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U S Geologlcal Survey

Mission

As the Nation’s largest earth-science research and infor-
mation agency, the USGS maintains a long tradltlon of provid-
ing “Earth Science in the Public Service.”

The USGS, a bureau of the U.S. Department of the
Interior, was estabhshed to provide a permanent Federal
agency to conduct the systematic and scientific classnﬁcation
of the public lands and examination of the geological structure,
mineral resources, and products of the national domain.”

As a Nation we face serious questions concerning our
global environment. Will.we have adequate supplies of quality
water available for national needs? How can we ensure an
adequate supply of critical water, energy, and mineral
resources in the future? In what ways are we irreversibly alter-
ing our natural environment when we use these resources?
How has the global environment changed over geologic time, -
and what can the past tell us about the future? How can we
predict, prevent, and mitigate the effects of natural hazards?

Collecting, analyzing, and disseminating the scientific
information needed to answer these questions are the primary
mission of the USGS. This information is provided to the
public in many forms, such as reports, maps, and data bases,
that provide descriptions and analyses of the water, energy,
and mineral resources, the land surface, the underlying geolog-
ic structure, and the dynamic processes of the Earth.




Message from the Acting Director

The need for earth science has never
been more paramount. The devastating
flooding of the Mississippi River this past
year, strikingly portrayed on the cover and
discussed in detail in this report (p. 37-42),
was a sobering reminder of nature’s ele-
mental power. As a Nation, we face many
environmental and economic challenges,
such as natural hazards, that can be
addressed effectively only through science.
Water quality, resource assessments, cli-
mate change, and toxic wastes are all criti-
cal issues that can best be dealt with when
approached from a sound scientific base.
The goal of the U.S. Geological Survey is to
provide hydrologic, geologic, and topo-
graphic information and understanding
that contribute to the wise management of
the Nation’s natural resources and that
promote the health, safety, and well-being
of all Americans. FY 1993 has proven to be
a particularly challenging one for the
USGS. We entered into a time of transition
from the long-term leadership of Director
Dallas Peck and Associate Director Doyle
Frederick to the appointment of a new
director. We thank Dallas and Doyle for
their many years of service and for their
support during the transition.

As part of our transition efforts, we
established a team of employees to exam-
ine USGS organization and programs and
to develop a range of options for the
incoming director. That team developed a
revitalized vision for the USGS that will,
under the guidance of our new director,
move us positively and creatively into the
21st century. The vision of the transition
team is that the USGS will continue its lead-
ership in earth science for sustained global
health, welfare, and prosperity. While the
transition team was undertaking its impor-
tant task, the dedicated employees of the
USGS continued working diligently to
address the many scientific challenges
before them.

Much scientific good news from recent
years came to fruition in many areas this fis-
cal year. The initiation of the National
Water Quality Assessment program in 1986
signaled a profound change in our
approach to water-quality studies. This
perennial effort will give managers and pol-
icymakers consistent information on the
status and trends of the quality of the
Nation’s vital water resources. This year we
designated 20 new study units in 36 States
for the second leg of what will ultimately be
60 study units that, in aggregate, will pro-
vide us with an overview of water quality in
many of the Nation’s most important river
basins and aquifers. This year also saw the
release of early findings from the National
Synthesis component of the NAWQA
Program. In response to questions raised
during reauthorization hearings for the
Clean Water Act, the NAWQA Program

provided information on the magnitude
and extent of point and nonpoint sources
of contamination in different parts of the
Nation and their relations to different nat-
ural and human factors (p. 48,49). The
results are an example of the type of infor-
mation that NAWQA is providing that will
be useful for making decisions about water-
quality policies and programs at the nation-
al level.

We have moved aggressively into digi-
tal mapping and are making critical strides
in building the National Spatial Data
Infrastructure (p. 4-6), a key component of
the information superhighway envisioned
by Vice President Gore. Through our long-
standing partnerships throughout the map-
ping world, we have been at the forefront
of the transition from traditional paper
maps to the exciting vistas of computer-gen-
erated maps.

We are reaping continued benefits
from our intensive effort to map and
explore the near-shore and offshore sea
floor of the continental United States and
the U.S. Exclusive Economic Zone. Boston
Harbor, cited by the Environmental
Protection Agency as the most contaminated
harbor in the country, is benefiting from a
cleanup effort that has as a key element sci-
entific information from the USGS on the
transport and accumulation of contaminat-
ed sediments in the bay area (p. 17-19).
This type of information will be needed as
the Nation deals with many coastal areas
where the discharge of wastes into the
ocean presents serious environmental and
economic consequences.

In global change research, we are look-
ing at the global carbon cycle and trying to
determine the sources and sinks of this crit-
ical component in global climate and
ecosystems. A key aspect of our global
change research is reconstructing past cli-
mate “snapshots” in order to have a basis
for distinguishing those changes caused by
human activities from those caused by nat-
ural climate variation (p. 60—-65). Recon-
struction of these paleoclimates give scien-
tists the means to test their climate models
and improve their ability to predict future
climate change.

These highlights are only a few of our
many accomplishments during the past fis-
cal year. The year also saw the publication
of the first standard USGS map produced
by using fully automated computer technol-
ogy. We developed a framework for assess-
ing the economic benefits of new geologic
map information in making land-manage-
ment decisions. The EROS Data Center in
Sioux Falls, S.Dak., which holds more than
2 million satellite images, was designated as
the world data center for satellite images by
the International Council of Scientific
Unions. We identified high concentrations
of agricultural chemicals in the Mississippi

[Editor’s note: Gordon P. Eaton was sworn in as the 12th Director of the U.S. Geological Survey by
Secretary of the Interior Bruce Babbitt on March 14, 1994.]

River in the aftermath of the river’s historic
flooding, which dispelled previous notions
about the dilution of herbicides in a large
river system. Water managers in the
Delaware River basin area are now using
USGS information on the potential impacts
of climate change on the river basin to more
effectively balance water-supply storage
against the movement of the salt front in the
Delaware River. In conjunction with the
National Science Foundation and the
University of Colorado, we now operate the
Nation’s only ice-core repository in Denver,
Colo., where scientists store and examine
glacier ice to unlock information about
ancient climates.

We are poised at a crucial and exciting
threshold. Just as the need for science has
never been more paramount, so, too, is the
need to work effectively with other organiza-
tions to ensure that we meet the needs of the
customers we serve, be they another govern-
ment entity, an academic institution, or the
public, whose taxes pay for our programs.
The underlying theme of this annual report
is that the USGS is at work across the Nation
and around the world, conducting coopera-
tive research and investigations in the earth
sciences and disseminating traditional and
innovative information products. Without
the more than 1,200 other Federal, State,
and local agencies that are our cooperators,
the hundreds of academic institutions with
which we interact each year, and the millions
of people who rely on the USGS for maps,
reports, data, and information, we would not
and could not exist.

It has been my personal and profession-
al pleasure to serve as Acting Director of the
U.S. Geological Survey. It has been my good
fortune to have had a very able Acting
Associate Director, Bonnie McGregor, to
share with me in the challenges and rewards
of leading the USGS during the last 6
months. Ihave been repeatedly impressed
with the breadth and caliber of science that
is the constant climate of the USGS, and I
commend each and every employee for their
dedication. In concert with our many coop-
erators and colleagues, we are each day at
work at the fundamental business of under-
standing our Earth and communicating that
understanding to the public we serve. We
look forward to the completion of the transi-
tion to new leadership for the USGS and to
our continued commitment to provide the
scientific foundation to help the Nation
make wise decisions that provide for a safe
environment and a strong economy. Enjoy
reading the accomplishments of this, our
114th year of providing “earth science in the
public service.”

Poflet 7 frsed

Robert M. Hirsch
Acting Director, U.S. Geological Survey



At Work Across the Nation
in Mapping Activities

Mission

Through its National Mapping Program, the USGS
provides accurate and up-to-date basic cartographic infor-
mation for the United States in forms that can be readily
applied to present-day problems. Maps, digital data, aerial
photographs, satellite images, and geodetic control infor-
mation represent some of the cartographic products avail-
able. Topographic maps at various scales, which illustrate
detailed and precisely referenced information about natural
and manmade features on the Earth’s surface, continue to
be important products.

These maps provide basic cartographic information
that is needed by Federal, State, and local government
agencies in dealing with key issues ranging from satisfying
energy demands to conserving natural resources, from
identifying environmental problems to developing accept-
able solutions, and from locating commercial facilities to
designing public works.

In addition to maps, cartographic data in computer-
readable form are becoming increasingly important. These
data are used in computer-based resource and geographic
information systems to evaluate alternative management
plans and to study the effects of different management poli-
cies.




National Map and
Digital Data Production

he USGS continues to fulfill its

responsibility to produce, revise, and
distribute America’s topographic maps,
which are available to the public through

a national network of earth-science infor-

mation offices and over 3,000 commercial
map dealers. The recent explosive growth
of geographic information system (GIS)
technology has placed unprecedented
demands on the USGS for map data in
computer-readable files. To accelerate the
creation of a national, electronically
retrievable cartographic data base, the
USGS is working in partnership arrange-
ments with public and private organiza-
tions to reduce Federal data-acquisition
costs, minimize duplication of effort, and
share “coverage,” as in the mapping of a
specific State. :

Although certain segments of the
public will always need printed maps (for
example, recreational users, small busi-
nesses, and local government offices),
demand will increase for specific types of
USGS cartographic data in computer-
readable formats. For example, aerial
photographs used in map revision are
electronically scanned, combined with
digital terrain elevation data, and cor-
rected for feature displacements due to
variations in land elevation. Known as
digital orthophotoquads, these
information-age tools have significantly
shortened the USGS map-making and
map-revision cycles and are drawing sub-
stantial interest from GIS users. Other
computer-data products available from
the USGS include digital files of map
lines, elevation, land use and land cover,
and geographic names.

Map Revision and Product
Generation

roviding the public with the funda-

mental topographic mapping infor-
mation required to inventory, analyze,
and develop informed plans concerning
the Nation’s lands and natural resources
is a primary mission of the USGS. Pri-
mary topographic mapping products
depict transportation routes, surface
hydrography, terrain data, cultural

Digital image of the Denver Federal Center.

features, and boundary and Public Land
Survey System (PLSS) information, all of
which are vital data for a variety of plan-
ning and management applications.

The USGS’s topographic maps and
resulting digital line graphs are the

most comprehensive set of base carto-
graphic information available to the
Nation’s resource managers and scientific
community.

In response to the exponential
growth in demand for its products, the
USGS has developed a three-pronged
approach to meeting the diverse needs of
its customers:
® Printed maps: The traditional map
user remains a valued customer. The
USGS sold approximately 5.5 million
maps during FY 1993. Demand should
remain stable into the 21st century.
® Digital line graphs (DLG): DLG’s are
topographic maps in digital form and
reflect the same level of information
shown on printed maps. DLG’s are often
the foundation on which geographic
information system (GIS) users orient
other types of data.
® Digital orthophoto quadrangles (DOQ):
The goals of the National Aerial Photog-
raphy Program (NAPP) are to complete
conterminous aerial photographic cover-
age of the United States and to provide
cyclic updates every 5 years. The DOQ
process brings spatially corrected photo-
graphic images acquired by the NAPP
into computers, where the data can be
combined with other digital map data
(such as roads, boundaries, and hydrogra-
phy). DOQ’s provide an economic,



The Public Land Survey System (PLSS) was established by the
Second Continental Congress in 1785 to facilitate the orderly settle-
ment of that part of the United States acquired by the Federal Gov-
ernment by cession from the States, by treaty, and by purchase. The
PLSS currently provides the basic ownership (cadastral) reference
system for all States except for 18 Eastern States, Texas, and Hawaii.
Public lands are subdivided by a rectangular system of surveys estab-
lished and regulated by the Bureau of Land Management. The stand-
ard format for subdivision is by townships measuring 6 miles on a
side; townships are further subdivided into 36 1-mile-square num-
bered sections.

A CTL staffer at work in the
Cartographic Technology
Laboratory.

For more information, contact:
- Telephone (303) 236-5825

Internet

2

high-resolution image base for use in
map revision.

A major revision program known as
the digital revision and product genera-
tion (RevPG) system will provide current,
reliable information to its users. The pri-
mary components of the system are cus-
tomized commercial GIS software and
distributed workstation technologies.

During FY 1993, the RevPG system
was used to revise the first topographic
maps that used DOQ’s as the primary
source of information. The RevPG proc-
ess provides users with a DOQ on which
to delineate discipline-specific informa-
tion. It creates updated DLG’s for the
National Digital Cartographic Data Base,
which are valuable for the spatial integ-
rity and multiple-user versatility that they
provide, and can also be used to produce
an updated printed map from the revised
DLG’s. The RevPG process provides a
mechanism through which the Nation’s
spatial data user community can acquire
cartographic information in an effective,
efficient manner.

rolsen@usgs.gov

Randle W. Olsen

is chief of the USGS Rocky Mountain Mapping
Center in Denver, Colo.

At Work Across the Nation. . .

Cartographic Technology
Laboratory Opens

he Cartographic Technology Labora-

tory (CTL) opened in April 1993 to
enable USGS cartographers and research-
ers to develop advanced digital carto-
graphic production processes and applica-
tions. Located in the National Center in
Reston, Va., the CTL houses the latest
in digital cartographic hardware and
software.

The CTL promotes mapping
research and modernization efforts by
pursuing advanced developmental and
applications projects in spatial data collec-
tion and analysis. Projects currently
under development include the National
Advanced Remote Sensing and Applica-
tions Project, an exhibit of USGS data
sets for the Washington, D.C., area, and
three-dimensional visualization of the
Earth’s surface.

The CTL supports research and
development in image-processing tech-
niques, digital revision, product genera-
tion, digital line graph-enhanced data for-
mat, softcopy stereo extraction and
analysis, land-use and land-cover produc-
tion, evaluation of other mapping organi-
zation digital spatial data, and geographic
information systems applications. The
CTL also supports production activities of
the Mapping Applications Center.

The CTL staff demonstrates soft-
ware and production techniques devel-
oped by the USGS and makes commercial
software and data products available for
use. These products range from software
available on personal computers to those
used on complex workstations.

The CTL provides briefings and
demonstrations of production capabilities
and developmental activities to visitors
and employees. In 1993, visitors to the

The Mapping Applications Cen-
ter, one of five such centers in the
USGS, manages the National Digital
Cartographic Data Base and the
National Mapping Program’s map
printing operations, using advanced
technology to create new map pro-
duction techniques, processes, and
products.




CTL came from the Department of the
Interior, other Federal agencies, State
and local governments, universities, and
the private sector. International mapping
agency representatives from more than
10 countries also visited the CTL.
Another feature of the CTL is the
“Demonstration of the Week,” at which
different products and projects are dis-
played and demonstrated. These short,
informal demonstrations are open to all
USGS employees. The most popular
demonstrations in 1993 were the Softcopy
stereo workstation, the digital line graph-
enhanced production system, the Orange
County, Calif., fly-through, and the
revision and product generation system.

Paul M. Young

i a cartographer who has been with the USGS
since 1986 developing new computer systems
and production techniques used in the collection
of digital cartographic data

Forest Service and the
USGS Join Efforts to
Produce a Single-Edition
Map

A new map of the Mt. Defiance area
of Oregon and Washington is the
first of an agreed-upon series of
1:24,000-scale maps that, in addition to
portraying the usual information shown
on USGS maps, highlights areas contain-
ing national forest lands. This single-
edition map was produced under the pro-
visions of an interagency agreement
between the USGS and the U.S. Forest
Service (USFS).

The 1:24,000-scale (1 inch=2,000
feet) Mt. Defiance map shows areas strad-
dling the Columbia River, including the
Gifford Pinchot Natienal Forest to the
north and the Mt. Hood National Forest
to the south. The Mt. Defiance map por-
trays traditional USGS map features such
as roads and trails, streams and lakes,
cultural features, contours, boundaries,
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This map is an excerpt from the first primary-series topographic quadrangle map
to be produced under an interagency agreement between the USGS and the
USFS that results in a single-edition map meeting the needs of both agencies.
The USFS and the USGS are cooperating in the revision of full-color primary-
series topographic maps that use common product standards for format,

accuracy, content, and symbolization.

The USGS is responsible for producing topographic maps and digital data
throughout the United States. In the 48 contiguous States and Hawaii, the USGS
produces primary-series 7.5-minute 1:24,000-scale topographic maps and
associated digital line graph data. In Alaska, the primary series maps are

produced in the 15-minute format at 1:63,360 scale.

geographic names, and Public Land
Survey section lines and numbers. It also- i contact:
portrays USFS road classifications, which |
distinguish among paved, gravel, and "
dirt improved roads; private or local |
government-owned lands within USFS
boundaries; designated numbering of
USFS roads; more detailed USFS admin-

istrative boundaries; and international

Internet
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r For more information about the CTL,

Telephone (703) 6484643
pyoung@usgs.gov

560 National Center
U.S. Geological Survey
Reston, VA 22092
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For more information about the USGS-
USFS joint effort, contact:

Telephone (303) 236-5825

Internet

rolsen@usgs.gov

symbols for selected features such as trail-
heads, picnic areas, and campgrounds.
This jointly produced map series
reduces duplication of efforts between
the agencies. In addition, traditional users
of USGS maps should find the additional
features useful for recreational purposes.
The road classification system will allow
people to decide, for example, whether to
take a passenger car into remote areas.
The detailed road numbering will aid
in location with respect to the map.
Shaded inholdings indicate potential
access restrictions on assumed public
lands. International symbols highlight
recreational facilities or other points of
interest. )
Traditional customers of USFS
versions of the maps will find the multi-
colored lithographed maps to be more
useful than typical black-and-white repro-
ductions. In addition, the maps will be
available from USGS map sales outlets,
including the network of official USGS
map dealers located near most of the
national forests.

Barry Napier

is the USGS’s National Mapping Division Liaison
with the U.S. Forest Service and is stationed at the
Geometronics Service Center in Salt Lake City, Utah

Randle Olsen
is the chief of the USGS Rocky Mountain Mapping

Center in Denver, Colo.

Research and
Technology

supports the day-to-day operations of 5

the National Mapping Program, from
data collection to map and digital data
production, which entails designing and
developing advanced mapping technology
needed for creating and updating map-
ping products. New technologies that are
explored and evaluated may enhance and
improve the efficiency of the production
process.

Geographic and spatial information
analysis is the applied research function
that addresses analytical techniques and
applications of data in geographic infor-
mation systems (GIS) to support land,

Cartographic and geographic researchT

natural resource, and natural hazards
management. Research conducted to
develop and test new and innovative

4

At Work Across the Nation. . .

theories and techniques to manage spatial
data includes investigating new methods
for modeling, analyzing, and visualizing
spatial data in GIS’s and in automated
cartography, image processing, and land
characterization.

The USGS coordinates the National
Mapping Program at the Federal and
State levels, including remote-sensing
activities and development and promulga-
tion of cartographic and earth-science
data standards that enable multipurpose
use and exchange of digital cartographic
data. Governmentwide leadership in
ensuring coordinated planning and exe-
cution of Federal mapping efforts is car-
ried out through the Federal Geographic
Data Committee, chaired by the USGS.
[Editor’s note: In FY 1994, the Secretary
of the Interior assumed chairmanship of
the committee.]

Building the National Spatial
Data Infrastructure and
Fostering Partnerships

eographic data sets can be used to

help rebuild the Nation’s infrastruc-
ture. Working cooperatively, more than
95 Federal agencies use geographic data
in applications such as managing land
ownership and use, locating sites from
which to provide services, routing vehi-
cles, maintaining public works, and mar-
keting resources and products.

The Office of Management and
Budget has called for “development of a
national digital spatial information
resource, with the involvement of Fed-
eral, State, and local governments, and
the private sector.” This information
resource has become known as the
national spatial data infrastructure or
NSDI.

The Office of Management and
Budget’s Circular A-16 provides a frame-
work for Federal leadership in develop-
ing the NSDI. The circular also estab-
lishes the Federal Geographic Data
Committee (FGDC) to promote the coor-
dinated development and dissemination
of geographic data. The FGDC is work-
ing in four areas: linking communities,
developing common procedures, creating
partnerships, and developing a long-term
strategic plan. Different Federal agencies
lead coordination activities for 10 specific
categories of data.



For example, the U.S. Forest Service
(USFS) of the U.S. Department of Agri-
culture is responsible for vegetation data,
and the USGS is responsible for base
cartographic and geologic data.

As this plan develops, standards are
needed to improve the effectiveness with
which geographic data users communi-
cate and share data. The FGDC is work-
ing on standards in three areas: metadata
(information for documenting data),
transfer (the Spatial Data Transfer Stand-
ard) (see p. 7), and data content. Several
partnership programs are underway
within the National Mapping Program to
expand the resource base for carto-
graphic data.

One critical aspect of NSDI will be a
first-ever, comprehensive data base of
Federal land ownership. A major cooper-
ative effort is underway among Federal
and State agencies to provide a nation-
wide data base of Federal land ownership
information for quick analyses and emer-
gency preparedness. The data are being
compiled at 1:2,000,000 scale (1 inch=32
miles). Many Federal and State agencies
are contributing information to update
and expand the information in the exist-
ing 1:2,000,000-scale digital line graph
(DLG) series. Transportation information
" is being supplied by State departments of
transportation, the Department of Trans-
portation’s National Highway Planning
Network Database, and the Federal Rail-
road Administration. Hydrologic infor-
mation is being provided by the USGS
and the U.S. Army Corps of Engineers.
All Federal agencies are contributing
information in a variety of formats (data
bases, maps, plats, annotated charts) to
delineate their land holdings or adminis-
trative responsibilities. The USGS will
compile this information and plans to
complete the 1:2,000,000-scale Federal
lands data base by the end of FY 1994.

Another area of rapidly expand-
ing cooperation within the Federal
Government—and with State and local
agencies—has been the relatively new
national digital orthophotography pro-
gram. Four Federal agencies—the USGS,
the Soil Conservation Service, the Agri-
cultural Stabilization and Conservation
Service, and the USFS—have formed a
partnership to assemble a nationwide data
base of digital orthophoto quadrangles
(DOQ). One interesting development of
the new program is the extent of user

ACTION: In partnership with State and local governments and private
companies, we will create a National Spatial Data Infrastructure.

Dozens of agencies collect spatial data—for example, geo-
physical, environmental, land use, and transportation data. They
spend $1 billion to $3 billion a year on these efforts. The Adminis-

tration will develop a National Spatial Data Infrastructure (NSDI) to

integrate all of these data sources into a single digital resource
accessible to anyone who has a personal computer. This resource
will help land developers and conservationists, transportation plan-
ners and those concerned with mineral resources, and farmers and

city water departments.

developed as economically as possible.

Because of the value of the data, it will be possible to attract
private-sector funding for their collection, processing, and distribu-
tion. The Federal Geographic Data Committee, which operates
under the auspices of the Office of Management and Budget, plans
to raise enough non-Federal funding to pay for at least 50 percent
of the project’s costs. It will set the standards for data collection
and processing by all agencies to ensure that the NSDI can be

—From Red Tape to Results: Creating A
Government That Works Better & Costs Less:
Report of the National Performance Review

By Vice President Al Gore

interest that has blossomed among State
agencies. Initially proposed by the USGS
to Federal land management agencies,
the program immediately attracted the
interest of similar State agencies and has
grown from $350,000 in FY 1990 to cur-
rent estimates of $5 million in cooperative
funding during FY 1994. In addition to
providing funding support, many States
have independently produced DOQ’s for
their own needs and are seeking to con-
tribute those products to the USGS
National Mapping Program.

The Federal partnership aspect of
the DOQ program was developed by
using the National Aerial Photography

Program (NAPP) as a guide. A steering

committee made up of members from the
Departments of Agriculture and Interior
and the Tennessee Valley Authority
guides the program overall. The USGS
administers the NAPP under the joint
committee’s direction. In addition to the
Federal partnership, many State contribu-
tions to the NAPP over the years have
increased the number of photographs
collected each year. The USGS expects
similar results from the DOQ program, in
which State contributions are expected to

. . . in Mapping Activities
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Digital line graph (DLG): A
selected category of base
cartographic data in a
topologically structured
vector format; includes
transportation networks,
elevation contours,
boundaries, and cultural
features.

Digital elevation model
(DEM): An array of eleva-
tions, usually at regularly
spaced intervals, for

a number of ground
positions; shows three-
dimensional differences in
elevations of the Earth’s
surface.

Digital orthophoto quad-
rangle (DOQ): A raster-
scanned aerial photo-
graph, orthographically
rectified to remove distor-
tions caused by camera
height and angle and by
terrain; has the same geo-
metric fidelity as a map.

Fer mere information on e NSDI,

Telesphone (T8)
Internst  mkaellsy@uagsgov

more than double the volume of DOQ
production that would have been pro-
duced solely through Federal appropria-
tions in FY 1994.

State contributions are
expected to more than
double the volume of
DOQ production. . .

Innovative partnerships are another
mechanism receiving considerable atten-
tion. Such partnerships are opportunities
for the USGS to acquire digital carto-
graphic data for the public domain from
entities such as public utilities and land
management organizations, which are col-
lecting data independently for their own
purposes. Through these partnerships,
the USGS could supplement other orga-
nizations’ data collection activities and
thereby bring those data into conform-
ance with national standards. If data have
already been collected, the USGS may
acquire data that can be modified to meet
national standards. USGS Program
Announcement #7885 (released Decem-
ber 18, 1992) solicited technical and cost
proposals for cooperative DLG produc-
tion from non-Federal agencies and pri-
vate firms that collect base-category data
from USGS primary-scale maps to meet
their own needs. After comprehensive
technical evaluations and program negoti-
ations, three organizations have entered
into partnerships totaling nearly $500,000
of support. An expanded program
announcement (#8039) for FY 1994
entertains proposals for cooperative pro-
duction of digital elevation model (DEM)
and DOQ data in addition to DLG’s and
makes provision for the USGS to evaluate
existing digital elevation data and DOQ’s
for possible inclusion in the NSDI.

Since its inception, the USGS has
had cooperative agreements with other
organizations, including States and local
governments. Traditionally, these agree-
ments have been cost-sharing arrange-
ments in which the other agency contrib-
uted 50 percent of the cost and the USGS
performed the work. State contributions
declined during the late 1980’s, partly as
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a reflection of the approaching comple-
tion of once-over coverage of the Nation
by primary-scale maps. However, contri-
butions have been steadily rising since
1990, owing largely to increasing State
interest in digital data production. In FY
1993, agreements with 30 States pro-
duced nearly $3 million in cooperative
funding.

The USGS expects to expand its
partnerships and innovative relationships
in the development of the NSDI. Sharing
data and the resources to convert those
data into maps and digital products is
crucial to supporting the escalating
demand for spatial data products. Part-
nerships offer the best chance for main-
taining quality standards, responding to
user needs, and expanding the base car-
tographic data in the NSDI.

Michael A. Kelley

15 responsible for the planning and management of
map and digital data production in the National
Mapping Division

Michael A. Domaratz

15 executive secretary of the Federal Geographic Data
Commattee, an interagency group working with the
non-Federal community to establish the NSDI

Coordination and Standards

Do You Know Your Seven-Digit
FIPS Code?

he tenth update to the Federal

Information Processing Standard
(FIPS) 55 file was completed during the
fall of 1993. The file, entitled “Codes for
Named Populated Places, Primary County
Divisions and Other Locational Entities of
the United States, Its Posessions, and
Associated Areas,” provides a unique
seven-digit code for approximately
195,800 populated places, townships,
American Indian-Alaska Native areas,
census county divisions, census-designated
areas, and other locational entities of the
50 States, the District of Columbia, and
outlying areas. This code consists of a
two-digit numeric FIPS State code (as
specified in FIPS 5) and a five-digit
numeric FIPS place code.

Some of the data included for each
entity in the file (in addition to its name
and FIPS State and place codes) are the
State postal abbreviation, the name and



FIPS 6 code for each county in which the
entity is located, a class code that identi-
fies the type of entity, the ZIP code, and
a cross reference to the code issued by
the U.S. General Services Administration.
The “part of code” and “other name
code” fields provide identification of rela-
tionships among entities.

Additional data are included for
each entity that represents a county, pri-
mary county division, incorporated place,
census-designated place, or American
Indian-Alaska Native area. For these enti-
ties, the congressional district in which
each is located is identified; the area is
shown for any entity located in a metro-
politan statistical area or primary statisti-
cal area. The code assigned by the U.S.
Bureau of the Census is listed for incor-
porated places, census-designated places,
and American Indian-Alaska Native area.

The data are used in a variety of
applications, including public and private
accounting and procurement systems, and
are available for a fee in hard copy or on
magnetic tape as FIPS Publication 55-3
from the National Technical Information
Service.

Key to Sharing Digital Data

An essential component of data shar-
ing is a mechanism by which data
can be transferred from one computer
system to another without distortion or
loss. The Spatial Data Transfer Standard
(SDTS), being coordinated and promoted
by the USGS at the direction of the
National Institute of Standards and
Technology (NIST), provides just such a
mechanism. The standard consists of
specifications for the organization and
structure of digital data transfer, defini-
tions of spatial features and attributes,
and encoding instructions for data
transfer.

The SDTS was approved in July
1992 as FIPS 173. Effective February 15,
1993, the SDTS became mandatory for
Federal agencies 1 year from that date.
The SDTS is also available for use by
State and local governments and the pri-
vate sector. Efforts are now underway to
approve FIPS 173 as an American
National Standards Institute (ANSI)
standard. The USGS is actively promot-
ing the use of the SDTS by conducting
workshops and training, as well as by

developing practical user guides and
software, a spatial feature and attribute
dictionary, and a spatial data transfer
processor.

Effective February 15,
1993, the SDTS became
mandatory for Federal
agencies 1 year ’

from that date.

As with all FIPS, the SDTS now
enters a required 5-year maintenance
cycle. During this cycle, the USGS will
provide the capability for the spatial data
community to review the contents of the
SDTS in order to suggest changes to the
standard. The SDTS has a modular
design that allows modifications and
enhancements to be made with relative
ease.

‘The SDTS is implemented through
the use of profiles, or subsets, of the
SDTS designed to handle a specific type
of data. Defining a profile allows the
elimination of numerous options and thus
simplifies the encoding and decoding
process. The first of these profiles is the
Topological Vector Profile (TVP), which
will standardize the distribution of topo-
logically structural vector data, one of the
more common types of spatial data cur-
rently created by Federal agencies. Two
prominent data sets covered by this pro-
file are the U.S. Bureau of the Census
TIGER data and USGS digital line
graphs (DLG). The TVP was finalized
in 1992 and forwarded to NIST for
approval as a new part of FIPS 173 in
February 1993. A second SDTS subset,
the Raster Profile, is currently in a test
and demonstration period to allow the
user community to evaluate and comment
on its contents. This profile was for-
warded to NIST for approval as another
part of FIPS 173 by the end of 1993.

Additional profiles being considered
for development include one for network
data structures, one for computer-aided
design/computer-aided manufacturing
(CAD/CAM) graphics, and one for data
that replace or modify an existing data

. . . in Mapping Activities
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Topological Vector Profile (TVP)

Georeferenced Raster Profile (GRP)

Status

Data structure
Spatial objects

Characteristics

Examples of supported data

NIST formal review period ended
October 25, 1993

Vector

Points
Nodes
Chains
Polygons

Full-area topology
Coordinates limited to geographic,
Universal Transverse Mercator, or State Plane

DLG-3
DLG-E
TIGER
GRASS
ARC/INFO

Test period ended November 19, 1993

Raster

Pixels
Grid cells

Supports image compression
Data must be georeferenced

DEM
Images
DOQ
Grids

[Fer infoimationtcnRheRSDISA
(GONTAGHH
Mell . SOTS Teslk
U.S. Geolegieal Survsy

526 Natienal Center
REStonV/AR20974

Internet  sesS@usgs.gov

set ( a “transaction” profile). The USGS is
actively working with States and local
communities to identify requirements for
SDTS profiles to support municipal and
utility requirements. Information for
profile development needs is being
requested from State and local govern-
ments and the private sector through
professional societies.

User guides and other training mate-
rials for the SDTS are currently being
developed to increase knowledge and
understanding of the SDTS within the
user community. The USGS will use these
materials in workshops and other presen-
tations to promote the use of the SDTS.

Although the vendor community will
play a large role in software development,
the USGS is producing publicly available
software tools to support encoding and
decoding of SDTS data. The first of these
tools—as ISO 8211/FIPS 123 Function
Library—is already available. In addition,
the USGS is designing a processing sys-
tem to support SDTS transfers of its own
digital spatial data, such as DLG’s and
digital elevation models. DLG data will
be made available in the SDTS TVP by
January 1994.

The SDTS contains a standard
model for a spatial features data dictio-
nary as well as a list of terms and defini-
tions for entities and attributes. The fea-
tures and attributes glossary, which
provides a foundation for standardizing
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spatial features, currently contains a lim-
ited set of hydrographic and topographic
terms. Because of increased efforts to
share and integrate spatial data, the glos-
sary must be expanded to include terms
and definitions for additional categories
of data. The NIST has established a FIPS
Spatial Features Register at the USGS to
allow the periodic addition, modification,
or deletion of spatial features. A plan to
maintain the register and to identify
sponsoring groups for appropriate cate-
gories of spatial features is being devel-
oped with input from the Federal Geo-
graphic Data Committee (FGDC).

Longer term goals for SDTS activi- .
ties include maintenance of FIPS 173 to
ensure that it continues to meet data
exchange requirements for spatial data
and continued cooperation with the spa-
tial data community to address national
and international implementation needs.

The USGS is working closely with
the FGDC and relevant professional soci-
eties to ensure that everyone has an
opportunity to be actively involved in the
development and promotion of the
SDTS. To encourage widespread use of
the SDTS, the USGS is developing addi-
tional agreements to increase participa-
tion and support.

Kathryn C. Wortman

manages the SDTS maintenance authority and a
program of developmental data standards and
technology assessment for the USGS



National Map and Digital
Data Cooperative Program

he advent of geographic information

system (GIS) technology has created
an enormous demand for accurate digital
spatial data. To better meet the growing
. demand for data, the USGS established
the National Map and Digital Data Coop-
erative program. The production of spa-
tial data with partners from State and
local government agencies, public utilities,
and the private sector will enable the
USGS to fulfill more product needs,
accelerate the growth of the national data
base, and reduce costs and duplication.

To facilitate the development of pro-
duction partnerships, the USGS is first
identifying geographic areas where more
than one type of geographic data is
required. These high-demand areas then
are targeted for the development of part-
nerships among several agencies. Typi-
cally, traditional funded or unfunded
agreements are used. Funded agreements
involve a transfer of funds; unfunded
agreements usually involve the transfer of
materials or the exchange of services.

In the past, these agreements were
typically developed with Federal, State,
and local government agencies only.
However, in FY 1993, the USGS obtained
the legislative authority to participate in
production partnerships with the nongov-
ernmental community. Under this inno-
vative partnership program, the USGS
seeks nonproprietary data produced by
public utilities, State and local govern-
ments, and the private sector that are
derived from USGS source materials.
Proposals submitted by these organiza-

" tions may request the purchase of exist-
ing data for a fair and reasonable price
or the funding of future data production.
In the latter case, the USGS would pro-
vide funds to cover the incremental cost
of producing the data to its standards. In
either case, USGS contributions may not
exceed 50 percent of production costs.

Program announcements for the
innovative partnership program will
appear periodically in the Commerce
Business Daily to specify product types
sought—currently digital line graph
(DLG) data, digital elevation model
(DEM) data, and digital orthophoto quad-
rangle (DOQ) data—and deadlines for

proposal submission. Although these pro-
gram announcements currently have a
specific proposal submission period, even-
tually there will be an open program
announcement to which proposals may be
submitted at any time.

Some traditional agreements devel-
oped in 1993 include a joint funding
agreement with the State of Minnesota
for the production of DOQ’s for a major
portion of the State and a cost-share
agreement with the National Park Service
for the production of DLG’s and DEM'’s.
Under innovative partnerships, the USGS
will provide support to Ohio State Uni-
versity for the production of DLG’s; to
Graphics Information Technologies, Inc.,
for the purchase of existing Public Land
Survey System data from several States;
and to the State of Maine for the pur-
chase of DLG’s. Total non-National Map-
ping program contributions toward coop-
erative agreements in FY 1993 will
exceed $3 million.

Gregory Snyder
is a staff cartographer involved in interagency
coordination and base cartographic user needs

assessments

Mary Griffeth

is a staff cartographer providing cooperative
program and policy support to USGS regional
mapping center personnel

How Does Land Use Affect
Water Quality in an Urban
Watershed?

he Difficult Run watershed is

approximately 59 square miles in
size and drains an area of northern Vir-
ginia that, like many tributaries to the
Potomac River in the Washington, D.C,,
area, has seen commercial and residential
development in recent decades. Through
agreements with the Northern Virginia
Soil and Water Conservation District, the
Soil Conservation Service, and other Fed-
eral and local government agencies, the
Difficult Run environmental quality
research project will establish a data base
for continued environmental analysis by
local government, citizen and environ-
mental action and volunteer organiza-
tions, and local university and high school
students.

For more information on the National
Map and Digital Data Cooperative
program, contact:

Telephone (703) 648-4710
Internet mgriffet@usgs.gov
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GeoData are digital
cartographic and geo-
graphic base data that
have been collected,
processed, and archived
in the National Digital
Cartographic Data Base
for distribution to users
in government agencies,
the private sector, and
the public. These data
include elevation, plani-
metric, land-use and
land-cover, orthophoto,
and geographic names
information in digital
form, as well as compa-
rable digital information
contributed by other
mapping organizations.

For more information on the Difficult
Run study, contact:

Telephone (703) 648-5543
Internet jjones@usgs.gov

For more information on base
cartographic data, contact:

Telephone (703) 648-4133
Internet gsnyder@usgs.gov

The project will examine the rela-
tionship between land-use change in the
Difficult Run watershed and the quality
of water in the basin. The base layers
(hydrography, watershed and subwater-
shed boundaries, terrain elevation and

“slope) for the entire watershed have been

derived from USGS GeoData products
and will be used in water-quality sam-
pling. Land-use information (past and
current) will be gathered for the water-
shed. A geographic information system
(GIS) will be used to portray Difficult
Run’s streamflow and water quality. Once
the methods of sampling, land-cover
mapping, and initial hydrologic modeling
have been developed, university and
advanced high school students will take
over the project and will use GIS to con-
tinue the study. Any trends between land-
use change and water quality indicated by
the data will be documented in maps,
videotapes, and reports.

John W. Jones

is a geographer in the USGS’s GIS Research
Laboratory who trains researchers in the use of GIS
and conducts both basic and applied research using
GIS, image processing, and related technologies

Are We Meeting Customer
Needs for Base
Cartography?

he transition from hard-copy map

use to digital spatial data has
prompted the need for a survey to deter-
mine whether USGS products contain the

- appropriate base cartographic informa-

tion needed to satisfy the Nation’s spatial
data community. To be completed in
1994, the assessment is being conducted
in three phases. '

The preliminary phase will consist of
interactive sessions, led by a facilitator,
with representative digital line graph
(DLG) user groups from the public and
private sectors. These sessions will give
users an opportunity to voice their con-
cerns on DLG format and content. Sev-
eral sessions were conducted in 1993 at
open meetings of the Subcommittee on
Base Cartographic Data and at regional
State Mapping Advisory Committee
meetings.
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During the second phase, the infor-
mation gathered in the interactive ses-
sions will be analyzed independently by
several reviewers. Preliminary analyses
have shown that users are most con-
cerned with cartographic feature content,
geometric and feature classification, posi-
tional accuracy, currency, topology, and
distribution media. Additionally, those
data categories of greatest interest include
hypsography (elevation of the Earth’s sur-
face with reference to sea level) and road
networks.

In the final phase of the assessment,
the analyses of data obtained from the
interactive sessions will be used to
develop a questionnaire. Questionnaire
responses will be cross-tabulated to define
user needs by organization and industry.
The results of the assessment may be
used to modify DLG content standards.
Other factors to be considered before
making changes to standards include
availability of funding and technological
constraints. This assessment will provide
an initial baseline for digital data to
support informed decisionmaking by a
variety of users in the public and private
sectors.

Gregory Snyder

is a staff cartographer involved in interagency
coordination and base cartographic data market
research

Soil Mapping Developed at

the EROS Data Center to
Help Scientists

he EROS Data Center (EDC), the

Federal archive for remotely sensed
data maintained by the USGS in Sioux
Falls, S. Dak., has developed a new means
of soil mapping on a continental scale
that promises to help scientists under-
stand the Earth’s carbon cycle and its
effects on phenomena such as global
warming.

Using the State soil geographic
(STATSGO) data base developed by
the Soil Conservation Service (SCS),
EDC and SCS scientists have used the
STATSGO data in a geographic informa-
tion system to produce maps of specific
soil properties.



The data base consists of digital
maps and associated data on soil proper-
ties. Map units that represent groupings
of soils at a landscape level were compiled
on USGS 1:250,000-scale base maps
(I inch=4 miles). The map units are
described as a set of soil phases. For each
phase, a set of layer records represents a
generalized profile of soil properties with
depth. The map of soil carbon for the
Eastern United States, for example, is
based on estimates of the organic matter
and bulk density for each layer. Average
values per unit area (kilograms per
square meter) are used to color the map
(shown here in black and white). The
total amount of soil organic carbon for
the States shown is estimated to be 42.8
billion metric tons.

Using this data base and geographic
information systems, scientists will be bet-
ter able to assess how soils will respond to
changes in climate.

Norman Bliss
has been developing soil data bases at the EROS
Data Center in Sioux Falls, S. Dak., since 1985

Sharon Waltman
is a soil scientist with the U.S. Department of
Agriculture’s Soil Conservation Service

Jesse Nelson
is a graduate student at South Dakota State
University

Monitoring Changes to
Wetland Areas in the United
States

he USGS is participating with the

Wetlands Subcommittee of the Fed-
eral Geographic Data Committee to
resolve inconsistencies among several wet-
lands classification reports produced by
Federal agencies. The USGS assembled
10 data overlays for Wicomico County,
Md., from various Federal and State
agencies and placed them onto a geo-
graphic information system (GIS) for
analysis and evaluation. A user interface
was designed that allows the operator to
analyze the data and make direct compar-
isons among data sets. More than 900
special plots (plus tabular reports) were
produced on a GIS to identify and meas-
ure patterns of inconsistency in the data.

A progress report issued in the fall
of 1993 describing the results of the
Maryland case study showed that there
are major disagreements between the
data sets used in wetland identification.
In the case of the Maryland data, the
greatest inconsistencies were in the
forested wetland area. Because the
inconsistencies appear to be somewhat
systematic, a better understanding of the
strengths and weaknesses of the various
programs may allow users to use the data

Upper Midwestern portion of
the soil organic carbon map
of the Eastern United States
(shown here in black and
white).

For more information on soil
mapping, contact:

Telephone (605) 594-6034
Internet nbliss@usgs.gov

For more information on wetlands
monitoring, contact:

Telephone (703) 648-5512
Internet rberry@usgs.gov
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For more information on the global }

land-cover characteristics data base,
contact:

Telephone (605) 594-6066
Internet tlovelan@usgs.gov
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more intelligently. Additional counties in
various types of ecosystems will subse-
quently be studied nationwide.

Russell D. Berry

is a research cartographer using GIS technology
to help solve wetland resource problems

across the country

Information and Data
Systems

he USGS, through its Earth Science

provides a national clearinghouse service
for cartographic, geographic, earth-
science, and remotely sensed information
and responds to national requirements to
deliver this information to a community

agencies and general public users. Func-
tions performed include acquiring,

tributing cartographic, geologic, hydro-

logic, and geographic information in
many forms and responding to requests
for earth-science information. In addi-
tion, a centralized facility in Denver,
Colo., warehouses and distributes pub-
lished USGS products, including 5.5 mil-
lion maps in FY 1993.

In addition to providing product ,
information and distribution services, the
USGS manages cartographic, remotely !

i sensed, and other earth-science data in
. digital and cartographic data bases. The |

USGS supports several major national

O

data bases. The National Digital Carto-
graphic Data Base organizes and manages |
the primary- and intermediate-scale digi- |
tal map data files and digital orthophoto |
quadrangles. The geographic names
information system is an automated data
system that cites locations and descrip-
tions for nearly 2 million proper names
of places, features, and areas in the
United States. The map separates track-
ing system is used to manage the inven-
tory of original graphics from which the
USGS’s primary topographic base maps
are printed. The Main Image File at the
EROS Data Center is an electronic catalog |
of nearly 10 million aerial photographs '
and satellite images.
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Building a Global Land-
Cover Characteristics Data
Base

s part of the USGS Global Change

Research program, the Earth
Resources Observation Systems (EROS)
Data Center (EDC) and the Center for
Advanced Land Management Informa-
tion Technologies (CALMIT) have ana-
lyzed advanced very high resolution radi-
ometer (AVHRR) and other data over
time to characterize land cover to meet
the needs of global change researchers.

The methods involved clustering a
1990 set of 28-day maximum composite
images of the conterminous United States
into 70 spectral-temporal classes and sub-
sequently stratifying, refining, and label-
ing them with ancillary data. The result
is a 159-class land-cover characteristics
data base, available from the EDC on
CD-ROM, that allows users to tailor data
to the unique requirements of a variety of
applications and to develop custom prod-
ucts. The map inserted at the back of this
report is one product that was developed
by using these data. It shows seasonal
land-cover regions for the conterminous
United States. These regions have unique
combinations of vegetation mosaics, sea-
sonal properties (onset, peak, and length
of green period), and annual net primary
production and are grouped into general
land-cover types. Increasing color inten-
sity within each group corresponds to
increasing relative primary production.

Advanced very high resolution radi-
ometer (AVHRR) is a sensor on board
National Oceanic and Atmospheric
Administration polar orbiting meteo-
rological satellites. The data from
AVHRR sensors have a nominal reso-
lution of 1.1 kilometer, represent five
bands of reflected and emitted elec-
tromagnetic energy, and cover the
entire Earth’s surface each day. These
data provide a unique means of mon-
itoring and mapping the condition
and dynamics of global vegetation.




In cooperation with the U.S. Forest
Service (USFS), EDC is conducting an
accuracy assessment of the land-cover
classification system. Field personnel are
visiting 3,500 randomly selected sites
throughout the United States and gather-
ing land-cover information.

The Environmental Protection
Agency, the USFS, the International
Geosphere-Biosphere Programme, and
the United Nations Environment
Programme-Global Resources Informa-
tion Database initiated the development
of a Western Hemisphere land-cover data
base in late 1993; completion of a prelim-
inary data base is scheduled for late
1994. Plans will continue, continent by
continent, to characterize the remaining
land masses. Priorities for the eventual
completion of the effort will depend on
recommendations from the scientific
community.

Thomas R. Loveland

has been involved in remote-sensing research

at the EROS Data Center in Sioux Falls, S. Dak.,
for more than 14 years

Side-Looking Airborne Radar
Program

ide-looking airborne radar (SLAR)

data have been acquired for over 40
percent of the United States. The USGS
began collecting SLAR data in 1980 as a
result of a congressional request “to begin
the use of side-looking airborne radar
imagery for topographic and geologic
mapping, and geologic research surveys
in promising areas.” Each data-collection
mission is designed around local geology
and specific earth-science research criteria
for the area. Because SLAR can penetrate
most clouds, it has great value as an
almost all-weather imaging system. SLAR
data are available both in stereographic
strip form and mosaicked onto 1:250,000-
scale USGS quadrangles. Since 1986,
computer-compatible digital tapes have
also been available. All data acquired
since 1990 are also available on CD-ROM.

During FY 1993, SLAR data for

eight quadrangles were acquired, proc-
essed, and delivered to the USGS by a
contractor. Data conversion from high-
density digital tape to more useful 9-track

This map represents seasonal regions of the
conterminous United States and was
developed through the analysis of
March-October 1990 1-km AVHRR imagery,
digital elevation, ecoregions, and climate
data. The complete land characteristics data
base, available on CD-ROM, can be tailored
to classification legends or parameters
required for specific applications.

To order CD-ROM, contact:
Telephone: (605) 594-6507

m" -
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Mail: Customer Services,
USGS, EROS Data Center,
Sioux Falls, SD 57198
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USGS SLAR data holdings available from the EROS Data Center.
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For more information on SLAR,
contact:

Telephone (703) 648-4524
Internet bsschoonm@usgs.gov

computer-compatible tape (CCT) was
completed for 36 previously imaged
quadrangles in the Appalachian region.
The conversion of 165 quadrangles from
CCT'’s to longer lasting, more accessible
CD-ROM’s was initiated.

James W. Schoonmaker

is a civil engineer specializing in surveying,
mapping, and remote sensing since 1971

Advanced Cartographic
Systems

he USGS is modernizing its produc-

tion, management, and user service
technologies for the National Mapping
Program. Traditional map-production
techniques cannot provide timely prod-
ucts that meet user requirements for
computer-assisted applications. Map users
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are also requiring a wider variety of
source material such as those available
from advanced remote-sensing and satel-
lite technologies. Advanced Cartographic
Systems is a multiyear effort that is
replacing outdated graphic mapping
equipment with more efficient, advanced
computer-assisted cartographic systems
and developing innovative applications
capable of producing cartographic and
image data in both graphic and digital
form. The automated production equip-
ment and specialized facilities acquired
under this program also provide the
USGS with improved ability and greater
flexibility for supporting civilian govern-
ment agency use of remote-sensing capa-
bilities for national concerns such as pre-
dicting, detecting, and monitoring natural
events and disasters, monitoring environ-
mental conditions and effects, and man-
aging resources.

National Advanced Remote
Sensing Applications

During FY 1993, USGS activities
supporting the coordinated

civilian use of advanced cartographic
capabilities were moved into a new
facility in Reston, Va. Initial implementa-
tion of the national advanced remote
sensing applications project (which deals

This map of Park Ridge, IIl., is an excerpt of
the first topographic quadrangle map
produced and published by the USGS using
fully automated digital technology. The map
was produced by using digital orthophoto
quadrangles from orthorectified aerial
photography and digital line graph data scan
digitized from the original graphic map
separates. The graphic data on the map were
plotted by using automated computer
technology; only the type was placed
manually. The techniques and equipment
used to produce this map were developed by
the USGS Advanced Cartographic System’s
development program. The processes used
will increase the efficiency of USGS map
production and shorten the map-updating
cycle. They will also result in digital imagery
and cartographic data that can be used in
computerized geographic information systems
to support complex land and resource
management analysis and decisionmaking.



primarily with classified materials) was
completed, enhancing USGS ability to
conduct prototype scientific investigations
of natural phenomena and to look into
expanding its support of the Federal
Emergency Management Agency.

Initial map production using the
advanced technologies introduced with
Advanced Cartographic Systems began
during 1993. The first digitally produced
quadrangle map is of Park Ridge, Ill., a
suburban area north of Chicago. The
map was produced by using digital ortho-
photo quadrangles as the primary source
for revision of digital line graph data that
had been scan digitized from the original

graphic map separates. After revision,
symbols were added to the digital data by
means of automated computer technol-
ogy. These processes will increase the
efficiency of USGS map production and
shorten the map updating cycle. As
byproducts of these advanced carto-
graphic systems processes, digital imagery
and cartographic data will be available for
use in computerized geographic infor-
mation systems to support complex land
and resource management analysis and
decisionmaking.

Thomas M. McCulloch
has been developing advanced systems for the USGS
Sfor the past 7 years

, For more information on advanced sys-

tems, contact:

Telephone

(703) 6484543

Internet tmccullo@usgs.gov
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At Work Across the Nation
in Geologic Studies

Mission

The Geologic Division evaluates the Nation’s geologic struc-
ture and the geologic processes that have shaped it, assesses the
Nation’s mineral and energy resources, and identifies and investi-
gates geologic hazards.

= [nvestigations of geologic hazards provide information for pre-
dicting and delineating hazards from earthquakes and

volcanoes and for identifying engineering problems related to
ground-failure hazards.

= Regional geologic studies provide geologic maps and regional
syntheses of detailed geologic data essential to mineral, energy, and
hazard assessments and to land-use decisions such as

landfill siting and selection of transportation routes.

= Offshore geologic studies characterize the marine Federal lands,
identifying and describing the mineral and petroleum resources of
the offshore areas of the U.S., including the Exclusive Economic
Zone, an area one-third larger than the land area of the United
States.

® Mineral resource investigations assess the distribution,
quantity, and quality of the Nation’s mineral resources and their
environmental implications that are required for making land-use
decisions by Federal, State, and local land-management agencies.

® Surveys of energy resources provide assessments of the Nation’s
coal, petroleum, uranium, and geothermal resources and enhance
capabilities to explore for and develop new sources of energy.




Marine and Coastal
Geologic Surveys

As onshore resources are depleted and
as the population continues to shift
toward the coasts, more societal pressure
will be placed on the Nation’s already
severely stressed coastal and marine envi-
ronments. These stresses will increase
further as the Nation turns to the coasts
and oceans in its search for new sources
of minerals and energy, for increased
food production, for recreation, and for
safe disposal sites for waste materials.
Increased use of coasts and oceans in
turn increases the potential risk to people
and property from natural hazards such
as coastal erosion, landslides, earthquakes,
and severe storms. Much multidisci-
plinary information is needed to manage
the development of the ocean’s vast
resources in a safe and environmentally
sound manner.

The USGS Marine and Coastal Geo-
logic Surveys program provides data,
analysis, and information on issues of
national, regional, and local concern in
marine and coastal areas; it is the seaward
extension of the USGS’s onshore geologic
investigations. The program covers
coastal wetlands, beaches, and estuaries
and Federal lands contained in the U.S.
Exclusive Economic Zone (EEZ) in the
Atlantic, Pacific, and Arctic Oceans and
the Gulf of Mexico, which are 30 percent
larger than the land area of the conti-
nental United States. Research topics
include determining the geologic frame-
work of coasts and oceans, mapping the
EEZ by using sidescan sonar, identifying
and quantifying the processes responsible
for transporting and depositing sedi-
ments, and characterizing offshore haz-
ards and resources.

Contamination in Boston
Harbor and Massachusetts
Bay

oston Harbor, cited in the late 1980’s

by the U.S. Environmental Protection
Agency as the most contaminated harbor
in the United States, is presently benefit-
ing from a $4.8 billion cleanup effort that
involves elimination of sludge discharge,
construction of a secondary sewage

EXISTING OUTFALL

zo-wow

Zo~wow

Effluent dilutions for the existing outfall in
Massachusetts Bay and the proposed outfall
simulated for the period from December 1,
1990, to March 29, 1991 (typical unstratified
conditions) and assuming conservative
behavior of the effluent.

treatment plant, and relocation of a sew-
age effluent outfall from its present posi-
tion at the harbor mouth to a point 9
miles into Massachusetts Bay. The USGS
is conducting a research program in
cooperation with State agencies in Massa-
chusetts and scientists from universities
and the Woods Hole Oceanographic
Institution to provide basic scientific
information on the transport and accu
mulation of contaminated sediments in
the bay area. Not only is this information
critical to making management and engi-
neering decisions, but it also contributes
to evaluating the cleanup effort. Such
information is needed in many coastal
areas around the United States where the
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(Top) Sample bottles from a
sediment trap located 4
meters (13 feet) above the
bottom of Massachusetts Bay.
Each bottle represents
accumulations during about

9 days during the period from
October 1990 to February
1991. (Middle) Suspended
sediment concentration based
on light transmission shows
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discharge of wastes into the ocean con-
flicts with other uses of the marine envi-
ronment, such as recreation, fishing, and
transportation.

Three-dimensional computer model-
ing of circulation in Massachusetts Bay,
which is a major component of the USGS
effort, not only has provided insight to
scientists but also has played a key role in
the debate about whether to complete the
new outfall that redirects treated sewage
effluent from the presently contaminated
harbor to a location 9 miles into Massa-
chusetts Bay. When the model was tested
under winter conditions, it showed excel-
lent agreement between what was
observed and what was predicted for cur-
rents in Massachusetts Bay. The model
results, which have been presented at a
number of public forums, in court, and
for a television documentary, have been
used to compare effluent dilution at the
present outfall site and the proposed site.
The model shows that the present outfall
maintains significant concentrations of
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effluent throughout Boston Harbor and
southward along the shore of Massachu-
setts Bay. Effluent at equivalent concen-
trations from the deeper offshore outfall
does not reach Boston Harbor and affects
much less of the Massachusetts Bay
shoreline. :
The amounts of heavy metals in bot-
tom sediment and suspended matter in
western Massachusetts Bay have also been
established and provide a baseline for
evaluating changes that may result from
the new ocean outfall. Maps showing
grain sizes of the sea floor in Boston Har-
bor and Massachusetts Bay have been
generated by using sidescan sonar, seis-
mic reflection, bottom photography, and
sediment sampling. Because contaminants
are commonly bound to fine-grained par-
ticles, maps that show particle sizes can be
used to indicate where contaminants are
most likely to accumulate. These maps
have been used by State agencies to
design baywide programs to monitor and



evaluate the environmental impacts of the
new outfall.

Field measurements conducted
around the future outfall site to deter-
mine the fate of particles show that sur-
face waves during major winter storms
are the principal agents in resuspending
sediment. A time-series sediment trap
used at a long-term instrumented moor-
ing in Massachusetts Bay demonstrates
the correlation between bottom currents
caused by surface waves and sediment
resuspension and provides material from
individual storms for analysis. Fine parti-
cles that settle in western Massachusetts
Bay during relatively tranquil summer
periods may be eroded and redistributed
to deeper waters of Stellwagen Basin dur-
ing winter storms. Knowledge of these
processes is critical to evaluating the long-
term impacts of pollutants in this coastal
area.

The USGS Massachusetts Bay studies
are providing information that is applica-
ble to other coastal regions and may serve
as a2 model for studies to assess the envi-
ronmental consequences of waste disposal
and contaminant accumulation in the
coastal ocean areas.

Michael Bothner and Bradford Butman
have studied the geochemistry of shallow marine
sediments for more than a decade

Richard P. Signell
is a physical oceanographer specializing
in numerical models of circulation

Surprising News of Recent
Faulting in South San
Francisco Bay

he USGS began acquiring ultra-high-

resolution seismic reflection profiles
in San Francisco Bay in 1992 as part of a
long-term study of the geology and envi-
ronment of the Nation’s largest urban
estuary. In cooperation with scientists
from four Japanese universities, the
USGS acquired profiles by sharing the
use of a Japanese sonar system, which is
capable of obtaining unusually precise
records from layers as thin as 18 centi-
meters (7 inches) in the upper 20 meters
(66 feet) of soft bay mud. Japanese scien-
tists have used this instrument to study a
large and active fault in Japan, called the
Median Tectonic Line, and were inter-

Massachusetts Bay Program

A long-term objective of the USGS Massachusetts Bay program
is to develop the ability to predict patterns of sediment and con-
taminant transport and accumulation on a regional basis. The pro-
gram addresses fundamental questions such as (1) what is the tex-
ture and structure of the sea-floor environment in the harbor and
bay, (2) how are water and materials transported throughout the
system, and (3) where do sediments and associated contaminants
accumulate and at what rate? To answer these questions, the USGS
study of the bay includes:

e Regional mapping of sediment types and areas of erosion and
deposition.

® Chemical analyses of sediment to determine present levels of
contaminants.

® Direct measurement of ocean currents and computer modeling of
regional circulation.

® Assembly of existing information to describe the spatial distribu-
tions and temporal trends in sediment and contaminant conditions.
® Long-term monitoring of ocean conditions and sediment proper-

transport.

ties to evaluate seasonal and annual variability and the infrequent
catastrophic events that may be responsible for most sediment

ested in acquiring data on other strike-
slip faults such as the Hayward fault,
which crosses the San Pablo Bay area of
north San Francisco Bay.

As part of the cooperative study, the
USGS extended its surveys into south-
central San Francisco Bay. Previous air-
borne surveys of the magnetic field of the
bay had shown that long linear aeromag-
netic anomalies were known to cross this
part of the bay from northwest to south-
east. USGS researchers suggested in the
late 1970’s that the anomalies delineate
fault zones. These faults are exposed on
the peninsula beneath the city of San
Francisco in a mass of rock called the
Franciscan Formation along the Hunters
Point-Fort Point shear zone. Because the
faults separate bodies of rock that are
more than 65 million years old, they were
thought to be old and inactive. The new
seismic profiles confirmed earlier specula-
tion- that the faults extend offshore along
the linear magnetic anomalies but also
show that some faulting occurred less
than 10,000 years ago.

Two major fault zones have been
identified, each 2 to 3 kilometers (1.3-1.8
miles) wide and consisting of dozens of
strands (a fault strand is a short segment

! For more information on contamination
| in Massachusetts Bay, contact:

! (508) 457-2240
i Internet mbothner@usgs.gov

Telephone
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For more information about the Marine
and Coastal Surveys program, contact
Janet Morton at:

Telephone (703) 648-6509
Internet janet@oemg.er.usgs.gov

For more information about the San
Francisco Bay study, contact:

Telephone (415) 354-3129
Internet mmarlow@usgs.gov

of a fault). The northern fault zone,
called the Hunters Point fault zone, is
known to extend about 5 kilometers

(3 miles) from the shear zones exposed
on Hunters Point to the central part of
the bay, but it may be longer; the shallow
depth of the bay to the southeast pre-
vented surveying there. The area will be
surveyed this year by using a shallow-
draft vessel on loan from San Francisco
State University. The Hunters Point fault
zone may be as long as 120 kilometers (75
miles) (as long as the adjacent Hayward
fault) if it follows the regional extension
of a pronounced magnetic anomaly. The
second fault zone, called the Coyote Point
fault zone, extends from the end of the
runways of San Francisco International
Airport to the southeast past Coyote
Point and may extend into the shallow
part of the bay or beyond. Separating the
two fault zones is a large suspected fold
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and thrust structure called the San Bruno
Shoal anticline, which has uplifted the
bay floor to less than a meter (3 feet)
deep in the center of south San Francisco
Bay.

A month after the surveys, the
USGS began collecting a series of cores in
the south-central bay to date the layers
that have been offset by fault movement.
Colleagues at Stanford University and the
Lawrence Berkeley Laboratory have been
assisting USGS scientists in dating shells
found in some layers by means of a pre-
cise carbon-14 dating technique. The pre-
liminary results indicate that all the faults
in the bay offset layers that were depos-
ited 5,000 years ago and that some of the
faults offset beds deposited only 1,600
years ago. At least two fault strands offset
the bay floor, an indication that faulting
may have been active within the past
1,000 years, but further studies are
needed to determine the actual age of
faulting.

Because of the young age of the
faulting and the proximity of the faults to
large urban areas and critical infrastruc-
ture, the USGS has held a series of brief-
ings with officials from the airport, city
emergency and transportation services,
and others to advise them of the newly
mapped faults. Future plans include a
cooperative study with the State transpor-
tation agency to assist in the analysis of
deep borings (to bedrock) that will be col-
lected near the bay bridges. USGS scien-
tists have recently finished an extensive
survey of the rest of the south San Fran-
cisco Bay. Other USGS scientists will
extend the fault studies on land across
the San Francisco Peninsula and into the
Pacific Ocean. They hope to find the area
where the San Andreas fault intersects
these newly delineated faults, near the
epicenter of the great 1906 San Francisco
earthquake.

Michael S. Marlow

has published extensively on tectonic processes
at continental margins

Gary M. Mann

studies the deformation caused by strike-slip faulting
in young rocks in the Pacific Northwest

and in San Francisco Bay

Roberto J. Anima

specializes in combining high-resolution geophysical
methods with sedimentology to study the shallow
structural framework of San Francisco Bay



The U.S. Energy Mix

he energy consumption of the

United States continues to grow at a
steady pace. Ninety-nine percent of the
energy used in this country is based on
natural, nonrenewable resources—91 per-
cent on fossil fuels, including coal, oil,
and natural gas, and 8 percent on nuclear '
power. The remaining 1 percent comes
from hydroelectric, solar, and wind
power and other renewable sources. The
mix of energy used by the United States
is the foundation of the Nation’s infra- |
structure and economy and significantly
influences the environment. The USGS
Energy Program provides fundamental
scientific knowledge on the abundance of |
energy resources and the environmental
consequences of their use, information |

|

that is vital in order to effect any substan- !
tial changes in the energy mix of the
Nation.

Energy Resources and the
Economy

he bulk of domestic energy con-

sumption comprises oil-based fuels.
Domestic oil production satisfies only
about half of the Nation’s oil appetite,
however, and domestic oil production is
declining at an alarming rate. Imported
oil accounts for a significant proportion
of the national trade deficit. Natural gas
and coal are alternatives to oil-based fuel
and are considered to be abundant in the
United States. Scientists do not have a
comprehensive understanding of the geo-
logical occurrences of natural gas, how-
ever, and this lack of knowledge inhibits
exploration and development of domestic
natural gas resources. Domestic coal
resources also are thought to be vast, but
a comprehensive understanding of the
quantity and quality of minable coal has
still not been achieved. Moreover, the use
of coal poses potential environmental haz-
ards that must be addressed if coal is to
remain a viable energy resource in com-
ing decades. USGS scientists conduct sci-
entifically based assessments of specific
energy resources, including oil, natural
gas, coal, uranium, and oil shale. In
addition, they evaluate the Nation’s
energy mix on a regular basis. World
assessments of oil, natural gas, and coal

New Energy Assessment Underway

vice (MMS), is currently conducting a new assessment of U.S. oil
and gas resources. The USGS assesses all onshore lands and State
offshore waters; the MMS assesses Federal offshore waters. The
assessment provides an independent, scientifically based set of
hypotheses concerning the amounts of oil and gas that could be

ered, conventionally recoverable oil and natural gas; (2) selected
recoverable, unconventional resources of oil and natural gas; and
(3) reserve appreciation (field growth). The USGS assessment will
be completed by January 1995; results will be published early in
1996.

All results of the new assessment will be released in digital
form, including on CD-ROM's. The geographic information system
approach—being used for the first time in this assessment—allows

for individual Federal land-management areas, sedimentary basins,
or States. This capability will make it easier for Federal land-
management agencies, State agencies, and industry to use the

mation that will be the foundation of continuing USGS efforts to
improve assessment results.

The USGS, in cooperation with the Minerals Management Ser-

added to U.S. reserves. The new assessment includes (1) undiscov-

assessment results. Moreover, it will provide a base of digital infor-

results to be identified in relation to specific geologic provinces and
geographic areas. For example, resource estimates will be available
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provide a global perspective for national

energy needs. Scientifically based infor-

mation from these assessments is used by

decisionmakers in Federal and State

agencies as well as in the private sector.

Energy Resources and the
Environment

Reducing the emission of greenhouse
gases and toxic elements into the
atmosphere is of foremost importance to
the Nation and the world. Research in
coal quality and oil geochemistry provides
the basic information needed to select
fuels that are more environmentally
benign. This information can also be used
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Coal-Quality Data Base Sets Standards

The Environmental Protection Agency has recently designated
the USGS coal-quality data base as the sole data base on which pol-
icy recommendations concerning trace-metal emissions from coal-
burning powerplants will be made. The electric power industry also
has recognized the uniqueness of this data base and the high qual-
ity of information it contains. Representatives of the Electric Power
Research Institute, the Edison Electric Institute, and the Utility Air
Regulations Group recently expressed a strong desire to work coop-
eratively with the USGS to expand the coverage of the coal-quality
data base. These developments establish the USGS coal-quality data
base as the primary source of independent scientific data recog-
nized and used by both regulators and industry to address air-
quality issues.

to predict the occurrence of relatively
clean fossil fuels and to develop technol-
ogy for removing hazardous elements
from fuels before use.

Increased use of natural gas in place
of coal and oil-based fuels would signifi-
cantly reduce the amounts of greenhouse
gases and hazardous elements released to
the atmosphere. Expanded research on
natural gas will build a comprehensive
understanding of this vital resource.
Research topics of particular interest
include the volume and distribution of
economically and technically recoverable
domestic natural gas resources and the
earth-science background needed for the

For more information about the Energy
Resources Surveys program, contact |
David Houseknecht at: ‘,

Telephone
Internet dhousekn@usgs.gov

optimal development of those resources.
The results of this research will establish
a scientific basis for evaluating the envi-
ronmental impacts of various energy-use
scenarios and will provide predictive
models to use in exploring for environ-
mentally benign energy resources. An
added benefit is an improved under-
standing of geological constraints in
designing technology for removing harm-
ful elements from fossil fuels before use.

(703) 648-6470

Energy Resources and
Cooperation

he USGS is a partner with the Min-

erals Management Service and the
Bureau of Mines in oil and gas assess-
ment activities and coal assessment activi-
ties, respectively. Because a large propor-
tion of undiscovered energy resources
resides on federally managed lands, the
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USGS maintains formal liaisons with the
U.S. Forest Service and with other
Department of the Interior bureaus,
including the Bureau of Land Manage-
ment, the National Park Service, and the
Bureau of Indian Affairs. Results of
energy-resource assessments are shared
with the Bureau of Mines and incorpo-
rated into the National Energy Strategy,
largely through cooperation among vari-
ous agencies in the U.S. Department of
Energy, including the Energy Informa-
tion Administration, the Office of Oil and
Gas Exploration and Development, and
the Office of Basic Energy Sciences. Simi-
larly, the environmental impact assess-
ments conducted by the USGS are coop-
erative ventures with the Bureau of
Reclamation, the Bureau of Mines, and
the Environmental Protection Agency.
Interaction with agencies in every State
having oil, natural gas, or coal potential is
an essential part of most Energy Program
research.

David Houseknecht

coordinates the USGS Energy Resource Surveys
program and has published extensively

on various aspects of petroleum geology

Reducing Hazards from
Landslides

;rLandslides are among our Nation’s

! & _umost costly and destructive geologic
‘hazards, causing billions of dollars of eco-
inomic losses and significant loss of life. In
some areas, expanding urban develop-
ment onto landslide-prone hillsides has
\increased the number of landslide disas-
“ters and escalated costs of Federal disas-
ter relief. An understanding of landslide
processes and their consequent hazards
‘can lead to nationwide reduction of land-
slide losses through proper planning and
‘effective engineering.

Practical Planning for
Hawaiian Landslides

In the aftermath of a severe rainstorm
that struck Honolulu, Hawaii, on
December 31, 1987, and caused massive
debris flows and landslides, the USGS
began a multiyear project that was com-
pleted in 1993 and that provided practi-
cal information to local officials on how



to deal with such landslide disasters. The
study, which was conducted by USGS
geologists and hydrologists in cooperation
with the city and county of Honolulu,
developed new scientific techniques to
analyze debris flows and landslides and
methods of applying these techniques in
ways that are helpful to local planners
and officials.

Debris-flow investigations focused on
identifying when and where these rapid
and potentially fatal slope movements are
likely to occur and established the rainfall
thresholds required to trigger them.
These thresholds are now the basis for a
public warning system like the one cur-
rently operating in the San Francisco Bay
region. Areas susceptible to debris flows
were mapped by using a newly developed
computer-based digital method. Informa-
tion on volumes, travel characteristics,
and more than 1,500 source locations of
past debris flows was combined to create
computer models of potential debris flows
that were routed through a digital model
of the landscape. The computer gener-
ated numerous such simulations in order
to systematically delineate areas of haz-
ard. In combination with the rainfall
thresholds, the resulting hazard-zone
map, released in FY 1993, provides local
officials with information needed for
effective planning and emergency
response over a 180-square-kilometer (70-
square-mile) area around Honolulu.

The USGS Landslide Hazards program seeks to reduce landslide
losses that occur throughout the United States by:

® Developing technologies to map and assess landslide susceptibil-
ity and risk.

® Advancing our understanding of landslide processes and the geo-
logic, topographic, hydrologic, and cultural factors that control
slope failure.

® Developing and demonstrating landslide prediction capabilities to
avoid, prevent, or mitigate landslide damage.

® Aiding the application of research results to improved planning,
engineering design, and construction and to warning and emer-
gency response plans.

These thresholds are now
the basis for a public
warning system like the
one currently operating
in the San Francisco
Bay region.

Several larger, slow-moving land-
slides also were reactivated by the
1987-88 storm; these slides have been
damaging several residential areas inter-
mittently for more than 30 years. Scien-
tists made detailed maps of landslide fea-
tures and related damage in high-priority
areas. These maps provided city and
county officials with the first systematic
portrayal of the underlying cause of

damage in apparently unrelated areas
and supplied the basis for remedial
efforts. Sophisticated analysis and com-
puter modeling of this detailed mapping
revealed that movement of the entire
landslide mass is being driven by only a
part of the landslide. This seemingly sim-
ple result has far-reaching implications.
Stabilizing only the part of the landslide
that is driving the whole mass is much
more economical than stabilizing the
entire landslide area. This modeling will
provide the basis for innovative strategies
to stabilize landslides in areas that have
proven difficult to control by conven-
tional methods.

This cooperative project in Hawaii
has combined the very best aspects of
basic scientific research on landslide

Damage caused by a large,
slow-moving landslide near
Honolulu. This landslide, and
others like it, disrupted
streets, severed utilities, and
damaged and destroyed many
homes.

. . in Geologic Studies 23



Path of a debris flow triggered
by the New Year’s Eve storm
in Honolulu, 1987-88. The
flow started near the top of
the slope, moved rapidly
down the steep face, and
damaged two homes at the
bottom of the slope.

For more information about the
Landslide Hazards program, contact
- Randall Jibson at:

Telephone (303) 273-8577
Internet jibson@gldvxa.cr.usgs.gov

processes and applied research on delin-
eating landslide hazard and risk with local
cooperation and implementation to
reduce actual losses from landslides.

Randall Jibson
coordinates the USGS research effort
on landslide processes

Earthquake Studies:
Increasing Awareness,
Reducing Risk

No technology is yet able to prevent
earthquakes nor, for that matter, to
predict precisely when or where future
earthquakes will strike. In the past
decade, earthquakes at Loma Prieta,
Calif., in Armenia, and elsewhere have
graphically demonstrated their tragic
impacts on human lives and the deep,
long-lasting economic losses to the
affected region and to nations as a whole.
More recently, the September 29, 1993,
earthquake in India, in which many thou-
sands of people died, is yet another
sobering reminder of the destructive
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EXPLANATION
Hazard from hillslopes
B High — Return period <500 years
Moderate — Return period 500-2,000 years
Low — Return period 2,000-10,000 years
Maximum likely extent

[[INo hazard

Hazard along drainages
- Drainage from hillslopes; may carry
debris flow and water-borne debris

== Drainage from headwaters; may carry
large debris flows and abundant
water-borne debris

Preliminary version of a map of debris-flow
hazards in part of the Honolulu study area.
Return periods are measured on 10-meter
cells; larger cells would result in smaller
return periods.

power of earthquakes. The USGS Earth-
quake Hazards Reduction program
(EHRP) is designed to help provide the
Nation with the scientific and technical
tools needed to significantly improve its
social, economic, and environmental
preparation for damaging earthquakes.
The USGS effort seeks to achieve a
clearer understanding of the nature of
the earthquake process, define the spe-
cific earthquake hazard for various geo-
graphic regions in terms of how big the
earthquakes could be, how often they
might recur, and the likelihood of future
significant earthquakes in each region,
and predict the actual effects by defining
specific characteristics of the shaking and
how the Earth’s surface will respond to



the shaking (for example, landslides and
soil liquefaction). Working cooperatively
with other scientific agencies and many
State and local officials to transfer the
data, developed technologies, and risk
assessments to those who need them is a
critical program goal. Earthquakes are a
unique class of hazards, unlike hurri-
canes, volcanoes, and floods, for which
forecasts of timing and magnitude can be
made hours to days in advance. Nonethe-
less, much can be done in advance to sig-
nificantly reduce the risk from future
earthquakes.

A Regional Approach to
Earthquake Research

n the United States, earth scientists

have long recognized that the earth-
quake threat is not uniform across the
Nation, as residents of Alaska and Cali-
fornia can attest, and yet earthquakes are
not exclusively a problem of the Pacific
Coast States. The sequence of four earth-
quakes that struck the New Madrid, Mo.,
area in 1811-12 was probably the largest
and most potentially damaging in the
United States; a recurrence of an earth-
quake of similar magnitude would be felt
from Denver to New York City and
would damage buildings over thousands
of square miles in eight States. The USGS

Earthquake Hazards Reduction program
has reaffirmed a national commitment by
continuing the deployment of new
satellite-linked monitoring equipment
throughout the United States and by sup-
porting scientific investigations ranging
from New England and South Carolina to
Nevada and Hawaii.

A substantial proportion of the pro-
gram’s resources is focused on problems
in the four regions having the highest
earthquake hazard: southern California,
northern California, the Pacific North-
west (Washington, Oregon, Alaska), and
the Central United States (Arkansas, Illi-
nois, Indiana, Kentucky, Mississippi, Mis-
souri, Ohio, Tennessee). Each of these
high-priority regions has a recently estab-
lished regional USGS earthquake office

. . . in Geologic Studies

This unreinforced masonry
building was damaged by the
earthquakes that struck
Klamath Falls, Oreg., on
September 20, 1993.

This trench, northeast of New
Madrid, Mo., shows clear
evidence of multiple
earthquakes in the region.
The dark soil at the base is
cut by a dike (next to the
shovel), which has formed a
thick sand blow on top. A
younger, thick soil horizon
has developed on top of the
sand blow. All of these layers
are cut by smaller sand dikes,
probably from the 1811-12
New Madrid great earthquake
series, which fed a sand blow
at the top of the picture.
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Regional Coordinators

Pacific Northwest and Alaska—Craig Weaver, Seattle, Wash.

(206) 553-0627
weaver@usgs.gov

The USGS orchestrated the response to the September 20, 1993,
Klamath Falls, Oreg., earthquake, coordinating its efforts with
those of the Federal Emergency Management Agency, the U.S.
Forest Service, Oregon’s Department of Geology and Mineral
Industries, and State universities in Oregon.

Telephone
Internet

Northern California—William Bakun, Menlo Park, Calif.

Telephone (415) 329-4793
Internet bakun@usgs.gov

The USGS is a principal sponsor and participant in CONCERT
(Coordinating Organizations for Northern California Earthquake
Research and Technology), a technology transfer effort to get
USGS research products into the hands of the user community in
the San Francisco Bay area.

Southern California—James Mori, Pasadena, Calif.

(818) 405-7821
mori@usgs.gov

Telephone
Internet

In cooperation with the Southern California Earthquake Center, a
consortium of more than 100 researchers at 7 core academic insti-
tutions, USGS scientists conducted phase two of the Landers,
Calif., assessment, which is an assessment of the hazard over the
next 30 years.

Central United States—Buddy Schweig, Memphis, Tenn.

(901) 6784974
schweig@usgs.gov

Telephone
Internet

The USGS provided support in the formation of a technical
advisory team from State geological surveys of the region; the
team will provide technical and scientific advice to the Central
U.S. Earthquake Consortium of State emergency services.

and a regional coordinator (see box) who
defines the USGS goals for that region
and the short-term needs and objectives
bearing on those goals. The regional
coordinators are forging new linkages,
collaborations, and agreements among
academic researchers, USGS scientists,
private industry, and Federal, State, and
local government agencies.

Fully 30 percent of USGS program
funding supports external research
awards to private industry, State and local
government entities, and universities. In
FY 1993, the USGS received about 350
proposals in response to its annual Earth-
quake Program Request for Proposals
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and made about 100 awards on the basis
of recommendations provided through a
rigorous peer-review process. The
regional coordinators have substantial
input to setting the immediate and long-
term needs to be addressed through this
support. A few of the topics funded in
FY 1993 include:

® Providing support for a collaborative
earthquake project with the State geologi-
cal surveys of Washington, Oregon, and
Alaska.

® Deploying new state-of-the-art instru-
mentation on the Hayward fault in Cali-
fornia to detect early signals of earth-
quake activity.

® Verifying the occurrence of a major
earthquake in the Upper Midwest
Wabash Valley in the last 4,000 years.

® Studying earthquake-wave attenuation
in the Mississippi Embayment to improve
predictions of future ground motion in
urban areas including Memphis and St.
Louis.

® Discovering features in the Columbia
River valley of Oregon that suggest major
earthquakes occurred in the past 300
years.

Getting the Information Out
Developing new technologies for

transferring information is a vital
part of the USGS earthquake program.
For example, the fundamental earth-
quake data acquired at hundreds of mon-
itoring stations are now routinely pub-
lished in digital formats (such as
CD-ROM), which scientists, engineers,
planners, and local governments can
acquire for a nominal fee. Each month,
more Federal, State, local, and private
agencies responsible for transportation,
energy transmission, pipelines, and critical
facilities access USGS telecommunication
networks that provide information on
recent or ongoing earthquakes. The
USGS regional coordinators and individ-
ual USGS scientists work with broad-
based regional earthquake mitigation
groups such as the Central U.S. Earth-
quake Consortium (CUSEC), the North-
eastern States Earthquake Consortium
(NESEC), the Southern California Earth-
quake Center (SCEC), and Coordinating
Organizations for Northern California
Earthquake Research and Technology
(CONCERT).



Geographic information systems
(GIS) are now widely employed for com-
municating hazard and risk information
on national, regional, State, and local
scales. Use of GIS allows USGS products
to be efficiently updated, enhanced, and
disseminated either in hard copy, on
computer disks, or by direct telecommu-
nication links. For example, national
maps showing the probabilities of
expected levels of ground shaking for
future earthquakes are the basis of
seismic-design building codes across the
country.

.. . national maps
showing the probabilities
of expected levels
of ground shaking
for future earthquakes
are the basis
of seismic-design
building codes
across the country.

Timely access to up-to-the-minute
information on earthquakes anywhere in
the Nation is critical to planning immedi-
ate and long-term responses. The USGS
National Earthquake Information Center
in Golden, Colo., disseminates much of
this information. Analyses of the location,
timing, and magnitude of an earthquake
begin within seconds of the event, and
distribution of the results by e-mail, fax,
and telephone begins within minutes. In
addition, the four regional earthquake
offices, which have rapid access to
regional seismograph networks, have a
critical “onsite” role in the high-seismicity
regions.

The USGS Earthquake Hazards
Reduction program responds to user
needs through public forums, technical
results reported in scientific and engi-
neering meetings and publications, policy
group interactions, and vigorous collabo-
ration with other Federal agencies such as
the National Science Foundation, the
Federal Emergency Management Agency,
and the National Institute for Standards
and Technology. Outreach activities in
" FY 1993 include:

" in 1980 and $200 million from Redoubt

® Collaboration with Humboldt State
University in Arcata, Calif., to prepare
and publish the full-color newspaper
insert “On Shaky Ground —Living with
Earthquakes on the North Coast.”

® A workshop, in cooperation with the
National Science Foundation, the
National Academy of Sciences, and the
Earthquake Engineering Research Insti-
tute, on the lessons learned from the
Loma Prieta earthquake.

® Two workshops, organized in conjunc-
tion with the Federal Emergency Manage-
ment Agency, on the probabilities of
damaging earthquakes in the Northeast,
held in Boston, Mass., and on earthquake
hazards in rural America, held in Boise,
Idaho.

® Collaboration with the Applied Tech-
nology Council on a major effort to
develop new methods of transferring the
latest results of USGS research to practic-
ing engineers nationwide.

® Completion of new national earthquake
risk maps, which will be the basis of new
Building Seismic Safety Commission
building codes to be adopted nationwide.
® Publication of USGS Professional Paper
1519 on the earthquake hazards and risk
along the Wasatch Front, Utah.

Through these activities, the USGS
Earthquake Hazards Reduction program
continues to increase scientific under-
standing of how earthquakes happen and
to disseminate that knowledge to deci-
sionmakers, engineers, and the public.
Understanding the earthquake process
and carefully delineating the hazard
posed by this process are major scientific
challenges facing the Nation beyond the
year 2000.

For more information about the
Earthquake Hazards Reduction

Telephone (703) 648-6708
Internet rupdike@usgs.gov

Randall G. Updike

coordinates the USGS Earthquake Hazards
Reduction program and has written extensively
on earthquake processes

Understanding Volcano
Hazards
ecent volcanic eruptions in the
United States and abroad have
shown the potential impact of volcanic

" activity in terms of casualties (25,000 in

Colombia in 1985 and 500 at Mount

" Pinatubo in 1991) and socioeconomic

losses ($1 billion from Mount St. Helens
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Global Positioning System
receiver at a benchmark along
Fortification Bluff,
overlooking Cook Inlet in
Alaska; a band of cloud
wreaths Augustine Volcano in
the distance.

Volcano in 1989-90). During this cen-
tury, volcanoes in California, Washington,
Alaska, and Hawaii have devastated hun-
dreds of square miles and caused major
economic hardships and loss of life. Sig-
nificant impacts can occur hundreds of
miles from a volcano. For example, in the
past 25 years, more than 40 aircraft have
been damaged by encounters with volca-
nic ash clouds. A Boeing 747 flying
through an ash cloud from Alaska’s
Redoubt Volcano in 1989 temporarily lost
power in all four engines and did not
regain power until only a few thousand
feet above the ground.

The goals of the USGS Volcano
Hazards Program are to reduce loss of
life caused by volcanic activity and to
minimize the social and economic disrup-
tion that can occur when volcanoes
threaten to erupt. These goals are pur-
sued by studying volcanic processes to
better understand how volcanoes act and
to better interpret warning signs; by
studying selected volcanoes near popula-
tion centers to assess the hazard posed by
future activity at the volcano; and by
monitoring restless volcanoes to interpret
the likelihood and probable style of an
eruption.

Living with Volcanoes

Ithough volcanic activity worldwide is

not on the rise, the impact on people
and their activities is increasing as more
homes are built in the shadow of volca-
noes and as more long-distance aircraft
fly over remote volcanoes. Because no
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violent eruptions threatened lives or
property in the United States during the
past year, USGS scientists were able to
focus on expanding our basic knowledge
of the causes and effects of the many
types of volcanic activity. For example, in
March 1993, the USGS organized a work-
shop of Japanese and USGS volcanolo-
gists who are studying volcano monitor-
ing and processes of explosive eruptions.
The workshop was held in Menlo Park,
Calif., and was attended by more than
100 volcanologists, mainly from the
United States and Japan but including
scientists from several other countries.
Workshop participants identified two
topics as the most important for collabo-
rative research to mitigate the hazards of
explosive eruptions—processes of dome
growth and seismic precursors to explo-
sive eruptions.

To minimize the hazard that volcanic
ash poses to aircraft, the USGS is working
actively with the aviation industry, aircraft
manufacturers, and other governmental
agencies to gain a better understanding
of how ash plumes behave over time, how
to detect ash plumes quickly in remote
airspace, and how to communicate infor-
mation in real time to aircraft in the air
or about to depart along affected routes.
During FY 1993, the USGS cosponsored
or participated in three international
workshops on ash and aviation safety.
The proceedings of the most recent
workshop, which concerned the impact of
volcanic ash on airports, are summarized
in USGS Open-File Report 93-518, “Vol-
canic Ash and Airports: Discussions and
Recommendations from the Workshop on
Impacts of Volcanic Ash on Airport Facil-
ities.” In addition, USGS scientists are
working with the International Civil Avia-
tion Organization in revising procedures
for detecting and issuing warnings of ash
plumes in foreign airspace. The USGS
also has formal collaborative agreements
with the Federal Aviation Administration,
the National Weather Service, and other
regional agencies involved with disaster
mitigation to address issues of aviation
safety and volcanic eruptions.

Augustine Volcano, one of the most
active in Cook Inlet, has been the focus
of special study because of its frequent
eruptions (1935, 1963—-64, 1976, and
1986 in this century alone). USGS scien-
tists have installed three tiltmeters and
three Global Positioning System receivers



on Augustine Island to monitor ground
deformation continuously. If an eruption
threatens, the Alaska Volcano Observa-
tory—a consortium of the USGS, the
University of Alaska, and the State of
Alaska— should be able to warn people
in the region, including the cities of An-
chorage and Homer, and alert commer-
cial aircraft to any possible danger. These
warnings will help to minimize the socio-
economic disruption caused by volcanoes.

In May 1991, the Philippine Govern-
ment invited USGS scientists to collabo-
rate with Filipino volcanologisis in assess-
ing unrest at previously little-known
Mount Pinatubo. The team provided
warnings that led to the timely evacuation
of thousands of Filipino residents and
U.S. military personnel and dependents
and hundreds of millions of dollars worth
of military equipment just before the cli-
mactic eruption in June 1991. Clark Air
Base was closed prematurely as a direct
result of this volcanic activity, and ongo-
ing mudflows and secondary eruptions
continue to endanger the area. Scientists
from the USGS, the Philippines, and the
U.S. Army Corps of Engineers are inves-
tigating these hazards, funded in part by
the U.S. Department of State.

James Riehle

us on the staff of the USGS Volcano Hazards
program and the Geothermal Investigations program
and has published extensively on volcano systems
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USGS and Filipino scientists verify operation of a mudflow-detection station at
Mount Pinatubo.

Deep Continental
Studies

In our knowledge of the Earth and its
processes, there is a large gap between
the detail provided by shallow geologic
exploration and the general knowledge of
the deep roots of continents. Increasing
our knowledge of these deeper zones is
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The Explorer, Juan de Fuca,

and Gorda plates are being i i o . .
subducted beneath the North 2 3 Evolution of Volcanic Arcs

American plate.

B asic interdisciplinary research on the
evolution of volcanic arcs (belts of
volcanoes that parallel the deep ocean
trenches) has led to a new understanding
of their behavior, especially the relation-
EXPLANATION ships among volcanic eruptions (often

Crustal seismicity explosive), earthquakes, and the descent

A Volcanoes of cold oceanic crust into the Earth’s
mantle. This new conceptual understand-
ing is based on experimental and theoret-
ical studies funded by the Deep Conti-
nental Studies program over the past 2
years.

The new model is based on the com-
plex relationships among the dehydration
of the descending ocean crust, the forma-
tion of a very dense rock called eclogite
(which forms rapidly from crustal mate-
rial under certain pressure and tempera-
ture conditions in the presence of water),
and the melting of oceanic crust and
overlying mantle rocks to form magmas.
The formation of eclogite is controlled by
the influx of water and the kinetics of
mineral reactions that convert relatively
voluminous minerals, commonly found in
oceanic crust, into the much denser min-
erals that compose eclogite. The eclogite
forms only along a narrow layer of the
sinking slab, where the crustal minerals
are present; the rest of the slab consists
of mantle minerals that do not change
volume as they sink. The reduction in
volume that results from the formation of
eclogite causes stresses in the oceanic
crustal slab; these stresses, in turn, cause
earthquakes. (An analogy is the cracking
caused by thermal shock when an object
is suddenly and unevenly heated or
cooled, such as when a cold ice cube is
dropped into lukewarm water.) Hence,
water from the sinking oceanic crust not
only aids in the melting of crust and
mantle but also facilitates chemical

126° 124° 122°
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reactions that are ultimately the cause of
powerful earthquakes.

Because most of the Earth’s volca-
noes are in volcanic arcs and most earth-
quakes occur within narrow zones
beneath volcanic arcs, our new model
provides a framework for understanding
arc mechanics. We can now begin to
quantify the buildup of stresses in down-
going slabs and improve our understand-
ing of the episodic character of earth-
quakes and volcanic eruptions. As our
understanding of the model’s numerical
aspects improves, we will be able to test it.
The Pacific Northwest, between Seattle
and Portland where the Juan de Fuca
plate is forced beneath the North Ameri-
can plate, would be an excellent test area.
The results of this fundamental work will
have significant impact on earthquake
and volcano hazards mitigation all over
the world, wherever subduction zones are
found.

Steven Bohlen
coordinates the USGS Deep Continental Studies
program and has made numerous contributions

to research on the mineralogy of the Earth’s crust
and mantle

Mineral-Resource
Surveys

Mineral-resource surveys provide the

mineral-resource and mineral-
environmental information required to
make land-use and environmental policy
decisions for effective management, pres-
ervation, and use of the Nation’s lands
and resources. The USGS is increasing its
emphasis on environmental mineral
investigations by developing and applying
geochemical and geophysical techniques
to regional and site-specific characteriza-
tions of the environment. For example,
USGS geoscientists are helping to iden-

tify, characterize, and remediate environ-

mental problems associated with active
and abandoned mine sites. Selection and
scheduling of study areas are conducted
in close cooperation with Federal land-
managing agencies, the U.S. Bureau of

Mines (USBOM), State geological surveys, :

and the mining industry. The USBOM
uses USGS estimates of undiscovered
mineral resources to analyze potential
mineral supplies, and the land-managing

many and Russia.

of geologic materials.

Deep Continental Studies Program Components

Regional crustal experiments: Regional studies traversing major
geologic features in order to define crustal compositions, structures,
and geologic processes. These studies are focused on Alaska, south-
ern California, and the Washington-Oregon-northern California area.

Continental scientific drilling: Multiagency activities determining
the origin of continents, examining the ocean-continent boundary,
and seeking to understand the occurrence of natural resources and
natural hazards. Drilling has taken place in Colorado, California,
New Mexico, and lowa; collaborative studies are ongoing with Ger-

Physics and chemistry of deep continental materials: Crustal
investigations into chemical and mechanical interactions, quantita-
tive changes in processes, magmatism and fluid production and
movement, and the high-temperature and high-pressure properties

agencies use information from both agen-
cies for planning land use and for esti-
mating cumulative environmental
impacts.

Evaluating Mineral Potential
in National Forests

n response to a high-priority request

from the U.S. Forest Service (USFS),
the USGS assessed undiscovered mineral
resources of 1.4 million acres of contigu-
ous parts of the Gallatin and Custer
National Forests in southwestern Mon-
tana. The USFS is using this information
to develop comprehensive land- and
resource-management plans for the
Absaroka-Beartooth area, which lies
within the Greater Yellowstone ecosystem.

The USGS provided quantitative

estimates of undiscovered mineral
resources to enable the USFS to evaluate
the significance of the mineral potential.
Most of the identified and estimated
undiscovered resources of platinum, pal-
ladium, and chromium in the United
States occur in the Absaroka-Beartooth
study area. The USGS estimates that an
additional 3,000 metric tons of platinum
and palladium resources and 4 million
metric tons of chromium resources are
present in extensions of known deposits.
Mean probabilistic estimates (in metric
tons) for gross in-place undiscovered min-
eral resources include 200 tons of gold,
2,000 tons of silver, 130,000 tons of

For more information about the Deep
Continental Studies program, contact
Steven Bohlen at:

Telephone (415) 329-5241

Internet sbohlen@mojave.wr.usgs.gov

MONTANA

Absaroka-Beartooth
study area
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Identified resources
are defined as
resources whose loca-
tion, quality, and quan-
tity are known or esti-
mated from specific
geologic evidence.
Identified resources
may be economic,
marginally economic,
or subeconomic. Iden-
tified resources include
demonstrated (meas-
ured and indicated)
and inferred resources.

Estimated undiscov-
ered resources are
defined as resources
whose existence is
only postulated; these
postulated resources
may be in deposits that
are economic, margin-
ally economic, or sub-
economic.

molybdenum, 230,000 tons of nickel, 6.5
million tons of copper, and more than 6.5
million tons of chromium.

In this assessment, the USGS delin-
eated a favorable tract for the occurrence
of gold deposits on the basis of historical
mining and exploration and a distinctive
geologic environment in the southwestern
part of the study area near Jardine,
Mont. The USGS estimated a 50-percent
probability that the tract contains at least
8.1 metric tons of gold in undiscovered
deposits. Commercial exploration that
started before the USGS study resulted in
an announcement of a new discovery
within the tract at Crevice Mountain that
contains preliminary drill-indicated
reserves of 12.4 metric tons of gold.

Among the results of the Absaroka-
Beartooth study are new maps showing
the geology, aeromagnetic and gravity
data, and stream-sediment geochemical
anomalies. Locations of mines, prospects,
mineral occurrences, and tracts favorable
for various types of mineral deposits also
are included. Because these data are
shown at the map scale used by the USFS
(1:126,720), they can be easily incorpo-
rated into the USFS planning process as
base maps for ecosystem management.
The results of the USGS study are pub-
lished in “Mineral-Resource Assessment
of the Absaroka-Beartooth Study Area,
Custer and Gallatin National Forests,
Montana” (USGS Open-File Report
93-207).

Mineral Studies Help Protect
Habitat

he USGS published a mineral-

resource assessment requested by the
Bureau of Land Management (BLM) for
use in land-planning efforts to protect the
habitats of the desert tortoise and the
Mohave ground squirrel in the western
Mojave Desert of southern California.
The Western Mojave Management Area
has been the site of mineral exploration
and mining activity since the early 1800’s.
The USGS report (Open-File Report
92-595, “Evaluation of Selected Metallic
and Nonmetallic Mineral Resources, West
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Mojave Management Area, Southern Cal-
ifornia”) provides quantitative estimates
of undiscovered gold, silver, copper,
borate, lead, zinc, tungsten, iron, and
molybdenum and qualitative descriptions
of undiscovered saline, zeolite, and clay
resources. The estimated value of undis-
covered borate salts, which are used pri-
marily in manufacturing glass fibers for
insulation and textiles, is larger than that
of all other quantified resources com-
bined. USGS estimates of undiscovered
mineral resources assist the BLM in
developing reserve management plans
that provide for multiple resource use
while maintaining the viability of critical
habitat areas for the desert tortoise and
the Mohave ground squirrel.

Mineral-Environmental
Investigations

Mineral-environmemal studies apply
geological, geochemical, and geo-
physical expertise to environmental chal-
lenges such as establishing geochemistry
baselines, characterizing natural and
human-induced hazardous sites, and pre-
dicting potential environmental impacts
caused by mining. Studies underway for
several ongoing mineral-resource assess-
ments include:

® In the Routt National Forest in north-
ern Colorado, the USGS is conducting
acid-mine drainage studies and analyzing
stressed vegetation downwind from a
powerplant.

® The USGS is comparing the soil and
water chemistry of samples collected dur-
ing FY 1993 with the chemistry of base-
line samples collected before the recent
opening of a smelter near the BLM’s
Mimbres Resource Area in southwestern
New Mexico.

¢ In the Wenatchee National Forest in
northeastern Washington, USGS scientists
are comparing the geochemistry of natu-
ral drainage and mine drainage.

® A comprehensive mineral-
environmental assessment is being pre-
pared to complete the mineral-resource
assessment of the San Juan National For-
est in southwestern Colorado.



Minerals-Related
Contamination

Water of the Alamosa River, which
runs through the San Luis Valley
in southwestern Colorado, is used exten-
sively for irrigation, domestic purposes,
and water supply to the Alamosa National
Wildlife Refuge and nearby wetlands.
Increasing concentrations of heavy metals
and acid in the river water, attributed to
recent mining at Summitville, Colo., have
drawn national attention. These environ-
mental problems are compounded by the
erosion of natural sources of highly min-
eralized rocks in the San Juan Mountains
and by contamination from historical
mining. To address these problems, the
USGS has begun site-specific studies at
the now-abandoned Summitville mine
and detailed geologic and geophysical
work in the San Luis Valley.

At Summitville, USGS scientists are
evaluating the contamination problems at
and downstream from the mine. Geolo-
gists and geophysicists are working on a
detailed map of the fracture systems and
chemically toxic zones at the mine site to
establish the hydrologic paths of contami-
nated water. These studies will provide
information for onsite remediation by
the Environmental Protection Agency
(EPA). The USGS also is providing infor-
mation to the EPA on the concentrations
of chemical elements that have not been
monitored previously in the Summitville
drainages, on the geologic and geochemi-
cal processes that control the drainage
chemistries, and on baseline geochemical
conditions now present on the site before
any reclamation or remediation.

The San Luis Valley downstream
from the Summitville mine is being exam-
ined to determine the extent and effects
of metal contamination in wetlands of the
Alamosa National Wildlife Refuge and
adjacent farms and forests. The studies
are providing information on the changes
_in soil geochemistry that have resulted
from the recent mining. Scientists are
analyzing the metal content of tree rings
. from nearby forests to evaluate changes
that have occurred through time. Other
studies include monitoring the concentra-
tion and mobility of metals in irrigation-
ditch sediments and ponds and compar-
ing the metal concentrations in crops
irrigated by Alamosa River water with
those of crops irrigated by other sources.
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Cooperators in the San Luis Valley stud- The Sum
ies include the Geologic and Water
Resources Divisions of the USGS, the
U.S. Fish and Wildlife Service, the Office
of Surface Mining, the U.S. Forest Ser-
vice, the EPA, the State of Colorado, local
extension services, irrigation districts, and

farmers.

Colo.

Information and Technology
Transfer

SGS geologists organized and taught

an environmental geochemistry
course in late April 1993 to more than
100 geologists, environmental consultants,
regulators, and governmental officials
concerned about minimizing the environ-
mental impacts of mineral development.
The course focused on the geochemical
and biogeochemical processes that control
how mineral deposits and mining byprod-
ucts interact with the environment. This
course was one of several held in con-
junction with the Society of Economic
Geologists international meeting “Inte-
grated Methods in Exploration and Dis-
covery” in Denver, Colo. .

The USGS continues to increase the
effectiveness and accessibility of its non-
fuel mineral-resource information. In FY
1993, the Minerals Information Offices
(see p. 107 for locations) completed
minerals-related research for 3,398 clients
affiliated with industry and other business
interests, government agencies, academia,
trade associations, and the general public.
Custom searches of the Mineral
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mitville mine and its

downstream environmental
effects in the San Luis Valley,
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Resources Data System, a data base of
more than 90,000 mineral sites world-
wide, helped resolve environmental, land-
use, and exploration questions for more
than 800 clients. The Mineral Resources
Newsletter, an information digest of USGS

For more information about mineral-
resource surveys, contact Willis White
at:

Telephone (703) 648-6101
Internet wwhite@usgs.gov

j -and related mineral-resource activities, 1s
} distributed quarterly to more than 10,000
| individuals and groups. In addition,

| mineral-related technology training was

I given to staff of the U.S. Forest Service,

' Department of State, and government

agencies in Venezuela and Argentina.

Dede Bohn

has studied the geologic structure and mineral
resources of the Western United States and Alaska
for the past decade

Monitoring and
Charting the Earth’s
Magnetic Field

be produced by movement in its
fluid iron core, changes continuously and
irregularly as magnetic north swings
around true or geographic north. Precise

Precise determinations of the difference between true north and
magnetic north are useful in a number of different applications,
including charts and maps produced by various Federal agencies:

® USGS topographic maps and military, Federal Aviation Administra-
tion, and National Oceanic and Atmospheric Administration naviga-
tional charts.

® Aeromagnetic anomaly maps used in exploration for fossil fuels,
geothermal energy, and minerals.

e Studies of geologic structures associated with earthquake and vol-
cano hazards.

® Prediction of atmospheric conditions that affect missile flight and
disrupt satellite data transmissions.

® Information concerning potential communications disruptions
caused by solar flares.

® Monitoring of real-time magnetic indices that contribute to the
U.S. Global Change program by providing basic information on
changes in the Earth’s magnetic field, especially those caused by
solar activity (sunspots).

® Determinations of the attitude of many spacecraft.

® Retracing old boundaries and settling court disputes.

: mmhé Earth’s magr;e:gc field, believed t:)~
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|determinations of magnetic declination
I(the difference between true north and
magnetic north) are required for all maps
and charts. Numerous Federal agencies
require detailed geomagnetic data for
statutory missions, including the opera-
tion of satellites.

The USGS operates 11 magnetic
observatories, conducts magnetic field
'surveys to determine rates of changes in
'the magnetic field components, and
‘works with other Federal agencies to
obtain satellite data as part of a world-
wide data collection effort. The USGS
|National Geomagnetic Information
ivCenter,,located in Denver, Colo., collabo-
irates with 30 international observatories
to collect and exchange satellite data
and makes these international data
'readily available to users in the United
States.

In addition to the data collection
.projects, the USGS Magnetic Field Moni-
‘toring and Charting program funds
‘research on a wide variety of topics. Vari-
'ations in the geomagnetic field enable
Iscientists to study many types of geologic

" processes, whose time spans range from

mere seconds to millions of years, from
deep within the Earth’s core to the far
reaches of space. Such studies include
research on electromagnetic dynamo

~ models of the Earth’s molten core in an

attempt to explain the origin of planetary
;magnetic fields; field polarity reversals,
.which are vitally important to paleomag-
‘netic, archeomagnetic, and paleoclimatic
research; conductivity of the Earth’s crust
and mantle; mathematical modeling to
predict changes in the field; development
of magnetic monitoring and measuring
equipment, including data acquisition sys-
tems and methods; and relationships
'between solar-induced geomagnetic dis-
turbances and long-term global weather

. patterns.

The program provides advice and
‘information to people in other govern-
mental agencies, the academic commu-
nity, and the private sector. Services pro-
ivided include the calibration of magnetic
‘instruments, recommendations on the
/installation and operation of magnetic
,equipment and data acquisition systems,
and advice on meéthods for identifying
‘and eliminating magnetic influences on
‘satellite spacecraft.



World Magnetic Charts
Auvailable

series of world magnetic charts pub-

lished in 1993 shows the magnetic
declination, horizontal and vertical inten-
sities, inclination, and total field intensity
components of the Earth’s magnetic field.
These charts display contours of the abso-
lute values of each component for the
current magnetic epoch. Additionally,
each chart displays contours of the aver-
age rate of change in that component, so
that a user can compute a localized field
value for a short period of years before
and after the epoch date of the chart.

To improve the data available to its
users, the National Geomagnetic Infor-
mation Center, with the support and
cooperation of other agencies, established
new magnetic observatories in Hungary,
Brazil, and India to fill large gaps in glob-
al data availability. These observatories
are owned and operated by the countries
in which they are located. The data are
available in near real time for use by
USGS researchers and other users in the
" United States.

John Wood
coordinates the USGS Magnetic Field Monitoring
and Charting program and has written extensively

on the Earth’s magnetic properties

Ice-Core Laboratory
Dedication

limate changes can result from both

human actions (emissions of carbon
dioxide, methane, and other greenhouse
gases) and natural events (volcanic erup-
tions or meteorite impacts). By studying
the record of climate changes preserved
in ice, scientists may be able to evaluate
current changes in the atmosphere and
predict future changes. To that end, the
most advanced ice-core laboratory in the
world was dedicated in Denver, Colo., in
August 1993. A joint effort of the
National Science Foundation, the Univer-
sity of Colorado, and the USGS, the labo-
ratory is the only storage and curatorial
facility for ice cores in North America.
The lab allows scientists to examine

and measure ice cores, and it preserves
these ice samples in a long-term reposi-
tory for present and future investigations.
The cores are stored in a continuously
monitored cold room at a controlled tem-
perature of —31 °F. In an adjacent labo-
ratory kept at a more temperate climate
of —10 °F, scientists can examine the
I-meter lengths of cores in “relative com-
fort.” The laboratory’s data base can be
accessed remotely by telephone, so that
researchers throughout the world can
review repository holdings.

The laboratory, housed at the USGS
Denver facility, curently holds more than
10,000 meters of ice cores from the polar
caps of Antarctica and Greenland, includ-
ing the world’s deepest ice core, the
GISP2, from central Greenland. Climate
records now being reconstructed from
the GISP2 core have fundamentally
changed the way scientists view climate
change and indicate that major shifts in
temperature and precipitation can occur
in as few as 5 years rather than centuries,
as previously thought. These ice cores
also provide the only known direct record
of atmospheric changes over the last
250,000 years.

To access the base
computer models devel-
oped in publishing these
magnetic charts, call
1 (800) 358-2663.

For more information on monitoring and
charting the Earth’s magnetic field, contact

Donald Herzog at:

Telephone (303) 273-8487

Internet herzog@gldfs.cr.usgs.gov

For more information on the ice-core

laboratory, contact:

Telephone

Elizabeth Ann Rieke, Assistant Secretary for Water and Science (center), and
Robert M. Hirsch, Acting Director of the USGS, join ice-core lab technical
director Joan Fitzpatrick for the August 1993 dedication of the new facility.

. . . in Geologic Studies

(303) 236-5562
Internet  jfitz@bpgsvr.cr.usgs.gov
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At Work Across the Nation
in Water Resource Investigations

Mission
The USGS has the principal responsibility within the Federal
Government to provide the hydrologic information and understand-
ing needed by others to achieve the best use and management of the
Nation’s water resources. To accomplish this mission, the Water
Resources Division, in cooperation with State, local, and other
Federal agencies:

® Systematically collects and analyzes data to evaluate the quantity,
quality, and use of the Nation’s water resources and provides results
of these investigations to the public.

® Conducts water resources appraisals describing the occurrence,
availability, and physical, chemical, and biological characteristics of
surface and ground water.

® Conducts basic and problem-oriented hydrologic and related
research that aids in alleviating water resources problems and pro-
vides an understanding of hydrologic systems sufficient to predict
their response to natural or human-caused stress.

= Coordinates the activities of Federal agencies in the acquisition of
water resources data for streams, lakes, reservoirs, estuaries, and
ground water.

® Provides scientific and technical assistance in hydrologic fields to
other Federal, State, and local agencies, to licensees of the Federal
Energy Regulatory Commission, and to international agencies on
behalf of the Department of State.

® Administers the State Water Resources Research Institutes
Program and the National Water Resources Research Grants
Program.




Of Floods and
Forecasts: Critical
Water Information for
the Nation

Water—data stations at selected loca-
tions throughout the Nation are
used by the USGS Hydrologic Data
Collection program to obtain records

on stream discharge (flow) and stage
(height), including floodflow monitoring;
reservoir and lake stage and storage; well
and spring discharge and ground-water
levels; and the quality of surface and
ground water. These data provide a con-
tinuing record of the quantity and quality
of the Nation’s surface- and ground-water
resources and thus provide the hydro-
logic information needed by Federal,
State, and local agencies and the private
sector for the development and manage-
ment of land and water resources.

In cooperation with State and local
agencies, the USGS collects, stores, ana-
lyzes, and disseminates data on water use
for the Nation. Every 5 years since 1950,
the National Water-Use Information pro-
gram has prepared estimates of (1) water
withdrawn from surface- and ground-
water sources, (2) consumptive use, and
(8) instream use and wastewater releases.
These reports, the latest of which was
published in 1990, are used to develop
and evaluate trends in water use and to
plan for more effective uses of the
Nation’s water resources in the future.

The Flood of 1993

he months of June to August 1993

will long be remembered by the peo-
ple of the Midwest as the “Summer of the
Flood.” The floods, which were the result
of a succession of severe storms in the
upper Mississippi River Basin, were the
most severe, in terms of damage, in the
history of the United States. Unofficial
estimates of damage to property and agri-
cultural losses have been as high as $10
billion, and many tens of thousands of
people were forced from their homes.

The flooding presented the USGS
with the scientific challenge of monitoring
floodwaters in extremely hazardous con-
ditions and conducting followup studies

that will help planners and managers in
the affected States recover from this
year’s natural disaster and plan appropri-
ately for future floods. During the floods,
the USGS furnished continuous informa-
tion on streamflow and other related top-
ics to the National Weather Service
(NWS), the U.S. Army Corps of Engi-
neers, the Federal Emergency Manage-
ment Agency (FEMA), and many State
and local agencies as part of its mission to
provide basic data on the Nation’s
surface- and ground-water resources at
more than 50,000 sites across the United
States. The NWS uses the data in fore-
casting floods and issuing flood warnings.
The Corps uses the data to manage water
projects, such as diversions, dams, locks,
and levees. FEMA and many State and
local emergency management agencies
use USGS hydrologic data and NWS fore-
casts as part of the basis of their local
flood-response plans.

The flood of 1993 was the result of
a series of unusual climatic factors. A wet
spring followed by record-breaking rains
in June and July produced more than a
year’s worth of precipitation in 7 months,
which in turn produced the record-
breaking floods on the Mississippi River.
Precipitation was as much as 200 percent
of normal for the 6 months preceding the
June and July storms. As a result, stream-
flows were also well above normal, reser-
voirs were filled to the point where little
reserve storage capacity remained, and
wet soil conditions were conducive to run-
off of most of the later rainfall.

Extreme streamflows—
ones that exceeded the
100-year recurrence
interval —were recorded
at 45 stream-gaging
stations in 9 States.

In June and July, the jet stream con-
sistently dipped abnormally south over
the Plains area east of the Rocky Moun-
tains. That stalled weather system, cou-
pled with a high-pressure zone in the
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Flooded filling stations on Highway 67 at West Alton, Mo. (July 26, 1993).
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This flooded farmhouse near
West Alton, Mo., was on high
ground surrounded for many
weeks by floodwaters of the
Missouri and Mississippi
Rivers (July 26, 1993).

H. WILLIAM HADFIELD
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H. WILLIAM HADFIELD

Submerged “Fresh Bait” shops along Highway 67 near West Alton, Mo. (July 26,
1993).

NICK B. MELCHER

Interstate Highway 80 spans the Des Moines River in flood upstream from Des
Moines, lowa (July 12, 1993).

H. WILLIAM HADFIELD

The new Alton Bridge still under construction and submerged crane in
foreground. The riverbank, which is hidden by the flood, is at the first pier of
the new bridge (on the right) below the cables and white cement trucks. Usually,
20 to 30 more feet of the main bridge support towers are visible above the water
line (August 9, 1993).
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The ConAgra flour mill and entrance to the
Great River Road in Alton, lll., at the
confluence of the Mississippi and Missouri
Rivers. The front doors to the mill are nearly
under water 1 week before the flood crest
(August 1, 1993). The old high-water marks
painted on the sides of the building are
already covered by the floodwaters (July 26,
1993).

Southeastern United States, brought
large amounts of warm, moist air into the
upper Midwest where it collided with the
cool, dry air and caused repeated severe
rainfalls. All or parts of nine States in the
Midwest received large amounts of pre-
cipitation that resulted in floods on many
streams in June, July, and August.
Extreme streamflows—ones that exceeded
the 100-year recurrence interval—were
recorded at 45 stream-gaging stations
in 9 States. All-time record-high flows—
some that were more than twice the
previous record —were measured on
streams in Minnesota, Iowa, South
Dakota, Nebraska, Kansas, Missouri, and
Wisconsin.

The timing of the June and July
storms was another critical climatic factor
in the resulting flooding. Floodwaters
from storm runoff in northern parts of
the upper Mississippi River Basin reached
downstream points at about the same
time as later storm runoff from tributar-
ies lower in the basin, which contributed
to the magnitude of peak discharges at
some sites on the Mississippi and lower
Missouri Rivers.

The recurring storms throughout
most of the upper Mississippi River Basin
resulted in long periods when rivers were

H. WILLIAM HADFIELD



above flood or bankfull stage. The Missis-
sippi River at St. Louis, Mo., for example,
was above flood stage for more than 10
weeks. Total volume of runoff at this
location during July and August 1993 was
more than 400 percent above normal for
these months. The peak stage at this site
on August 1, 1993, exceeded the previous
maximum recorded stage by more than 6
feet. New maximum peak stages for the
period of record were set at more than
60 gaging stations. Some of these new
record stages may have been influenced
by construction of levees or other channel
alterations and were not necessarily coin-
cident with new record peak discharge.

The hydrologic and social effects of
runoff throughout the flood area were
severe and widespread. Although most
Federal levees withstood the floods, many
others that protected populated areas or
agricultural land either were overtopped
or failed. One failed levee on the Rac-
coon River in Des Moines, Iowa, caused
this city of 250,000 people to be without
drinking water for 19 days. Other cities
experienced similar disruptions in their
water supply delivery systems. Thousands
of acres of land were inundated along the
Mississippi and Missouri Rivers and their
major tributaries. Damaged highways and
submerged roads disrupted overland
transportation throughout the flooded
region. Many bridges in the flood-
affected area were inundated, and some
failed owing to scour of the channel bed
by the fast-moving floodwaters and subse-
quent failure of bridge piers or abut-
ments. At the State Route 51 bridge at
Chester, Ill., downstream from Ste.
Genevieve, Mo., more than 20 feet of
scour occurred around one bridge pier.
The Mississippi and Missouri Rivers were
closed to navigation before and after the
flooding. Millions of acres of productive
farmland remained under water for
weeks during the growing season, and
severe erosion caused rills and gullies in
many tilled fields throughout the Mid-
western U.S. farmbelt. Banks and chan-
nels of many rivers were severely eroded,
and sediment was deposited over large
areas of the basin’s flood plain. The
record flows submerged many areas that
had not been affected by previous floods.
Because industrial and agricultural areas
were inundated, there was concern about
the transport and fate of industrial

Looking toward Missouri from Alton, Ill. The old Clark Bridge (Highway 67)
spanning the Mississippi River was kept open during most of the flood, closing
for only 1 week during the crest. Dust visible at the end of the bridge (right) is
from traffic on gravel that was used to build up the upper (new) roadway about 6
feet above the floodwaters. The lower (old) section of the roadway had been
flooded for quite some time before this photograph was taken on August 9,

1993.

chemicals, sewage effluent, and agricul-
tural chemicals in the floodwaters.
Herbicide concentrations in Midwest-
ern farmbelt streams typically are highest
in late spring and early summer, shortly
after application of the herbicides to
cropland. The wet spring in 1993 delayed
planting of crops in parts of the upper
Midwest, so most of the planting and
subsequent application of herbicides

Farm buildings under water
just west of the canal that
bypasses, on the lllinois side,
the Chain of Rocks segment
of the Mississippi River north
of St. Louis, Mo. (July 26,
1993).
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South Skunk River near
Colfax, lowa, floods roads
and farmsteads (July 12, 1993).

For more information on the flood of
1993, contact:

Telephone (703) 648-5305
Internet cwboning@usgs.gov

STEVEN |. KALKHOFF

occurred in late spring or summer during
short dry periods. Whereas it was antici-
pated that abnormally high streamflows
in 1993 would dilute the herbicides to
lower-than-normal concentrations in the
Mississippi River, the intense and sus-
tained rainfall that began soon after the
herbicides were applied, together with the
widespread extent of the rainfall on the
farmbelt, caused larger-than-normal
amounts of herbicides to be flushed into
the streams. As a result, concentrations of
herbicides such as atrazine were similar to
the maximum levels (about 3 parts per
billion for atrazine) measured in previous
years when streamflows were much lower.
Once herbicides reach streams, they per-
sist for longer periods of time than they
do in the soil because streamwater con-
tains less organic matter and fewer micro-
organisms to degrade the chemicals. Con-
sequently, most of the large amounts of
herbicides that were flushed into the Mis-
sissippi River and its tributaries ultimately
were transported to the Gulf of Mexico.

Concentrations of nitrate in streams
were similar to levels measured in previ-
ous years. The concentrations at all sites
were well below the drinking-water stand-
ard of 10 parts per million of nitrate.
The large total loads of nitrate flushed
into the Gulf of Mexico during midsum-
mer present a longer term concern
because the higher nitrate load could
stimulate algal growth and affect the Gulf
ecosystem along the Louisiana coast.
Monitoring by the National Oceanic and
Atmospheric Administration showed that
the salinity of surface water in the Gulf
shelf was lower than average for this time
of year and that the phytoplankton bio-
mass was higher than average, all of
which could be attributed to larger-than-
average seasonal inflows of freshwater
and nutrients, such as nitrate.

The hydrologic legacy of the flood
of 1993 is far from over. USGS hydrolo-
gists are conducting a series of investiga-
tions to document the effects of the
flooding and to improve understanding
of the related processes. A special publi-
cation series (USGS Circular 1120) docu-
ments various aspects of the flood. The
series includes data and findings on the
magnitude and frequency of peak dis-
charges; precipitation; water-quality char-
acteristics, including nutrients and man-
made contaminants; transport of
sediment; assessment of sediment depos-
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ited on flood plains; effects of inundation
on ground-water quality; flood-discharge
volume; effects of reservoir storage on
flood peaks; stream-channel scour at
selected bridges; extent of flood-plain
inundation; and documentation of signifi-
cant geomorphic changes.

Charles W. Boning

has acquired extensive experience in surface-water
data collection and hydraulic analysis of stream
systems in his 33 years with the USGS

Forecasting Water Demand

ith the implementation of the

National Water-Use Information
(NWUI) program in 1978, the USGS
began to establish the framework for
studying the water-demand side of the
water-supply-and-demand equation. As
the era of building large dams and con-
veyance systems draws to a close, the
transition is well underway to an era of
integrated water management that bal-
ances water-supply management options
with water-demand management options.
The NWUI program is in a position to
support the transition to integrated water
management and to analyze and evaluate
the growing emphasis on water-use
accounting, water-use efficiency, conser-
vation, water-demand modeling, and
other demand-management options that
are occurring in the 1990’s. The USGS
has established water-demand forecasting
studies with a number of cooperators.

Florida.—In cooperation with the
Florida Department of Environmental
Regulation (FDER), the USGS has fore-
casted drinking-water needs for each
county in Florida for the years 2000,
2010, and 2020 by determining, for each
county, (1) the projected population, (2)
the percentage of projected population
that will be served by a public-supply
water system, and (3) the projected per
capita use. The FDER will use these pro-
jections as a basis for making informed
decisions regarding the protection and
management of drinking-water resources
in Florida.

Tennessee.—The USGS, in coopera-
tion with the Upper Duck River Develop-
ment Agency (UDRDA) and the Tennes-
see State Planning Office, conducted a
study of water use and availability in the
Duck River basin above Columbia, Tenn.



The Duck River is the main source of
water for public supply, industry, com-
merce, and agriculture in the basin. The
members of the UDRDA are concerned
that existing water supplies will not meet
future water demands without an addi-
tional surface-water impoundment of the
Duck River at Columbia. This study fore-
casts annual water demand for 5, 10, and
25 years on the basis of anticipated
growth in the area. These projections, in
conjunction with other flow-duration
characteristics, demonstrated that the
Duck River cannot meet future water-use
requirements without additional storage.

California.— As part of an ongoing
effort to better manage the water
resources in the Salinas River basin, the
USGS is assisting representatives from the
Monterey County Water Resources
Agency (MCWRA) in quantifying existing
water use and in estimating future water
demands in the municipal, commercial,
and industrial sectors of the Salinas River
basin. The results are being linked to
information acquired from studies and
analyses of agricultural and other basin
users that were conducted jointly by the
Bureau of Reclamation and the MCWRA.

Colorado.—In cooperation with the
Denver Water Department (DWD), the
USGS has analyzed weekly (1980-87) and
hourly (1986-87) water-use data for 16
study sites in the city and county of Den-
ver. Linear relations developed for esti-
mating seasonal water use were based on
lot size and billing type (flat rate versus
block rate). Outdoor water use, the larg-
est use of water, was significantly related
to lot size. The data were used by the
DWD to support a change from a flat
rate to a metered billing system.

Wayne B. Solley
has been in charge of the National Water-Use
Program for the past 10 years

Coordinating Water

Information for the

Nation

Water resources informatioﬁ is
acquired by and shared among

thousands of Federal, State, and local

government agencies, Native American

tribes, private groups, and individuals.
,Federal agencies, including the Depart-
ments of Agriculture, Commerce,

.Defense, Energy, Interior, and Transpor- ;

tation, as well as the Environmental Pro-
‘tection Agency, the Tennessee Valley
Authority, and other independent Fed-
eral agencies, use water resources infor-
mation in the construction and operation
;of water projects, forecasts and emer-
.gency response, management of natural
,resources, environmental regulations and
'enforcement, interstate and international
‘treaties and compacts, and research. Fed-
jeral and non-Federal organizations use
iwater information to manage natural
fresources, protect the environment, and
‘develop and operate the Nation’s infra-
structure. The USGS leads the effort to
‘encourage cooperation and to provide
water-resources information that is
‘responsive to the public need.

Water Information
Coordination

he Water Information Coordination

Program (WICP), for which the
USGS has lead responsibility, was estab-
lished by guidance from the Office of
Management and Budget (Memorandum
No. M-92-01). WICP is designed to
ensure that water information is available
for effective decisionmaking at all levels
of government and the private sector in
order to manage natural resources and
protect the environment.

WICP promotes active partnerships
among all water resources information
collectors and users to achieve more
effective and economical natural-resource
management and environmental protec-
tion. These partnerships also are needed
to avoid duplications of effort and to
make better use of available resources to
meet water-information requirements.

Major accomplishments under the
program in FY 1993 include:
® Publication of a report titled “Ambient
Water-Quality Monitoring in the United
States” prepared by WICP’s Intergovern-
mental Task Force on Monitoring Water
Quality (see following article).
® The Secretary of the Interior estab-
lished a subcabinet-level steering commit-
tee, chaired by the Assistant Secretary for
Water and Science, to oversee the imple-
mentation of WICP.

{For more information on NWUI,
‘contact:
Telephone (703) 648-5670
Internet wbsolley@usgs.gov

WICP’s goals are
being accomplished by
focusing on four major
aspects of coordina-
tion: (1) review by Fed-
eral and non-Federal
organizations of water-
information collection
and dissemination pro-
grams to evaluate their
effectiveness and to
identify needed
changes; (2) develop-
ment of plans and pri-
orities that can adjust
existing information-
collection activities to
meet current and future
needs more effectively
and efficiently; (3)
development and dis-
semination of consen-
sus water-information
standards and identifi-
cation of comparable
sampling and analytical
methods, which will
assist in integrating data
and ensure consistency
of those data; and (4)
development and
implementation of
plans and procedures
to improve the availabil-
ity and usefulness of
data and interpretive
products.
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For more information on WICP,
contact:

Telephone  (703) 648-5014
Internet nclopez@usgs.gov

For more information on the ITFM,
contact:
Telephone (703)648-5017
Internet bamal 585,80
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® Participation of the private sector

in WICP through the Advisory Commit-
tee on Water Data for Public Use
(ACWDPU), chaired by the Director

of the USGS. At the ACWDPU

meeting July 14 and 15, 1993, a new
subcommittee —the National Water-
Quality Assessment Advisory Council—
was established, which includes represen-
tatives of ACWDPU member organiza-
tions and Federal agencies.

Nancy C. Lopez

is Chief of the Office of Water Data Coordination
and has had more than 25 years of experience

as a hydrologist in both the Federal and the
private sectors

Needed: Better Water-
Quality Information

More than $500 billion has been
spent on water-pollution abatement
since the 1970’s, but the effectiveness of
these investments in achieving the objec-
tives of the Clean Water Act and other
Federal and State legislation related to
water quality is inadequately documented.
Better water-quality information is
needed to evaluate the effects of past or
present water-pollution control efforts on
the Nation’s fresh surface-water, coastal-
water, and ground-water resources and to
effectively manage those efforts. Because
of this need for better information,
numerous groups have requested greater
coordination, consistency, and collabora-
tion among Federal, State, and local
agencies engaged in water-quality moni-
toring activities.

The Intergovernmental Task Force
on Monitoring Water Quality (ITFM) is a
partnership between Federal, State, inter-
state, and tribal agencies to improve
water-quality monitoring nationwide. The
Environmental Protection Agency (EPA)
and the USGS began discussions in April
1991 to develop a strategy for solving a
number of pervasive problems associated
with water-quality monitoring activities.
Subsequent discussions with representa-
tives of other Federal and State organiza-
tions led to general agreement that a joint
task force was needed to improve water-
quality monitoring. The ITFM began
work in January 1992.

The ITFM is part of the implemen-
tation of a 1991 Office of Management
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and Budget (OMB) directive to
strengthen nationwide coordination of
water information. The USGS has the
lead responsibility for the Water Informa-
tion Coordination Program, and other
Federal agencies are active participants.
The I'TFM is chaired by an EPA repre-
sentative; a USGS representative serves as
vice chair, and the USGS provides admin-

. istrative and management support. Mem-

bers of the ITFM currently include 10
Federal and 10 State and interstate
agency representatives. To date, over 90
additional Federal, State, and other gov-
ernmental agency representatives have
been involved in the deliberations of the
ITFM and its task groups on institutional
framework, environmental indicators,
data-collection methods, data manage-
ment and information sharing, and
assessment and reporting.

The ITFM'’s first report, “Ambient
Water-Quality Monitoring in the United
States: First Year Review, Evaluation, and
Recommendations,” was released in 1993
in response to an OMB requirement to
evaluate water-quality monitoring and
recommend improvements. The report
proposes implementing an overall strate-
gic plan to improve water-quality moni-
toring by assessing status and trends in
the United States. Many of the basic
approaches recommended in the initial
report, however, also would improve
monitoring to meet four other recognized
purposes: characterizing existing and
emerging problems, designing and imple-
menting water management and regula-
tory programs, evaluating program effec-
tiveness, and responding to emergencies.
The ITFM views water-quality monitor-
ing as encompassing the full range of
activities required to obtain, manage,
store, interpret, present, share, and
report water-quality information useful to
decisionmakers and the public. Such
monitoring is an integrated activity for
evaluating the physical, chemical, and bio-
logical character of water in relation to
human health, ecological conditions, and
designated water uses.

The ITFM report recommends that:
® An integrated, voluntary, nationwide
strategy for water-quality monitoring is
needed to enhance the implementation of
defensible water-quality programs and
management decisions. A national inter-
governmental committee will oversee
implementation of the strategy.



® Changing water programs require
changes in monitoring. Water manage-
ment programs are changing to focus on
multimedia, geographically based activi-
ties; biological and ecological information;
and nonpoint source, wetlands, and sedi-
ment concerns. Water-monitoring pro-
grams must be responsive to these chang-
ing information needs.

An integrated,
voluntary, nationwide
strategy for water-quality
monatoring s needed. . .

® Better integration of water-quality
monitoring activities is now achievable
because public and private organizations
are more open to cooperation. Also,
recent technological advances have cre-
ated new opportunities to improve water-
quality monitoring.

® Monitoring investments will be more
effective through integration of existing
programs to sharpen monitoring objec-
tives, improve data consistency, and facili-
tate more effective interpretation and
reporting.

® Everyone interested in monitoring
should be invited to participate in devel-
oping and implementing the process, to
help refine the recommendations, and to
initiate the proposed changes needed to
improve monitoring activities.

® Training programs for personnel from
participating agencies should be estab-
lished to support implementation of the
strategic plan.

Bernard A. Malo
is the executive secretary of the ITFM and the
recipient of several awards from the American

Society for Testing and Materials for his standards
development work with the Commattee on Water

Improved Access to
Water Information

he USGS, the Nation’s largest earth-

science agency, makes extensive use
'of computer technology to accomplish its
‘mission. Data-base management is a large
i part of the computational workload of
USGS water resources programs because
"hydrologic data are collected in all 50
States, Puerto Rico, and the Pacific
Islands Trust Territory. Streamflow is
‘measured at about 10,000 locations, water
‘levels are measured in about 31,000 wells,
'water quality is sampled at over 11,000
locations, and water-use data are collected
‘throughout the Nation. All of these data
'are stored in computerized data bases
‘and in a new system called the National
'Water Information System-I1.

National Water Information
System-II

he National Water Information

System-II (NWIS-II) provides a sin-
gle data system for storing and processing
basic data in support of environmental
assessments. NWIS-IT also functions as an
archive for all data used in completed
studies and in published products of the
USGS and as a depository for hydrologic
and related environmental data. NWIS-II
was developed in cooperation with other
agencies, including the Environmental
Protection Agency (EPA) and the
National Oceanic and Atmospheric
Administration.

NWIS-II has been developed as a
distributed data-base management system
on a network of workstations and file
servers using a UNIX operating system
and the INGRES relational data-base
management system. The software and
data are being distributed on file servers
located in about 100 USGS offices

For more information on NWIS-II,
contact:

Telephone (703) 648-5659
Internet thyorke@usgs.gov
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throughout the country. Data and func-
tional capabilities of the NWIS-IT include:
® An integrated data base of water-
chemistry analyses, biological surveys,
streamflow data, well and aquifer charac-
teristics, water use, sediment surveys, and
related location and land-use descriptions.
Data structure also provides the capability
to store information on the history of
activities, participants, methods, and
equipment used to collect, process, and
analyze environmental data.

Data. . include 3.4
million water-quality
analyses, 780,000
station-years of
streamflow data, and
well and aquifer
characteristics for more
than 1 million sites.

® Data transferred from existing data-
base systems of the USGS, which include
3.4 million water-quality analyses, 780,000
station-years of streamflow data, and well
and aquifer characteristics for more than
1 million sites.

® A graphics interface using multiple
windows, which insures that the system is
efficient and flexible for the user.

® Flexible input and update capability,
which includes support for keyboard
entry, abbreviations, and mouse-driven
selections from pick lists.

® Extensive reference lists, which include
location descriptions from the USGS
Geographic Names Information System,
13,000 parameters that correspond to
EPA’s STORET parameter codes, and the
National Ocean Data Center’s (NODC)
taxonomic file. The NODC file has more
than 200,000 taxa, including many verte-
brates, invertebrates, and algae.

® Links to water-quality and taxonomy
laboratories, by which the user can
request analytical and identification ser-
vices, container labels with bar codes can
be created, and laboratories can transmit
results to the user for storage on a file
server in the office originating the
request.

At Work Across the Nation. . .

¢ A flexible data retrieval and report sys-
tem, which supports both X-Window and
character-based hardware for producing
export files, ASCII reports, and
publication-quality reports.

NWIS-II was developed and is being
released as two components. The first
component, released in 1993, consists of
subsystems for inputting, updating, proc-
essing, and storing locational, water- '
quality, ground-water, and biological
data. The second release, scheduled
for early in 1994, includes subsystems
for processing streamflow, sediment-
transport, and water-use data, including
the capability to process data by using a
geographic information system (GIS)
interface. Access to NWIS-II by other
governmental agencies and the general
public will continue to be granted
through the USGS National Water Data
Exchange office located in Reston, Va.

Thomas H. Yorke

has managed water-resources monitoring and
research activities for more than 10 years and for the
past 3 years has been responsible for the operation
and maintenance of USGS hydrologic data systems,
including the development of NWIS-11

Distributed Information
System-II

Distributed Spatial Data Library is
also being developed and imple-
mented. This online library is a collection
of spatial data, programs, and techniques,

a portion of which is located at each
Water Resources Division office. Data,
documentation, computer programs, and
other electronic documents are accessible
to the public through any software that is
compatible with the Wide-Area Informa-
tion System (WAIS) communication
protocol.

The Distributed Information
System-II (DIS-II), an advanced
minicomputer-based distributed informa-
tion system that was implemented begin-
ning in February 1991, provides a new
generation of computer hardware and
software and a migration to open-systems
technology. The system can be procured
and used with and can be connected to
other DIS-system computers throughout
the USGS and other bureaus of the
Department of the Interior.

DIS-II workstations/servers are pow-
erful desktop computers equipped with



high-resolution graphics monitors and
software and peripheral devices that per-
mit the most advanced tasks to be con-
ducted at each individual workstation.
Every USGS Water Resources Division
office has its own system of workstations
and supporting devices. Because these
workstations are interconnected by Ether-
net, a local-area network, information,
equipment, and programs can be shared
among all workstations in an office.

The workstation/server approach has
dramatically improved the computing
response times for scientists and research-
ers from within and outside the USGS.

Data-processing activities for the
water resources program are coordinated
with other USGS programs, other
Department of the Interior bureaus, and
other Federal agencies, such as the Envi-
ronmental Protection Agency, that have
an interest in developing collections of
spatial data for environmental analyses.
Coordination is effected through partici-
pation in the Federal Geographic Data
Committee, the Department of the Inte-
rior Geographic Data Committee, the
USGS Geographic Data Committee, and
the GIS Laboratory Steering Committee.

Gloria J. Stiltner
has been involved with or directed the
implementation of DIS-II since 1983

For more information on DIS-II,
contact:

Telephone (703) 648-5616
Internet stiltner@usgs.gov

Office location

“““ Local-area to wide-area network
smmmmm Shared network

Workstation computers are connected to a wide-area telecommunications
network known as the Distributed Information System-II. A wide-area
Transmission Control Protocol/Internet Protocol (TCP/IP) communications
routing-based network connects all USGS Water Resources offices using the
DIS-II. Thus, a user of any DIS-II system can connect to any other DIS-II system,
move files, or gain access to remote data bases. The DIS-Il communications
network is based on high-performance TCP/IP routers running at speeds of
from 56 kilobytes per second to 1.5 megabytes per second. Shared-data
communication networks are cost effective and enable users at all sites to share
data with universities, research centers, and private organizations.

A USGS hydrologist demonstrates one of the functions available to users on the
DIS-1I network at the National Computer Technology meeting held May 17-22,
1992, in Norfolk, Va.
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Assessing the Quality
of the Nation’s Water

During recent decades, the Nation has
made major investments in water-
quality management and protection, and
the potential exists for much larger
investments in the future. Considerable
sums of money also have been spent on
acquiring water-quality data for many
purposes. Until the recent implementa-
tion of the National Water-Quality Assess-
ment (NAWQA) program, however, the
capability to provide consistent informa-
tion on the status, trends, and causes of
the condition of surface- and ground-
water quality nationwide did not exist.
This information is needed to determine
whether past investments in improving
water quality have been cost effective

and to provide a sound basis for future
decisions.

Under the NAWQA program,
assessments of surface- and ground-water
quality conditions are being conducted in
60 major river basins and aquifer systems
throughout the Nation. Assessments
began in 20 study units in 1991 (20 study
units are being added in 1994 and a final
20 in 1997).

Point versus Nonpoint
Sources of Phosphorus in

Rivers
Average daily phosphorus
loads (in pounds) in four
rivers during average annual
streamflow conditions.

major component of the NAWQA
program, referred to as “national
synthesis,” combines study-unit findings

Upper lllinois River
22,000 Ibs per day

Yakima River
3,170 Ibs per day

Lower Kansas River =
12,500 I/bs per day

EXPLANATION

- Nonpoint source

‘:l Point source
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with existing data as well as data from
large regional water-quality surveys to
characterize and explain, to the extent
possible, similarities and differences in
the occurrence and distribution of pesti-
cides and nutrients nationwide. This
study of the relative magnitudes of point
and nonpoint sources of phosphorus in
streams draining four river basins is an
example of these synthesis efforts.

A major topic of discussion in con-
gressional hearings on reauthorizing the
Clean Water Act of 1972 is the magni-
tude and extent of nonpoint-source pollu-
tion and its effect on the Nation’s streams
and aquifers. The reason for this concern
is the recognition that the Nation has
made a considerable investment to con-
trol pollution from point sources and,
although these investments are believed
to have been successful, additional
upgrading of wastewater-treatment levels
may not be cost effective for achieving
further improvements in water quality.
Thus, water resources management agen-
cies are increasing their focus on control-
ling nonpoint sources of contaminants to
improve water quality. Phosphorus is of
particular concern. At elevated levels in
streams and rivers draining into lakes and
estuaries, phosphorus causes nuisance
growths of algae and aquatic plants.

The four river basins studied —the
Kentucky River basin in Kentucky; the
upper Illinois River basin in Illinois, Indi-
ana, and Wisconsin; the lower Kansas
River basin in Kansas and Nebraska; and
the Yakima River basin in Washington
State—were part of the NAWQA pilot
effort. In general, phosphorus loads (in
pounds) and yields (in pounds per square
mile) in the upper Illinois and Kentucky
River basins were significantly larger than
in the lower Kansas and Yakima River
basins because of differences in
average annual streamflow between the
basins. The average annual streamflow
from the Kentucky and upper Illinois
River basins is more than 2.5 times larger
than that from the lower Kansas and
Yakima River basins.

Phosphorus yields were largest for
the upper Illinois River basin. The upper
Illinois River basin has the largest per-
centage (75 percent) of land devoted to
cultivated row crops, the largest phospho-
rus fertilizer application rates, and,
because of the large population in the
basin (about 7.6 million people), the



B
largest loadings of phosphorus from waste- ithese studies is useful in alleviating the

1
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water effluent. In contrast, the yield of effects of waste on surface- and ground- |
| |

phosphorus was smallest for the Yakima jwater resources.

River basin, where the population is small { Through the Toxic Substances x
and much of the land is covered by for- ‘Hydrology program, USGS hydrologists,
ests, grazing lands, orchards, and crops vchemlsts, and biologists provide the infor- |
that tend to be more permanent and thus ,mation necessary to improve waste-
undergo less erosion. fdlsposal practices and to help mitigate

One of the conclusions that can be

d ¢ his effort is that the relati {surface- and ground-water contamination
drawn from this effort is that the relative yprobl ems. By studying major types of
importance of point and nonpoint sour-

ces is highly variable. In this example ,contaminants in ground water and sur- |
nonpoint sources acc'ount for 40 to 8(3 {face water and by developing new meth- ' | Telephone (703) 648-6878

percent of the total amount of phospho- 'ods to assess the extent of contamination, = | Internet wgwilber@usgs.gov
rus in the stream. In some areas of the 'scientists can determine the occurrence, |

country, especially major population |movement, and fate of toxic substances in “

centers like Chicago, point sources of !.the .hydrologxc. system. '.l“h'e site character-
contaminants are still very important. |ization, modeling, prediction, and reme-

e

. For more mformatuon on NAWQA'
.natlonal synthesis, contact:

| 1
The 20 study-unit investigations that ;diation methods and techniques devel- 1
began in 1991 are providing similar types {Oped and tested through this program 1
of information on point and nonpoint rare useful in designing effective strategies i
sources of contamination. As part of the for the tens of thousands of hazardous- |
national synthesis efforts, the NAWQA Iwaste sites across the country that have
program will be bringing together the 'been identified for potential cleanup. ‘
results from these studies related to nutri- | The Department of Defense (DOD)
ents and pesticides to compare and con- 'Environmental Contamination Hydrology '
trast the findings and to explain the simi- ; program provides scientific and technical
larities and differences. This information data and interpretations needed to char-
will be available to water managers, poli- ‘acterize hazardous-waste sites and to sup-
cymakers, and the public for the planning ' 561t the evaluation of plausible remedial
and evaluation of point- and nonpoint- ‘alternatives. These activities support the

source management programs and other

) ! DOD Installation Restoration program,
water-quality protection programs.

which addresses issues of contamination
William G. Wilber  Tesulting from past operations at military

!

is the coordinator of the National Synthesis |installations, and the DOD Environmental

component of the NAWQA program and has worked { Compliance program, which deals with
on the design and implementation of the program contamination resulting from current
since 1985 | operations.
; USGS research and field studies in
ithe Nuclear Waste Hydrology program
are directed toward a better understand-
ing of the mechanisms of radionuclide
|transport in ground water and toward ‘
Jn‘developing methods and techniques for |
site characterization. The program pro- |
vides consultation on the hydrologic {
|
!
|

Jerri V. Davis
is a hydrologist working on the Ozark Plateaus
NAWQA study-unit investigation.

Hazardous Substances

aspects of nuclear waste disposal to the

in the water Department of Energy (DOE), the
Envi t Nuclear Regulatory Commission, the i
nvironmen Environmental Protection Agency (EPA), |

and other Federal agencies. The role of
e - Jthe USGS in the national high-level

azardous chemlcals and radioactive radioactive-waste repository program, led

wastes pose significant concerns for by the DOE, is supported through this
the Nation’s water resources. The USGS program. Earth-science information and |
conducts research and investigations into technical assistance are also provided to |
the disposal of hazardous chemicals and States in their management of low-level
radioactive wastes. The mformanon from radioactive waste.
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For more information on the Bemidji
study, contact:

Telephone (703) 648-6872
Internet gmallard@usgs.gov

Location of study site near
Bemidji, Minn., showing the
approximate location of the
oil body, sampling sites, and
cross section A-A’ (see box)
(from Baedecker and others,
Applied Geochemistry, v. 8,
p. 569-586, 1993).

Natural Remediation of Oil
Contamination in Ground
Water

Petroleum hydrocarbons are significant
ground-water contaminants in the
United States. The combination of acci-
dental spills during production, refining,
and transportation of petroleum products
and leaking underground storage tanks
has created thousands of sites where
petroleum hydrocarbons have contami-
nated ground water. Although the num-
ber of contaminated sites is large, the
impact of these discharges is mitigated by
natural biological degradation. Interdisci-
plinary research conducted under the
USGS Toxic Substances Hydrology pro-
gram at a field site contaminated by
crude oil has demonstrated that petro-
leum hydrocarbons can be degraded by
microorganisms that occur naturally in
the environment.

In 1979, a buried high-pressure
pipeline near Bemidji, Minn., burst, spill-
ing 10,500 barrels of crude oil . After
cleanup of oil from the land surface,
2,500 barrels (105,000 gallons) of crude
oil remained in the unsaturated zone and
near the water table in the sand-and-

Pipeline

\\\\\\/\\ \\\\\\\\\\\\ NNNN
NOilspnynu
|
] Sampling sites
! @ Ground water
/
/
N\
A o, ® , w
Meters
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In 1979, a buried high-pressure oil pipeline
burst, spilling approximately 10,500 barrels of
crude oil at a remote site near Bemidji, Minn.

gravel aquifer. Because the spill was
located in a remote area where ground
water is not used extensively, the remain-
ing oil was left in place. All changes
observed over time in the distribution of
crude-oil components can be attributed to
natural processes. At present, the oil is
moving very slowly near the top of the
water table as a separate fluid phase, and
vapors from the oil are moving in the
unsaturated zone. Although ground-
water chemistry and biogeochemical proc-
esses have changed over time, the area of
contaminated ground water has not
expanded significantly from 1983 to
1992.

USGS investigations at the Bemidji
field site have provided strong evidence
that petroleum hydrocarbons are
degraded by natural processes and that
these processes can limit the spread of
contaminant plumes in ground water.
The Bemidji study is significant because it
is one of the very few field sites where
natural degradation has been docu-
mented. A full understanding of the
natural degradation processes at this site
and at other contaminated sites will pro-
vide a stronger scientific basis for deci-
sions about whether and when to employ
costly physical and chemical cleanup
procedures.

Gail Mallard

coordinates a USGS program that supports
investigations of contaminants in water resources
Mary Jo Baedecker

is a chemist with the USGS and has conducted
research on organic contaminants in ground water
Isabelle Cozzarelli

is a USGS hydrologist who conducts research
on the fate and effects of petroleum products
in ground water



A generalized section through the
contaminant plume shows five zones
having different water chemistries. The
screened intervals of wells in the aqui-
fer are shown (modified from Bae-
decker and others, Applied Geochem-
istry, v. 8, p. 569-586, 1993).

Zone |l underlies the area where
the land surface was sprayed with oil.
In this zone, hydrocarbons are gradu-
ally being degraded and transported
vertically through the unsaturated
zone with recharge water. Ground
water in this zone contains no
volatile hydrocarbons but has high
concentrations of carbon dioxide,
which indicate microbial degradation
of hydrocarbons.

A plume of contaminated ground
water containing dissolved constitu-
ents from the crude oil, such as ben-
zene and alkylbenzenes, and products
from biochemical reactions, such as
organic acids, has developed downgra-
dient from the spill site. The part of
the plume nearest the oil body (zone
HI) is lacking in oxygen (anaerobic)
and is characterized by high concen-
trations of hydrocarbons, bicarbon-
ate,reduced iron, manganese, and
methane. Bacteria that do not require

oxygen are able to degrade some crude oil components in this area.
Further downgradient (zone 1V), the ground water contains low con-
centrations of oxygen, and a different group of bacteria is primarily
responsible for hydrocarbon degradation. Here, hydrocarbon concen-
trations are lower than they are in the anaerobic zone of the plume
because aerobic degradation proceeds more rapidly and more com-
pletely.

In the area farthest from the oil spill (zone V), concentrations of
some organic and inorganic constituents are above background levels
(the levels in zone I), but the concentrations of hydrocarbons are
below the EPA maximum levels of contaminants allowable for drinking
water. Ground water is moving rapidly enough for crude-oil compo-
nents to have reached this area. The rate of solubilization of hydro-
carbons from the oil body, however, is about the same as the rate at
which hydrocarbons are degraded by microbial processes.
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Environmental
Contamination at
Department of Defense Sites

Activities at more than 100 military
installations in 38 States and 2 for-
eign countries highlighted FY 1993
efforts of the Department of Defense
Environmental Contamination (DODEC)
hydrology program. Facilities involved
include those of the Air Force, Army,
Navy, Marine Corps, Air National Guard,
Army National Guard, and Defense
Logistics Agency. Major concerns are the
presence and transport of chlorinated
hydrocarbons (trichloroethene, dichlo-
roethene, vinyl chloride), constituents of
fuels (benzene, toluene, xylenes), and
trace metals (lead) in soil and water. Cur-
rent research studies address natural
bioremediation and augmented

bioremediation of fuel hydrocarbon com-
pounds in the shallow water-table aquifer.

Ongoing projects provide opportuni-
ties to increase knowledge in the defini-
tion of the hydrogeologic framework
within many terranes; movement of
ground water and contaminants in differ-
ent terranes; ground-water-flow modeling
in different terranes; occurrence of heavy
metals in ground water; isotope geochem-
istry; surface and borehole geophysics;
soil gas and its relation to ground-water
contamination; and slug tests and other
tests in aquifers to determine aquifer
properties in different terranes. The
development of relational data bases and
use of geographic information system
(GIS) technology, as well as the analyses
of water quality and the quality control of
analytical data and field data, are also
benefits derived from the DODEC
hydrology program.
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For more information oknl DODEC,
contact:

Telephone  (703) 648-5010
Internet jdpowell@usgs.gov

For more information on the Nuclear
“Waste Hydrology program, contact:

Telephone (703) 648-5719
. Internet njtrask@usgs.gov - .

Examples of projects active during
FY 1993 include:
© Research on the effectiveness of both
natural and augmented bioremediation -
on the degradation of organic com-
pounds in the subsurface. Results of this
research being conducted for the Air
Force are expected to be important to the
development of cost-effective methods of

mitigating organic compounds in the sub-

surface, a principal problem at U.S. mili-
tary-bases throughout the world.

o Study of contamination of soil and. *
ground water by trichloroethylene at an
Environmental Protection Agency (EPA)

National Priority List facility at F.E.
' Warren Air Force Base in Wyoming.

© Hydrologic assessment of surface- and
ground-water systems, ground-water-flow
modeling,.and research in paleohydrol-
ogy at an EPA National Priority List facil-
ity. at the Rocky Mountain Arsenal in
Colorado.

© Migration of petroleum hydrocarbons
in the shallow freshwater aquifer of the
atoll Diego Garcia in the Indian Ocean.

© Assessment of ground-water contami-

- nation migrating from landfills and tech-

nical support of the Department of
Defense (DOD) Installation Restoration
Program at Hill Air Force Base in Utah.
© Soil and ground-water contamination
studies in'support of EPA Resource Con-
servation and Recovery Act (RCRA) facil-
ity assessments and investigations and
stormwater-runoff monitoring at Fort
Bragg in North Carolina.

© Soil and ground-water contamination
studies in support of EPA RCRA facility
investigations at MacDill Air Force Base
in Florida.

© Regional ground-water hydrogeology
and ground-water-flow modeling at

" Wright-Patterson Air Force Base in Ohio.

© Hydrogeologic framework of the shal-
low water-table aqu1fer and soil-gas sur-

veys to identify sources of ground-water
contamination at the Naval Surface War-
fare Center in Dahlgren, Va.

John D. Powell
has been involved in USGS environmental
contamination studies for the past 13 years
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Nuclear Waste and Water

‘Resources

Nuclear waste arises from the genera-
tion of nuclear power, from the pro-
duction of nuclear weapons, and from
medical, industrial, and other miscella-
neous sources. Broad agreement exists
that these wastes must be sequestered
from the environment, by deep geologic
disposal in the case ‘of high-level waste

and by shallow dtsposal or near-surface
engineered structures in the case of low-
level waste. For all options, the hydrology
of the site is a key factor in assessing the
performance of the total waste-disposal
system. Key elements of the Nuclear
Waste Hydrology program include:

© Refining methods and techniques for
the hydrologic characterlzatton of envi-
ronments.

© Finding new instrumentation and tech--
niques for the characterization and moni- '
toring of disposal sites.

© Defining hydrogeologic and geochemi-
cal processes that occur when nuclear
waste, rocks, and ground water interact.

© Improving understanding of ground-
water flow and contaminant transport in
fractured rocks.

Recent accomplishments of the
Nuclear Waste Hydrology program are as
follows:
© Using innovative well-logging tech-
niques, the USGS conducted a compre-
hensive evaluation of the hydrology in
the vicinity .of waste-disposal sites at the
Idaho National Engineering Laboratory.
© Studies of soil-water movement at a
newly excavated experimental trench in
the very dry Amargosa Valley in Nevada
indicate that there is little if any down-
ward movement below 9 meters (about 27
feet) in depth.

° A study at a low-level radioactive dis-
posal site in New York State. confirmed
the role of plants in the uptake of

carbon-14 released at such dlsposal sites.

Newell J. Trask
is the Chzef of the Branch of Nuclear Waste
Hydrology



Characterizing a Safe
Repository for Nuclear
Waste

he USGS historically has been active

in acquiring and analyzing hydro-
logic, hydrogeologic, and geologic infor-
mation in southern Nevada as a part of
ongoing local, State, and national pro-
grams. Following enactment of the
Nuclear Waste Policy Act of 1982, the
USGS expanded the investigations at and
around Yucca Mountain, Nev., in cooper-
ation with the Department of Energy
(DOE). Yucca Mountain is currently the
sole site being characterized as a potential
site for a mined geologic repository for
the long-term storage of high-level radio-
active waste. Characterization of the
mountain is necessary to determine its
suitability as a location for a safe, perma-
nent, underground repository. Site suit-
ability will be determined by matching
documented characteristics against Fed-
eral standards and regulations promul-
gated by the Nuclear Regulatory Commis-
sion, which ultimately will administer the
licensing process.

Studies at Yucca Mountain are tak-
ing place in two physical settings. Surface-
based testing consists of detailed surface
mapping, digging trenches to expose sur-
ficial geology, and drilling both deep and
shallow boreholes for geophysical and
(or) stratigraphic analyses and hydrologic
testing of the unsaturated and saturated
zones. Exploratory Studies Facility (ESF)
testing will be done in a U-shaped tunnel
about 5 miles long that enters the north-
ern part of Yucca Mountain in a westerly
direction, then will turn in a southerly
direction in line with the crest of the
mountain about 800 feet beneath the
crest, and ultimately will turn in an east-
erly direction to exit the mountain. The
ESF, construction of which began in April
1993, will provide underground access to
geologic and hydrogeologic features for
refining results of surface-based testing.
In addition to extensive hydrologic and
seismic monitoring, representative accom-
plishments in FY 1993 include:
® Completed maps that establish the
abundance, distribution, and geographic
orientation of known and suspected Qua-
ternary faults within about 62 miles of
Yucca Mountain.
® Completed draft reports for the resolu-
tion of issues centering around erosion

and the origin (atmospheric water or
upwelling ground water) of calcite-silica
deposits near faults. These reports should
allow DOE to complete work on erosion
and the calcite-silica issues.

® Dry drilling and coring of the first
deep, unsaturated-zone hydrologic test
hole, which reached a depth of about
1,670 feet. Core and stratigraphic analy-
ses have begun. :

® Successful installation of sensitive seis-
mographs in two boreholes in excess of
1,640 feet deep to provide documentation
of microearthquakes that could not other-
wise have been accurately recorded.

® Continued mapping of the lateral
extent of the Ghost Dance fault at a scale
of 1:240 (1 inch=20 feet) in order to
resolve any potential effects on the design
of the repository, such as fast pathways
for water within the unsaturated zone.

Telephone

G. Louis Ducret
serves as senior manager for the Yucca Mountain
Project Branch

Cooperative Federal-
State Water Resources
Activities

he Federal-State Cooperative Water

Resources program is a unique part-
nership between the USGS and State and
local agencies. Although State and local
cooperators provide at least half the
funds, the USGS conducts most of the
work. For almost 100 years, studies under

. this program have contributed to the
- advancement of earth science and the

compilation of a major part of the
Nation’s hydrologic information. From

its earliest days, the responsibility for
developing stream-gaging procedures,
concepts of surface- and ground-water
flow, and analytical techniques for investi-
gations of water quality has been vested
in the program. In 1993, hydrologic-data
collection, interpretive investigations, and
research were conducted as part of the
cooperative program by USGS scientists
located in offices in every State, Puerto
Rico, and several territories, through
agreements with more than 1,000 cooper-
ating agencies.

The number of investigations that
emphasize water-quality issues, such as
aquifer contamination, river-water qual-
ity, stormwater-runoff quality, and the

. . . in Water Resources Investigations

For more information on the Yucca
Mountain project, contact:

(303) 236-0516
Internet gducret@usgs.gov
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For more information on the Federal-
State Cooperative program, contact:

Telephone (703) 648-5033
Internet bgilbert@usgs.gov

effects of acid rain, coal mining, and agri-
cultural chemicals and practices on the
hydrologic system, has increased since the
early 1970’s. The following are examples
of investigations into water quality and
other related topics conducted as part of
the cooperative program.

Florida: Ground water and wetland
interaction.— The Everglades ecosystem
thrives in water having very low phospho-
rus concentrations. Recent urban and
agricultural development in the sur-
rounding areas have raised phosphorus
concentrations enough to cause concern.
As a result, the South Florida Water
Management District has asked the USGS
to investigate the ground water/surface
water interactions in the Everglades.
Once an improved understanding of
the flow system has been developed, the
sources, movement, and distribution of
phosphorus will be analyzed with the
objective of comparing different manage-
ment techniques.

Kansas: Movement of pesticides in
surface and ground water.— A cooperative
project between the USGS, the Kansas
State Board of Agriculture, and Kansas
State University is determining the poten-
tial for decreasing the amount of atrazine
and other triazine herbicides transported
to surface and ground water. Concentra-
tions of atrazine, alachlor, and their
selected metabolites are being measured
in suspended sediment in surface runoff
under different land-management prac-
tices, such as terraced, clean-tilled, and
ridge-tilled cornfields with and without
grassed filter strips. The effects of these
different land-management practices on
the quality of ground water as well as on
the volume of herbicides infiltrating to
ground water are being evaluated.

Michigan and Wisconsin: Quality
of water in streams tributary to Lake
Superior.—The USGS, in cooperation with
the Michigan and Wisconsin Departments
of Natural Resources, is using state-of-
the-art technology to estimate the amount
of contaminants reaching Lake Superior
in inflow from its major tributaries. Data
are being collected uniformly from
throughout the Lake Superior region. A
computerized long-term data base, now
accessible to every agency studying the
Great Lakes, provides information that is
being used to evaluate efforts by State
and Federal agencies to lessen the harm-
ful effects of selected contaminants in
Lake Superior.
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Oregon: Water quality in the Tualatin
River.—Excessive phosphorus in the
Tualatin River has resulted in nuisance
growths of planktonic algae and periodi-
cally low concentrations of dissolved oxy-
gen in the lower part of the river.
Although it has long been believed that
water-quality problems could be solved by
eliminating phosphorus from waste-
water treatment plants and surface runoff
from urban and agricultural lands, this
USGS investigation in cooperation with
the Unified Sewerage Agency of Wash-
ington County has shown that ground
water discharging to the river and its trib-
utaries contains phosphorus concentra-
tions from 5 to 100 times larger than
expected; these excessive concentrations
are hampering clean-up efforts. Phospho-
rus in ground water comes from both
human activities and natural sources, but
some of the highest concentrations seem
to occur naturally in an aquifer that con-
tains large amounts of organic matter
buried by catastrophic floods during the
Pleistocene Epoch. Remediation strategies
for the Tualatin River are being reviewed
on the basis of results of the investiga-
tions to date, so that millions of dollars
will not be spent on possibly ineffective
“best management practices” in urban
and agricultural areas.

South Carolina: Degradation rates of
petroleum hydrocarbons.—The USGS, in
cooperation with the South Carolina
Water Resources Commission, is investi-
gating an extensively contaminated, shal-
low water-table aquifer that underlies a
fuel tank farm in Hanahan, S.C. Data col-
lected to date reveal that petroleum
hydrocarbons in the aquifer are being
degraded anaerobically in a complex
pattern of zones dominated by iron-
reducing, sulfate-reducing, and methano-
genic (gas-producing) conditions that
change dynamically over time and space.
Further investigation is designed to deter-
mine relative rates of hydrocarbon degra-
dation under these same aquifer condi-
tions and how degradation rates are
affected by continually changing condi-
tions. The results will help responsible
agencies design bioremediation strategies
at this site and similar sites nationwide.

Bruce K. Gilbert
has prepared annual reports describing the
Federal-State Cooperative program and its

accomplishments since 1983



The Truckee-Carson
Program

fter decades of litigation and negoti-

ation, the Truckee-Carson-Pyramid
Lake Water Rights Settlement Act, Public
Law (P.L.) 101-618, was passed in 1990.
The law provides a framework for
constructing a complex combination of
operating criteria to balance interstate
allocation of water and water demands
for municipal, irrigation, fish and wild-
life, water-quality, and recreational uses
in the Truckee and Carson River basins
of Nevada and California.

The USGS Truckee-Carson program
was established to support the Depart-
ment of the Interior in the implementa-
tion of P.L. 101-618 as follows:
® Consolidate and (or) develop as neces-
sary a streamflow and water-quality
gaging-station network in order to docu-
ment water resources and support river
operations.
® Calibrate, test, and use interbasin
hydrologic and hydraulic computer mod-
els to support the management and allo-
cation of water and the assessment of
environmental effects.

- ® Provide technical guidance to other
Federal agencies during negotiations for
the Truckee River Operating Agreement.

Computer models of the watersheds
and geographic information system cover-
ages are being linked with operation/allo-
cations models (developed as a joint
effort with the Bureau of Reclamation) so
that alternative management scenarios
can be analyzed at hourly, daily, weekly,
seasonal, or annual time scales. Easy-to-
evaluate numerical, statistical, and graphi-
cal results allow managers to test and
improve long-term operating policies
responsive to the many competing
demands for water. Although develop-
ment and calibration of the models are
basin specific, the underlying decision-
support modeling system has national
transfer value.

The Truckee River near the Farad gaging station, a key measuring point in the
allocation of the river’s water supply between Nevada and California.

The data network and the models
adapted or developed by the USGS under
the Truckee-Carson program will be used
extensively by the Bureau of Reclamation,
the Bureau of Indian Affairs, and the
Fish and Wildlife Service. Principal State
agencies benefiting from the program
include the California Department of
Water Resources, the California Depart-
ment of Fish and Game, the Nevada
Department of Conservation and Natural
Resources’ Divisions of Water Resources,
Water Planning, and Environmental Pro-
tection, and the Nevada Department of
Wildlife. Potential users include two
Native American tribes, about a dozen
counties in California and Nevada, and
several utility and irrigation districts.

Larry R. Bohman
has studied surface-water modeling for the USGS for
the past 15 years

For more information on the Truckee-
Carson program, contact:

(702) 887-7679
Irbohman@dnvcrl.

Telephone

Internet

Wr.USgs.gov
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National Research Program

he National Research Program (NRP), estab-

lished in the late 1950’s, encompasses a broad
spectrum of scientific investigations. The program is
designed to encourage research that provides new
knowledge and insights into varied and complex
hydrologic phenomena, processes, and systems that
are neither well understood nor defined. The sci-
ences of hydrology, mathematics, chemistry, physics,
ecology, biology, geology, and engineering are used
to gain a fundamental understanding of the proc-
esses that affect the availability, movement, and
quality of the Nation’s water resources. Results of
the investigations conducted under the NRP are
applicable not only to the solution of current water
problems but also to future issues, anticipated or
unanticipated, that may affect the Nation’s water
resources.

The emphasis of research activities has changed
through time to reflect the emergence of promising
new areas of inquiry and the demand for new tools
and techniques with which to address water
resources issues and problems. Many issues
addressed by NRP scientists involve potential threats
to human health, ecosystems, and (or) the potential
high social costs of control or mitigation. Knowledge

gained and methods developed in this program
apply to all of the hydrologic investigations of the
USGS, to water-oriented investigations and opera-
tions of other agencies, and to the general scientific
community.

In recent years, NRP scientists have:
® Completed the Nation’s first systematic water-
quality study of the Mississippi River system.
® Conducted a multidisciplinary study to develop
the techniques and understanding needed to charac-
terize fluid movement and chemical transport in frac-
tured bedrock.
® Discovered microorganisms that can naturally
remove a variety of contaminants from ground
water, including aromatic hydrocarbons and
uranium.
® Developed a method to identify recently re-
charged ground water, thereby helping to determine
the vulnerability of ground water to contamination.
® Developed a method for assessing the sensitivity
of surface waters to acid deposition.

Linda C. Friedman
is the assistant to the Chief of the
_ Office of Hydrologic Research

For more information on National
Research Program, contact:

Telephone (703) 648-5051
Internet Icfriedman@usgs.gov

Acid Rain

[ trong acids (sulfuric and nitric acids),
| \Jformed when atmospheric pollutants
iemitted from powerplants, factories, and
| motor vehicles combine with water in the
'atmosphere, have fallen as acid rain and
;snow on the Northeastern United States

| and southeastern Canada during the last
I'several decades. This acidic precipitation
1is believed to be responsible for the acidi-
fication of sensitive lakes and streams,

' damage to high-elevation forests and his-
-torical structures, and impaired visibility
'in affected areas. The USGS, in coopera-
Ition with other Federal agencies and
‘many State agencies, is participating in a
_coordinated nationwide program to

. define the causes and effects of acid rain

.and to assess the benefit of reduced emis- |

 sions of the precursors of acid rain, as
 required by the Clean Air Act Amend-

i ments of 1990. The USGS is the lead
agency for monitoring deposition under
i the Federal Interagency National Acid

: Precipitation Assessment program

i (NAPAP).
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Significant Downward Trend
in Sulfate

Operation of the National Trends
Network (NTN), a 150-station,
nationwide, multiagency network for
monitoring precipitation chemistry in the
United States, is coordinated by the
USGS. Selected sensitive lakes and
streams throughout the Nation are moni-
tored through the NTN to document
changes in water chemistry that may
result from the effects of acid rain, and
research is conducted in several sensitive
watersheds to define how the geochemical
processes caused by acid rain affect water
quality.

An analysis of trends was conducted
in FY 1993 on data from the 33 stations
in the NTN that had the longest records.
The analysis covered 1980 through 1991
and showed substantial and statistically
significant downward trends in sulfate
deposition at 26 of the 33 stations. Down-
ward trends in nitrate deposition were
also preponderant but were statistically
significant at only three stations. Trends
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Locations of atmospheric-deposition collection stations where sulfate levels
were down, indicating a decrease in the acidity of precipitation between 1980

and 1991.

Collectively, the trends
indicate that the acidity
of precipitation decreased
between 1980 and
1991.

in pH were mostly upward, showing
decreasing acidity, and were highly signif-
icant at nine stations. Collectively, the

trends indicate that the acidity of precipi-
tation decreased between 1980 and 1991.
These results as well as continuing trends
analyses are helping public officials evalu-
ate the effectiveness of the newest provi-
sions of the Clean Air Act as well as
remain alert to other threats to water
quality from atmospheric pollution.

R.J. Pickering

has been in charge of the USGS Acid Rain program
since its inception in 1982 and is an expert

on water quality

For more information on the NTN,
contact:

Telephone (703) 648-6875
Internet rjpicker@usgs.gov
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For more information on the National
Water Summary, contact Kenneth

Lanfear at:

Telephone  (703) 6486852

Internet

lanfear@usgs.gov

The National
Water Summary:
Stream Water Quality

TO acquire information about the
availability, quantity, quality, and use
of water resources and to organize it in
ways that portray the condition of the
Nation’s water resources to national,
State, and local officials and the general
public is the goal of the National Water
Summary (NWS) program. Each NWS
report covers one specific water-resources
topic through extensive documentation in
articles on the technical or institutional
aspects of the topic and in State-by-State
summaries as well as through descriptions
of hydrologic conditions and water-
related events.

Stream water quality is the topic of
the latest published report, “1990-91
National Water Summary— Hydrologic
Events and Stream Water Quality.” This
600-page, four-color report presents

information on hydrologic conditions and
water-related events for water years 1990
and 1991 and information on the status
and trends of water quality in streams in
the United States, Puerto Rico, and the
western Pacific islands. As represented by
the statistical analyses of as many as eight
water-quality constituents and water
properties, State water-quality summaries
present information on conditions for
water years 1987-89 and trends for one
or more of the water-year periods
1970-89, 1975-89, 1980-89, and
1982-89. Articles on statistical analysis
and quality assurance of water-quality
data, trends in national water quality for
the 1980’s, and trends in water quality in
four basins for the period extending
from about 1905 to the present also are
included.

Richard W. Paulson

produced the National Water Summary report series
for 7 years and has been a water resources
consultant since his retirement from the USGS in
October 1993
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