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recognized worldwide as scientifically credible; objective, and
demonstrably relevant to society's needs.

The USGS provides the Natlon w1th rehable 1mpart1al'1nformat10n to

describe and understand the Earth 4 S

This information is used to:

e minimize loss of life and property from natural disasters;

e manage water, biological, energy, and mineral resources;

e enhance and protect the quality of life;

e contribute to wise economic and physical development of
natural resources.
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The “New” USGS: Progress in the Midst of Change

Let me introduce you to this volume by
noting that, in fiscal year 1995, the U.S.
Geological Survey made great strides toward
reinventing and redirecting itself in some very
fundamental ways. Through hard work and a
significant dose of progress in the midst of pro-
found change, the bureau has more than met the
challenge that I issued last year to do better.
That it has done so effectively is revealingly
illustrated by the articles in this yearbook.

Fostering the cross-fertilization of ideas
and information between and among employees
in all parts of the organization is critically
important to the restructuring of the USGS.
Formation of three management councils—
Policy, Program, and Operations—has helped us
make significant progress toward increased
openness and participation in the bureau’s deci-
sionmaking processes. Benchmark teams con-
sisting of employees from all areas of the orga-
nization were formed and were charged with
examining some of the bureau’s most basic sys-
tems and structures. Three regions were estab-
lished—Eastern, Central, and Western—and
regional directors were appointed and charged
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with integrating and coordinating programs in
the field.

The role of the new USGS State
Representatives—to provide a bureauwide focus
at the State level and to seek out mutually bene-
ficial opportunities for further work—continues
to grow stronger. “Commonality” is a key word
where the State Representative concept is con-
cerned, in that our broad expertise in geology,
hydrology, and cartography provides the multi-
disciplinary approach to problem-solving that
these complex times require.

Both outreach and inreach are key aspects
of the State Representatives’ charge to increase
the awareness of clients, partners, and others of
the USGS mission and programs. Carried out in
conjunction with all USGS employees, the job
of the State Representative is, simply stated, to
help spread the USGS message across the land.

Definition, coordination, and communica-
tion of our work according to four broad
themes—hazards, environment, resources, and
information management and analysis—ensure a
renewed bureau-level perspective in the develop-

ment of programs. These crosscutting themes



integrate our expertise and better communicate
the complex, integral nature of earth science
processes. The theme definitions that begin each
chapter in this yearbook establish a base for
coordination across scientific disciplines. As we
continue to study and understand the earth in
terms of these four themes, I believe that the
“new” USGS will be better positioned than ever
to contribute to the Nation in a way that is both
understood and valued by many, nonscientist
and scientist alike.

Like many other organizations, we are
being challenged to produce more results with
fewer resources. In both the present and the
future, the value of earth science must be under-
stood and must be just as relevant to the taxpay-
er as it is to our professional colleagues. For this
reason alone, it is crucial that we explain our
science in language that everyone can under-
stand.

Communicating with the people of
America is on everyone’s “short list,” whether it
means volunteers staffing a USGS exhibit at the
county fair in Fairfax, Va., taking part in the
Ground Water Festival in Grand Island, Nebr., or
hosting an Earth Science Day Open House in
Albuquerque, N. Mex. All are examples of hard
work on the part of many USGS employees in
the midst of change .

We are getting better at letting the world
know exactly what we do and why we do it, and
we are playing a significant role in reducing the
indirect “disaster tax,” the financial burden that
all taxpayers share when rebuilding and repair-
ing take place following calamitous natural dis-
asters.

For much of the Nation, 1995 will be
remembered as the “Year of the Floods,” floods
that devastated parts of the Pacific Northwest,
the Northeast, the Gulf of Mexico, and the
Caribbean. Measuring the flood stages of rivers
as part of a warning system was key to the
USGS role of responding to these natural disas-
ters. USGS streamflow data were used by water-

resource managers to warn downstream commu-
nities about the potential impact of impending
disasters. The data provided significant assis-
tance to water managers, who were better able to
make decisions that resulted in saving billions of
dollars in flood losses. And these data will also
be used in making improvements to community
disaster response plans and in the construction
of flood-control structures.

As the Nation’s need for water information
continues to grow, the importance of USGS
water-resources investigations also continues to
increase. More than 1100 cooperators look to
the USGS for information that will help them
solve water problems in every State and at local,
regional, and national scales. Read about a few
of these projects, including the carbon dioxide
hazard at Mammoth Mountain in California and
the link between nutrients in the water and land
use nationwide, in this yearbook.

Good progress in research has been made
in the past year, even in the midst of ongoing
internal changes. Evaluation of the landslides
that occurred in Madison County, Va., in the
summer of 1995 has greatly assisted local land
use planners and emergency managers.

Managing the vast amount of data and
information that the USGS and other earth-sci-
ence agencies gather on the physical characteris-
tics and processes of the Earth is an area of ever-
increasing importance. USGS participation in
the National Spatial Data Infrastructure is a step
toward achieving this goal. One of our first pri-
orities is to work with the Bureau of the Census
to establish a national framework of geospatial
data to support the decennial census that will
take place in 2000. The progress of this project
is also described in this yearbook.

Measuring historical changes in the
Everglades and Florida Bay and analyzing the
geologic framework of the Florida ecosystem are
two ways that the USGS is addressing the envi-
ronmental theme in south Florida. Through the
cooperation of local, State, and other Federal
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organizations, the investigations in south Florida
demonstrate the multidisciplinary approach to
science that the USGS has adopted and will con-
tinue to use in the future.

The quest toward understanding our
Nation’s resources focuses in part on cooperative
efforts in Washington State to design a ground-
water monitoring system will protect drinking
water ‘while saving water suppliers some $6 mil-
lion annually in the process. The database of
human-induced land use changes in the
Washington D.C/Baltimore urban corridor
reveals how we use and change the natural
resources that surround us on a continuing basis.

Although conducting fundamental scientif-
ic investigations is a proud tradition of the
USGS, it is only one part of our job as a mis-
sion-oriented agency. We must also understand
the needs of our customers and respond accord-
ingly. Connections with our customers take on
many forms, from formal surveys of profession-
al USGS data users to interaction with thousands
of visitors to the USGS in Reston and at some of
the field offices for Earth Science Day Open
Houses in 1995. Informing residents about the
potential volcanic hazards of Mount. Rainier and
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Mount Baker is another example of the essential
communications link we must have and maintain
with our customers and audiences.

New products and services are the result
of understanding customer needs and responding
to them. Any-day any-time access to USGS
news and information is now available through
EarthFax, the new USGS fax-on-demand sys-
tem. Direct contact with USGS scientists is pro-
vided through the innovative Ask-A-Geologist
service on the Internet. Customers download
some 300,000 USGS digital products from the
Internet each month.

Yes, 1995 was a year of profound change
for the USGS. From organizational structure to
how we conduct scientific investigations to how
we communicate with our customers, the USGS
has responded to.the demands of the day. In
doing so, we have created a solid foundation on
which to build a future of new strategic direc-
tions while continuing to make great progress in
the midst of significant change.

Pcttn A ote

Gordon P. Eaton
Director, U.S. Geological Survey
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Landslides
and Floods in
Madison
County,
Virginia

Scars of numerous soil
slips-debris flows on
forested hillsides from
the storm of June 27,
1995, in Madison
County, Va. Debris
flows emerged from
canyons, coalesced,
and deposited boul-
dery debris on alluvial
fans.

A debris flow, carrying
logs and bouldery
debris, overtopped a
small channel and
destroyed this house.
The occupants
narrowly escaped as
the debris flow
crashed into the rear
of the house.

A severe storm on June 27, 1995, trig-
gered hundreds of landslides on the steep hill-
sides of Madison County, Va. The landslides
became debris flows—highly fluid masses of
soil, rock, water, and vegetation that moved
extremely rapidly and damaged buildings, roads,
utilities, crops, and livestock. The debris flows
also reached streams and rivers and contributed
to the severe flooding.

Although Madison County and adjacent
Orange County experienced catastrophic floods
in April 1937, October 1942, and June 1972,
none of them induced the abundant landslides
and debris flows observed in the June 27, 1995,
storm.

The geology of the area contributed to the
extreme flooding and development of debris
flows. Prolonged exposure of bedrock at the
surface has produced soils that break or pulver-
ize easily. These weathered materials are quite
thick (as much as 30 feet) near the base of steep
slopes. Stream erosion has, over geologic time,
moved sand and clay materials onto the flood-
plains of the Robinson, Rapidan, and Conway
Rivers. Much of the area’s population lives on
or adjacent to these floodplains, which support
extensive farming of corn, hay, and livestock.
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How much rain fell and where it fell also
contributed to the broad geographic extent and
severity of landslides, debris flows, and flooding
in Madison County. The heaviest rainfall
occurred over a 16-hour period, the heaviest
falling during a 5-hour period on June 27.
Estimates are that nearly 24 inches of rain fell,
sometimes at a rate of 4 inches per hour. The
meteorologic conditions leading to this storm are
similar to those that led to other stationary thun-
derstorms that caused a rapid onset of flooding,
such as the 1972 Rapid City flood in South
Dakota and the 1976 Big Thompson River flood
in Colorado.

Because some drainage channels were
altered as a result of the flooding and subsequent
debris flows, the risk of flooding in the drainage
basins affected by the June 27 storm—the
Robinson, Rapidan, and Conway Rivers—has
increased slightly. Although these areas can
probably expect greater erosion and larger accu-
mulations of cobbles, gravel, sand, and silt in
stream channels than they would normally expe-
rience during large annual storms, this slightly
increased potential for flooding will be reduced
gradually as mountain slopes and channels are
revegetated.

Given another storm similar to the June
1995 storm, extensive landslides and debris
flows could occur again in any part of the south-
ern and central Appalachian Mountains chain.
However, it is possible to plan for such hazards
and to avoid the most hazardous areas. In
Madison County, debris flows caused the most
damage just beyond the mouths of channels,
where the flows deposited large volumes of
debris. By requiring that structures be built
away from these channel mouths and ephemeral
channels (those that are only infrequently filled
with water), local planners and officials can sig-
nificantly reduce the risk of debris flows.

Gerald F. Wieczorek i¥ a geological engineer who has
20 years of experience studying landslide processes.

Benjamin A. Morgan is a geologist with the Eastern
Region National Geologic Mapping Team in Reston, Va.

Paula Gori acts as a liaison between USGS scientists
and Federal, State, and local governments on issues
relating to natural hazards mitigation.
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. : Mail: U.S. Geological Survey
lnformatlon, 955 National Center
contact: 12201 Sunrise Valley Drive
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Ben Morgan
Internet: bmorgan @usgs.gov
Telephone: (703) 648-6927
Mail: U.S. Geological Survey
955 National Center
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Reston, VA 20192

Paula Gori
Internet: pgori @usgs.gov
Telephone: (703) 648-6707
Mail: U.S. Geological Survey
955 National Center
12201 Sunrise Valley Drive
Reston, VA 20192

Under a Presidential declaration of disaster, the Federal Emergency
Management Agency (FEMA) funded the USGS to conduct a reconnais-
sance of and map the extent of landslides and debris flows resulting
from the June 27, 1995, flooding in Madison County, Va. This phase of
the project has been completed; determining the potential for hazards
during future storms and suggesting options for mitigating future dam-
age are still underway. USGS scientists presented their preliminary find-
ings at the FEMA Lynchburg Disaster Field Office on July 13, 1995.
Members of the U.S. Congress were in attendance at the presentation,
as were Virginia Governor George Allen, State and local officials, and
representatives from Federal agencies such as the USGS and the
National Park Service.

Potential debris-flow hazards are being evaluated during the final
stage of this cooperative project. A final open-file report will contain a
map showing high-, moderate-, and low-hazard areas that can be used
by Madison County and by other local agencies.

Hazards
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Hazard
Mitigation
Grows in
Importance

Direct losses from rapid-onset natural haz-
ards within the United States (for example, floods,
severe storms, earthquakes, landslides, volcanic
eruptions, wildfires, tsunamis, and droughts) now
reach approximately $52 billion per year. Three
large recent natural disasters in the United States,
for example, moved tax dollars from every
Congressional District to aid the stricken areas:
California, nine Midwestern States, Florida, and
Louisiana, disrupting or delaying high-priority
investments in infrastructure, health care, environ-
mental protection, and education. The Federal
Emergency Management Agency (FEMA) has
developed a national strategy for mitigation involv-
ing public/private partnerships at local, State,
regional, and Federal levels. A natural disaster
affects the entire Nation in the form of a “hidden
tax.” A catastrophe can affect the entire world.

The first biennial national conference on mit-
igation, which was held in Alexandria, Va., in
December 1995 and was attended by over 900 peo-
ple from every State and Territory in the United
States, unveiled a wide variety of strategies for mit-
igation. The long-term goal of mitigation as stated at
the conference is to reduce direct losses by one-
half by 2010 in order to stop the unacceptable eco-
nomic hemorrhage brought on by rapid-onset nat-
ural hazards. Mitigation, the only way to reduce or
eliminate the losses resulting from natural hazards,
is based on science and technology, but it requires
political commitment and economic investment to
devise, implement, and sustain a mix of public
policies and professional practices. These policies
and practices must be designed and enforced by
individual communities at risk in order tc achieve
the following objectives:

Stop increasing the risk posed by new devel-

opment.

«Start decreasing the risk from existing
development.

*Continue advance planning for response and
recovery from the inevitable occurrence of
and socioeconomic and environmental con-
sequences of a natural hazard.

The first biennial national conference on mit-
igation was a success technically and politically
because of the support provided by ongoing activi-
ties of the USGS and the 14 science and disaster
reduction agencies comprising the National
Science and Technology Council’s (NSTC)
Subcommittee on Natural Disaster Reduction
(SNDR) and Subcommittee on Risk Assessment
(SRA).

Walter Hays is an engineering seismologist who has led
research applications activities in the Earthquake
Hazards Program since 1977.

. under:
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The USGS’s ongoing contributions
in support of FEMA and the National
Mitigation Strategy began long before the
December 1995 meeting. Current activi-
ties.include:

.= Participation in 11 town meetings con-

vened by FEMA, one in each of the 10

~ Federal regions and one in Hawaii, to pro-

vide a forum for potential partners and
end users in the public and private sector

to-articulate their ideas and needs.

» Establishment of a FEMA/USGS
Coordination Committee on Seismic
Zonation to provide coordination for

earthquake hazard mapping underway in

California, Oregon, and seven Midwestern
States in the central Mississippi River val-
ley.

* Leadership in the post-earthquake inves-
tigations of the January 17, 1994,
Northridge, Calif., earthquake and in the
California University Researchers in
Earthquake Engineering (CUREg) pro-
gram, funded by FEMA, to coordinate the

- urgent research supported by

Congressional and Presidential Dire
Emergency supplemental funds following
the Northridge earthquake. The objec-
tives of this activity, which are still being
realized,-are (1) to facilitate the recovery
process, (2) to learn from the “scientific
laboratory” created by the earthquake dis-
aster, (3) to communicate the lessons to
policymakers in California and other
earthquake-prone regions of the Nation,
and (4) to utilize this new: scientific and
techmcal knowledge in makmg policy
dec151ons on rmtlgauon

. Provxswn of national probablhsmc
ground shakmg ‘hazard map and support
for the new engmeermg desxgn value map

. d Wthh i bclng» eveloped

Seismic Safety Council (BSéC), with




funding from FEMA, as a national refer-
ence for all model building codes.

* Development and implementation of
Executive Orders 12699 (which dealt with
the seismic safety of new structures) and
12941 (which dealt with the seismic safety
of existing structures) through the
Interagency Committee on Seismic Safety
in Construction (ICSSC), which is com-
prised of Government scientists, engineers,
and planners representing 32 agencies and
bureaus responsible for the seismic safety
of new and existing federally owned, con-
structed, funded, regulated, and leased
buildings. The existing building stock
being evaluated under Executive Order
12941 consists of over 700,000 buildings
valued at the planning stage at over $50
trillion.

* Provision of national and regional
ground-shaking hazard maps and technical
support to the National Institute of
Building Sciences (NIBS) and others in the
development and validation of a loss esti-
mation model.

» Participation in workshops on earthquake
mitigation convened by the Central United
States Earthquake Consortium (CUSEC), a
regional consortium supported by FEMA
to foster the use of science and technology
in policy decisions concerning earthquakes
in the 14 Midwestern States that would be
adversely affected by an earthquake in the
New Madrid seismic zone.

* Provision of adjunct faculty for the annu-
al summer institute on “Multihazard
Protective Design” and the bimonthly short
courses on “Earthquakes™ convened at the
National Emergency Management Center
in Emmitsburg, Md.

» Contributing to the formation of the
Department of the Interior’s All Hazards
Task Force in November 1995.

The January 17, 1995, Kobe earth-
quake, a moment magnitude 6.9 earthquake,
was the worst earthquake disaster to hit
Japan since the 1923 Kanto-Tokyo earth-
quake. Causing direct losses of $140 billion,
it set a new world record in terms of mone-
tary loss and drew dramatic attention to the
catastrophic loss potential of moderate- to
great-magnitude earthquakes in metropolitan
areas like Tokyo, Los Angeles, San
Francisco, Oakland, and Memphis. It also
gave further credibility to economic theories
indicating that the world economy will suf-
fer as a result of an earthquake catastrophe
in the Tokyo-Yokohama area, which would
be expected to sustain direct losses exceed-
ing $1 trillion.

The Kobe earthquake struck at 5:46
a.m., leaving a devastated city of 1,400,000
people, a surprised nation, and a concerned
world. Japanese officials learned what their
counterparts in Northridge, Calif., had
learned earlier—that design and construction
codes had underestimated the forces that
were unleashed in the vicinity of the earth-
quake. The rupture started 20 km from Kobe
at a depth of 10 km and moved toward the
city. The close proximity and shallowness of
the earthquake produced strong ground
shaking that reached 80 percent of the force
of gravity. The earthquake caused direct eco-
nomic losses of over $140 billion U.S. with
insured losses reaching $3 billion and indi-
rect losses of at least as much owing to loss

The Kobe
Earthquake:
Portrait of a

Disaster

The January 17, 1995,
Kobe earthquake damaged
powerlines and disrupted
power distribution in the
area.

Hazards
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Strong ground shaking
from the magnitude
6.9 Kobe earthquake

caused a 600-meter
portion of the Hanshin
Expressway to
collapse.

For more information, contact:
Walter Hays

of production and loss of supply. It also disrupt-
ed the flow of goods from the port of Kobe—
Japan’s second largest port facility and the
world’s sixth largest—for over a year because of
damage from ground shaking, subsidence, lig-
uefaction, lateral spreading, and flooding.
Immediate consequences of the earthquake
included:

*5,480 dead.

34,665 injured.

300,000 temporarily homeless.

*More than 600 fires, which burned out of
control because of ruptured water lines.

*Extensive utility outages.

Experts from the USGS, the National
Institute of Standards and Technology, the
Earthquake Engineering Research Institute
(EERI), the University of California, Berkeley,
the Applied Technology Council, the Structural
Engineers Association of California, the
National Center for Earthquake Engineering
Research, and other organizations joined togeth-
er to form multidisciplinary post-earthquake
investigation
teams. The
goal of these
teams was to

naissance investigations to determine the nature
and extent of the damage caused by the Kobe
quake and to deepen understanding of the
causative mechanisms. The reconnaissance
investigations were performed cooperatively
under the protocol of the United States-Japan
Natural Resources Panel on Wind and Seismic
Effects. Forty Americans who were in Osaka,
Japan, at the time of the earthquake, participat-
ing with Japanese colleagues in a conference on
“Urban Earthquake Hazards™ organized jointly
by EERI and Japanese agency counterparts,
were able to conduct reconnaissance studies
within hours of the earthquake and to establish
an interim information clearinghouse.

The President of the United States and the
Premier of Japan agreed in 1995 to make earth-
quake loss prevention, mitigation, and prepared-
ness a part of the Common Agenda on Global
Perspectives. The Kobe earthquake disaster is
now being compared with the January 17, 1994,
Northridge, Calif., and the October 17, 1989,
Loma Prieta, Calif., earthquake disasters and is
being used to evaluate the state of the art and
the state of practice of earthquake loss preven-
tion, mitigation, and preparedness in Japan and
the United States. The answers supplied by the
cooperative post-earthquake investigations and

Internet: whays @usgs.gov
Telephone: (703) 648-6711
Mail: U.S. Geological Survey
905 National Center
12201 Sunrise Valley Drive
Reston, VA 20192

long-range studies conducted under the
Common Agenda will provide a scientific and
technical basis for making policy decisions on
prevention, mitigation, and preparedness mea-
sures in the United States and Japan and in other
earthquake-prone regions of the world.

acquire perish-
able data and
perform scien-
tific and tech-
nical recon-

6 Understanding the Earth



What happens when a hurricane threatens?
Homeowners in the path of the storm check their
insurance policies and their shutters, vacationers
decide to head inland or take their chances at the
beach—and all over the USGS, people get busy.

What does the USGS do when a hurricane
approaches U.S. territory? The answer is “plen-
ty”—before the hurricane hits, immediately
afterwards, and in the long-term preparation for
future events.

As a hurricane develops and moves toward
the United States, USGS mapping professionals
go on alert in order to provide maps of affected
areas to emergency response personnel from
local, State, and Federal agencies. The task can
be challenging—it takes roughly 55,000 quad-
rangle maps to cover the United States and its
Territories, not including Alaska. Just finding
adequate supplies of the right maps for
“Hurricane Alley” along the East and Gulf
Coasts, Puerto Rico, and the Virgin Islands can
be hard enough.

When a hurricanes strikes, the USGS pro-
vides maps to the Federal Emergency
Management Agency (FEMA), the American
Red Cross, the U.S. Army Corps of Engineers,
and the Defense Mapping Agency. During
Hurricane Andrew in 1992—one of the costliest
disasters on record, with losses estimated at $30
billion—the USGS distributed 5,000 individual
topographic maps of Florida and Louisiana, at
various scales, and 200,000 maps in bulk ship-
ments. These maps are vital to rescue efforts
because they are the only ones that show
streams, buildings, and topography in addition to
roads. Rescue crews on the scene use these maps
to plan their efforts and to get the supplies to
where they are needed most. The USGS also
provides aerial photography and digital map data
when needed.

In October 1995, Hurricane Opal devastated
a 150-mile stretch of beachfront on the Florida
panhandle, leveling sand dunes as much as 20 to
30 feet high. Estimates of damage run as high as
$2.8 billion, making it Florida’s second most
damaging storm on record. USGS aerial photog-
raphy and videos indicated that most of the dam-
age was caused by storm surge, which rose to 15
feet above normal around Pensacola Beach.
USGS hydrologists are working with FEMA and
the U.S. Army Corps of Engineers (USACE) to
document the extent of the surge and flooding.

One lasting legacy of hurricanes is vastly
accelerated coastal erosion, which USGS geolo-
gists have been studying for a number of years.
As part of the cooperative Louisiana Barrier
Island Erosion Study, the USGS and the Coastal

Studies Institute at Louisiana State University
have published two atlases that track shoreline
and sea-floor changes along the Louisiana coast
for more than a century. The shoreline atlas was
finished before Andrew swept into the State and
provided invaluable baseline data for determin-
ing the hurricane’s impact. Andrew stripped
sand from 70 percent of Louisiana’s barrier
islands, and more than 80 percent of the oyster
reefs behind the islands were smothered by a
blanket of sediment 1 to 3 feet thick. In Florida,
Andrew completely stripped vegetation from the
northernmost Florida Keys and destroyed many
large, old stands of mangrove trees along the
shoreline. Damage also can occur far from the
actual landfall; Opal devastated barrier islands in
Louisiana 300 miles from its point of landfall.
Coordinated crews from USACE and the
USGS arrived in the affected area to document
levels of storm surge immediately following
Hurricane Opal. Storm-surge levels were mea-
sured at as much as 10 to 12 feet above mean
sea level. Other USGS personnel took aerial
photographs and videos indicating that most
damage from this storm was due to surge rather
than wind, although wind gusts were more than
135 miles per hour. River stage and discharge
data collected by USGS personnel at about 45

A Whirlwind
of Activity:
The USGS
Responds to
Hurricanes

Hazards
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Hurricane Emily
approaches the East
Coast of the United
States on August 31,
1993 (satellite image
from the USGS EROS
Data Center, Sioux
Falls, S.Dak.)

stream-gaging stations in northern Alabama and
west-central Georgia showed that maximum
rainfall amounts in the heavily affected areas
were as much as 12 inches, although most totals
were 8 to 10 inches for the 2-day period. This
heavy rainfall on already saturated soils caused
significant flooding in parts of the Altamaha,
Chattahoochee, Flint, Mobile, Savannah, and
Tennessee River basins.

Data-collection activities such as these
provide vital information for coastal planners
and managers. USGS studies in the Pacific
Ocean have shown that overwash damage to
coasts depends on the shape of the offshore area.
When a particular coastal profile is known,
shoreline cities can establish a reasonable con-
struction setback to prevent unnecessary proper-
ty losses. Nothing can prevent hurricanes, but
geologic mapping in areas where storms are fre-
quent can help minimize losses by identifying
locations that are most likely to suffer.

Hurricane Marilyn, a Category 2 hurricane
(Saffir-Simpson scale), made landfall on the

Understanding the Earth

islands of St. Croix and St. Thomas, in the U.S.
Virgin Islands, on September 15 and 16, 1995,
and devastated the islands. At least nine people
died, and thousands were left homeless as a
result of the storm, one of the most destructive
of the nine major hurricanes to hit the area since
the late 1800’s. Relief agencies provided emer-
gency housing, medical attention, and clothing
for thousands of people. FEMA estimated dam-
ages of $2 billion. More than $1 billion of this
amount was related to damage to private and
public housing.

Although one USGS rain gage on St.
Croix showed almost 13 inches of rain during
September 15 and 16, riverine flooding in the
interior of the island did nearly as much damage
as tidal flooding. High-water levels—resulting
from a combination of normal tide, storm surge,
and wave action—ranged from 11.4 feet above
mean sea level on Estate La Grande Princesse,
St. Croix, to 3.1 feet on Limetree Bay, Estate
Krausses Lagune, St. Croix. USGS personnel in
Puerto Rico collected and processed a large
amount of data related to Hurricane Marilyn.
Meteorological and hydrological data were
obtained during the event by means of remote
telemetry, although many of the stations where
these data are recorded were damaged by the
passing of the hurricane.

In the aftermath of the hurricanes, USGS
personnel assisted FEMA and USACE by
obtaining levels of tidal flooding. The USGS
uses this information to prepare maps of the
areas inundated during the storm, which plan-
ners and managers then can use to mitigate dam-
ages from similar future storms.

In spite of devastating storms like Andrew
and Hugo, the past 25 years have seen a lull in
the number of major hurricanes making landfall
along the East and Gulf Coasts of the United
States. Researchers at Colorado State University,
however, are projecting a return to the hurricane
patterns seen earlier this century, and the events
of 1995 would seem to support that prediction.
Whether the hurricanes are few or many, the
USGS will be ready to respond to the hurricane
disasters of the future.

E.F. Hubbard, currently Assistant Chief of the Office
of Surface Water, has managed water-resource
investigations in North Carolina, Alabama,

Idaho, and Nevada.

Abby Sallenger works out of the Center for Coastal
Geology in St. Petersburg, Fla., and serves as the
Chief Scientist for the Eastern Region's Marine and
Coastal Team.




Hurricanes are among the Nation's most costly disasters. A 1993 study by the Property
Claims Services Division of the American Insurance Services Group showed that hurricanes
account for two-thirds of the insured property losses in the 13 most costly insured catastrophes
in U.S. history. Insurance, however, typically covers less than 20 percent of the losses resulting
from natural disasters; the remainder of the dollar losses are covered by the Federal
Government. This “disaster tax” costs the American taxpayer roughly $52 billion per year.

To assist the Federal Government in reducing the public cost of natural disasters,
Christopher Barton and his colleagues at the USGS have developed a method that allows sci-
entists and managers to forecast more accurately the size and number of natural disasters such
as hurricanes, earthquakes, and floods and their consequent losses. According to Barton, such
disasters are “complex phenomena whose size and frequency show mathematically self-similar
behavior.” This discovery allows planners and forecasters to use a database of small, frequent
events to estimate the probability of occurrence of larger, less frequent events.

Analyzing storm data from the National Oceanic and Atmospheric Administration, Barton
and his colleagues observed two fractal-scaling populations: tropical storms and minor hurri-
canes with sustained wind speeds of less than 98 miles per hour and more severe hurricanes
with wind speeds at or above 98 miles per hour. Using the mathematics of self-similar behav-
ior, they can now make probabilistic forecasts of the frequency of hurricanes of any given wind
speed for any city or region over time windows ranging from 1 to 100 years. Barton and his
colleagues are using their method to prepare a hurricane risk map for the Florida coast. Their
probabilistic forecasts of property and life loss caused by U.S. hurri-
canes have provided a basis for comparing expected
losses from hurricanes, earthquakes, and floods.
This aspect of the USGS response to hurricanes is
proving extremely useful to Federal, State, and
local land use planners, disaster response plan-
ners, and the insurance industry.

For more information, contact:
Ernest F. Hubbard
Internet: chubbard @usgs.gov
Telephone: (703) 648-5312
Mail: U.S. Geological Survey
415 National Center
12201 Sunrise Valley Drive
Reston, VA 20192

The USGS has produced two videos documenting the devastating impact of hurricanes on the Earth’s surface.

Ann Tihansky and Dan Duerr, in cooperation with WTSP-TV in St. Petersburg, Fla,. have produced a dramatic
15-minute videotape, Exploring Storm Surge, about the destructiveness of storm surges. Animated segments show
how local conditions affect flooding, and the storm history of Florida’s Gulf Coast is reviewed.

A 29-minute video entitled Hurricane Force: A Coastal Perspective, produced by Steve Wessells, includes pho-
tographs of wetlands before and after hurricanes, historical footage of storm damage, and interviews with USGS
coastal geologists. The film focuses on Hugo, Iniki, and Andrew but gives a nationwide perspective on hurricane
damage.

Exploring Storm Surge (VHS 137) and Hurricane Force: A To purchase Exploring Storm Surge (Open-File Report 95-

Coastal Perspective (VHS 133) can be borrowed from: 295), send $22.75 plus $3.50 shipping fee per order to:
USGS Videotape Library USGS Information Services
345 Middlefield Road Box 25286
Menlo Park, CA 94025 Building 810, Mail Stop 517
(415) 329-5009 Denver Federal Center

(415) 329-5132) fax Denver, CO 80225

Hazards




Bridge Scour
and Flooding

The USGS has collect-
ed data and monitored
bridge scour through
cooperative projects
with Departments of
Transportation in
Alabama, Arkansas,
California, Colorado,
Delaware, Indiana,
Kansas, Maryland,
Mississippi, Missouri,
Montana, New York,
North Dakota, Ohio,
South Dakota, and
Virginia.

The Federal Highway
Administration (FHA)
has funded several pro-
jects at the national
level to develop instru-
mentation and data-col-
lection techniques, col-
lect detailed data sets at
some sites, provide
quality assurance and
technical support to
other investigations of
scour processes, provide
a national bridge scour
data repository, and
analyze field measure-
ments of scour to devel-
op a better understand-
ing of the processes that
cause scour. The USGS
has worked with the
FHA to develop, modi-
fy, and test different
geophysical techniques
and their appropriate
applications in scour
studies.
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There are more than 580,000 bridges in the
United States; of that number, about 84 per-
cent span waterways. Channel scour—the
eroding of a channel bottom—around bridge
foundations is the leading cause of bridge
failure, exceeding all other causes com-
bined. Nationally, the annual cost for
repairing scour-related failures is about $30
million; in comparison, repairing flood
damage on federally aided highways runs
about $50 million.

River channels scour and aggrade as a
result of complex, interrelated natural
processes. Bridge crossings frequently dis-
rupt and intensify natural river processes by
constricting the flow area of the stream at
flood stage and by disturbing the flow with
local obstructions such as piers and highway
embankments, which constrict and redirect
the flow. Because so little is known about
the complex dynamics of river channels dur-
ing rare flood events, it is difficult to assess
the accuracy of the channel scour estimates
on which bridge foundation design is based.
Accurate estimates of potential scour at
bridge sites are essential for designing new
bridges and for evaluating the safety and
reliability of existing ones.

The need for improved scour-design
techniques has long been recognized, and
scour has been extensively researched by
many investigators, who have developed
numerous equations to predict contraction
scour and local scour at bridges. Applying
these laboratory-based equations to field
measurements of local scour at bridge piers
produced results that ranged from gross
overprediction to some underprediction of
the observed scour. These fluctuations
probably result from the range of determin-
istic scour variables in the field, which are
difficult to reproduce or measure in the lab-
oratory, and of the dynamic dissimilarity
between field conditions and laboratory
investigations. Many investigators have rec-
ommended measuring scour at bridges dur-
ing floods to improve both the understand-
ing of scour processes and bridge scour pre-
diction methods.

The USGS has developed, modified,
and tested surface geophysical techniques
that can be used after a flood to detect and
measure maximum scour depths that
occurred during the flood’s peak and the
thickness of sediment redeposited in scour
holes shortly after peak flow. Surface geo-
physical techniques generally operate by

repeatedly transmitting a signal from the
water surface into the water. The signal
penetrates layers of materials having differ-
ent physical properties, and part of that sig-
nal is then reflected back to the water sur-
face by interfaces between the layers.
Information about the type of and depth to
interfaces can be interpreted from the
reflected signals. Surface geophysical
records collected near bridge piers provide
a continuous profile of the water bottom
and, at some sites, can delineate interfaces
in the subbottom that can be correlated with
previous scour surfaces, pier foundations,
old channel beds, or geologic layers.
Collecting sample cores and (or) analyzing
subsurface lithologic logs from bridge plans
provides additional data to help determine
the lithology of the materials detected by
the geophysical technique.

Several types of surface geophysical
techniques have been used in bridge scour
studies. Depth sounders and continuous
seismic-reflection profiling systems use
seismic (sound) signals. Reflections are
caused by interfaces between materials that
have differing acoustic properties. High-
frequency chart-recording depth sounders
are portable and provide clear, accurate
information on water depth, existing scour
holes, and the tops of submerged debris and
exposed pier footings. Continuous seismic-
reflection profiling systems produce high-
resolution records of existing scour holes,
infilled holes, and geologic layers in the
subbottom.

Ground-penetrating radar systems use
electromagnetic signals. Reflections are
caused by interfaces between materials that
have differing electrical properties.
Ground-penetrating radar systems produce
high-resolution records of existing scour
holes, infilled holes, and geologic layers in
the subbottom. Seismic and electromagnet-
ic signals behave differently as they travel
through the same material. The choice of
technique is directly related to the type of
site being studied. For example, a clear
record of an infilled scour hole may be
obtained by using the continuous seismic-
reflection technique in saltwater, whereas
ground-penetrating radar may fail at the
same site because the high conductivity of
the water quickly attenuates the signal.

Surface geophysical techniques have
been used in scour studies in 12 States,
including Alaska, Connecticut, Indiana,



Louisiana, Ohio, Oregon, and South Carolina.
At the Baldwin Bridge, which crosses the
Connecticut River near Old Saybrook, Conn.,
existing and infilled scour holes were detected.
At one pier, a 20-foot-deep scour hole developed
without any significant flood event having
occurred within 3 years of the start of construc-
tion. Continuous seismic-reflection profiling
showed evidence of no infilling in that scour
hole, but 5 feet of infilled material was detected
in a hole at an adjacent pier. At the Bulkeley
Bridge, which is located near Hartford, infilled
scour holes were detected at four of eight piers.
Ground-penetrating radar showed 5 feet of
infilled material at the bottom of a 10-foot-deep
scour hole.

Qualitative and quantitative data also can
be used to assess the underlying causes of bridge
failure. On March 10, 1995, the 1-5 bridge over
Arroyo Pasajero near Coalinga, Calif., collapsed
owing to scour during a severe flood. Of the
eight people who plunged into the flood waters,
seven died. At the request of the California
Department of Transportation, the USGS headed
up an effort to document the hydraulic and geo-
morphic conditions that led to the collapse of the
bridge. The research team consisted of USGS
personnel! from the California District and the
national bridge scour project in the Kentucky
District, the regional hydraulic engineer for the
Federal Highway Administration’s California
regional office, and the chief of the hydraulics
laboratory at the Turner-Fairbank Highway
Research Laboratory in McLean, Va.

The research team gathered both qualita-
tive and quantitative data from the Arroyo
Pasajero and its tributaries both upstream and
downstream of the failure. Cross sections and
high-water marks were surveyed near the failed
bridge for hydraulic modeling of the bridge
opening. Numerous pictures and measurements
taken throughout the area documented potential
geomorphic instabilities in the stream.
Qualitative observations documented the amount
of stream bed lowering, bank erosion, deposition
of material on the floodplain, and potential for
woody debris. Rapid and severe channel insta-
bilities were observed, and a condition of severe
degradation was identified less than a mile
downstream of the bridge, moving in an
upstream direction. The channel upstream of the
bridge changed dramatically overnight when a
small rainstorm passed through the area.

The USGS is currently preparing a report
for the California Department of Transportation
documenting the conditions observed and esti-
mating the conditions that may have been pre-

sent at the time of the failure. This report will
contain a complete geomorphic, hydraulic, and
sediment transport analysis of the conditions
leading to the bridge collapse.

David Mueller is the project chief of the nation-
al bridge scour real-time data collection study
and serves as the National Coordinator for all

USGS bridge scour data collection and monitor-

ing projects.

F.P. Haeni is chief of the Branch of Geophysical
Applications and Support and has done exten-
sive research into using geophysical methods
for all rypes of hydraulic studies.

E.F. Hubbard, currently Assistant Chief of the
Office of Surface Water, has managed water-
resource investigations in North Carolina,
Alabama, Idaho, and Nevada.
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David S. Mueller
Internet: dmueller@usgs.gov
Telephone: (502) 635-8030
Mail: U.S. Geological Survey
2301 Bradley Avenue
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Measurements of riverbed scour and deposition near bridge piers are
essential not only to maintain bridges safely but also to understand the
scour process, so that improved construction techniques and scour coun-
termeasures can be developed. Maximum scour depths near a bridge pier
usually occur at the peak of a flood when measurements are difficult, dan-
gerous, or even impossible to collect. Sediment in alluvial channels is
redeposited shortly after the peak flow but long before the flood has
receded, so scour holes often are infilled. Detecting infilled material in
scour holes is essential because that material is more susceptible to ero-
sion during a subsequent flood than the natural riverbed is. If a scour hole
has been infilled, then data collected after the flood’s peak by using sound-
ing weights or high-frequency depth sounders will not represent maxi-
mum scour depth.

The lack of and consequent need for reliable, complete field data on
scour at bridges have been noted repeatedly by many researchers. Field
measurements of bridge scour remain limited because focused scour-mea-
surement investigations have been infrequent and because it is difficult to
measure bridge scour during floods. However, awareness of bridge scour
has grown in the last decade as a result of several catastrophic scour-relat-
ed bridge failures. To help minimize such failures, the USGS has been
instrumental in collecting data on scour at bridges during floods. At the
national level, the USGS has developed and continues to improve instru-
mentation and data-collection techniques, collected detailed data sets at
some sites, set up quality assurance and technical support for other inves-
tigations, provided a national bridge scour data repository, and analyzed
field measurements of scour to develop a better understanding of the
processes that cause it.

More bridge scour measurements are underway in the United States
now than at any other time; more than 380 local scour measurements
have been entered into the national bridge scour data-management sys-
tem recently. These measurements, made through USGS District projects,
consist of cross sections measured along the edges of bridges and veloci-
ties measured by using standard discharge-measurement techniques.
These measurements were collected at 56 bridge sites in Alaska, Arkansas,
Colorado, Delaware, Georgia, lllinois, Indiana, Louisiana, Maryland,
Mississippi, Montana, New York, Ohio, and Virginia. Additional data have
been collected in some of these States and in others and will be included
in the national database as they are analyzed and reviewed. These data
represent the results of studies funded by many State highway agencies
and the creative, professional efforts of many hydrologists to develop pro-
grams, chase floods, and measure scour to provide bridge designers with
the information they need to reduce the risk of bridge failure due to scour.

By determining the extent of existing and infilled scour holes, the
USGS has prevented potentially dangerous scour conditions. In specific
cases, the USGS may be able to provide information after a bridge fails to
help a State agency understand the reasons for the failure. The geophysi-
cal data also are used to help develop, calibrate, and test scour-prediction
equations used in bridge construction and scour-monitoring techniques.
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The USGS plays an important role in
assessing wildland fire danger conditions nation-
wide. Over the past 7 years, the USGS has been
working jointly with the land management agen-
ciés of the Department of Interior and the U.S.
Forest Service (USFS) to integrate near-realtime
satellite observations and land cover information
to provide up-to-date information on the condi-
tion of vegetation as it relates to potential fire
hazards.

Since 1989, the USGS
has produced weekly by A
updates on vegeta- % : ,\,W;lwmj, {
tion conditions (o fav
(the greenness C Ndagetitn
or dryness {ww,maf
that either
impedes or é
enhances fire -
ignition and burn-
ing) across the United
States for use in the USFS
national fire danger assessment program.

The information is derived from satellite obser-
vations acquired and processed at the EROS
Data Center in Sioux Falls, S. Dak. Digital
maps showing vegetation conditions and depar-
tures from normal are produced at a spatial reso-
lution of 1 kilometer. The information is trans-
ferred electronically to the USDA National
Computing Center in Kansas City, Mo., and the
National Interagency Fire Center in Boise,
Idaho, where the USFS uses the data to produce
additional maps showing percentages of maxi-
mum potential vegetation conditions and vegeta-
tion moisture information.

The USFS has recently begun using USGS
data on land cover characteristics in conjunction
with data on vegetation conditions and daily

For more information, contact:

Jeffery C. Eidenshink

Sioux Falls, SD 57198

e mnagenment

Internet: eidenshink @usgs.gov
Telephone: (605) 594-6028
Mail: EROS Data Center

weather to improve its spatial and temporal
assessments of fire danger conditions. In 1992,
the USGS produced a conterminous U.S. land
characteristics database and has worked with the
USFS to tailor the database to represent fire fuel
types. The fuel types are used to represent
important aspects of fire danger and behavior,
such as ignition potential, rate of spread, and fire
intensity. :
The integration of timely updates of vege-
tation condition and knowl-
edge of vegetation types
and seasonal charac-
teristics in the fire
danger assess-
ment assists fire
management
agencies in
accurately and
objectively assessing
regional fire danger con-
ditions and making comparisons
with historical data. The objective and consis-
tent data provided by the USGS allow the USFS
to determine when conditions are severe in spe-
cific regions, allocate fire-fighting resources to
the appropriate State and local fire management
agencies, and advise the public about fire haz-
ards.

ildland

1,

Jeffery C. Eidenshink is a remote sensing scien-
tist at the EROS Data Center and is responsible

for operational production of regional, continen-
tal, and global vegetation condition data.

Thomas R. Loveland is a remote sensing scien-
tist at the EROS Data Center and has been
involved in land cover research and applications
for nearly 20 years.

Thomas R. Loveland

Internet: loveland @usgs.gov
Telephone: (605) 594-6066
Mail: EROS Data Center
Sioux Falls, SD 57198

Hazards
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Use of
Geographic
Information

Systems
Before,
During, and
After Natural
Disasters

The USGS works close-
ly with others in scien-
tific studies, spatial
depictions of geograph-
ic and earth science
data, and response to
disasters. It maintains
cooperative ties with
State geological surveys
to prepare for and make
hazards assessments,
and its partnership with
regional FEMA offices
facilitates interagency
information manage-
ment for improved dis-
aster response. Such
cooperation will permit
more effective applica-
tion of current data and
research results to criti-
cal emergency manage-
ment problems.

A powerful new tool for studying natural
hazards has become available over the past
decade as the capacity of desktop computers has
increased to match that of the supercomputers of
the recent past. Geographic information systems
(generally shortened to GIS) are computer pro-
grams that store map information in a way that
allows various kinds of manipulation, analysis,
and graphic presentation of the data. Instead of
having various paper maps on which roads,
cities, schools, and earth science features such as
flood plains, geologic formations, or earthquakes
are shown, we now can have the same informa-
tion encoded for use in a computer. Because the
map elements (points, lines, areas) are stored
according to their locations in a common coordi-
nate system (x,y addresses), their spatial interre-
lations can be determined and used in computer-
based analysis together with their topical attrib-
utes (city named San Francisco, fault named San
Andreas).

Before a natural disaster actually happens,
we can compile information in digital form that
relates to the potential occurrence of the trigger-
ing event (rainstorm, earthquake), its effect on
the natural environment (flooding, shaking of
the ground), and the vulnerability of houses,
people, and critical structures to the resulting
hazard. These data, together with quantitative
models of the hazardous processes, allow predic-
tive analysis of the hazard posed by various nat-
ural processes and the risk to which society is
exposed. The results are always estimates
because of our incomplete understanding of the
processes, the actual complexities of nature, and
the practical limitations of the datasets.

Predictive modeling of the expected shak-
ing from a repeat of the great 1906
San Francisco earthquake provides an
example of the procedure. In 1975,
Roger Borcherdt and his colleagues
at the USGS published a paper map
compiled carefully by hand that
showed expected shaking in the San
Francisco region in terms of broad
categories of shaking severity. With
the advent of GIS, Borcherdt, Carl
Wentworth, and colleagues reexam-
ined the problem for a presentation at
the Fourth International Conference
on Seismic Zonation at Stanford
University in 1991. Once the needed
data have been compiled digitally, the
analysis can be done quickly, alterna-
tive physical models can be tested,
and the results can be portrayed at
various levels of detail, depending on
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the intended purpose.

The components of the analysis begin with
the physical model, which in this example
describes where the earthquake occurs (along
the San Andreas fault), how the seismic energy
travels and decays outward from the fault source
in the Earth’s crust (attenuation equation), and
how the local ground conditions amplify that
base motion as it reaches various parts of the
region (geologic units and their capability to
amplify seismic waves). Digital databases repre-
senting the location of the fault and the distribu-
tion of geologic units of different amplification
capability are compiled. The spatial distribution
of base shaking from the earthquake is comput-
ed by using the location of the fault source and
the attenuation equation That result is then com-
bined with the amplification capability map to
produce the analytic result, a shaking potential
map that provides an estimate of the distribution
of shaking that can be expected from a repeat of
the 1906 earthquake. Similar analyses for vari-
ous earthquake sources can be combined into a
single estimate of the distribution of maximum
expected shaking, and the estimated likelihood
of occurrence of the various earthquakes can be
used to cast the results in probabilistic terms.

The preventive actions that can be taken
on the basis of such hazard analyses are facilitat-
ed by GIS. Informed planning can prevent or
minimize the creation of new risk by guiding
development away from high-hazard areas and
insuring that engineering and construction incor-
porate techniques that defend effectively against
the anticipated hazard, and existing risk can be
reduced by structural reinforcements and modifi-
cations of land use. Economic incentives such as




bank loans and insurance coverage can help to
encourage the adoption of defensive measures.
Hazard analyses also provide a basis for
informed preparation in advance of a disaster,
allowing disaster response to be as effective as
possible.

When a.disaster strikes, emergency
response teams mobilize to provide aid to the
victims, to help guide recovery, and to mitigate
the continuing effects of the disaster. Emergency
managers gather information that will help them
decide how to respond and what resources are
needed. GIS is an effective tool in this process,
bringing previously compiled datasets such as
zip code boundaries and population distribution
together with new datasets compiled during the
response that describe the extent and character
of the disaster and the response actions. The
questions that must be answered immediately
are daunting: where are the affected areas, how
serious is the damage, who requires help, what
kinds of help are needed and with what urgency?
The sooner there are at least preliminary esti-
mates, the sooner the right aid can be applied
where it is most needed. GIS datasets and proce-
dures help speed this response and tailor it to the
specific needs of the situation.

Following a disaster, informed planning
for reconstructing damaged structures and rein-
forcing others can decrease the future vulnera-
bility of the region, and scientific study of the
event can improve the process models on which
predictive modeling is based. GIS is a valuable
tool for both. One of the most effective ways to
reduce our vulnerability to natural hazards is to
encourage the investment of Federal resources in
reducing future risk in disaster areas. Federal
law requires that 15 percent of all funds allocat-
ed for a declared disaster must be spent on miti-
gation. Emergency managers seeking to apply
these funds in the most cost-effective way can
use the results of GIS hazards analyses, compila-
tions of disaster effects, and associated data on
roads, buildings, and other societal factors to
help them estimate the value of various mitiga-
tion strategies and thus prioritize mitigation
actions and investments to achieve the most
effective use of available funds.

Ongoing scientific inquiry treats disasters
as natural experiments from which we can learn.
The details of the Northridge earthquake, still
under study 2 years after the event, are being
used to improve our understanding of earthquake
sources, the propagation of seismic energy, con-
trols on local amplification, and liquefaction
failures, as well as fundamental issues in struc-
tural engineering and emergency response itself.

GIS has been a valuable tool in this process and

will be even more important as improved process
models are tested and used to prepare better pre-
dictive hazard and risk assessments.

Carl M. Wentworth is a research geologist who
uses GIS in the compilation of areal geology and
its application to analysis of geologic hazards.

Carl Mortensen is a geophysicist who utilizes GIS
1o summarize and transfer post-earthquake obser-
vations and research results to emergency
management agencies afier damaging earthquakes.
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Response to the Northridge
earthquake, which devastated
parts of the Los Angeles area of
southern California in January
1994, included assigning USGS sci-
entists to aid the Emergency
Response Team of the Federal
Emergency Management Agency
(FEMA) . This liaison provided
FEMA quick access to past and
emerging scientific information,
summaries of the technical data
being gathered about the disaster,
and help in bridging from the tech-
nical data to its practical applica-
tion. Within 48 hours, a prelimi-
nary map of the severity of shaking
and damage from the earthquake
had been created by combining
predictive analyses made by EQE
International and Science
Applications Corporation (using
techniques pioneered by the
USGS) with information about the
earthquake source derived by the
USGS and the California Institute
of Technology from seismological
data obtained from the 350-station
seismographic network operating
in southern California. This intensi-
ty map was then combined in a
GIS with zip code areas to create a
basis for dispatching community
outreach personnel to the most
heavily affected areas to assure
emergency shelter for victims. GIS
data were also used to locate
FEMA's Disaster Application
Centers and to provide immediate
financial assistance to victims liv-
ing in the most severely affected
areas. As the response effort pro-
gressed, GIS representation of the
specifics of the damage and the
corresponding response, recovery,
and mitigation actions was com-
piled to assist in making further
decisions.

Future improvements in GIS-
assisted hazards mitigation are

already underway. The Northridge
earthquake reemphasized the
importance of having digital
datasets ready in advance. Work is
now underway to compile geolog-
ic data in digital form for the Los
Angeles area and for other metro-
politan regions at risk from earth-
quakes. The ability to obtain pre-
cise locations for points on the
ground with GPS receivers, which
use signals from earth-circling
satellites, now allows locations to
be determined in the field and fed
directly into GIS databases. The
use of satellite images of disaster
areas will increase now that GIS
programs support work with such
imagery and as new high-resolu-
tion images become available over
the next several years. The USGS
is now working to provide predic-
tive assessments in digital map
form quickly and automatically fol-
lowing the seismographic record-
ing of any large earthquake.

The role of the USGS ranges
from basic research on hazardous
processes, their occurrence, and
their effects to providing expert
information and advice when dis-
asters strike. USGS activities of
particular importance for earth-
quake safety are scientific under-
standing and development of pro-
cedures for hazards analysis, the
participation of USGS experts on
various official committees
charged with preparing advisory
and regulatory codes for land use
and engineering design, and the
preparation of national maps
showing probabilistic ground
motion and other hazards assess-
ments to be used by the engineer-
ing community in developing
earthquake-resistant design.
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Mammoth Mountain is a young volcano
that sits on the edge of the Long Valley caldera
in eastern California. The mountain and the
adjacent town of Mammoth Lakes are popular
destinations for skiing, hiking, camping, and
other vacation activities. This area is also geo-
logically active; volcanic eruptions have
occurred intermittently over the past million
years or so, most recently about 600 years ago.
Because of the potential for damaging earth-
quakes and volcanic eruptions in the area, the
USGS maintains an extensive monitoring pro-
gram to assist in assessing the significance of
ongoing geologic activity and in providing warn-
ings of hazardous conditions.

A recent period of crustal unrest was initi-
ated by four magnitude 6 earthquakes and uplift
of the central part of the caldera in 1980. Since
then, anomalous seismicity and ground deforma-
tion have continued to occur in the region. In
1989, earthquake swarms occurred beneath
Mammoth Mountain for a period of 6 months in
response to an intrusion of magma beneath the
edifice of the volcano. Although seismicity
beneath Mammoth Mountain has subsequently
fallen to lower levels, areas of dead and dying
coniferous trees began appearing on the flanks
of the mountain in 1990. Since then, the extent
of these tree-kill areas has grown to approxi-
mately 100 acres. Measurements made by the
USGS in the summer of 1994 showed that the
trees are dying in areas where carbon dioxide
(CO») has accumulated in the root zone in con-
centrations ranging from 30 to 90 percent.

The timing of the onset of the tree kills
and the isotopic characteristics of the CO, indi-
cate that the gas is being derived from magmatic
sources. Furthermore, there is a remarkable
similarity in the chemical makeup of the soil gas
from each tree-kill area and that of the gas from
steam vents higher up on the flanks of the
mountain; this similarity suggests that a large
reservoir of magmatic gas may exist beneath the
mountain. Studies of the attenuation of earth-
quake signals passing through the mountain also
show evidence of such a reservoir. Our initial
estimate of the rate at which CO, is escaping
from the surface of Mammoth Mountain—1200
tons per day—is comparable to the gas flux
from the summit regions of Kilauea Volcano in

Hawaii and Mount St. Helens in Washington.
Further increases in the rate of gas emis-

sion, along with increased earthquake activity
and ground deformation, could signal the onset
of a new period of volcanic activity in the area.
During past eruptive periods, the magnitude of
individual eruptions has varied widely, from the

catastrophic caldera-forming eruption 760,000

years ago to relatively small eruptions of steam
and mud. However, emissions of hot volcanic

ash such as those that occurred during the last

eruptive period could cause significant damage
and loss of life on Mammoth Mountain and in

the town of Mammoth Lakes.

The presence of high concentrations of
COy in the soils on Mammoth Mountain also
poses a threat to public health. Although CO,,
which is released as a cool, diffuse gas from
broad areas of soil, dissipates quickly when it

CO, Emissions
at Mammoth
Mountain,
California

Location of Mammoth Mountain, a young volcano, on
the southwestern edge of the Long Valley caldera, that
contains volcanic domes and craters that erupted 600
years ago and experienced magnitude 6 earthquakes in

1980.

Mammoth

Mountain

Areas on Mammoth Mountain where carbon dioxide
gas is killing trees and collecting in subsurface struc-

tures, as delineated in 1995.

Hazards
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View of tree-kill area
adjacent to Horseshoe
Lake showing tree kill
caused by high con-
centrations of carbon
dioxide in the root
zone.

View from Horseshoe
Lake (with Mammoth
Mountain in the back-
ground) showing
healthy forest
conditions.

For

more
information,
contact:
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leaves the ground, its toxicity at concentrations above about 10
percent poses a hazard of asphyxia in poorly ventilated areas
and subsurface structures, where it can collect at high concen-
trations. A U.S. Forest Service (USFS) worker almost died
from CO, inhalation after entering a cabin in the Horseshoe
Lake tree-kill area in the spring of 1990; the USFES closed the
Horseshoe Lake campground to overnight camping during the
summer of 1995.

Michael Sorey serves as the coordinator for the Water
Resources Division Geothermal Program and conducts
research on geothermal and volcanic processes.
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Michael Sorey
Internet: mlsorey @usgs.gov
Telephone: ( 415) 329-4420
Mail: U.S. Geological Survey
345 Middlefield Road

Menlo Park, CA 94025
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The role of the USGS at
Mammoth Mountain is to
monitor and interpret signs
of crustal unrest, including
earthquakes, ground defor-
mation, and changes in the
locations and rates of COy
discharge. Interpreting this
information allows the
USGS to advise other
agencies and municipalities
concerned with public
health and emergency
planning about the possi-
bilities of future volcanic
eruptions, large earth-
quakes, and threats posed
by CO5 inhalation.

The USFS and
Mammoth Mountain Ski
Area use USGS findings to
develop safety procedures
for personnel working on
the mountain, especially
for activities involving
entry to buildings and sub-
surface structures. Local
authorities (fire department
and police) and the State
Office of Emergency
Services are advised whén
signs of crustal unrest are
detected that indicate a
heightened possibility of
large earthquakes or vol-
canic eruptions.

In addition to continu-
ing its gas monitoring pro-
gram, the USGS will be
preparing a hazards report
that documents (1) the
areas and rates of anom-
alous CO9 discharge, (2)
present conditions under
which dangerous levels of
CO5 could be encountered,
and (3) areas where sud-
den releases of CO» in the
future could cause haz-
ardous conditions to devel-
op. It also plans to test for
anomalous levels of COy
within the snowpack that
covers the mountain during
the winter months.




a gasohnc addmve that has been found in the N atlon s shalio

water, is one example of such a study. Another is the nationwids

of the connection between nutrients in water and land use. At
international level, the USGS is conducting water-resource stud
People's Republic of China, France, India, Japan, Hungary, Polan
Russia, Slovakia, and Sweden. In Russia, an environmental datab
the Lake Baikal drainage basin is being designed in cooperation wi
Russian colleagues. Increasing the scientific understanding of the
environmental systems that sustain and improve the quality of human
life continues to be a central concern of USGS environmental studies.




Stellwagen

Bank National

Marine
Sanctuary
Mapping
Project

Environmental mapping
requires a multidiscipli-
nary approach. This
project is being con-
ducted with the cooper-
ation and support of
three National Oceanic
and Atmospheric
Administration agencies
(Sanctuaries and
Reserves Division,
National Marine
Fisheries Service,
National Ocean
Service), the
Environmental
Protection Agency, the
Canadian Hydrographic
Service, the University
of Connecticut, and the
University of New
Brunswick, who pro-
vide ships, equipment,
and expertise in the col-
lection and interpreta-
tion of sea-bed imagery
and biological observa-
tions.

National Marine Sanctuaries are marine
and coastal areas of special biological signifi-
cance that support unique ecosystems, commer-
cial fisheries, and (or) habitats of endangered
species and are valued for their recreational and
aesthetic resources. Many sanctuaries are located
adjacent to large population centers, and some
are near offshore waste-disposal sites.

Stellwagen Bank National Marine
Sanctuary (NMS) lies off the Massachusetts
coast north of Cape Cod. It supports active
commercial and recreational fisheries, serves as
a habitat for marine mammals, including endan-
gered species of whales, and draws 1.5 million
visitors a year, many of whom come to whale
watch.

The sanctuary abuts the Massachusetts
Bay Disposal Site, which serves Boston and sur-
rounding cities and towns, and is near Boston’s
new sewage outfall in Massachusetts Bay.
Sanctuary habitats are disturbed by systematic
dredging of bottom sediments, by trawling by
fishing gear, and by periodic large storms.

Because they are poorly understood, sea-
floor environments and resources are difficult to
manage. Maps produced by the Stellwagen
Bank National Marine Sanctuary Mapping
Project provide information essential for:

*Determining the distribution of biological
habitats and living resources.

eAssessing natural and human disturbance
of habitats and living resources.

eldentifying areas where sediment-borne
contaminants are deposited.

*Guiding management of commercial and
recreational fisheries, marine mammals,
tourism, and waste disposal.

In 1995, the project completed the second
phase of a three-stage effort to map the entire
sanctuary region (1,000 square miles) using an
efficient, high-speed vessel equipped with a digi-
tal multibeam mapping system. This vessel col-
lects, processes, and maps topographic and sea-
bed character data while still at sea.
Interpretation of this sea-bed imagery is aided
by the collection of sediment samples, video and

Sun-illuminated sea-floor topography of the southern part of the study
region. Sun illumination is from the upper left of the image. The smooth
sea bed in the basins is mud, the relatively smooth sea bed on the bank
crests is sand, and the rough sea bed is boulders, cobbles, and large sand
features. This image illustrates dramatically the scouring of the sea bed
by prehistoric glaciers, the partial burial of knolls by mud deposited in
deep basins, and surficial sand features formed by modern storm currents.
The variability shown here in the surface of the sea bed reflects the diver-
sity of environments and biological (for example, fishery) habitats that

occur in the region.
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still pho-

tographs, and Visit the Stellwagen Bank

biological National Marine Sanctuary

observations of Mapping Project on the

the sea bed. World Wide Web at:
Results to

date show that http://vineyard.er.usgs.gov

the sanctuary is
comprised of
many habitats, each of which supports a distinc-
tive sea-floor community that includes valuable
commercial fishery species. These habitats
include boulder and cobble assemblages on the
flanks of Stellwagen Bank, highly mobile sand
on the bank crest, and depositional basins of
mud adjacent to the bank. Most of the habitats
are heavily impacted by major northeastern
storms and by continual disturbance from towed
bottom-fishing gear. The information collected
by the project is now being used by managers in
deciding whether to close some areas to fishing
so that important fishery habitats can undergo
recovery.

A new map showing the sea-floor topogra-
phy of Massachusetts Bay, Cape Cod Bay, and
the sanctuary was published in 1995 as USGS
Open-File Report 95-73 and currently is being
used by State and Federal agencies and academic
institutions that manage and study the region.
This map is based on existing data and will pro-
vide a basis for work in the region until the more
advanced maps produced by the project are com-
piled.

The first detailed map of the
Massachusetts Bay Disposal Site, a major dump-
ing ground off Boston that is adjacent to the
Stellwagen Bank NMS, is now being compiled
and will show bathymetry, bottom character, and




the locations of materials that have been dis-
posed of since the 1940’s in a 14-square-mile
area. This information will be utilized by both
the Environmental Protection Agency and the
U.S. Army Corps of Engineers, who jointly man-
age the disposal site.

The Stellwagen Bank NMS project will
produce imagery and interpretive maps showing
the entire study region as well as a series of
quadrangle maps showing detailed sedimentary
environments and biological habitats at a scale of
1:20,000 (1 centimeter= 200 meters). Final
maps, images, and supporting data will be dis-
seminated in published form and on CD-ROM
and the Internet.

The USGS is mapping the entire sanctuary
sea bed by means of modern digital sidescan
sonar imagery in conjuction with video and pho-
tographic surveys, bottom-sediment analyses,
and biological observations. Final maps will
depict detailed sea-bed topography, sedimentary
environments, biological habitats, and processes
that alter the sea bed and will provide a basis for

making decisions about monitoring, managing,
and conducting research in the region. The
USGS serves as the repository for information
utilized by the project and makes it available to
the public in digital format.

The final one-third of the study region will
be surveyed in 1996, after which regional maps
showing sea-bed topography and character will
be completed. Additional sea-bed observations
will be collected over the next 2 years to provide
the information required for producing individ-
ual map quadrangles showing high-resolution
interpretations of the sea-bed environment.

For more

information,
contact:

Page C.Valentine, Jr.

Page Valentine is a marine geologist specializ-
ing in sea-floor mapping with the Marine and
Coastal Geology Program in Woods Hole, Mass.
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Internet:
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Sidescan sonar image showing the sea-bed
character of the Massachusetts Bay Disposal
Site in Stellwagen Basin. The light area is
mud in the basin, and the dark area is gravelly
sand on the edge of Stellwagen Bank. Gray
dots and lines represent deposits of dredged
material and debris from coastal harbors. The
highest concentration of deposits is located at
the present site of the marker buoy. Large
black deposits are rock debris blasted out of
Boston Harbor during excavation of the Third
Harbor Tunnel from 1992 to 1993. Mapped
area is 3.7x3.8 nautical miles.

Location of Stellwagen Bank National Marine Sanctuary and the region being mapped, which measures 26x43 nautical miles.
The area south of the dashed line has been imaged, and the remaining part will be completed in 1996. The shaded box shows
the Massachusetts Bay Disposal Site region, where dredged material from coastal harbors is being dumped outside the sanc-

tuary boundary.
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Studies in
South Florida

Geologists taking a
core in a cypress
stand.

USGS projects in south
Florida are funded by
the Ecosystem
Initiative, with added
support from the U.S.
Army Corps of
Engineers, and have
been carried out in
coordination with other
USGS projects. Other
agencies involved in site
selection, field support,
and other aspects of the
projects include the
South Florida Water
Management District,
Big Cypress National
Preserve, Everglades
National Park, the Dade
County Department of
Environmental
Resource Management,
the National Oceanic
and Atmospheric
Administration, the
Florida Geological
Survey, and the Florida
Institute of
Oceanography.
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Ecosystem History:
Measuring Historical Change
in South Florida

The south Florida ecosystem—including
the historic Everglades wetland, Florida Bay,
and Biscayne Bay—has undergone striking
changes in plant and animal composition and
distribution over the last century. These changes
have been attributed largely to increasing urban
and agricultural activity in the region. However,
because the range of natural variability of the
ecosystem over time is unknown, it is premature
to ascribe cause-and-effect relationships to
human activities.

A complex canal and levee system con-
structed to control flooding and manage fresh-
water resources for the growing population of
southern Florida has drained over half of the
Everglades wetland and altered the flow of
freshwater into Florida Bay and Biscayne Bay to
an unknown extent. In the Everglades, these
changes have been blamed for declines in popu-
lations of wading birds, decreases in biodiversi-
ty, and changes in plant communities as non-
native species invade the wetlands. In Florida
Bay, die-off of seagrass populations, declining
numbers of shellfish, and frequent algal blooms
may be related to onshore drainage changes. In
Biscayne Bay, fisheries are declining, pollution
is increasing, and the nearshore vegetation has
changed dramatically.

In response to these environmental
changes, new management strategies are being
developed to restore the Everglades to its origi-
nal pristine state. An understanding of past plant
and animal communities and their response to

Understanding the Earth

environmental change is critical in the formula-
tion of these plans. Ecosystem history projects at
the USGS are providing needed data to modelers
at various State and Federal agencies to help
develop a sustainable management plan for the
Everglades.

USGS scientists are conducting studies to
quantify the modern variability in water levels
and water chemistry (salinity, nutrients, and dis-
solved oxygen) as well as the historical changes
that may have occurred over the last century.
Integrating modern floral, faunal, and sedimen-
tologic distributions with hydrologic data allows
scientists to use the biotic record from short sed-
iment cores (<2 m) collected throughout the
region to interpret environmental changes over
the last 150 years. Comparing modern records
with down-core records enables scientists to
interpret the effects of changing rates of fresh-
water flow, nutrient levels, sedimentation pat-
terns, and fire frequency in the south Florida
ecosystem. This research requires careful dating
of samples by several techniques. Dating by
using radioactive isotopes provides particularly
good chronological control.

USGS scientists also are analyzing the
biotic record over the last few millennia to deter-
mine the amount of natural variability in plant
and animal communities. This information is
crucial to establish baseline levels of variability
within the ecosystem and to guide resource man-
agers in selecting goals for restoring plant and
animal communities in the Everglades ecosys-
tem.

Reconstructing vegetational communities
at selected time intervals over the last 150 years
allows scientists to determine how broad an area
was affected by various environmental changes.
Such information is critical to the modeling
efforts of the South Florida Water Management
District, the National Oceanic and Atmospheric
Administration, and the USGS.

Biotic records from both Florida Bay and
the Everglades indicate floral and faunal changes
over the last 150 years, several of which appear
to be synchronous across the region. Around
1960 (plus or minus 10 years), Florida Bay sedi-
ments show decreases in submerged aquatic veg-
etation and decreases in benthic faunal abun-
dance and diversity. Pollen assemblages indi-
cate a contemporaneous decrease in sawgrass
abundance in near-shore peats and an increased
abundance of mangroves and hardwoods.
Farther inland, at a cattail-affected site in the
water conservation areas, a change to vegetation
having a greater abundance of cattails also is
recorded at about the same time. This vegeta-



tional change corresponds to other changes in
the geochemical record, including increases in
phosphorous, nitrogen, and other elements.

Extensive sampling of modern sediments
in Florida Bay, Biscayne Bay, the Everglades,
and Water Conservation Areas is planned for FY
96. Coring of transects from Florida Bay
through the mangrove fringe into sawgrass
marshes is being undertaken in FY 96, and addi-
tional coring will be done in the Everglades,
Florida Bay, and Biscayne Bay in FY 97.
Processing and analysis of cores collected in FY
94 and FY 95 also are being completed in FY
96. Analysis and interpretation of data from all
cores collected will show the degree and rate of
change in floral and faunal communities over the
last 150 years and will help to interpret the dri-
ving forces behind biotic changes in the
Everglades ecosystem.

Debra Willard is a palvnologist studving past vegeta-
tional responses to environmental and climatic change.
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Mud banks in
Florida Bay.

Wading birds
in a sawgrass
marsh.

For more information, contact:

Debra A. Willard
Internet: dwillard @usgs.gov
Telephone: (703) 648-5320
Mail: 227 N. Bronough Street
Tallahassee, FL. 32301

Florida Cooperative Mapping
Project

A multitude of water-related societal
issues face south Florida in the 1990s.
Among the more pressing of these issues are
the irrigation demands of sugar cane growers
and other agricultural businesses, the increas-
ing domestic demands of a rapidly growing
population in the Naples and Miami areas,
and the recently mandated restoration of nat-
ural sheet flow through the Everglades
ecosystem.

Eighty-seven percent of the freshwater
used in south Florida for commercial, agricul-
tural, and private needs comes from shallow
subsurface aquifers. However, because sur-
face exposures of these rocks are rare, access
to essential geologic and hydrologic informa-
tion is severely limited. As a result, the inter-
pretation of geologic history and the predic-
tion of hydrologic properties are difficult and
require the collaboration of State and Federal
geologists and hydrogeologists.

Ongoing core analyses indicate that the
sedimentary units of the shallow aquifer sys-
tem in south Florida are characterized by car-
bonate rocks and quartz sand that have under-
gone a complex series of changes over time.
To use this valuable resource efficiently calls
for an integrated study of the geologic and
biologic framework of the entire aquifer sys-
tem.

In addition to the demands posed by
conflicting-use needs and a rapidly growing
population, the freshwater supply is threat-
ened by pollution and saltwater incursion
along the coasts. The surficial aquifer is quite
thin in southeastern Florida and vulnerable to
surface-derived pollution from many sources.
Knowledge of the quantity, quality, and flow
characteristics of the ground water is essential
in order to address and eventually solve these
problems and to provide a scientific basis on
which land and water managers can make
responsible decisions.

Managing the restoration of sheet flow
through the wetlands requires an understand-
ing of the complex interaction between sur-
face (overland and channelized) and shallow

This project is
jointly funded by
the Ecosystem
Initiative and the
National
Cooperative
Geologic Mapping
Program. The
USGS has a coop-
erative agreement
with the Florida
Geological Survey
through a signed
Memorandum of
Understanding and
a Project
Implementation
Plan. Site location
and project modifi-
cation are closely
coordinated with
the South Florida
Water Management
District, the
National Park
Service, and local
State parks. The
Southwest Florida
Water Management
District, the
Florida Museum of
Natural History,
and the University
of Florida are
actively involved
in the mapping
aspects of the pro-
ject.

In addition, the
project interfaces
with the U.S.
Army Corp of
Engineers, the
National Oceanic
and Atmospheric
Administration, the
U.S. Department
of Agriculture, the
U.S. Fish and
Wildlife Service,
and the
Environmental
Protection Agency
(largely in the
ecosystem history
aspects).
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ground-water flow throughout the year. In the
tropical climate of south Florida, summer is wet
summer and winter is dry. During the long dry
winter, the water table moves into the subsurface
in many parts of the wetlands. Flow during the
dry season is controlled, in part, by the presence
of a dense cap rock that occurs within 20 feet of
the surface in much of southwestern Florida.
Knowledge of the spatial distribution of this cap
rock is essential to understand the complex sea-
sonal interaction of surface and shallow ground-
water flows.
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Core and surface sample locations and the distribution of Oligocene
sediments in the Florida peninsula and eastern panhandle. Areas of
Oligocene deposition are shown in gray (modified from work con-
ducted by Tom Scott in 1988).

Bruce Wardlaw is a geologist who has studied carbon-

ate rocks for 22 vears.
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Proposed corehole sites in Collier and Monroe
Counties and the hydrogeology of the surficial
aquifer system of southwestern Florida.
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Bruce R.Wardlaw
Internet: bwardlaw @usgs.gov
Telephone: (703) 648-5288
Mail: U.S. Geological Survey
926A National Center
12201 Sunrise Valley Drive
Reston, VA 20192



To streamline the USGS's paleontological and geologic framework
activities in Florida, the Florida Cooperative Mapping Project was orga-
nized. The project covers ecosystem history (see “Ecosystem History:
Measuring Historical Change in South Florida”), the geologic framework
for the Florida ecosystem, and SUPPORTMAP for mapping activities of the
Florida Geological Survey (FGS).

The FGS and the USGS have initiated a drilling project in southwest-
ern Florida to investigate the surficial subsurface aquifer system.
Coreholes will be jointly drilled by the FGS and the USGS, geophysically
logged and monitored by the USGS, and jointly described by the FGS and
the USGS. Refined stratigraphic analysis will be performed by the USGS.
The USGS will then use the data acquired from the project to produce a
more detailed surficial material/bedrock map of southwestern Florida to
better understand surface and shallow ground-water flow.

The USGS will provide refined biostratigraphic, lithostratigraphic, and
sequence stratigraphic support to the mapping activities of the Geological
Investigations Projects of the Florida Geological Survey (SUPPORTMAP)
which include:

*Revision of the State geologic map and the State geomorphic map.

+Surficial sediments and bedrock mapping of the western half of the
Homestead 1:100,000-scale quadrangle and surficial sediments and
bedrock geology mapping of the Sarasota 1:100,000-scale quadran-

gle.

sLithostratigraphic and biostratigraphic investigations of the proposed
Okeechobee Formation.

*Study of the siliciclastic-carbonate transition in south Florida and the
Keys.

*Hydrostratigraphic and lithostratigraphic characterization of the
Cenozoic sediments of the Southwest Florida Water Management
District.

«Characterization studies of western Florida coastal estuarine sedi-
ments.

The project was initiated in FY 95 by combining ecosystem history
studies, small preliminary subsurface stratigraphic studies, and a geohy-
drology study. The very active drilling program in southern Florida should
continue, along with the descriptions and analyses of core and the moni-
toring of sample sites. The analysis of a north-south transect of coreholes
in combination with the recently completed east-west transect are near-
term priorities.
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Global
Warming:
Role of
Recovering
North
American
Forests in
Offsetting
Greenhouse
Gas Emissions
from the
Burning of
Fossil Fuels

In this specific study,
USGS scientists have
collaborated with scien-
tists from Syracuse
University and Emory
University and with sci-
entists from the
National Resource
Conservation Service
(formerly the Soil
Conservation Service).

The forests of North America (as well as
those of northern Europe and northern Asia) are
now recognized as important carbon dioxide
sinks. Much of these forest lands—which were
substantially depleted in carbon inventories
when they were used for agriculture—are now
recovering and acting as net sinks for carbon
dioxide in both soil and vegetation. The exis-
tence of these “sinks” explains some of the often
cited “missing carbon sink” associated with
global carbon budgets.

Several ongoing USGS projects currently
include investigations into various aspects of
carbon cycling. At the Panola Mountain
Research Watershed, near Atlanta, Ga., scientists
with the Water Energy and Biogeochemical
Budgets (WEBB) initiative of the Global
Change Program have estimated the rate of car-
bon accumulation in vegetation and soils and
offered an hypothesis of how this rate may be
changing over time.

Emerging scientific consensus holds that:

*Anthropogenic emissions of greenhouse
gases (primarily carbon dioxide resulting
from the burning of fossil fuels) have
caused a chronic increase in the atmospheric
concentrations of theses gases.

*The accumulation of these gases in the
atmosphere has resulted in a “greenhouse
effect” that in turn has caused gradual
warming as measured in air and ocean
temperatures and a corresponding sea-
level rise.

*The Intergovernmental Panel on Climate
Change (IPCC) estimated recently that
increases in atmospheric concentrations
of greenhouse gases may have raised
global mean temperatures by 0.45 °C dur-
ing the last century and predicted an
increase of about 2.5 °C during the next
century if emissions are not significantly
reduced. The IPCC also forecast a corre-
sponding average sea-level rise of 6 cen-
timeters per decade (with an uncertainty
range of 3 to 10 centimeters).

Importance of Forests

Forest ecosystems comprise the largest
terrestrial carbon stores, between 1.3 and 1.6
trillion tons of carbon, representing 82 to 86
percent of above-ground carbon and 70 to 73
percent of all soil carbon. The rate of carbon
losses (emissions of CO, to the atmosphere
between 1980 and 1989) attributed to tropical
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More information can be
obtained from these publica-
tions:

T.G. Huntington and J. Bremner,
1995, Soil respiration in relation
to environmental factors in a
Georgia Piedmont forest [abs.]:
Annual Meeting of the Soil
Science Society of America, St.
Louis, Mo., Agronomy Abstracts,
p 308.

T.G. Huntington, 1995, Carbon
sequestration in an aggrading
forest ecosystem in the south-
eastern USA: Soil Science
Society of America Journal, v.
59, p. 1459-1467.

deforestation has been estimated to be 1.8 bil-
lion tons of carbon per year. Mitigation strate-
gies that have been proposed include large-
scale reforestation as a means of augmenting
global carbon sequestration. Understanding the
role of forests in the global carbon cycle is
very important, because small changes in forest
response will translate into large effects on the
global carbon budget.

Forests are likely to respond to climate
change in complex ways, all of which will
have an impact on the role of forests as carbon
sinks. Increasing carbon dioxide concentrations
may increase phostosynthesis and growth
where nutrients or water are not already limit-
ing. Increased photosynthesis will result in
higher rates of carbon from decomposing plant
material to soils. There is evidence that
increasing carbon dioxide may alter water and
nutrient use efficiency. There is also specula-
tion that increasing carbon dioxide may alter
the chemical composition of the decompsing
plant materials and, hence, change the rate of
decomposition. Forest species composition
may be altered. The occurrence and severity of
forest insect and pathogen pests are likely to be
influenced by a changing climate. The occur-
rence and competitive pressure of exotic plant
species may be influenced by a changing cli-
mate. An increase in the frequency of severe
weather (hurricanes, ice storms, severe
drought), which is thought to be a likely conse-
quence of climate change, also may affect
forests.



Summary of Results at Panola

sCarbon is accumulating in the soil at
Panola at an estimated rate of 0.25 ton
per acre per year.

*Carbon is accumulating in vegetation at
Panola at an estimated rate of 0.66 ton
per acre per year.

*When comparable rates of vegetation and
soil carbon accumulations are applied to
large forested areas of northern temperate
latitudes, they can explain a substantial
part (approximately 2 billion tons per
acre per year) of the “missing sink” in the
global carbon budget.

*A comparison with a nearby “undis-
turbed” forest (the Fernbank Forest in
Atlanta, Ga.) indicates that there is a
large potential for further carbon accumu-
lation in Southeastern U.S. forest soils.

*On the basis of this analysis and the finite
“carrying capacity” for a given site’s soil
carbon storage, it is estimated that the
rate of soil carbon accumulation is cur-
rently near maximum or declining; thus,
the rate of accumulation in the sink will
continue to diminish if the land remains
under forest cover.

*Because of the larger soil carbon invento-
ries in more northerly latitudes, it is like-
ly that the rate ‘of carbon accumulation is
greater in those forests, assuming that
comparable percentages of soil carbon
were lost during periods of disturbance.

*Carbon accumulation in soils is likely to
be directly influenced by changes in the
temporal or spatial patterns of deposition
of nitrogen and possibly of phosphorus

For more information, contact:

Thomas G. Huntington
Internet: thunting@usgs.gov
Telephone: (770) 903-9147
Fax: (770) 903-9199

3039 Amwiler Rd., Suite 130
Atlanta, GA 30360

and base cations where these nutrients
limit forest growth.

*Carbon accumulation in soils wil}
undoubtedly be influenced by changing
climate, because the rate of carbon miner-
alization (decomposition) is dependent, in
part, on soil temperature. The USGS has
demonstrated a marked and highly signifi-
cant temperature dependence for soil res-
piration (COy flux from the soil to the
atmosphere) has been found during the
dormant season at Panola Mountain. On
the basis of this relationship, a 1.6 °C
increase in soil temperature would lead to
a 40-percent increase in soil respiration.

Thomas Huntington has worked as a hydrologist and
soil scientist in the Georgia District studying biogeo-
chemistry in small watersheds since 1990.
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The USGS conducts research into controls on basic car-
bon transformations and investigates carbon cycling in
forest ecosystems and how carbon cycling may both
influence and be influenced by changing climate. At
Panola, the USGS has studied carbon pools and fluxes
to develop a budget for carbon at the site. The USGS
has estimated carbon transport in suspended and bed
sediment and has estimated the amount of carbon
buried in alluvial sediments within the small forested
watershed to determine what proportion of carbon
(which had been eroded from hillslopes during the
period of agricultural disturbance) might have been
retained in buried sediments. Currently, the USGS is
studying the dependence of soil respiration on temper-
ature and moisture. Study results will provide ecosys-
tem managers with information that can be used to
make decisions regarding resource management and
will provide global climate modelers with data for mak-
ing predictions of ecosystem response to potential cli-
mate change.
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GIS-Baikal:
An
Environmental
Geographic
Information
System of the
Lake Baikal
Region

Digital raster graphic
base-map mosaic of
the Lake Baikal region,
produced from12
1:1,000,000-scale
Russian topographic
maps.

Lake Baikal, a rift lake in southeastern
Siberia, is the largest (23,000 cubic kilometers
of water), deepest (~1,640 meters), and one of
the oldest (20-25 million years) lake systems in
the world. Baikal receives drainage from more
than 300 rivers and streams and has a combined
watershed area of 579,000 square kilometers.
This area is home to over 2300 species of plants
and animals, 70 percent of which occur nowhere
else in the world. The Baikal area also contains
abundant resources of timber, minerals, coal, and
petroleum.

Because of its unique ecology and rich
endowment of resources, the Lake Baikal area
has been the focus of efforts to develop new
approaches for environmental management and
the sustainable development of natural
resources.

On June 17, 1992, U.S. President George
Bush and Russian President Boris Yeltsin issued
a joint statement declaring the determination of
the United States and the Russian Federation
““...to conserve the unique ecosystem of Lake
Baikal and to utilize its potential for research in
limnology, geology, and global climate change.”

In 1993, the U.S. Department of State pro-
vided funding for a number of joint projects in
the Baikal area involving U.S. Government and
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private-sector organizations and their Russian
counterparts. These projects were intended to
provide technical resources and expertise to sup-
port the development of sound land manage-
ment and environmental protection policies in
the Baikal region.

A key requirement of all these projects
was the availability of a geographic information
system, or GIS, to provide data management,
geographic analysis, and information dissemi-
nation. A GIS consists of computer hardware
and software, data, technical specialists, and pro-
cedures assembled for a specific task.

In 1994, the USGS began a joint project
with Russian counterparts to compile an envi-
ronmental GIS of the Lake Baikal drainage
basin. In the first stage of this program, modern
UNIX-based GIS facilities were established at
Russian centers in Moscow and Irkutsk. The
three regional environmental committees in the
Lake Baikal area (Irkutsk, Chita, and Ulan-Ude)
were also equipped with PC-based GIS systems.

The components of the Lake Baikal envi-
ronmental GIS are designed to accommodate the
large datasets, multiscale sources, and varied
output requirements of the project. This GIS
will allow scientists, analysts, and policymakers
from all of the Russian and U.S. cooperating



organizations, including Federal, State, and local
(both public and private), to contribute and share
geographic information.

The main part of the GIS is now being
compiled in ARC/INFO format at a scale of
1:1,000,000 and will cover an area of approxi-
mately 2.5 million square kilometers. Additional
coverages will be prepared at larger scales for
selected areas. Among the layers to be included
in the 1:1,000,000-scale coverages are:
Schematic showing
examples of layers that

will be contained in the
Lake Baikal GIS. A rep-

eHistorical climate data
*Health statistics
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*Topography
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satellite imagery with
three spectral bands at
5-meter resolution; C
shows U.S. landsat TM
satellite imagery with
seven spectral bands at
30-meter resolution; D

Soil type Satellite imagery
The USGS provided technical expertise in

the design of UNIX-based GIS computer hard-

ware and software systems and helped install

these systems at Russian facilities in Moscow
and Irkutsk. PC-based systems were designed
and shipped to regional environmental commit-
tees in the Baikal area. The USGS is also pro-
viding assistance in the design of the Baikal GIS
and is now working with Russian specialists to
complete preliminary segments of the GIS for
demonstration to the U.S and Russian govern-
ments.

Paul Hearn is in charge of the International Programs
Unit in the Geologic Division and has particular
responsibility for the former Soviet Union.

Nick Van Driel is the Research Program Manager at
the EROS Data Center in Sioux Falls, S. Dak.

For more information, contact:

Paul P. Hearn
Internet: phearn@usgs.gov
Telephone: (703) 648-6287
Mail: U.S. Geological Survey
917 National Center
12201 Sunrise Valley Drive
Reston, VA 20192

Nicholas Van Driel
Internet: vandriel @usgs.gov
Telephone: (605) 594-6007
Mail: EROS Data Center
Sioux Falls, SD 57198

is a Russian topographic
base map at 1:200,000

scale.

The Russian Federal Service for Geodesy and Cartography (ROSKAR-
TOGRAFIA) is the Russian agency responsible for all topographic mapping in
the Russian Federation. ROSKARTOGRAFIA manages the Russian civilian
satellite imagery program and is also charged with developing technology and
expertise in GIS applications. The technical facilities to develop and produce
the Lake Baikal GIS were established at ROSKARTOGRAFIA institutes in
Moscow and Irkutsk. ROSKARTOGRAFIA is providing the topographic base
maps and satellite imagery for the GIS and will combine these components with
thematic data provided by other participants to produce the final GIS.

Environmental committees of the Buryat Autonomous Republic and the
Irkutsk and Chita Oblasts, together with the Siberian Branch of the Academy of
Sciences, are gathering and compiling thematic data for the GIS. Specialists
with these groups have already compiled several GIS coverages of selected
areas within the Lake Baikal region.

Ecologically Sustainable Development, Inc. (ESD), is a U.S. nonprofit
organization that has worked extensively with Russian government agencies and
local environmental committees to develop a comprehensive land use plan for
the Lake Baikal drainage basin. ESD has also played a key role by working
with the regional environmental committees to gather, compile, and digitize
land use data and other thematic data for use in the Lake Baikal GIS and other
GIS applications.

Land Information Technology, Ltd. (Land Info), a U.S. company that
specializes in the digitization of maps and other cartographic products, worked
with USGS and ROSKARTOGRAFIA specialists to produce the digital mosaic
of 12 1:1,000,000-scale topographic maps covering approximately 2.5 million
square kilometers around Lake Baikal.

Environment

29



Occurrence of
MTBE in
Shallow
Ground Water

MTBE, or methyl tert-butyl ether, is a
volatile organic compound (VOC) that is added
to gasoline in many parts of the United States to
increase the octane level and to reduce carbon
monoxide and ozone levels in the air. MTBE is
currently classified by the Environmental
Protection Agency (EPA) as a possible human
carcinogen. Health complaints related to MTBE
in air have been reported since 1992 at some
locations around the country. It is estimated that
109 million Americans live in counties where
MTBE is believed to be used.

The Clean Air Act of 1990 mandates that
oxygenates be added to gasoline in parts of the
country where ozone levels in the summer or
carbon monoxide levels in the winter exceed
established air-quality standards. Because of its
low cost, ease of production, and favorable
transfer and blending characteristics, MTBE is a
commonly used oxygenate. Domestic use and
production of MTBE decreases the Nation’s
need for foreign oil.

The USGS National Water Quality
Assessment (NAWQA) Program coilected sam-
ples from wells, tested them for the presence of
MTBE and other VOCs, and summarized the
results. MTBE was detected in water samples
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MTBE release locations from U.S. Environmental Protection Agency Toxic Release Inventory for 1992.
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from wells in 210 shallow wells and springs (27
percent) in 8 urban areas and 549 shallow wells
(1.3 percent) in 21 agricultural areas. It was
found most frequently in shallow ground water
in Denver, Colo.,where 79 percent of the sam-
ples from shallow urban wells had detectable
concentrations of MTBE, and in urban areas of
New England, where 37 percent of the samples
from urban wells had detectable concentrations.
Only 3 percent of the wells sampled in urban
areas had concentrations of MTBE that exceed-
ed 20 micrograms per liter, the estimated lower
limit of the EPA draft drinking water health
advisory level.

USGS scientists sampled ground water
that was located near the top of the water table
and was most likely to show contamination from
sources at the land surface. Five of the urban
wells sampled were being used as a source of
drinking water, but none contained MTBE. In
general, public water supplies draw water from
deeper parts of the ground water system, and
there are few data showing concentrations of
MTBE at these deeper depths.

Ongoing NAWQA studies will continue to
investigate the occurrence of MTBE in ground
water. Additional sampling for MTBE in shallow
ground water in about a dozen metropolitan
areas throughout the country in 1997-98 will
attempt to establish a connection between the
occurrence of MTBE and residential and com-
mercial land use. At some urban sampling sites,
water will be tested in all phases of the hydro-
logic cycle to better understand the sources,
transport, and fate of MTBE in the hydrologic
cycle.

In addition, about 30 aquifers representing
“deeper ground water” will be sampled for
MTBE and other VOCs.

John S. Zogorski is chief of the team conducting a
national assessment of volatile organic compounds in
water for the USGS National Water Quality
Assessment Program.

For more information, contact:
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John S. Zogorski
Internet: jszogors @usgs.gov
Telephone: (605) 394-1780, x214
Mail: 1608 Mountain View Road
Rapid City, SD 57701



The USGS has conducted one of the most
extensive studies ever of nutrients (“plant
food”), documenting what is known about their
concentrations in the Nation’s surface and
ground waters and where, when, and why con-
centrations differ. The results provide insight
into cost-effective methods for managing and
protecting pure water resources.

Contamination of water by nutrients has
been a national concern for several decades.
Nutrients in water are necessary for productive
aquatic ecosystems, but, in high concentrations,
they can adversely affect both aquatic ecosys-
tems and human health. The major inputs of
nutrients to streams and ground water are from
nonpoint or diffuse sources, such as commercial
fertilizer and manure applications to land, as
well as precipitation. Point sources, such as
sewage treatment plants, are a smaller but more
direct source.

The study, done by the USGS National
Water Quality Assessment (NAWQA) Program,
indicates that patterns of nutrient concentrations
in water generally follow patterns in land use.
Nitrate concentrations in shallow ground water
are higher in agricultural areas than they are in
urban or undeveloped areas. Nitrate concentra-
tions in surface water are highest downstream
from both agricultural or urban areas but are not
as high as those in ground water. Ammonia and
phosphorus concentrations are highest down-
stream from urban areas and sometimes are high
enough to exceed criteria intended to protect
aquatic life.

EXPLANATION
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Nitrate concentrations in surface water downstream from

agricultural areas.

Recent improvements in sewage treatment
mandated by the Clean Water Act have
decreased ammonia concentrations downstream
from many urban areas by converting the ammo-
nia to nitrate. This conversion process has
decreased the incidences of fish kills and odor
problems in comparison with the 1970s.
However, because of what appears to be a wide-
spread shift from ammonia to nitrate nationwide,
total amounts of nitrogen entering downstream
reservoirs and estuaries have not decreased.
Elevated concentrations of nitrate in streams of
the Northeastern States follow elevated concen-
trations in precipitation in the Northeast (nitric
acid is one of the acids in acid rain). High nitrate
concentrations in Midwestern streams are likely
accentuated by tile drainage of agricultural
fields.

Drinking water from public supply wells
and domestic supply wells outside of agricultur-
al areas is not likely to contains high levels of
nitrate. Concentrations in only 1 percent of the
sampled public supply wells exceeded the
Environmental Protection Agency’s drinking-
water standard for nitrate. For domestic supply
wells in agricultural areas, where sources of
nitrate are often nearby and more prevalent, con-
centrations in 12 percent of wells exceeded the
standard. Nitrate concentrations in ground water
generally are higher in parts of the Northeast,
the Midwest, and West Coast and generally
lower in parts of the Southeast.

Are Nutrients
in the Nation’s
Water “Too
Much of a
Good Thing”?

For more information, contact:

David K. Mueller
Internet: dmueller@usgs.gov
Telephone: (303) 236-2101, x235
Fax: (303) 236-4912
Mail: U.S. Geological Survey
Box 25046, Federal Center
Denver, CO 80225
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Mirror Lake
Site: How
Methods
Developed
There Are
Being Used at
Other Sites

This project was con-
ducted by the USGS, in
cooperation with the
U.S. Air Force
Conversion Agency, the
U.S. Environmental
Protection Agency, the
Maine Department of
Environmental
Protection, and Mitretek
Systems.

Because of the ground-water contamina-
tion that exists in shallow, unconsolidated for-
mations in many areas of the Nation, increasing
quantities of water are being withdrawn from
deep bedrock formations. Cracks, joints, and
faults (collectively referred to as “fractures™) are
the principal pathways for ground-water flow in
bedrock. Because rocks do not fracture uniform-
ly and rates of ground-water flow through frac-
tures can range over more than 10 orders of
magnitude, methods that have been used suc-
cessfully to evaluate the physical and chemical
processes affecting ground water in shallow,
unconsolidated formations may not be applica-
ble to the complex hydrology and geology of
fractured rocks. New or modified methods of
characterizing the location of fractures and their
ability to transmit fluids and dissolved chemicals
are needed to evalute ground water in fractured
rock areas.

In 1990, the USGS’s Toxic Substances
Hydrology Program began studying fractured
bedrock in the Mirror Lake watershed in Grafton
County, New Hampshire, in order to develop
methods of evaluating the ability of fractures to
transmit water and dissolved chemicals or conta-
minants. A broad range of techniques, including
geologic, geochemical, geophysical, and hydro-
logic methods, are being developed and applied
at the Mirror Lake site. About 25 research scien-
tists from the USGS, universities, and research
institutes are involved in the study.

Studies related to ground-water flow and
transport of dissolved chemicals in fractured
rock areas throughout the Nation have benefited
from the investigation at Mirror Lake. In particu-
lar, the innovative geophysical methods devel-
oped there for detecting fractures have been
applied to a contamination problem at the for-
mer Loring Air Force Base in Aroostook County,

Maine. For many years, jet fuel, waste oil, and
flammable solvents were dumped into a pit and
set on fire, so fire-fighting crews could practice
extinguishing the fires. Although the site is no
longer used, the petroleum products are still in
the soil and ground water and have contaminated
a fractured bedrock aquifer. After evaluating new
technologies for cleaning up the site and recov-
ering the contaminants in an efficient and eco-
nomical manner, the U.S. Air Force decided to
blast an area of bedrock near the contaminated
site to increase hydraulic conductivity and create
a “recovery trench” to collect the waste prod-
ucts. Such an approach was necessary because
not all fractures were well connected, a situation
that could have slowed or prevented contaminant
recovery.

Because Air Force technical consultants
wanted to be certain that the effects of the
planned blast fracturing were well understood,
the USGS was asked to use the state-of-the-art
borehole and surface-geophysical techniques it
had developed at the Mirror Lake site to charac-
terize the orientation and hydrologic properties
of fractures in the bedrock aquifer. The geophys-
ical data collected by the USGS before blasting
the recovery trench were used to orient the
trench; additional surveys conducted by the
USGS after the blasting evaluated the effective-
ness of the blast containment and the extent of
fracturing in the recovery zone.

F.P. Haeni is Chief of the Branch of
Geophysical Applications and Support in the
Office of Ground Water.
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For more information, contact:
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FP. Haeni
Internet: phaeni @usgs.gov
Telephone: (203) 240-3299
Mail: 450 Main Street
Hartford, CT 06103



During the 1950’s and 1960’s, when the
world’s largest producer of DDT was connected
to the Los Angeles County sewer system, a sig-
nificant quantity of DDT passed through the
sewer system and out the Whites Point outfall
into the ocean off the Palos Verdes Peninsula.
Several other industries allowed PCBs to pass
into the same sewer system, and these sub-
stances were also discharged into the marine
environment near Palos Verdes.

These contaminants—DDT and PCBs—
became associated with organic matter and other
solids in the effluent, as well as with ordinary
sediment particles, to form an effluent-affected
sediment deposit on the continental shelf and
slope. These contaminants seriously impacted—
and continue to impact—sediment-dwelling
organisms, fish, and birds.

The DDT producer was disconnected from
the sewer system in the early 1970’s, and sedi-
ment deposited since then is less contaminated
with DDT. However, biological and physical
mixing processes continue to transfer older,
highly contaminated sediment to the sea-floor
surface and thus maintain a risk to the environ-
ment.

As part of several environmental lawsuits
brought against the allegedly responsible parties,
the USGS was asked to map and characterize
the effluent-affected sediment body and to pre-
dict the fate of contaminants over the foresee-
able future if no remedial action were to be
taken (natural recovery). To that end, a major
research project was undertaken that included
acoustic and photographic surveys, sediment
sampling, physical and chemical analysis of sed-
iment cores, and state-of-the-art modeling of
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The contaminant map-
ping and natural recov-
ery modeling were part
of a collaborative effort
that included scientists
from the University of
Virginia, the Woods
Hole Oceanographic
Institution, the
University of Southern
California, the Battelle
Organization, and the
Arthur D. Little
Company.

sediment transport processes extending far into
the future.

Acoustic profiling clearly showed a 20- to
60-centimeter-thick low-density sediment layer
extending over much of the 3x10-km continental
shelf. Testing of the physical properties of cores
confirmed the presence of this layer on the shelf
and also showed that the layer extends well
down the 3x10-km continental slope. This low-
density sediment layer constitutes the effluent-
affected sediment deposit, which chemical
analyses have confirmed is almost all contami-
nated with DDT and PCBs. Over 100 tons of
DDT are present in the effluent-affected deposit,
which covers an area greater than 40 square
kilometers. The volume of the contaminated sed-
iment exceeds 9 million cubic meters.

The natural recovery model predicted that
surface DDT concentration will drop near the
outfall until about 2010 while new deposition of
less contaminated sediment remains dominant.
In later years, as erosional processes become
more dominant and as presently buried, more
contaminated sediment undergoes partial expo-
sure, surface concentrations will rise and contin-
ue to be environmentally significant until at least
2040 and possibly through 2100.

The USGS coordinates all studies related
to mapping and predicting the natural recovery

For more information, contact:

Homa J. Lee
Internet: hjlee @usgs.gov
Telephone: (415) 354-3038
Mail: U.S. Geological Survey
MS 999
345 Middlefield Road
Menlo Park, CA 94025
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of contaminated sediment on the Los Angeles
County continental shelf near Palos Verdes. This
effort includes conducting acoustic, photograph-
ic, and sampling surveys, installing environmen-
tal monitoring equipment, conducting geologic
and physical property analysis of cores, and
interpreting resulting data.

In addition to providing continuing infor-
mation for the lawsuits, the USGS is using this
unique and extensive data set to begin a system-
atic regional investigation of sediment and pollu-
tant transport processes in the greater Los
Angeles area. One goal of this investigation is to
describe the sediment transport processes that
were active in the area before any significant
human impact was felt and to define the impor-
tant changes in these processes that have
occurred since the intense development of the
Los Angeles metropolitan area. The USGS will
provide regional information that can be used by
local organizations in planning for specific pro-

“jects that impact the coast and continental mar-

gin.

Homa J. Lee is a geotechnical engineer who has
worked with the USGS marine program since
1979. He specializes in undersea landslides and
marine sediment pollution problems.

These environmental lawsuits
are being pursued by the U.S.
Department of Justice on behalf
of the natural resource trustees,
consisting of the U.S. National
Park Service, the U.S. Fish and
Wildlife Service, the National
Oceanic and Atmospheric
Administration (NOAA), the
California Department of Fish
and Game, the California State
Lands Commission, and the
California Department of Parks
and Recreation. The lead natural
resource trustee and sponsor of
the USGS work was NOAA.
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Pesticides in
Public Supply
Wells of
Washington
State

The USGS, together with the Washington
State Department of Health (WDOH),
saved the taxpayers of Washington $6 million
per year by completing a study of the pesticide
levels found in Washington’s public supply
wells.

The Safe Drinking Water Act requires
quarterly pesticide monitoring of Washington
State’s 4,300 Class A (15 or more connections)
public water systems. In 1994, the State
Legislature passed a bill allowing water systems
to waive this quarterly inspection if it could be
shown that a source well’s risk of pesticide
contamination was low. Because data on ground-
water quality in Washington State were insuffi-
cient to assess vulnerability to contamination,
the USGS was asked to cooperate with thé
WDOH in designing and developing a method
for assessing the vulnerability of public water
systems Statewide to pesticide contamination.

The USGS selected 1,326 Class A public
supply wells for sampling using geographic
information systems software. Three contract
laboratories collected and analyzed samples from
across the State, and the USGS National Water
Quality Laboratory analyzed 220 duplicate sam-
ples from two areas to provide comparisons with
USGS low-level detection procedures.

WDOH Contract Lab Resuits

+ Sampled well, no detections
+ Sampled well, pesticide(s) detected
+ Public supply well, not sampled

Map showing hits and nonhits across
Washington State. Grey circles repre-
sent sampled wells with no detections;
large solid circles represent sampled
wells where pesticide(s) were detected;
small solid circles indicate public sup-
ply wells that were not sampled.
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The study found that all pesticides detected
were at low levels, less than 10 percent of the
levels that constitute safe drinking-water stan-
dards. Factors found to correlate with pesticide
detection were land use, well depth, and nitrate
concentration.

Seventy-four percent of wells were desig-
nated low risk and were granted a full waiver
from quarterly sampling. An additional 20 per-
cent were granted partial wavers. The cost of
sampling public supply wells was thus reduced
at 94 percent of all sites, and the citizens of
Washington State recognized a savings of about
$6 million annually without sacrificing protec-
tion of their water supplies.

Dennis Helsel is the chief of the Nutrient National
Synthesis for the National Water Quality Assessment
Program.

Alex K. (Sandy) Williamson is the project chief of the
Central Columbia National Water Quality Assessment
Program study and has worked on Gulf Coast and
Central Valley RASA Studies.

Sarah J. Ryker is a geographer with the Central
Columbia Plateau National Water Quality Assessment
Program Study in the Washington District.

For more information, contact:

Dennis R. Helsel
Internet: dhelsel @usgs.gov
Telephone: (703) 648-5713
Mail: U.S. Geological Survey
413 National Center
12201 Sunrise Valley Drive
Reston, VA 20192

Alex K. (Sandy) Williamson
Internet: akwill @usgs.gov
Telephone: (206) 593-6530
Mail: U.S. Geological Survey
1201 Pacific Avenue

Tacoma, WA 98402

Sarah J. Ryker
Internet: sjryker @usgs.gov
Telephone: (206) 593-6530
Mail: U.S. Geological Survey
1201 Pacific Avenue

Tacoma, WA 98402



A project using "
—T—

geohydrologic data in

combination with i
geochemical finger- 7T \
printing techniques
was conducted by the
USGS to investigate
the source(s) of and )
process(es) that have
caused the observed
salinity increases in
the freshwater Navajo
aquifer in the vicinity
of the Greater Aneth
Oil Field in south- srsf
eastern Utah.

Results from
previous studies and
the proximity of oil-
field operations in the
Aneth area strongly I
suggested that oil-
field brines (saline
water reinjected into
the subsurface to
enhance the recovery

370t

of oil) were causing
salinity increases in

the Navajo aquifer. Zone 12
Geochemical results

from this study con-

clusively proved that

oil-field brines and

associated injection

processes were not o)

sources of the salinity

increases. Instead,

the study results pointed to another salinity
source (water from the upper Paleozoic aquifer)
that is not associated with oil-field brines. If the
study had not been done, considerable time and
money would have been wasted trying to reme-
diate a salinity source (oil-field brines) that was
clearly not the problem. Future study and reme-
diation efforts will be able to focus on the cor-
rect salinity source.

Regulatory agencies will be examining
records of abandoned oil wells in the Aneth area
to determine the number and locations of
improperly abandoned wells that might be pro-

For more
information,
contact:
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viding a vertical conduit for movement of saline
water from the upper Paleozoic aquifer through a
1000-foot confining layer into the Navajo
aquifer. A follow-on study that will use geo-
chemical fingerprinting techniques to quantify
salinity contributions from the Greater Aneth Oil
Field to the San Juan River is currently in the
developmental stage.

Ground-
Water

Resources and

Sources of
Salinity in the
Aneth Area,
Southeastern
Utah

David Naftz is a geochemist with the Utah District in
Salt Lake City who has worked on a variety of environ-
mental geochemistry projects since joining the USGS
in 1984.

The Aneth project was
directed by the Aneth
Technical Committee, a
liaison group comprised
of Federal, State, and
Tribal agencies and pri-
vate oil companies.
Represented on the
Committee are:

*U.S. Geological Survey
*Bureau of Reclamation
*Bureau of Land
Management
*U.S. Environmental
Protection Agency
*Bureau of Indian
Affairs
*Texaco Exploration and
Production, Inc.
*Mobil Exploration and
Producing U.S., Inc.
*Phillips Petroleum, Inc.
*Utah Division of Oil,
Gas, and Mining
*Navajo Environmental
Protection Agency
*Navajo Water
Resources Management

David Naftz

1745 West 1700 South
Salt Lake City, UT 84104

Internet: dlnaftz@usgs.gov
Telephone: (801) 975-3389
Mail: U.S. Geological Survey
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Glen Canyon
Environmental
Study:
Resources and
Multiple-Use
Aspects

High-flow release from
Glen Canyon Dam in
1984.

The Grand Canyon is the centerpiece of
one of the most visited national parks in the
world. Carved by the Colorado River as the
Colorado Plateau rose 4 to 6 million year ago,
the Grand Canyon exposes rock formations that
span a large fraction of the Earth’s history. The
river itself was a sediment-laden, steep-gradient
stream with great erosive power, especially in
the spring when annual floods were caused by
melting snow in the headwaters. The largest
flood in the USGS gage record is 127,000 cubic
feet per second, but inference from high-water
marks suggests that the largest floods
approached 400,000 cubic feet per second. The
average annual high flow for the period during
which the USGS has been keeping records on
the free-flowing river (1922-57) is about 80,000
cubic feet per second.

These high flows transported large
amounts of sand, silt, and clay through the
canyon. During the period 1925 to 1957, nearly
100 million tons of sediment were carried
through the Grand Canyon by the Colorado
River every year. In most places where a tribu-
tary enters the main Colorado River, the flow of
the Colorado is constricted in such a way that
large eddies are formed on the downstream side.
These eddies trap sediment that would otherwise
be transported to the sea. Bar-building process-
es operated at high water each year. When the
water level dropped, these bars were exposed,
producing the camping beaches that are so popu-
lar with river runners.

The conditions for supporting life that
resulted from this array of physical characteris-
tics were extraordinary. Not many plants could
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live in the river because it was so often too tur-
bid for light to penetrate. At low light intensity,
photosynthesis and plant life were limited.
Without plants, grazing animals were few, proba-
bly existing only in the tributaries. The combi-
nation of high-velocity reaches, turbid water, and
limited food supply led to the evolution of a
unique group of fishes that existed nowhere else
in the world.

The Colorado was the river that John
Wesley Powell first traveled in 1869. Powell’s
1878 “Lands of the Arid Regions of the United
States” provided early wisdom about developing
water resources to support irrigated agriculture
in the West. Irrigation was developing rapidly in
the late 18th century, especially in the Imperial
Valley of California, where rainfall is less than 8
inches per year. However, because the valley is
below sea level, it was relatively simple to deliv-
er water from the Colorado to the Imperial
Valley once the water was diverted into appropri-
ate canals. In 1902, the river broke through
these diversion works, causing extensive flood-
ing for several years and forming the Salton Sea.
The need for a major dam to control flooding
was recognized, but the project was too expen-
sive for local resources to finance.

After construction of Hoover Dam in 1935
and Glen Canyon Dam in 1963, the Colorado
River’s annual floods were controlled and the
size of peak flows was significantly reduced.

A river that flooded annually was now
controlled so that annual peak flows were much
smaller. Sediment that was transported to and
through the canyon was trapped in the upper
reaches of Lake Powell. Water that was warm in
summer was now cold all year long because it
came through the dam from deep in Lake
Powell. The dam, which was being used for
hydropower production, altered the flow of the
river on a daily schedule. In the absence of a
sediment load to rebuild what was being eroded,
sand deposits in the canyon were being lost,
especially in the upper reaches of Marble
Canyon.

Five of eight endemic species of fish dis-
appeared from the canyon because the water was
too cold. Also, introduced and invading species
altered many competitive interactions among
fishes, perhaps to the detriment of species native
to the river in its original state.

Because recent increased awareness of the
human influence on natural ecosystems (espe-
cially in the national park) has raised objections
to the effects of the dam and its operation, the
Bureau of Reclamation has begun studying these
effects. The USGS participated in this work as



an agency partner.

The Grand Canyon Protection Act passed
by Congress in 1992 provides for use of Glen
Canyon Dam to manage resources in the river
corridor of the national park. The environmental
impact statement that was required by the Act
suggests several alternative ways of operating
the dam. All of the alternatives that are being
seriously considered for implementation call for
periodic flood flows to restore sandbars to their
pre-dam state.

The recommendation for periodic flooding
is based on the conviction that the absence of
floods (or steady flows) is a greater disturbance
to this flood-adapted ecosystem than periodic
floods themselves would be. Floods will redis-
tribute sand-bar deposits, reestablish backwaters
and riparian vegetation conditions, provide a
greater competitive advantage to native fishes,
and begin to meet the restoration and manage-
ment goals of the Bureau of Reclamation, the
National Park Service, and others.

Achieving both precision environmental
management of national park resources and
greater latitude for power production are the dual
objectives of science-based adaptive manage-
ment. In this way, minimizing lost power rev-
enues will offset the cost of the research that
supports restoration of the river according to
national park objectives.

As the management of the dam and the
river through the national park enters this new
phase, the USGS has been given the responsibili-
ty for long-term monitoring of Lake Powell and
the river resources in the Grand Canyon. The
USGS will also administer the research program
in support of continued management.

The National Park Service has the major
responsibility for setting management goals in
the Grand Canyon. The Bureau of Reclamation
has primary responsibility for operating the dam.
Additionally, the Native American tribes, which
have reserved water rights, environmental
groups, and trout anglers have their own distinc-
tive points of view. Other constituent groups that
have opinions include irrigators and municipal
water users in the upper basin States of
Colorado, Utah, Wyoming, and New Mexico and
in the lower basin states of Arizona, Nevada, and
California and the private and public utilities that
purchase power from Glen Canyon Dam.

Sand on the river bed will be suspended by the controlled flood and
deposited in sand bars along the banks.

G. Richard Marzolf is a limnologist working on the Colorado River and Lake Powell.
He is the coordinator of the USGS'’s National Research Program in the Grand Canyon.
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National
Assessment of

U.S. Oil and
Gas Resources

The USGS works with
many Federal and State
agencies and industry
sources to gather rele-
vant information. The
USGS relies specifical-
ly on the Energy
Information
Administration for esti-
mates of proved
reserves and some of
the cost factors used in
economic analysis.

The USGS and the
MMS cooperate in
those areas of responsi-
bility that are geograph-
ically close, particularly
subjoining State and
Federal water areas. In
particular areas, the
Bureau of Land
Management also con-
tributes data.

Technically recover-
able oil resources of
the United States,
exclusive of Federal
offshore. BBO, billions
barrels of oil; MMBO,
million barrels of oil.

Since 1970, U.S. crude oil production has
declined from approximately 9.6 million barrels
per day to 6.9 million barrels. Today, over 50
percent of the Nation’s crude oil needs are met
by imports. Proved (measured) reserves of oil in
the United States have also shown a long decline
from over 39 billion barrels in 1970 to about 22
billion barrels at present. Domestic natural gas
resources appear relatively abundant but are of
uncertain quantity, . partially because of econom-
ics.

Knowledge of remaining U.S. oil and gas
resources is essential for carrying out strategic
planning, formulating economic and energy poli-
cies, evaluating lands in the purview of the
Federal Government, and developing sound land
use and environmental policies.

The USGS maintains primary responsibil-
ity for assessing all onshore lands (including
Federal, State, private, and Indian trust lands)
and all State offshore waters; the Minerals
Management Service (MMS) maintains primary
responsibility for Federal offshore waters.

In 1995, the USGS completed an appraisal
of the quantity of oil and gas yet to be discov-
ered and recovered and of the future growth of
reserves in existing fields of the continental
United States and adjoining State waters.

The assessment considers three broad cate-
gories of resources (each requiring different
techniques for evaluation): undiscovered conven-

Unconventional
Accumulations
Undiscovered Small (2.1 BBO)
Flelds (<1 MMBO) 19%

(6.1 BBO)

54% Measured Reserves

(20.2 BBO)
18.0 %

Reserve Growth

Undiscovered Large
Accumulations (21 MMBO) (60.0 BBO)
(24.0 BBO) 53.4 %
213 %
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tional accumulations of oil and gas; future addi-
tions to reserves of known fields (reserve growth
or field growth); and oil and gas in
continuous-type accumulations (largely equiva-
lent to the “unconventional” categories of other
analysts). Resource estimates were based on a
thorough geological and statistical analysis of
available data and information; all resources
were assessed on the basis of what was techni-
cally recoverable.

The basic unit of the assessment is the
play, a set of discovered or undiscovered oil and
gas accumulations or prospects that exhibit simi-
lar geological characteristics (such as trapping
style, type of reservoir, nature of the seal, or
source rocks) that are responsible for hydrocar-
bon accumulations. It is a model for oil and gas
occurrence.

About 700 plays are grouped into 72
provinces, which in turn are grouped into 8
regions. Each play is described in narrative
form in detail sufficient to allow a complete and
consistent analysis and to allow comparison
among plays and provinces. Statistics of oil and
gas exploration and development for each play
are tied to geological expertise and interpreta-
tion.

The assessment of undiscovered conven-
tional resources includes a sophisticated analy-
sis that yields field-size distributions in addition
to overall resource estimates, leading readily to
economic analysis. The USGS assessment doc-
umented a general decline in the size of the
fields being discovered through time, as other
studies have suggested, and considered this issue
significant in the economics of exploration and
the availability of supply.

In this study, the USGS for the first time
undertook a nationwide assessment of what have
been termed “unconventional” resources of oil
and gas. These resources are the continuous-
type accumulations of the study and are largely
equivalent to the “unconventional” categories of
other analysts. They include such things as

~coalbed methane, gas shales, and many of the

western “tight “gas sandstones and are typified
by single accumulations of large extent, not sep-
arated or bounded by discrete water contacts. In-
place resources are commonly very large; techni-
cally recoverable resources, although also large,
are often shrouded by economic uncertainty.

The USGS attempted, through new assess-
ment models, to estimate the amount of hydro-



carbons that will be available from unconven-
tional resources over the next few decades.
Although a very large in-place gas resource had
been identified previously in some of these set-
tings, the USGS now estimates approximately
310 trillion cubic feet of technically recoverable
gas in those plays assessed, exclusive of coalbed
gas. Of that, it is estimated that approximately
10 percent can be commercially produced at $3
per million cubic feet or less, assuming current
technology. Coal-bed gas appears to account for
about 50 trillion cubic feet of undiscovered nat-
ural gas, technically recoverable, in the plays
assessed.

Reserve growth in known fields was treat-
ed on a regional scale and found to be a major
contributor to future resources. It is estimated
that 60 billion barrels of oil will be added to
known oil reserves and 322 trillion cubic feet to
known gas reserves during the 80 years follow-
ing 1991.

Additional economic analysis of the results
of the national assessment is currently underway
and will be reported. A follow-up national
assessment of oil and gas resources on Federal
lands is also currently underway.

Measured Reserves

Unconventional (135 TCFG)
Accumulations 12.6 %
(358 TCFG)

333 %

Reserve Growth
(322 TCFG)
30.0 %

Undiscovered Small
Flelds (<6 BCFG)
(45 TCFG)

4.2% Undiscovered Large
Accumuiations (26 BCFG)
(214 TCFG)
19.8 %

Technically recoverable gas resources of the
United States, exclusive of Federal offshore.
TCFG, trillion cubic feet of gas; BCFG, billion
cubic feet of gas.

Assessment results are available
in a summary report in USGS
Circular 1118 and in a full report
on CD-ROM in USGS Digital
Data Series DDS-30. Economic
analyses are available in Open-
File Reports 95-75A, 95-75F, and
95-75H.

Digital data CD-ROMs are being
prepared for Government, acad-
emic, and private sector use and
will appear as Digital Data Series
DDS-35 and DDS-36.

For more information,
contact:

David W. Houseknecht
Internet: dhouse @usgs.gov
Telephone:(703) 648-6470
Mail: U.S. Geological Survey
915 National Center

12201 Sunrise Valley Drive
Reston, VA 20192
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GIS Database
Documenting
Two Hundred
Years of
Human
Impacts on
the Baltimore-
Washington
Region

The USGS has developed a mapping pro-
ject that will put urban development into histori-
cal perspective by combining information from a
variety of data sources into an integrated, multi-
scale, multi-resolution database. These data will
provide the baseline information needed to
model and predict regional patterns of urbaniza-
tion. The project uses a geographic information
system, remote sensing, and image-processing
techniques to capture information from topo-
graphic maps and satellite images. The database
highlights the profound changes in the landscape
of the Baltimore-Washington region that have
developed incrementally between 1792 and
1992. Types of data include urban development,
principal transportation, hydrography, Census
data, and legal/statistical boundaries.

Urban areas have a strong impact on local
land use and land cover. Modern urban settle-
ments are characterized by the proliferation of
buildings, asphalt, concrete, and suburban gar-
dens along with the displacement of agricultural
and forest lands. Land cover changes associated

. with an urban area can be immense but difficult

to grasp when they occur incrementally. The
impact that urban land has on economic and
environmental systems is quite significant in
comparison with its spatial extent. It is impera-
tive to understand the spatial dynamics of urban
land use change so that future patterns of land
use and land cover can be projected, planned,
and managed under sustainable conditions.
Temporal urban mapping is used to recon-
struct past landscapes by incorporating historical
maps, Census statistics, and commerce records
to generate a representation of land cover change
in the region. Contemporary mapping focuses
on the use of remotely sensed data, existing digi-

tal land use data, digital Census information, and"

a variety of earth science infrastructure data,
such as digital line graphs, digital elevation
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models, and key ancillary demographic informa-
tion.

Scientific visualization techniques are used
to convey the land use changes documented by
the temporal database. A time-series computer
animation dramatically conveys the changes that
have occurred in the Chesapeake Bay region
over the last 200 years. Visualization of the
database requires single-frame animation tech-
niques. The urban datasets were output sequen-
tially to a computer display to render a two-
dimensional view of the study area, the urban
boundaries of which move with time. Time-
series visualization requires the creation of inter-
mediate datasets to expand the single-frame ani-
mation database. Yearly images are derived by
the linear interpolation of the reference urban
boundary image maps. The final visualization
blends the urban boundaries with various image
maps as a background.

The Baltimore-Washington regional data-
base provides a strong visual portrayal of recog-
nized growth patterns and conveys strikingly
how the progress of modern urbanization results
in profound changes to the landscape. The
extent of urban development highlights the need
to understand the forces influencing the creation
of the spatial patterns and corridors that have
developed over time. The principal transporta-
tion data layer that is part of the datbase clearly
demonstrates the influence that roads, railroads,
and seaports have exerted on the region’s urban
development. The hydrography data layers con-
tribute to historical understanding by indicating
the loss of navigable rivers through siltation, the
development of reservoirs for water supplies,
and the changes in the shoreline resulting from
harbor development and salt pond formation.

Historical overviews of urban development
provide insights into future development and
expansion trends. The data are useful to urban



and regional planners, policymakers and deci-
sionmakers, earth scientists, and global change
researchers for measuring trends in urban sprawl,
monitoring impermeable urban surfaces, analyz-
ing patterns of water pollution and sedimentation,
understanding the impacts of development on
ecosystems, and developing predictive modeling
techniques to better forecast future areas of urban
growth. The economic, environmental, and polit-
ical consequences of informed growth decisions
are vital to the millions of people living within

and between large metropolitan areas.
The USGS first initiated urban mapping

research activities as part of a project contributing
to the U.S. Global Change Research Program.
The Human-Induced Land Transformations pro-
ject was undertaken to understand urban transi-
tions from a historical and multi-scale perspective
sufficient to model and predict regional patterns
of urbanization. This research involved using the
USGS’s rich 100-year topographic map and 20-
year Landsat satellite data archives to delineate
urban land transformation parameters. This
research also provided the regional geospatial
information necessary for making informed deci-
sions on urban growth and sustainable develop-
ment. :

An interdisciplinary team from the USGS
and the University of Maryland Baltimore County
(funded by NASA’s Mission to Planet Earth) have
joined forces to develop a temporal database
reflecting 200 years of urban development. Other
organizations, such as the Smithsonian Institution
and the Bureau of Census, have entered into this
partnership to enhance the scope of the database.

The project will continue to refine, edit,
and verify the database in preparation for publi-
cation and release of the data. Additional map
products are planned along with Internet access
to the data. A follow-on research project will

examine the application and correlation of the
data to sedimentation and nutrient studies within
the Chesapeake Bay ecosystem.

Susan C. Clark is a cartographer with
17 years of experience in a variety of
production and research mapping activities.
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Land Cover
Mapping of
NAWQA

Study Units

Multi-Resolution Land

Characteristics
Consortium Members

National Water Quality
Assessment Program
(NAWQA) and EROS
Data Center—U.S.
Geological Survey

Coast Watch Change
Analysis Program (C-
CAP)—National
Oceanic and
Atmospheric
Administration

Environmental
Monitoring and
Assessment Program
(EMAP)—
Environmental
Protection Agency

United Nations
Environment
Programme (UNEP)—
GAP Analysis Program

North American
Landscape
Characterization
(NALC)—Landsat

For more
information,
contact:

Susan P. Benjamin

Internet: susan@usgs.gov
Telephone: (415) 604-3914

Mail: Ames Research Center 242-4
Moffett Field, CA 94035

An important element of the National
Water Quality Assessment (NAWQA) Program
is the development of an environmental frame-
work in which to compare findings on water
quality with causative factors, whether natural or
manmade. These relationships are being devel-
oped within the 60 NAWQA study units and
ultimately will be extended nationwide to devel-
op inferences about water quality in areas that
have not been sampled. A digital database of
nationally consistent natural and human-related
factors such as geology, soils, physiography, and
land cover is being developed at several scales,
including national, study unit, and local. These
data will provide a unifying framework for
making comparative assessments of water quali-
ty.

Current, detailed, and consistent land
cover information is a critical data component of
the environmental framework that is not avail-
able for all of the NAWQA study units. To ful-
fill this requirement, the NAWQA Program has
teamed with the USGS EROS Data Center
(EDC) and four other Federal programs to form
the Multi-Resolution Land Characteristics
Consortium. The primary goals of the
Consortium were to acquire current Landsat
Thematic Mapper (TM) data for the contermi-
nous United States and to develop a protocol to
process these data at the EDC. As a result of
this cooperative effort, geometrically corrected
and spectrally clustered Landsat TM data are
being delivered to the NAWQA study units.

Each TM scene is clustered into 240
unique spectral classes, and each class is subse-
quently assigned to one of the land cover cate-
gories in a nationally consistent land cover clas-
sification system. The land cover information
produced, in combination with the other natural
and human-related land characteristics in the
environmental framework, will be used by
NAWQA to analyze the effects of land cover
and land use on water quality.

In addition to producing regional-scale
land cover information, the USGS is demon-
strating methods of efficiently building land
characteristics information on a very fine scale
for specific localized studies. Digital orthopho-
toquadrangles with 1-meter resolution have been
used to develop land use and land cover informa-
tion in three urban areas (Tacoma, Wash.,
Sacramento, Calif., and Atlanta, Ga.). For these
areas, land cover information is compiled in 5-
acre minimum mapping units by using a new
classification scheme intended to replace the one
used for the nationwide 1:250,000-scale land
cover mapping program conducted in the 1970’s.
NAWQA will use these detailed data to examine
relations between land use and occurrence of
specific compounds in ground water.

Over the next several years, NAWQA will
be working with others at the USGS to complete
the interpretation of over 300 TM scenes, provid-
ing a regional characterization of land cover
information for over one-half of the contermi-
nous United States. Digital orthophotoquads
will continue to serve as high-resolution source
material for mapping detailed land cover and
land use for selected urban areas. All of these
interpreted digital data sets will be incorporated
into a multi-resolution database of land charac-
teristics and archived at the EDC, where they
will be made available to the public.

Susan Benjamin is a remote sensing scientist
specializing in land use and land cover mapping.
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Puerto Rico, like many islands, has a
pressing need for local sources of sand and grav-
el to use as aggregate in the construction indus-
try and for beach replenishment projects.
Sources on the island are limited, and the cost
of importing this heavy and bulky resource is
very high.

Past mining of beach sand has left residen-
tial areas exposed to storms and flooding, exac-
erbated coastal erosion problems, and destroyed
coastal habitats. These things are especially
important on an island where nearly everyone
lives or works near the ocean and many depend
on it for their livelihoods. Thus, in recent years,
Puerto Rico has turned its attention to the possi-
bility of mining sand and gravel from offshore
deposits on the insular shelf.

The Puerto Rico Shelf Mapping Project
was initiated several years ago in cooperation
with the Commonwealth of Puerto Rico’s
Department of Environment and Natural
Resources to provide reconnaissance-scale
(1:40,000) maps of the surficial geology (includ-
ing aggregate resources and bathymetry) of the
entire insular shelf of Puerto Rico. The finished
maps identify and characterize sedimentary
deposits and further our understanding of the
processes responsible for the deposition and
redistribution of sediments between the beach
and the shelf edge. They are useful in locating
offshore sand and gravel deposits, in understand-
ing coastal erosion, and in planning the use and
protection of fragile marine environments.

Of the 15 map areas, 6 have been pub-
lished. In FY 95, the following progress was
made on the remaining maps:

*Three maps have been compiled and
should be printed in FY 96 (Cabo Rojo,
Luquillo, and Grappler Bank areas).

*Cruises were completed to collect seis-
mic-reflection profiles and sediment sam-
ples for two maps (Vieques and Culebra
areas).

*Laboratory analyses (grain size and per-
centage of calcium carbonate) were com-
pleted for four maps (Humacao, Fajardb,
Vieques, and Culebra).

eInterpretation of seismic-reflection data
was completed for two maps (Caja de
Muertos and Salinas-Jobos).

Mapping off the eastern coast of Puerto
Rico has revealed a thin biogenic carbonate sand
cover over much of the area, with pockets of
thicker sand. Preliminary results suggest that
some of these thicker deposits may have eco-
nomic potential. Sediments are more varied in
composition off the southern coast, where ter-
rigenous sediment input from rivers is more sig-
nificant. Shallow subsurface faulting has been
found in the Caja de Muertos area.

In addition to the Shelf Mapping project,
three other projects on Puerto Rico’s marine and
coastal environment were completed:

*Results of an investigation to determine
the fate of sediment removed by natural
processes from the coastal zone in the
Luquillo area was published.

*An analysis of beach erosion and the
impact of coastal development in the
Rincon area was published.

*A series of coastal hazards maps, from
San Juan east to Yabucoa, depicting
coastal geology and geomorphology,
beach and inner shelf characteristics, and
hazard potential from flooding, overwash,
erosion, earthquakes and landslides were
completed and submitted for internal
review.

USGS personnel collect, analyze, interpret,
and map the sedimentologic and seismic-reflec-
tion data and produce a series of maps at
1:40,000 scale. The finished maps identify and

Mapping
Marine
Habitats and
Mineral
Resources

The Puerto Rico Shelf
Mapping Project is
planned cooperatively
with and partially
funded by the
Commonwealth of
Puerto Rico’s
Department of
Environment and
Natural Resources.
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Locations of the 15 surficial marine geology maps of the Puerto Rico insular shelf:

. Punta Penon to Punta Salinas

. Isla de Mona

. Cabo Rojo

. Parguera to Guanica
. Guanica to Ponce

NOOEsEWN =

characterize sedimentary deposits and further
our understanding of the processes responsible
for the deposition and redistribution of sedi-
ments between the beach and the shelf edge.
These maps also are useful in locating potential
marine mineral resources (for example, sand and
gravel), in understanding coastal erosion, and in
planning the use and protection of fragile marine
environments (for example, coral reefs). Data
are stored in USGS facilities at Woods Hole,
Mass.

In FY 96, nearshore and beach samples
from the Culebra, Vieques, and Fajardo areas
will be collected and analyzed, thus completing
fieldwork for the Shelf Mapping project. By the

For more
information,
contact:
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. Rio de Bayamon to Rio Grande de Loiza

. Rio Grande de Anasco to Rio Camuy

8. Caja de Muertos
9. Salinas-Jobos
10. Grappler Bank
11. Humacao

12. Vieques

13. Culebra

14. Fajardo

15. Luquillo

end of FY 96, four maps should be in press and
the remaining four in internal review.

When all data have been collected and
analyses completed, work will resume on a digi-
tal synthesis of the geology and bathymetry of
the entire Puerto Rico shelf, to be published as a
CD-ROM.

William Schwab is a geophysicist with the
Marine and Coastal Survevs Team specializing in
sea-floor mapping and sedimentology.
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In recent decades, there has been consider-
able evidence of land degradation throughout
Africa, driven by the interplay of changing nat-
ural processes and unprecedented human pres-
sures. A current USGS study, conducted by the
EROS Data Center (EDC) in Sioux Falls, S.
Dak., focuses on Senegal in West Africa’s Sahel
region. Buffeted by drought, economic hard-
ship, and rapid population growth, Senegal’s
ecosystems are coming under increasing pres-
sure. The USGS, in partnership with the U.S.
Agency for International Development
(USAID), has responded by developing a long-
term monitoring framework for understanding
the rapid changes occurring in Senegal’s envi-
ronment. The framework will be applicable to
the Sahel and to other parts of the world as well,
including the United States. The monitoring
approach integrates the combined strengths of
data collection at hundreds of field sites (estab-
lished in an earlier USAID project from 1982 to
1984 and revisited by EDC scientists), aerial
videography, and satellite remote sensing. Local
socioeconomic studies and interviews with rural
people add an extra dimension, a critical element
in better explaining the human dimensions of
change.

Many natural resource changes have
occurred in Senegal since the collection of the
original baseline data. The most striking of
these changes, observed during the two major
field campaigns conducted in FY 95, are (1)
reduction and impoverishment of Senegal’s
southern woodlands, a result of local production
of charcoal; (2) land degradation on upland

plateaus related to overgrazing and subse-
quent soil erosion; (3) significant levels of
tree mortality brought on by long-term
drought; and (4) the expansion of areas
under cultivation necessitated by increasing
rural populations. However, the study also
highlighted numerous cases in which local
people are successfully conserving and man-
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Long-Term
Monitoring of
Environmental
Change in
Senegal

An example frame
from an aerial video
mission over Senegal,
looking vertically from
1000 feet above
ground, showing shift-
ing sands from live
coastal dunes that con-
stantly threaten adja-
cent cropland.

A detailed vertical
video image showing
the positive effect of an
Acacia albida tree on
the growth of a peanut
crop. Thetreeis a
legume used for
enriching the soil with
nitrogen. Local inter-
ventions like this one
can be monitored over
time with aerial videog-
raphy.

Historical rainfall in
Senegal and Gambia.
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Photographic comparison
of rapid change at a site
west of Thies, Senegal,
showing the sever loss of
Acacia seyal trees and
shrubs between 1983 and
1995. The loss of vegeta-
tion cover is a result of the
site’s proximity to an
urban center where there
is an acute demand for
firewood.
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aging natural resources, including the protection
of trees that enhance soil fertility,

reforestation, and the use of live hedges to slow
erosion. This information is helping the
Government of Senegal to formulate better envi-
ronmental policies and take a more active role in
managing natural resources.

During the past year, particular emphasis
was placed on developing an aerial videography
system to archive and analyze the wealth of data
collected in 1994. The video data will serve as a
permanent record of biophysical conditions and
land use practices throughout Senegal. Flown
repetitively with the aid of Global Positioning
System technology, the videography represents
the basis for future aerial missions to monitor
environmental change at a large scale. A video-
tape recorder/PC system for rapid browse,
retrieval, frame grabbing, analysis, and image
processing has been developed and is a part of
the program’s technology transfer efforts to
counterpart scientists at Senegals’ Center for
Ecological Monitoring.

Gray Tappan is a physical geographer at the
EROS Data Center who has worked

in numerous African countries since 1982 and
currently leads the effort to monitor long-term
natural resource changes in Senegal.

For more information, contact:

G. Gray Tappan
Internet: tappan @usgs.gov
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Mail: EROS Data Center
Sioux Falls, SD 57198
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Alaska
Geographic
Data
Committee

The Alaska Geographic Data Committee
(AGDC) was organized in 1993 and held its first
official meeting in conjunction with the annual
Alaska Surveying and Mapping Conference on
February 9, 1994. The AGDC was formally rec-
ognized as a cooperating group of the Federal
Geographic Data Committee (FGDC) on
January 23, 1996.

The AGDC provides a forum for coordi-
nating spatial data development projects, devel-
oping coordinated methodologies for implement-
ing standards and policies, and reviewing and
responding to FGDC initiatives in Alaska.

The AGDC provides Statewide leadership
in surveying, mapping, and related spatial data
coordination. Member agencies provide leader-
ship in coordinating this effort, including the
facilitation of information exchange and data
transfer and the coordination of spatial data col-
lection to minimize duplication of effort where
practical and economical.

The AGDC pursues its objective of build-
ing geographic information partnerships among
government institutions through communication,
investigation, and coordination. The AGDC rec-
ognizes that the development of Alaska’s geo-
graphic data resources depends on all parties
working together: Federal, State, and local gov-
ernments, the Native Alaskan community, acade-
mia, and the private sector. The AGDC works
with the non-Federal community through organi-
zations such as the Alaska ARC/INFO User
Group and the Alaska Survey and Mapping
Conference.

Several subcommittees of the AGDC also
have been established, including the Land Cover
Subcommittee, the Hydrography Subcommittee,
the Government-Owned/Contractor-Operated
Subcommittee, and the Geographic Names
Subcommittee. A Clearinghouse Subcommittee
is developing an Alaska Geospatial
Clearinghouse Home Page on the World Wide
Web. The USGS office in Anchorage serves as
chair and provides staff support for the activities
of the AGDC.

Nineteen Federal Agencies and 5
Departments within the State of Alaska are
active members of the AGDC. Several major
mapping projects and initiatives are currently in
progress. The Bureau of Land Management, the
National Park Service, and the U. S. Fish and

Wildlife Service all require updated hydrography
in digital format at 1:63,360 scale over user-
specified lands in Alaska. An innovative part-
nership—the Revised Hydrography Project—
calls for the USGS to furnish film overlays of
hydrography to the BLM, which oversees the
revision of hydrography by using existing
Alaska High-Altitude Aerial Photography or
other data sources as deemed appropriate. The
USGS then prepares revised files for digital pro-
duction and quality control, provides
Government-furnished materials to the contrac-
tor, and manages the digital contract. All four
agencies share the cost of digitally producing the
revised hydrography in digital line graph (DLG)
format. A DLG is a digital representation of
cartographic information. All DLG data distrib-
uted by the USGS are DLG-Level 3 (DLG-3),
which means the data contain a full range of
attribute codes, have full topological structuring,
and have passed certain quality control checks.
This workshare/costshare cooperative program is
accelerating USGS production of revised nation-
al digital map products to populate the GIS data-
bases of partner agencies and has resulted in the
accelerated population of the National Digital
Cartographic Data Base. Additional innovative,
cooperative initiatives carried out under the aus-
pices of the AGDC include the State of Alaska
Census/Transportation Project and the Alaska
Geospatial Data Program.

During the spring of 1995, the AGDC
responded to the Department of the Interior
(DOI) High-Priority Lands Initiative for FY 96.
The AGDC membership, which includes non-
DOI Federal agencies and the State of Alaska,
submitted a proposal to the DOI Geographic
Data Committee (IGDC) to complete revised
digital hydrography and digital elevation model
(DEM) projects throughout Alaska. A DEM is a
sampled array of regularly spaced elevation val-
ues regis-
tered to a
base map.
The IGDC
Digital Base
Data
Program
team per-
formed a
cost-benefit

Visit the Alaska Geospatial Data Clearinghouse Home Page
on the World Wide Web at:
http://www-eros-afo.wr.usgs.gov/agdc/
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analysis for each project area proposed for digi-
tal data acquisition and developed a matrix to
determine the maximum benefit for each
requesting agency or agencies. Project areas
that rated a benefit factor of 2.00 or higher were
considered for funding. Due in part to the
AGDC’s unified response, the revised digital
hydrography and DEM projects received a bene-
fit factor of 7.00—the highest benefit factor for
any proposed project work submitted for consid-
eration for FY 96.

Paul D. Brooks is the USGS State Representative for
Alaska and Chair of the Alaska Geographic Data
Committee.

A.C. Brown is a cartographer in the Alaska office and
has been working for the USGS in Anchorage since
1985.

For more information, contact:

Paul D. Brooks
Internet: pdbrooks @usgs.gov
Telephone: (907) 786-7000
Fax: (907) 786-7050
Mail: U.S. Geological Survey
EDC/Alaska Field Office
Anchorage, AK 99508-4664

A.C. Brown
Internet: acbrown2@usgs.gov
Telephone: (907) 786-7002
Fax: (907) 786-7050
Mail: U.S. Geological Survey
4230 University Drive
Suite 120
Anchorage, AK 99508

ALASKA GEOGRAPHIC DATA
COMMITTEE MEMBERSHIP

U.S. Department of the Interior:

U.S. Geological Survey, Alaska Office

Bureau of Land Management, Alaska State Office
National Park Service, Alaska Regional Office

U.S. Fish and Wildlife Service, Region 7

Bureau of Indian Affairs, Juneau Area Office

Minerals Management Service, Alaska OCS Region
National Biological Service, Alaska Center

Office of Environmental Policy and Compliance, Alaska

U.S. Department of Agriculture:
U.S. Forest Service:

Alaska Region Pacific, Northwest Research Station
National Resource Conservation Service, Alaska State
Office

U.S. Department of Commerce:

National Oceanic and Atmospheric Administration,
Alaska Region

National Weather Service, Alaska Region

U.S. Department of Transportation:
Federal Aviation Administration
Federal Highway Administration
U.S. Coast Guard

U.S. Department of Defense:
U.S. Army Corps of Engineers, Alaska District
U.S. Air Force

U.S. Environmental Protection Agency,
Alaska Operations Office

State of Alaska:

Department of Community and Regional Affairs
Department of Fish and Game

Department of Labor

Department of Natural Resources

Department of Transportation and Public Utilities

Information Management
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Declassified
Intelligence
Satellite
Photographs:
A USGS-DOD
Partnership

The declassification and
release of intelligence
satellite photographs
was a joint effort of sev-
eral intelligence agen-
cies, the Department of
the Interior, and private
contractors. Primary
particpants were the
Central Intelligence
Agency in Washington,
D.C., USGS
Headquarters in Reston,
Va., the USGS EROS
Data Center in Sioux
Falls, S. Dak., the Mitre
Corporation, Eastman
Kodak, and the Hughes
Information Technology
_Corporation.
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The U.S. intelligence community began
gathering photographs of the Earth’s surface
from space in the early 1960’s. Although these
images were initially used to help set foreign
policy during the Cold War era, they are valu-
able now as an historical record of the state of
the environment.

On February 23, 1996, President Clinton
signed an Executive Order authorizing the
declassification and release of these pho-
tographs. The availability of these images from
space pushes back by 10 years the window for
global environmental monitoring.

The declassification order specified that
the USGS and the National Archives and
Records Administration (NARA) would share
the responsibility for making the space pho-
tographs available to the public. A working copy
of the film was given to the USGS’s Earth

Resources Observation System (EROS) Data
Center (EDC) in Sioux Falls, S. Dak., to be
added to the National Land Remote Sensing
Data Archive.

Because the USGS has a 26-year history
of archiving and distributing both aerial and
space imagery to the public at the cost of repro-
duction and delivery, it was able to incorporate
this collection of over 800,000 photographs into
its superb archive facility at the EDC, making
use of both existing production systems for
online Internet customer query and browse of
the images and its photographic laboratory to
create products for customers.

Researchers now have effective and timely
access to photographs that enable them to moni-
tor global environmental conditions and interna-
tional land surface conditions further back in the
past than ever before. Ground resolutions allow

Two images of Cape Canaveral, Fla. Declassified image: KH-5, B&W, 460" ground resolution, April
1963. Current USGS image: Landsat satellite, color IR, 240’ ground resolution, March 1992.

For more
information,
contact:
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Sioux Falls, SD 57198



researchers and public consumers to see the
Earth’s land cover at a high level of detail during
critical environmental and political periods in
history.

Archiving and distributing these declassi-
fied intelligence satellite photographs to the pub-
lic require making the online catalog and online
browse for each photograph available over the
Internet through the USGS’ Global Land
Information System (GLIS). Customers can con-
duct their own queries, make purchase decisions,
and initiate a product order by using GLIS. This
approach to self-service inquiry and ordering
gives customers maximum control over product
selection and involves USGS staff only when an
order has been received, payment steps initiated,
and production begun. USGS staff are available
to assist those customers who do not have

Internet access to GLIS and the services it
offers.

The initial shipment of declassified film
was received by the USGS on January 31, 1996.
The final shipment of photographs was deliv-
ered to the USGS on May 22, 1996. The USGS
is charged with processing and checking film
into the National Land Remote Sensing Data
Archive and completing the project by
September 1996. Discussions are already under-
way with the intelligence community regarding
other image data scheduled for declassification
that should be added to the USGS public-access
archives.

Donna K. Scholz is responsible for the development
and management of online customer query and order
systems, product management, and distribution of

Two images of central Nebraska. Declassified image: KH-4B, B&W, 6" ground resolution, 1962.
Current USGS image: NAPP, B&W, 3’ resolution, 1993.

For more
information,
contact:

U.S. Geological Survey
Customer Services
EROS Data Center
Sioux Falls, SD 57198
Internet: custserv@edcserverl.cr.usgs.gov
Telephone: (605) 594-6151
TDD: (605) 594-6933
Fax: (605) 594-6589
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Digital
Geospatial
Data
Framework

National geospatial data are becoming
increasingly important in assisting resource
managers and earth scientists in making
informed decisions about land and resource
development, natural disaster mitigation, pollu-
tion abatement, transportation planning, urban
development, and recreational use.

In support of the National Information
Infrastructure, in April 1994 President Clinton
issued Executive Order 12906, “Coordinating
Geographic Data Acquisition and Access: The
National Spatial Data Infrastructure (NSDI).”
The NSDI encompasses the technologies, poli-
cies, standards, and human resources necessary
to acquire, process, store, distribute, and
improve the use and sharing of geospatial data
throughout all levels of government, academia,
and the private sector. One objective of the
Executive Order is the development and imple-
mentation of a national digital geospatial data
framework (Framework).

National geospatial framework data are the
commonly recurring data elements applicable to
most geographic information system (GIS)
analyses and deemed most significant to the
broadest user community. Specifically, these
data pertain to elevation, hydrography, trans-
portation, political and administrative boundary,
cadastral, and orthoimagery themes.

For many parts of the Nation, geospatial
data either are not available or are not useful to a
broad spectrum of users because of differing
standards, formats, and licensing restrictions or
because of a lack of coordination.

The purpose of the framework concept is
to organize the collection and maintenance of
basic, consistent digital geospatial data that can
be shared and to provide a base on which an
organization can accurately register and compile
other types of data. Shared collection and main-
tenance will reduce expenditures for data collec-
tion and integration, allow organizations to focus
on their primary business, expand the user base

for data being collected, and increase data avail-
ability over broader geographic areas.

The USGS has unique leadership qualifi-
cations and a core capability for the acquisition
and integration of geospatial data. The USGS
can serve as a catalyst to (1) help define, devel-
op, and promote geospatial data standards and
coordinate their use and (2) establish cooperative
partnerships with other Federal, State,
local, and private sector organizations to estab-
lish common approaches to data sharing, data
acquisition, and data integration as well as
enable the technologies to support the imple-
mentation and maintenance of Framework.

The USGS will serve as the theme manag-
er for elevation and orthoimagery data themes
and may also serve as a data producer and (or)
data distributor. The USGS also will support the
implementation and production of other
Framework data themes through the establish-
ment of data partnerships. The USGS thus will
serve as an “area integrator” for Federal data
requirements and will assist programs in making
the tranisiton from primary data production to
data production of last resort.

The USGS will integrate existing data
from other Federal, State, local, and private sec-
tor organizations to meet customer requirements
for nationally consistent data. Where data do not
exist, the USGS will pursue partnerships with
other organizations to acquire new data.

The USGS will continue research and sys-
tems development activities to improve its data
sharing, data integration, and data dissemination
operations. These activities will be augmented
through the use of cooperative research and
development agreements with academia and pri-
vate industry.

Framework development and implementa-
tion are being managed by a consortium of rep-
resentatives from Federal, State, and local gov-
ernments, academia, and the private sector under
the auspices of the Federal Geographic Data

For more information, contact:
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Committee (FGDC). The USGS is coordinating
closely with the FGDC to ensure that national
mapping data programs are consistent with
FGDC-endorsed Framework guidelines.

The USGS is currently participating in
cooperative agreements with the Environmental
Protection Agency, the Bureau of the Census,
and the Bureau of Land Management to estab-
lish common geospatial data for transportation,
hydrography, boundary, and cadastral themes.
Through these agreements, the USGS and their
partners are pursuing other data partnerships at
the State, local, and private levels to collabora-
tively develop geospatial data adhering to
Framework guidelines. The primary goal is to
respond to Executive Order 12906 establishing
initial “framework” data for the transportation,
hydrography, and boundary themes by January
1998.

The USGS will continue to take an active
leadership role in advancing the goals of the
NSDI, including support for the development
and implementation of Framework. To facilitate
these activities, the USGS will pursue coopera-
tive agreements with other Federal, State, local,
and private sector organizations to collaborative-
ly develop common technological approaches
and data standards that will permit more effi-
cient data sharing, data acquisition, data mainte-
nance, and data dissemination capabilities.

Mark Naftzger is a cartographer with the National
Mapping Division and is
a staff advisor for USGS digital mapping programs.
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Almost every Department of the Interior
(DOI) bureau conducts geographic analyses in
support of departmental policy initiatives. Sixty
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