of —
Environmental Management, Division of
Resources Conservation (w),

Environmental Protection—

Division of Water Pollution Control (w),

Division of Water Supply (w),

Bureau of Waste Site Cleanup (w);
Massachusetts Highway Department (w);
Massachusetts Water Resources Authority (g);
Metropolitan District Commission—

Parks, Engineering and Construction

Division (w),

Watershed Management Division (w);
Woods Hole Oceanographic Institute (g)
Michigan
Adrian, City of (w);

Ann Arbor, City of (w);
Antrim County Drain Commission (w);
Battle Creek, City of —

Board of—

Public Utilities (w),

Water and Light (w);

Beaverton, City of (w);

Cadillac, City of, Wastewater Treatment Plant (w);
Clare, City of (w);

Consumers Power Company (w);

Elsie, Village of, Department of Public Works (w);
Flint, City of, Water Plant (w);

French Paper Company (w);

Huron-Clinton Metropolitan Authority (w);
Imlay, City of (w);

Indian Lake Property Owners (w);
Kalamazoo, City of, Department of Public
Works (w);
Keweenaw Bay Indian Community (w):
Macomb, County of (w);
Mead Paper Company (w);
Michigan Department of —
Natural Resources, Office of Budget and
Federal Aid (w),
Transportation, Design Division (w);
Michigan Power Company (w);
Monroe County Health Department, Environmental
Health Division (w);
Negaunee, City of, Water and Wastewater
Treatment Plant (w);
Norway, City of (w);
Oakland County Drainage Commission (w);
Otsego County Road Commission (w);
Portage, City of (w);
Portland, City of (w);
STS Hydropower, Ltd. (w);
Tri-County Regional Planning Commission (w);
Upper Peninsula Power Company (w);
Wayne, County of, Division of Environmental
Health (w);
Wisconsin Electric Power Company (w);
Wolverine Hydroelectric (w);
Wolverine Power Supply Cooperative (w);
Ypsilanti Community Utility Authority (w)
Minnesota
Beltrami County SWCD (w);
Elm Creek Conservation Management and Planning
Commission (w);
Grand Portage Reservation Government (w);
Hubbard County Soil and Water (w);
Land Management Information Center (n);
Lower Red River Watershed Management
Board (w);
Metropolitan Waste Control Commission (w);
Mille Lacs Reservation Band Government (w);
Minnesota Department of—
Health, Division of Environmental Health (w),
Natural Resources (g,w),
Transportation (w);
Minnesota Pollution Control Agency (w);
Minnesota State Planning Agency (n);
Northwest Minnesota Ground Water Steering
Committee (w);
University of Minnesota, Department of Soil
Science (w);
Whitewater Joint Powers Board (w)
Mississippi
Harrison County Development Commission (w);
Jackson, City of (w);
Jackson County Port Authority (w);
Mississippi Department of—
Agriculture and Commerce (w),
Environmental Quality—
Office of Geology (w),
Office of Land and Water Resources (w),
Office of Pollution Control (w),
Transportation (w);
Pat Harrison Waterway District (w);
Pearl River Basin Development District (w);
Pearl River Valley Water Supply District (w);
Yazoo Mississippi Delta Joint Water Management
District (w)
Missouri
Cape Girardeau, City of (w);
Cass County SWCD (w);
Independence, City of (w);
Jackson County Parks and Recreation (w);
Mid-America Regional Council (w);



Missouri Department of —
Conservation (n,w),
Health (w),
Natural Resources—
Division of Environmental Quality (w),
Division of Geology and Land
Survey (n,w);
Missouri Highway and Transportation
Commission (w);
Rolla, City of (w);
Rolla Municipal Utilities (w);
Springfield, City of, City Utilities (w);
St. Francis County Environmental Corporation (w);
Sullivan, City of (w);
Watershed Commission of the Ozarks (w);
University of Missouri-Columbia, Department of
Geology (w)
Montana
Blackfeet Nation (w);
Chippewa Creek Tribe of Rocky Boy's Reservation
(8);
Fort Peck Reservation (w);
Greenfield Irrigation District (w);
Helena, City of (w);
Lower Musselshell Conservation District (w);
Montana Bureau of Mines and Geology (w);
Montana Department of —
Fish, Wildlife, and Parks (w),
Health and Environmental Sciences (w),
Natural Resources and Conservation (w),
Transportation (w);
Northern Cheyenne Tribe (w);
Salish and Kootenai Tribes of Flathead
Reservation (w);
Wyoming State Engineer (w)
Nebraska
Central Platte Natural Resources District (w);
Kansas-Nebraska Big Blue River Compact
Administration (w);
Lincoln, City of (w);
Little Blue Natural Resources District (w);
Lower Platte South Natural Resources District (w);
Lower Republican Natural Resources District (w);
Middle Republican Natural Resources District (w);
Nebraska Department of Water Resources (w);
Nebraska Natural Resources Commission (w);
Nemaha Natural Resources District (w);
North Platte Natural Resources District (w);
Omabha, City of (w);

Papio-Missouri River Natural Resources District (w);

South Platte Natural Resources District (w);
University of Nebraska, Conservation and Survey
Division (w);
Upper Elkhorn Natural Resources District (w);
Upper Niobrara-White Natural Resources
District (w);
Upper Republican Natural Resources District (w)
Nevada
Carson City/County Department of Public
Works (w);
Clark County Regional Flood Control District (w);
Clark County Sanitation District (w);
Douglas, County of (w);
Duck Valley Reservation (w);
Henderson, City of (w);
Las Vegas, City of (w);
Las Vegas Valley Water District (g,w);
Nevada Bureau of Mines and Geology (g,n,w);
Nevada Department of —
Conservation and Natural Resources—
Division of Environmental Protection (w),
Division of Water Resources (w),
Transportation (w);
Wildlife (w);
Summit Lake Paiute Indian Tribe (w);
Tahoe Regional Planning Agency (w);
Washoe County Planning Department (n)

New Hampshire
New England Interstate Water Pollution Control
Commission (w);

New Hampshire Department of —
Environmental Services (g,w),
Transportation (n);

Vermont Department of Environmental

Conservation (w)

New Jersey

Bergen, County of (w);

Brick Township Municipal Utility Authority (w);

Gloucester County Planning Commission (w);

Mercer County Park Commission (w);

Morris County Municipal Utility Authority (w);

New Brunswick, City of (w);

New Jersey Department of Environmental
Protection (n,w);

New Jersey Water Supply Authority (w);

North Jersey District Water Supply
Commission (w);

Passaic Valley Water Commission (w);

Pinelands Commission (w);

Rutgers State University (w);

Somerset County Board of Chosen Freeholders (w);

Washington Township Municipal Utility
Authority (w);
West Windsor, Township of (w)
New Mexico
Albuquerque, City of —
Hydrology Division (w),
Utility Planning Division (w),
Waste Water Utility (w);
Albuquerque Metropolitan Arroyo Flood Control
Authority (w);
Arizona Department of Environmental Quality (w);
Bernalillo, County of (w);
Canadian River Municipal Water Authority (w);
Costilla Creek Compact Commission (w);
Elephant Butte Irrigation District (w);
La Cienega Acequia Association (w);
Las Cruces, City of (w);
Las Vegas, City of (w);
Navajo Indian Nation, Department of Environ-
mental Protection (w);
New Mexico Department of —
Environment (w),
Highways (w),
Transportation (w);
New Mexico State University, Water Resources
Research Institute (w);
Office of the State Engineer (w);
Pecos River Commission (w);
Pueblo of Zuni (w);
Raton, City of (w);
Rio Grande Compact Commission (w);
Rio San Jose Flood Control District (w);
Ruidoso, Village of (w);
Santa Rosa, City of (w);
University of New Mexico (n)
New York
Amherst, Town of, Engineering Department (w);
Auburn, City of (w);
Batavia, City of (w);
Chautauqua, County of, Department of Planning
and Development (w);
Cheektowaga, Town of (w);
Columbia University (g);
Cornell University (w);
Cortland, County of (w);
Essex, County of, Planning Department (w);
Hudson-Black River Regulating District (w);
Kiryas Joel, Village of (w);
Monroe, County of, Department of Environmental
Health (w);
Nassau, County of—
Department of Health (w),
Department of Public Works (w);
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New England Interstate Water Pollution (w);
New York City Department of Environmental
Protection, Bureau of Water Supply (w);
New York State Department of —
Environmental Conservation, Planning and
Restoration (w),
Transportation (w);
New York State Power Authority (w);
Nyack, Village of, Board of Water
Commissioners (w);
Onondaga, County of —
Department of Drainage and Sanitation {(w),
Water Authority (w);
Orange County Water Authority (w);
Saratoga Springs, City of (w);
Schuyler County Department of Planning and
Economic Development (w);
State University of New York, Syracuse (w);
Suffolk, County of —
Department of Health Services (w),
Water Authority (w);
Tompkins, County of, Department of Planning (w);
Ulster, County of (w);
Victor, Village of (w)
North Carolina
Asheville, City of (w);
Bethel, Town of (w);
Brevard, City of (w);
Chapel Hill, Town of (w);
Charlotte, City of (w);
Danville, City of (w);
Durham, City of (w);
Fayetteville, City of (w);
Greensboro, City of (w);
Lexington, City of (w);
Lumber River Council of Governments (w);
Mecklenburg, County of (w);
Morganton, City of (w);
North Carolina Cooperative Extension Service (w);
North Carolina State Department of —
Environment, Health, and Natural
Resources (n,w),
Transportation (w);
North Carolina Wildlife Resources Commission (w);
Orange, County of (w);
Raleigh, City of (w);
Rocky Mount, City of (w);
Triangle Area Water Supply Monitoring, Project
Steering Committee (w);
Western Piedmont Council of Governments (w)

North Dakota
Devils Lake Sioux Tribe (w);
Dickinson, City of (w);
Lower Heart Water Resources District (w);
Minot, City of (w);
North Dakota Department of —
Game and Fish (w),
Health, Water Supply, and Pollution
Control (w),
Parks and Recreation (w),
Transportation (w);
North Dakota Geological Survey (n,w);
State Water Commission (w);
Three Affiliated Tribes (w)
Ohio
Akron, City of (w);
Canton, City of (w);
Columbus, City of (w);
Eastgate Development Company (w);
Franklin, County of (w);
Fremont, City of (w);
Lima, City of (w);
Madison, County of (w);
Miami Conservancy District (w);
N.E. Ohio Regional Sewer District (w);
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Ohio Department of —
Natural Resources (w),
Transportation (n,w);
Ohio Environmental Protection Agency (w);
Ohio State University, Department of
Agronomy (w);
Ross, County of (w);
Seneca Soil and Water District (w);
Sumit County Engineers (w);
Toledo Metropolitan Area Council of
Governments (w);
University of Toledo (w)

Oklahoma
Ada, City of (w);
Cheyenne and Arapaho Tribes (w);
McGee Creek Authority (w);
Oklahoma Conservation Commission (w);
Oklahoma Department of —
Agriculture (w),
Health (w),
Transportation (n);
Oklahoma Geological Survey (w);
Oklahoma Pollution Control Board (w);
Oklahoma Water Resources Board (w);
Sac and Fox Nation (w)
Oregon
Albany, City of (w);
Ashland, City of (w);
Clark County, Wash., Intergovernmental Resources
Center (w);
Confederated Tribes of the Warm Springs
Reservation (w);
Coos, County of (w);
Coos Bay-North Bend Water Board (w);
Douglas, County of (w);
Eugene, City of, Water and Electric Board (w);
Gresham, City of (w);
Jackson, County of (w);
Josephine County Department of Public Works (w);
McMinnville, City of, Water and Light
Department (w);
Oregon Department of —
Environmental Quality (w),
Human Resources, State Health Division (w),
Metropolitan Service District (w),
Transportation, Highway Commission (w),
Water Resources (w);
Oregon State University (g);
Portland, City of—
Bureau of —
Environmental Services (w),
Water Works (w);
Rogue Valley Council of Governments (w);
Umatilla Indian Reservation (w);
United Sewerage Agency (w);
Washington State Department of —
Ecology (w),
wildlife (w)
Pennsylvania
Allentown, City of, Engineering Department (w);
Alliance for the Chesapeake Bay (w);
Bethlehem, City of (w);
Bucks, County of (w);
Chester, County of, Water Resources Authority (w);
Delaware County Solid Waste Authority (w);
Delaware River Basin Commission (w);
Environmental Quality Board (w);
Fairfax County Water Authority (w);
Harrisburg, City of, Department of Public
Works (w);
Hazelton City Authority Water Department (w);
Letort Regional Authority (w);
Media Borough Water Department (w);
New York State Department of Environmental
Conservation (w);
North Penn Water Authority (w);
North Wales Water Authority (w);
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Philadelphia, City of, Water Department (w);
Pennsylvania Department of —
Environmental Resources—
Bureau of Community Environmental
Control (w),
Bureau of Mining and Reclamation (w),
Bureau of Soil and Water
Conservation (w),
Bureau of Topographic and Geologic
Survey (n,w),
Bureau of Water Quality Management (w),
Bureau of Water Resources
Management (w);
Pennsylvania State University (w);
Pike County Planning Commission (w);
Reading, City of (w);
Somerset Conservation District (w);
Susquehanna River Basin Commission (w);
Tinicum, Township of (w);
University Area Joint Authority (w);
University of Delaware, Geological Survey (w);
West Bradford, Township of (w);
Williamsport, City of (w)
Puerto Rico
Puerto Rico Aqueduct and Sewer Authority (w);
Puerto Rico Department of Natural Resources (w);
Puerto Rico Electric Power Authority (w);
Puerto Rico Environmental Quality Board (w);
Puerto Rico Industrial Development Company (w);
Puerto Rico Mineral Resources Development
Corporation (g);
University of the Virgin Islands (w);
Virgin Islands Water and Power Authority (w)

Rhode Island

Providence, City of, Water Supply Board (w);

Rhode Island State Department of Environmental
Management, Division of Water Resources (w);

State Water Resources Board (w)

South Carolina
Beaufort-Jasper County Water and Sewer
Authority (w);
Camden, City of (w);
Charleston Harbor Project (w);
Charleston Public Works (w);
Clear/Sumter Soil and Water Conservation
District (w);
Land Resources Conservation Commission (n);
Myrtle Beach, City of (w);
Oconee County Sewer Commission (w);
Pageland, Town of (w);
Pickens, County of (w);
South Carolina State—
Department of Health and Environmental
Control (w),
Department of Highways and Public
Transportation (w),

Public Service Authority (w),

Water Resources Commission (n,w);
South Carolina Sea Grant Consortium (w);
Spartanburg Sanitary Sewer District (w);
Spartanburg Water System (w);

University of South Carolina Department of
Environmental and Health Services (w);

Waccamaw Regional Planning and Development
Council (w);

West Dakota Water Development District (w);

Western Carolina Regional Sewer Authority (w)

South Dakota

Area II Minnesota River Basin (w);

Beadle Conservation District (w);

Belle Fourche Irrigation District (w);

East Dakota Water Development District (w);
Lower Brule Sioux Tribe (w);

Mellette, County of (w);

Oglala Sioux Tribe, Pine Ridge (w);

Rapid City, City of (w);

Rosebud Sioux Tribe (w);

Sioux Falls, City of —
Utilities Department (w),
Water Purification Plant (w);

South Dakota Department of —
Environment and Natural Resources—

Geological Survey Division (w),

Water Resource Management Division (w),

Water Quality Division (w),

Water Rights Division (w),

Game, Fish and Parks (w);
Transportation (w);
South Dakota School of Mines and Technology (w);
South Dakota State University (w);
Spearfish, City of (w);
Stanley County Conservation District (w);
Watertown, City of (w);
West Dakota Water Development District (w);
West River Water Development District (w);
Wyoming, State of (w)
Tennessee
Alcoa, City of (w);
Alpha Talbott Utility District (w);
Bartlett, City of (w);
Camden, City of (w);
Chattanooga, City of, Department of Public
Works (w);
Clemson University Department of Environmental
Toxicology (w);
Crossville, City of (w);
Dickson, City of (w);
Eastside Utility District (w);
Franklin, City of (w);
Germantown, City of (w);
Grainger County Government (w);
Hamilton County Office of Emergency
Management (w);
Humphreys, County of (w);
Johnson City, City of, Public Works Department
(w);
Knoxville, City of (w);
Lawrenceburg, City of (w);
Lincoln, County of, Board of Public Utilities (w);
Memphis, City of, Light, Gas, and Water
Division (w);
Memphis State University (w);
Metropolitan Governments, Nashville, City of, and
Davidson, County of (w);
Murfreesboro, City of, Water and Sewer
Department (w);
Pigeon Forge, City of (w);
Rogersville, Town of (w);
Savannah Valley Utility District (w);
Sevierville, City of (w);
Shelby County Government (w);
Tennessee Department of —
Environment and Conservation, Office of
Water Programs (w),
Transportation—

Division of Planning (w),

Division of Structures (w);
Tennessee State Planning Office (w);
Tennessee Wildlife Resources Agency (w);
Tullahoma Utilities Board (w);

Union City, City of (w);

University of Tennessee (w);
Wartrace, City of (w)

Texas

Abilene, City of (w);

Alamo Water Reuse/Conservation (w);
Arlington, City of (w);

Austin, City of (w);

Barton Springs/Edwards Aquifer (w);
Bexar-Medina-Atascosa Counties (w);
Brazos River Authority (w);

Coastal Water Authority (w);
Colorado River Municipal Water District (w);
Corpus Christi, City of (w);



Dallas, City of (w);
Dallas, City of, Public Works Department (w);
Edwards Underground Water District (w);
El Paso, City of, Public Service Board (w);
Fort Bend Subsidence District (w);
Fort Worth, City of, Water Pollution Control (w);
Gainesville, City of (w);
Galveston, County of (w);
Garland, City of, Department of Public Works (w);
Georgetown, City of (w);
Graham, City of (w);
Greenbelt Municipal and Industrial Water
Authority (w);
Guadalupe-Blanco River Authority (w);
Harris, County of, Flood Control District (w);
Harris-Galveston Coastal Subsidence District (w):
Houston, City of (w);
Lavaca-Navidad River Authority (w);
Lower Colorado River Authority (w);
Lower Neches Valley Authority (w);
Lubbock, City of (w);
Nacogdoches, City of (w);
North Central Texas Council of Governments (w);
North Central Texas Municipal Water
Authority (w);
North Texas Municipal Water District (w);
Northeast Texas Municipal Water Authority (w);
Orange, County of (w);
Pecos River Commission (w);
Red River Authority (w);
Sabine River Authority of Texas (w);
Sabine River Compact Administration (w);
San Angelo, City of (w);
San Antonio, City of —
Public Service Board (w),
Water Board (w);
San Antonio River Authority (w);
San Jacinto River Authority (w);
Somerville County Water District (w);
Tarrant, County of, Water Control and
Improvement District No. 1 (w);
Texas Soil and Water Conservation Board (w);
Texas State Department of Highways and
Transportation (w);
Texas Water Development Board (n,w);
Titus, County of, Fresh Water Supply District
No. 1 (w);
Trinity River Authority (w);
Upper Guadalupe River Authority (w);
Upper Neches River Municipal Water
Authority (w);
West Central Texas Municipal Water District (w);
Wichita, County of, Water Improvement District
No. 2 (w);
Wichita Falls, City of (w)
Trust Territory of the Pacific Islands
Commonwealth Utilities Corp., Saipan (w);
Northern Mariana Islands, Commonwealth of (g,w),
Department of Public Health and Environmen-
tal Services (w),
Municipality of Tinian (w);
Ponape State Government (w);
Republic of Palau (w)

Utah
Bear River Commission (w);
Central Utah Water Conservation District (w);
Goshute Tribal Government (g);
Ogden River Water Users Association (w);
Salt Lake, County of, Division of Flood Control (w);
Tooele, City of (w);
University of Utah (w);
Utah Department of —
Health, Division of Environmental Health (w),
Natural Resources—
Geological and Mineral Survey (n,w),
Oil, Gas, and Mining Division (w),
Water Resources Division (w),
Water Rights Division (w);

Weber Basin Water Conservancy District (w);
Weber River Water Users Association (w)

Vermont
Agency of—
Administration (n),
Natural Resources (g,n);
Department of Environmental Conservation (w)
Virginia
Accomack-Northampton Planning District
Commission (w);
Alexandria, City of (w);
Delaware Geological Survey (w);
Hampton Roads Planning District Commission (w);
James City, County of (w);
Maryland, Department of —
Environment (w),
State Highway Administration (w);
Newport News, City of (w);
Northern Virginia Planning District
Commission (w);
Prince William Health District (w);
Roanoke, City of (w);
Southeastern Public Service Authority of
Virginia (w);
University of Virginia, Department of Environ-
mental Sciences (w);
Virginia Department of —
Mines, Minerals, and Energy, Division of
Mineral Resources (n),
Transportation (w);
Virginia Beach, City of, Water Resources Division
(w);
Virginia Institute of Marine Science (w);
Virginia State Water Control Board (w);
York, County of (w)
Washington
Aberdeen, City of (w);
Bellevue, City of (w);
Chelan, County of, Public Utility District No. 1 (w);
Confederated Tribes and Bands of the Yakima
Indian Nation (w);
Douglas, County of, Public Utility District No. 1 (w);
Hoh Indian Tribe (w);
King, County of, Department of Public Works (w);
Lewis, County of, Board of Commissioners (w);
Nisqually Indian Tribe (w);
Oregon Department of Fish and Wildlife (w);
Pacific, County of (w);
Pierce, County of (w);
Quinault Indian Business Committee (w);
Seattle, City of (w);
Seattle-King County Department of Health (w);
Skagit, County of, Department of Public Works (w);
Skagit Conservation District (w);
Snohomish, County of —
Board of Commissioners (w),
Public Utilities District No. 1 (w);
Spokane County Commissioners (n);
Spokane County Engineers Office (w);
Tacoma, City of, Department of —
Public Utilities (w),
Public Works (w);
Thurston, County of, Department of—
Health (w),
Public Works (w);
Umatilla Indian Nation (w);
University of Washington (g);
Washington Department of—
Ecology (w),
Fisheries (w),
Information Services (n),
Natural Resources (n.w);
Washington State Community Development (w);
Whatcom, County of (w)
West Virginia
Morgantown, City of, Utility Board (w);
New Martinsville, City of (w);

West Virginia Department of —
Commerce, Tourism and Parks Section (w),
Highways (w),
Natural Resources, Office of Water Resources
(w);
West Virginia Geological and Economic Survey (w)
Wisconsin
Alma/Moon Lake District (w);
Balsam Lake Protection and Rehabilitation
District (w);
Barron, City of (w);
Bear Lake, Town of (w);
Beaver Dam, City of (w);
Big Muskego Lake District (w);
Brown County Planning Commission (w);
Dane, County of —
Department of Public Works (w),
Lakes and Watershed Management (w),
Regional Planning Commission (w);
Darboy Sanitary District (w);
Delavan, Town of (w);
Druid Lake Inland Protection and Rehabilitation
District (w);
Eagle Springs Lake Sanitary District (w);
East Central Wisconsin Regional Planning
Commission (w);
Fond Du Lac, City of (w);
Fowler Lake Management District (w);
Galena, City of (w);
Geological Survey (w);
Green Bay Metropolitan Sewerage District (w);
Green Lake Sanitary District (w);
Hillsboro, City of (w);
Hooker Lake District (w);
Hubbard, Township of (w);
Illinois Department of Transportation (w);
Kaukauna Electric and Water Utilities (w);
Kimberly Water Works Department (w);
Lac Du Flambeau Indians (w);
Lake Nebagamon, Village of (w);
Little Arbor Vitae Protection and Rehabilitation
District (w);
Little Chute, Village of (w);
Little Green Lake Protection and Rehabilitation
District (w);
Little St. Germain Lake District (w);
Loon Lake/Wescot Management District (w);
Madison Engineering Department (w);
Madison Metropolitan Sewerage District (w);
Marinette County Land Conservation (w);
Mead, Township of (w);
Menasha, Town of, Sanitary District No. 4 (w);
Menominee Indian Tribe of Wisconsin (w);
Merton, Township of (w);
Muskego, City of (w);
Norway, Town of (w);
Oconomowoc Lake, Village of (w);
Okauchee Lake Management District (w);
Oneida Indian Tribe of Wisconsin (w);
Oshkosh, City of (w);
Peshtigo, City of (w);
Powers Lake Management District (w);
Red CIiff Indians (w);
Rock, County of, Public Works Department (w);
St. Germain, Town of (w);
Southeastern Wisconsin Regional Planning
Commission (w);
Sparta, City of (w);
Stockbridge-Munsee Indians (w);
Sumit, Town of (w);
Thorp, City of (w);
Troy, Town of (w);
University of Wisconsin (g), Extension, Geological
and Natural History Survey (n);
Walworth County Land Conservation Commission
(w);
Waupun, City of (w);
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Whitewater-Rice Lake Management District (w);
Wind Lake Management District (w);
Wisconsin Department of —
Justice (w),
Natural Resources (w),
Transportation (w);
Wittenberg, Village of (w)
Wyoming
Cheyenne, City of (w);
Evanston, City of (w);
Freemont, County of (w);
Midvale Irrigation District (w);
Northern Arapahoe Tribe (w);
Sheridan Area Water Supply Joint Power Board
w);
Shoshone Tribe (g,w);
Teton, County of (w);
Water Development Commission (w);
Wyoming Department of —
Agriculture (w),
Environmental Quality (w),
Game and Fish (w),
Highways (w);
Wyoming State Engineer (w);
Wyoming Water Research Center (w)

Federal Cooperators
Central Intelligence Agency (g)

Department of Agriculture
Agricultural Research Service (w);
Forest Service (g,n,w);

Soil Conservation Service (n,w)

Department of the Air Force (w)

Air Force Academy (w);

Headquarters, AFTAC/AC (g);
Headquarters, Third Air Division (SAC) (w);
Hickham Air Force Base (w);

Hill Air Force Base (w);

Kirtdand Air Force Base (w);

MacDill Air Force Base (w);

Patrick Air Force Base (g);

Tactical Air Command (w);

Vandenberg Air Force Base (w)

Warren Air Force Base (w);
Wright-Patterson Air Force Base (w)
Department of the Army (w)

Aberdeen Proving Ground (g,w);

Anniston Depot (w);

Army Construction Engineering Research Lab (w);
Army Logistics Center (w);

Army Materiel Command (w);
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Belvoir RD&E Center (g);

Corps of Engineers (g,n,w);

Engineer Topographic Laboratory (g,w);
Fort Bliss Military Reservation (w);

Fort Bragg Military Reservation (w);
Fort Carson Military Reservation (w);
Picatinny Arsenal (w);

Rocky Mountain Arsenal (w);

White Sands Missile Range (w)

Department of Commerce (w)

Bureau of the Census (n);

National Institute of Standards and Technology (g);

National Marine Fish Service (w);

National Ocean Service (n);

National Oceanic and Atmospheric
Administration (g.n,w);

National Weather Service (w)

Department of Defense Agencies

Defense Advanced Research Projects Agency (g,n);

Defense Logistics Agency (w);

D efense Mapping Agency (n);

Defense Nuclear Agency (g);

National Guard Bureau (w)

Department of Energy (g,n,w)

Alaska Power Administration (w);

Bonneville Power Administration (w);

Brookhaven National Laboratory (w);

Hanford Project (w);

Health and Environmental Research (g);

Idaho Falls Operations Office (g,w);

Los Alamos National Laboratory (w);

Nevada Operations Office (g,w);

Oak Ridge Operations Office (g,w);

Rocky Flats Operations Office (w);

Savannah River Operations Office (w);

Test Operations Office, Las Vegas, Nevada (g);

Yucca Mountain Project (w)

Department of the Interior

Bureau of Indian Affairs (g,n.w);
Bureau of Land Management (g,n,w);
Bureau of Mines (n);

Bureau of Reclamation (g,n,w);
Minerals Management Service (g);
National Park Service (g,n,w);

Office of the Secretary (w);

U.S. Fish and Wildlife Service (n,w)

Department of the Navy (w)

Naval Facilities Engineering Command (g)—
Atlantic Division (w),
Northern Division (w);

Naval Oceanographic Office (g);

Naval Surface Warfare Center (w);

Naval Weapons Center, China Lake (g);

Navy Engineering and Logistics Office (g);

Navy Pacific Division (w);

Northwest Engineering Activity (w);

Office of Naval Research (g);

Pacific Missile Test Center (g);

Southwest Naval Facilities Engineering Command
w);

U.S. Marine Corps (w)

Department of State (g)

Agency for International Development (g,n,w);

Foreign and Nonforeign Governments (g);

Government of Saudi Arabia (g);

International Boundary and Water Commission,
U.S. and Mexico (w);

International Joint Commission, U.S. and
Canada (w)

Department of Transportation

Federal Highway Administration (w)

Environmental Protection Agency (g,n,w)

Corvallis Environmental Research Laboratory (w);

Environmental Monitoring Systems Laboratory (g);

Office of Pesticides and Toxic Substances (w);

Office of Radiation Programs (g);

Office of Water (w);

Region IV, Florida Keys (g);

Robert S. Kerr Environmental Research Lab (w)

Federal Emergency Management Agency (g,w)

Federal Energy Regulating Commission
Licensees (w)

National Aeronautics and Space Administration
(8:n,w)

National Science Foundation (g,n,w)

Nuclear Regulatory Commission (g)

Tennessee Valley Authority (n,w)

Veterans Administration (w)

Other Cooperators and
Contributors

American Society for Photogrammetry and
Remote Sensing (n)

Boy Scouts of America (n)

United Arab Emirates (w)

United Nations (g,w)

Inter-America Development Bank (g);

United Nations Development Program (n);

Unesco (w);

World Bank (g)
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912 National Center
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Jeddah, 21431 Saudi Arabia
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9100 NW 36th St., Suite 1070
Miami, FL 33178

EROS, 4320 University Dr.
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