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Surveying Faults and Sediment Outside the Entrance

to San Francisco Bay

By Anne Gartner, Holly Ryan, and Patrick Hart

A small group of U.S. Geological Sur-
vey (USGS) personnel from the Western
Coastal and Marine Geology Team ven-
tured out of San Francisco Bay’s Golden
Gate for 10 days in late September to
survey offshore faults near the epicenter
of the great San Francisco earthquake of
1906. They used high-resolution seismic-
reflection profiling systems to image sev-
eral faults considered capable of produc-
ing damaging earthquakes, including the
San Gregorio, San Andreas, and Golden
Gate faults. The USGS and the California
Geological Survey have recently focused
on updating fault maps to be used by the
Working Group on California Earthquake
Probabilities in developing a new time-
dependent seismic-shaking-hazard model
for the State of California. Among other
things, this model will be used to set State-
wide earthquake-insurance rates.

The scientific crew, headed by Holly
Ryan, included Larry Kooker, Anne
Gartner, and Peter Triezenberg, joined
at various times by Patrick Hart, Ray
Sliter, Gerry Hatcher, and Mike Boyle.
The 54-foot boat Lakota, recently trans-
planted to the West Coast from treasure

Larry Kooker (left) and Pat Hart monitor data
quality in an onboard, real-time display of seis-
mic-reflection data. Photograph by Holly Ryan.

U.S. Department of the Interior
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Cruise chief scientist Holly Ryan pauses while
photographing activity on the fantail of the
Lakota (right). Photographs by Anne Gartner.

hunting off Florida, was used as the
research vessel on its maiden geophysi-
cal voyage, with captain Tim Fleming
at the helm. Although temperatures
were a bit chilly, the seas were incred-
ibly calm, almost glassy, for the entire
trip. (September in northern California
sometimes cooperates.)

Data were collected from Fort Fun-
ston, south of the Golden Gate, to as far
northward as Bolinas, near where the San
Andreas fault crosses onto shore. One of
the main goals was to study the transfer
of seismic slip between the San Gregorio,
San Andreas, and Golden Gate faults.

Another part of the mission was to
determine the subsurface structure of
gigantic (as much as 10 m high and 220
m from crest to crest) sand waves im-
aged by USGS scientists Patrick Bar-
nard and Dan Hanes just outside the

Golden Gate (see related Sound Waves
article at URL http://soundwaves.usgs.
gov/2006/09/research.html) and to
provide shelf-sediment information for
Barnard and Hanes’ coastal-erosion
study off Ocean Beach, located between
the Golden Gate and Fort Funston (see
related Sound Waves article at URL
http://soundwaves.usgs.gov/2006/04/).
This effort included collecting data to
calculate the volume of sediment in an
ebb-tide delta immediately seaward of
the Golden Gate and in Holocene depos-
its on the continental shelf.

(Fault Survey continued on page 2)
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Fieldwork, continued

(Fault Survey continued from page 1)

The scientists gathered data with two
high-resolution seismic-reflection systems,
both of which produce pulses of sound
and record the return of their echoes from
layers of sediment and rock beneath the
sea floor. Such data are used to produce
cross-sectional images, or profiles, of the
sub-sea-floor layers.

For studies of fault geometry, the
scientists used a 50-tip minisparker as
the sound source and a short, single-
channel hydrophone streamer to receive
the echoes. The minisparker is towed
just beneath the water 5 to 10 m behind
the vessel, where, at regular intervals, it
produces an electric spark that vaporizes
a small volume of water. Rapid expansion
of the vapor bubble generates a sharp
pulse of sound that radiates outward
through the water. The process is similar
to that which produces lightning and
thunder, though on a much smaller scale.
Wherever the sound energy encounters
a change in acoustic impedance, which
is the product of density and acoustic
velocity (the speed of sound in a given
material), some of the sound energy
is reflected. Thus, some sound energy
is reflected at the boundary between
seawater and the sea floor, while sound
energy that penetrates the sea floor is

Mike Boyle (left) and Larry Kooker trim the
tips on the minisparker system. Photograph by
Holly Ryan.

reflected from boundaries between sub-
sea-floor layers of differing acoustic
impedance. The returning echoes are
picked up by underwater microphones,
called hydrophones, spaced at regular
intervals in a clear, oil-filled hose, or
“streamer,” towed behind the vessel.

To image the sand waves, the scientists
used an Edgetech 512i subbottom-
profiling system composed of a high-
frequency “chirp” source and a small
hydrophone array, all housed within
a 190-kg “fish” that is towed 3 to 5
m below the sea surface. The chirp
system uses a piezoelectric transducer
to convert electrical pulses into

(Fault Survey continued on page 3)

(Left to right) Peter Triezenberg, Larry Kooker, captain Tim Fleming, and Pat Hart prepare to de-
ploy the chirp system. The Golden Gate Bridge is in the background. Photograph by Holly Ryan.
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Fieldwork, continued

(Fault Survey continued from page 2)

mechanical vibrations, or sound energy.
The hydrophones—Iike those in the
minisparker system—reverse the process,
converting the mechanical energy of
returned echoes into electrical signals that
are digitized, displayed, and stored in a
computer. (To learn more about seismic
mapping, visit URL http://woodshole.
er.usgs.gov/operations/sfmapping/
seismic.htm.)

The minisparker system provided deep-
er imaging penetration below the sea floor
but slightly less resolution than the chirp
system. Data for both systems were digi-
tally recorded for postcruise processing
and interpretation. Several coincident pro-
files were collected with both systems for
data comparison.

Results of the seismic-reflection surveys
were mixed. The sediment in the area of the
shallowest part of the ebb-tide delta—where
thick, sandy deposits are present—obscured
faulting. In addition, gas from natural seeps
scattered the sound energy, making it dif-
ficult to map faults in some areas. Evidence
of gas in the seismic-reflection data includes
bright spots caused by pockets of trapped
gas, data “washouts” caused by gas dis-
persed through sediment, and fuzzy clouds
of reflectivity caused by gas bubbles in the
water column. (Cruise participant Pat Hart
notes that gas “has a dramatic effect on
data quality—usually bad.”) In many areas,
however, especially away from the ebb-tide
delta, the data were spectacular, thanks in
part to relatively calm seas. The data are
currently being processed and will be used
not only in the new seismic-shaking-hazard
model for California but also in studies of
tectonics and coastal erosion.

Another important aspect of the cruise
involved using USGS staff rather than paid
consultants as marine-mammal observers.
Several of the Western Coastal and Marine
Geology Team research staff have been
trained to scan for and identify marine
mammals in order to determine whether op-
erations should be shut down to prevent the
acoustic equipment from adversely affect-
ing whales, dolphins, or porpoises. Possibly
owing to a lack of food sources in the area,
only a few sea lions and harbor seals were
spotted, to the relief of the scientists and the
boredom of the observers. &
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Study area west of
San Francisco, Calif.
Red lines, faults (two
unlabeled faults are
strands in the San
Gregorio fault system);
star, epicenter of
great San Francisco
earthquake of 1906; dark
blue lines, research
vessel’s track; dashed
yellow line A-A’,
approximate location
of seismic-reflection
profile shown here;
gray shading, extent of
recent high-resolution
bathymetric mapping
(see Sound Waves
article at URL http://
soundwaves.usgs.
gov/2006/09/research.
html).
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Minisparker profile across Holocene extensional basin between the San Gregorio fault zone and
the Golden Gate fault (line A-A" on map). SGF-E, eastern strand of the San Gregorio fault zone; PPF,
Potato Patch fault; SAF, San Andreas fault; GGF, Golden Gate fault; M, multiple (a line that mimics
the sea-floor surface at twice the water depth).
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Fieldwork, continued

Studying Submarine Ground-Water Discharge at Dor Beach, Israel

By Peter W. Swarzenski

U.S. Geological Survey (USGS) scien-
tist Peter Swarzenski traveled to Israel in
2005-06 to study submarine ground-water
discharge—the flow of ground water di-
rectly into seawater—on Israel’s Medi-
terranean coast. Swarzenski, William
Burnett (Florida State University), Yishai
Weinstein (Bar-Ilan University, Israel),
and additional participants from institu-
tions in Florida and Israel conducted high-
resolution geophysical and geochemical
surveys at Dor Beach to examine the shal-
low coastal hydrogeology and its control
on the flow of submarine ground water into
the Mediterranean Sea. The geophysical
surveys employed a multi-electrode cable
to measure marine resistivity (which yields
information about pore-water salinity),
marking the first time this new technique
has been used outside of Florida. The sci-
entists reported their results in the Decem-
ber 2006 issue of Geophysical Research
Letters (URL http://www.agu.org/pubs/
crossref/2006/2006G1.028282.shtml).

About 25 km south of Haifa in northern
Israel, Dor is the site of an ancient port
where ongoing archeological research has
traced evidence of diverse civilizations—
including Phoenicians, Israelites, Persians,
and Greeks—back to at least 3,000 years
before the present (see URL http://www.
hum.huji.ac.il/dor/). The town lies on the
Carmel coastal plain, which has under-
gone large fluctuations in sea level during
late Holocene time. For example, at the
Dor Beach study site, an old Arabic well
that today is tidally inundated and thus
defunct was situated about 7.5 m from the
coast line in 1915 and still operational; the
well’s history implies that sea level at Dor
Beach has risen more than 10 cm in just
one century. A sea-level record construct-
ed from geologic, geomorphologic, and ar-
cheological data indicates mean-sea-level
fluctuations of about 1 m above and below
present sea level during the past 3,000
years (Science, 1984, v. 226, p. 831-832;
see URL http://www.sciencemag.org/cgi/
content/abstract/226/4676/831).

With funding from the United States-
Israel Binational Science Foundation, the
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Study site at Dor Beach, Israel, showing time-series resistivity lines (1, 2, 4, 5). TS-Rn, anchored
boat used for time-series ?2Rn measurements; kurkar well, deep coastal well in a shore-parallel
sandstone ridge, or “kurkar”; piezometer, temporary well for collecting ground-water samples at

discrete depths.

USGS Submarine Ground-Water Dis-
charge project has conducted studies at Dor
since 2004, using various methods to better
understand the role of the area’s subsur-
face geology in submarine ground-water
discharge and the proportion of recycled
seawater in this discharge. The March

4

2006 fieldwork focused on shallow coastal
hydrogeology at Dor Beach and its control
on the exchange of submarine ground wa-
ter with Mediterranean seawater.
The two-way exchange of coastal
ground water with seawater is a ubiqui-
(Dor Beach continued on page 5)
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Fieldwork, continued

(Dor Beach continued from page 4)

tous phenomenon driven by both marine
and terrestrial processes. On the marine
side, this exchange is affected by water-
level fluctuations, such as waves, tides,
and storms, as well as by density differ-
ences between various water masses. On
the terrestrial side, the flow of ground
water toward the sea is affected by the
underlying geologic framework and sea-
sonal hydrologic cycles. Although the
global volume of freshwater delivered to
the sea by submarine ground-water dis-
charge is typically estimated to be much
less than that of freshwater delivered by
river discharge, the potential of subma-
rine ground water to carry contaminants
and excess nutrients into coastal waters
makes it an important influence on the
nearshore environment.

Swarzenski and his colleagues exam-
ined the shallow coastal hydrogeology at
Dor Beach by using time-series measure-
ments (measurements taken at regular

(Dor Beach continued on page 6)

Dor Beach, Israel, showing 56-electrode cable used to collect stationary resistivity measurements
(line 1 on map). The 112-m-long cable’s midpoint was positioned close to the low-tide line; about
two thirds of the cable was submerged at high tide. Sandbags were used to enhance contact
between each electrode and the underlying sediment. Note sandstone ridges, known locally as
kurkar, rising above the water. Time-series #2Rn measurements were conducted from a 15-ft-long
boat anchored 40 m offshore (above cable, between shoreline and horizon). View westward.
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Profiles of inversely modeled resistivity along a shore-diagonal transect (line 4) during low (upper profile) and high (lower profile) tide. Tidal range,
45 cm. Red colors indicate fresher (ground) water; blue colors, saltier (sea)water. Vertical axis shows depth below ground surface measured from
the elevation of the highest electrode, arbitrarily set at zero. A ground-water exchange rate of 7 m® per day per meter of shoreline was calculated
by using data from the small outlined cell (labeled “A” in upper profile, “B” in lower profile), where ground-water seepage was visible at low tide.
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Fieldwork, continued

(Dor Beach continued from page 5)

time intervals) of both radon-222 (**Rn)
concentrations and multi-electrode electri-
cal resistivity. Resistivity measurements
detect pore-water conductivity on the basis
of variations in electrical resistance; ground
water generally has lower salinity and
lower conductivity (higher resistivity) than
seawater. Measuring pore-water resistivity
with electrical cables towed behind small
boats—called streaming resistivity profil-
ing—has proved to be a useful technique
(for example, see article in Sound Waves,
June 2002, at URL http://soundwaves.
usgs.gov/2002/06/research.html). At

Dor Beach, however, the scientists used a
new technique: a stationary 112-m long,
56-electrode marine cable laid out in sev-
eral configurations—shore parallel, shore
perpendicular, and shore diagonal—across
Dor Beach and into the adjacent lagoon
(see map). Pore-water resistivity was mea-
sured for about 24 hours (to cover a couple
of tidal cycles) in each configuration. The
measurements made at Dor enabled the sci-
entists to construct detailed profiles of the

bl e LT =11

Israel Oceanographic and Limnological
Research building in Haifa (URL http://
www.ocean.org.il/MainPageEng.

asp). The research institute is directed
by Barak Herut, a collaborator in the
March 2006 study at Dor Beach.
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subsurface freshwater/saltwater interface
and its subtle response over time to tides
and other forcing factors. Such data can
provide unique information about the extent
and rates of submarine ground-water dis-
charge. Before the fieldwork at Dor Beach,
the stationary method for collecting ma-
rine resistivity data had been used only in
Florida (see article in Sound Waves, March
2006, at URL http://soundwaves.usgs.
20v/2006/03/fieldwork2.html.)
Time-series measurements of *?Rn con-
centrations in the adjacent coastal water
column complemented the resistivity data.
222Rn has been shown to be a particularly
effective tracer of sediment/water exchange
processes, including submarine ground-
water discharge, because this isotope is
commonly much more concentrated in
ground water than in surface water, is
chemically inert, and radioactively decays
at a rate (half-life = 3.82 days) comparable
to the time scales of many coastal process-
es. At Dor Beach, the scientists measured
222Rn concentrations in the water column

Low tide at Dor Beach, Israel, where
shore-parallel, multi-electrode resistivity
measurements were conducted along the
intertidal zone.

nearly continuously for 4 days from a
boat anchored about 40 m from shore (see
map). Concurrently, they collected a con-
tinuous record of the temperature, salinity,
and depth of the water column.

The *?Rn data were modeled to yield
flow rates across the sediment/water
boundary, which ranged from about 0 to
30 cm per day (mean = 7.1 cm per day),
depending on the tidal range. Such results
suggest that the underlying hydrogeologic
framework at Dor is favorable for substan-
tial submarine ground-water discharge.
Extrapolating the mean estimate across a
100-m-wide coastal zone implies a subma-
rine-ground-water-discharge rate of about
7.1 m? per day per meter of shoreline, an
estimate in good agreement with that de-
rived from the resistivity data. The **’Rn
data further indicate that the source of the
discharging ground water is a mixture of
mostly fresh ground water derived from
upland kurkar (shore-parallel sandstone
ridges interpreted as lithified sand dunes)
and recycled seawater.

The recent fieldwork produced detailed
information about submarine ground-water
discharge at Dor Beach and demonstrated
the value of combining geochemical-tracer
studies with stationary high-resolution re-
sistivity measurements. These results have
identified the varying geologic controls on
coastal-aquifer exchange processes and
give coastal-resource managers the infor-
mation they need to better calculate the
amount of nutrient input to these coastal
systems.

The full citation for the scientific paper
about the recent study at Dor Beach is:

Swarzenski, P.W., Burnett, W.C.,
Greenwood, W.J., Herut, B., Peterson,

R., Dimova, N., Shalem, Y., Yechieli,

Y., and Weinstein, Y., 2006, Combined
time-series resistivity and geochemical
tracer techniques to examine submarine
groundwater discharge at Dor Beach,
Israel: Geophysical Research Letters, v.
33, 124405, doi:10.1029/2006GL028282
[URL http://www.agu.org/pubs/crossref/
2006/2006GL.028282.shtml].

For additional information about this
and other USGS submarine-ground-water-
discharge investigations, visit URL http://
coastal.er.usgs.gov/sgd/. &
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USGS Helps Middle-School Students Envision a Future City

By Helen Gibbons and LaZena Jones (Helms Community Project)

The buildings at Walter T. Helms Middle
School in San Pablo, Calif., are badly
in need of the replacement scheduled to
begin soon, but that didn’t dampen the
enthusiasm of students who met with U.S.
Geological Survey (USGS) scientist Don
Woodrow after school on a Tuesday last
December. The students had formed a team
to design and build a model of a future city
for the National Engineers Week Future
City Competition, and Woodrow had come
to talk to them about geologic hazards they
should plan for in their design.

Woodrow, who lives in Richmond
(just south of San Pablo) and works as a
contract geologist at the USGS campus
in Menlo Park, Calif., spent an hour
and a half at Helms Middle School on
December 12, talking to a group of 8th
graders about faults, earthquakes, and
landslides as hazards that we have to live
with and design for in the San Francisco
Bay region. He brought a striking 3- by-
12-ft mosaic of satellite images, created
by USGS geographer Ben Sleeter and
USGS geologist Florence Wong, which
gave the students a detailed view of the
San Francisco Bay region, its cities and
highways, and the shape of the land in
less developed areas, where northwest-
trending traces of the San Andreas
and related faults are clearly visible.

“The students really got into it,” said
Woodrow, who has visited Helms Middle
School in past years to host a USGS booth
at the school’s annual career fair, with the
help of his wife Carole.

This year’s Helms Future City team con-
sisted of five male and six female 8th-grade
students. They were sponsored by the San
Francisco Bay Area Rapid Transit District
(BART) Future City Program, which is co-
ordinated by Bianca Mallory, and Helms
Middle School’s After-School Program.
Woodrow was one of several professionals
who met with the students to provide infor-
mation that would help them design their
future city; some of the others were:

* Adele Ho, San Pablo’s Director of
Public Works and city engineer, and
Avanindra Gangapuram, the city’s

Outreach

Bay Area Rapid Transit District ba
Celebrates National Engineers Week®

Helms Future City team poses at
San Pablo City Hall for a photograph
that was featured on a postcard
(inset) sent to all BART-sponsored
schools to advertise the Future City
competition and announce the Pre-
Competition date.

Planning Division Manager, who
gave the students an overview of
city government and advice on city
planning and renovation;

¢ Eric Havel, Environmental Education
Coordinator at Chabot Space and
Science Center in the nearby city of
Oakland, who gave them a hands-on
presentation on fuel cells and other
alternative energy sources; and

* Hassen Beshir, Principle Civil
Engineer in Transit System
Development at BART, who mentored
the students throughout the building
of their model.

The Future City competition required
participants to design a city of the future
(the Helms team chose year 2150) using
SimCity software, to build a physical
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model of the city using recycled materials,
to write an abstract describing their

city and an essay on energy strategies

for powering it, and to give a verbal
presentation to a panel of judges.

Guided by Ricardo Rodriguez, a
mechanical engineering student at Contra
Costa Community College, the Helms
team had two opportunities to present their
vision of a future city. The first, a “Pre-
Competition” event sponsored by BART,
was held at Chabot Space and Science
Center on Saturday, January 6, 2007. The
Helms team participated with teams from
10 schools in Alameda County, presenting
their model to a panel of judges consisting
of city-government representatives,
business people, and civil engineers. The

(Future City continued on page 8)
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(Future City continued from page 7)

Helms team won the “Best Architecture”
award and, like the other teams, received
constructive feedback in a closed session
with the judges.

The second opportunity was the
Future City Regional Competition
at St. Mary’s College in Moraga on
Saturday, January 13, when teams from
25 northern California schools came
together to compete. The Helms team

won 5th place, to the delight of LaZena
Jones, director of the school’s Helms
Community Project and advisor to the
students throughout their preparation
for the competition. Jones noted that
the students “were less excited than I”
about their win, having “fully expected
to come in 1st place!”

The students’ enthusiasm was a
particularly satisfying outcome of the

Excerpt from the satellite imagery Don Woodrow took

to Helms Middle School (orange star) on December 12,
2006, when he spoke to the Helms Future City team about
geologic hazards in the San Francisco Bay region. Many

northwest-trending fault traces are visible in the image.
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competition. Jones said, “One female
student informed the team that she would
like to attend college and study to become
an engineer!” She added, “They are truly a
great group of students, who love to learn
and experience new things.”

For more information about the
National Engineers Week Future City
Competition, visit URL http://www.
futurecity.org/. &

Members of the Helms Middle School team construct their model of a future city.
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Assessing Microbes in Ground Water—A Highlight at the Sixth Annual Aquifer
Storage and Recovery Meeting in Orlando, Florida

By Ann B. Tihansky

The Sixth Annual Aquifer Storage and
Recovery meeting convened local and
international experts in Orlando, Fla., on
October 16-17, 2006. The meeting was
organized by the American Ground Water
Trust and cosponsored by the U.S. Geo-
logical Survey (USGS), along with many
environmental consultants and other Fed-
eral and State agencies. Technical experts
shared experience and discussed issues
regarding the practice of using aquifers to
temporarily store water, known as aquifer
storage and recovery (ASR), during peri-
ods of high water availability so that it can
be withdrawn for use during dry periods.
The technique is part of Florida’s com-
prehensive water-management plan to de-
velop alternative sources of drinking water
in order to meet future projected water-use
demands; it is also an integral part of the
Greater Everglades Ecosystem Restoration
(GEER) plan. If effective, the practice will
allow water managers to reduce impacts
on both surface-water and ground-water
resources by reducing withdrawals and the
need to construct large reservoirs.

Technical issues that affect the fea-
sibility of aquifer storage and recovery
include potentially adverse geochemical
changes in the aquifer, efficient recovery
of the injected water, and availability and
timing of water-supply diversions. From
a regulatory perspective, the Florida
Department of Environmental Protec-
tion (FDEP) is primarily focused on the
mobilization of arsenic, which in several
operating aquifer-storage-and-recovery
systems has exceeded the new drink-
ing-water standard of 10 pug/L. Arsenic
mobilization in ground water is a com-
plex geochemical problem that can be
substantively affected by the activities of
indigenous microbial populations. USGS
research in characterizing microbial
populations in ground water and monitor-
ing accompanying geochemical changes
associated with ground-water con-
tamination and ASR techniques suggests
that microbial populations can shift in
response to changes in ambient ground-

Meetings

USGS microbiologists Ron Harvey (right) and John Lisle compare two styles of diffusion chambers
designed and built by the USGS. The diffusion chambers have been used to conductin situ studies
of microbes in ground water.

Three different designs

of diffusion chambers
designed to meet specific
research needs. The basic
design includes a central
plate that retains the
sample, two outside plates
that bolt to the central
plate, and a silicone gasket
that sits between the
central and two outside
plates between which a
semipermeable membrane
is secured. Samples are
loaded and removed
through syringe fittings. The membranes retain the bacterial cells within the central chamber while
allowing chemical and nutrient constituents in the water to diffuse into and out of the chamber but
preventing native bacteria from contaminating the internal volume.

Harvey discussed the USGS national
perspective on new technology, innovative
methods, and future directions for under-
standing microbial communities in ground
water. Lisle presented results from his co-
operative work with the FDEP and utilities
in the Tampa Bay area, comparing micro-
bial communities in recharge and native
(Aquifer Meeting continued on page 10)

water quality such as pH, redox state, or
availability of specific ions or metals.
USGS scientists were featured in the
Aquifer Storage and Recovery meeting
session titled, “How Mighty are the Mi-
crobes and Minerals?” The session was
moderated by USGS hydrologist Ann
Tihansky and featured USGS microbi-
ologists Ron Harvey and John Lisle.
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Meetings, continued

(Aquifer Meeting continued from page 9)

ground water associated with an operating
ASR system in Tampa.

After the meeting, Harvey visited the
USGS center in St. Petersburg, Fla., to
work with Lisle on the latest designs of in
situ (downwell) filter chambers designed
to sequester specific nonindigenous and
indigenous microbial populations in order
to quantify population dynamics under
ambient and altered ground-water condi-
tions. According to Lisle: “We want to
be able to demonstrate that we can safely
contain known microbial communities in
aquifers without letting them loose into
the ground-water system. These chambers
are designed to keep the bugs in and yet
allow them to interact with the ground-
water chemistry as they normally would.
The idea is that we would deploy them for
a period of time, allowing them to interact
with the chemistry in the native or altered
ground-water system; then we would
quantitatively recover them and analyze
for any changes. This will give us a much
more realistic idea of what these popula-
tions are capable of doing and what their
role is in mediating the biogeochemical
changes in ions of interest as the ground-
water environment changes.”

The USGS is leading the way in de-
veloping new technologies that will
ultimately help manage ground-water
resources more effectively. According to

Representative collection of photographs showing bacteria (bright spots) that have been isolated
from ground water. All cells have been labeled with fluorescent stains.

Harvey: “Work done in aquifers through-
out the country suggests that microbes
play important roles in remediating aqui-

fers contaminated by specific compounds.

However, they also can mobilize other
undesirable constituents, such as arse-
nic, depending upon the geochemistry
of the aquifer.” By better understanding
these processes, the USGS will be able
to advise resource managers about aqui-

fer-remediation techniques and also help
regulators determine guidelines for effec-
tive ASR practices.

The agenda for the Aquifer Storage and
Recovery meeting is posted at URL http://
www.agwt.org/events/2006/ASR6Pro
gram.pdf. For more information about the
group that organized the meeting, visit the
American Ground Water Trust Web site at
URL http://www.agwt.org/. &

Chinese Delegation Briefed on USGS Science During a Visit to

Menlo Park, California
By Helen Gibbons

A delegation from China headed by
Mr. Sun Wensheng, the Minister of Land
and Resources, visited the U.S. Geologi-
cal Survey (USGS) center in Menlo Park,
Calif., on January 26, 2007, for briefings
on USGS scientific activities in the United
States and Asia. The delegation had asked
to visit the Menlo Park campus on their
way to Washington, D.C., where they met
with Interior Secretary Dirk Kempthorne
on January 31 to sign a Memorandum of
Understanding to promote future coopera-
tion on natural resources.
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Among the USGS scientists who
briefed the visitors in Menlo Park were
Western Coastal and Marine Geology
Team Chief Scientist Sam Johnson and
oceanographer Jingping Xu. Johnson
and Xu presented a half-hour sum-
mary of Coastal and Marine Geology
Program activities, with a particular
focus on sea-floor and benthic-habitat
mapping, tsunami hazards, and coastal-
change assessments. The Chinese
delegation was particularly impressed
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Sun Wensheng (left), China’s Minister of Land and
Resources, greets USGS oceanographer Jingping
(Chinese Delegation continued on page 11)  Xu in Menlo Park, Calif.
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(Chinese Delegation continued from page 10)

with the high relevance of the program’s
activities to societal needs.

The delegation also received briefings on
the mineral resources of Asia by Warren
Nokleberg (leader of the USGS Global
Mineral Resource Assessment Project),
integrated studies of the San Francisco Bay
and Delta by Lisa Lucas, The National
Map (URL http://nationalmap.gov/) by
Tom Sturm, and USGS geographic re-
search by Susan Benjamin.

Along with Minister Sun, the delega-
tion included six additional members of
China’s Ministry of Land and Resources,
which has had agreements with the
USGS since the Ministry’s creation in
1998, a time of significant reorganization
within the Chinese government. Before
1998, the USGS dealt with several of
the Ministry’s predecessors, going back
to 1980, when the USGS signed its first
protocols with various Chinese govern-
ment organizations.

Chinese
visitors and
their USGS
hosts pose for
a photograph
atthe USGS
centerin
Menlo Park,
Calif.
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Although this trip did not include a visit
to the Southeastern United States, USGS
coastal scientists in St. Petersburg, Fla.,
and biologists in Lafayette, La., have been
discussing cooperative, integrated studies
in both China and the Gulf of Mexico with
their counterparts in the China Geological
Survey (a bureau within the Ministry of
Land and Resources) and hope to craft a
formal agreement soon.

The delegation’s host in Menlo Park
was USGS Western Region Deputy Direc-
tor Brian Cole, who wrote in a thank-you
note to the USGS presenters: “Our guests
could not help but be impressed with the
quality of scientific endeavors you and your
colleagues are involved in....As [Minister
Sun] said in his closing remarks, clearly
our science is of tremendous value to the
Nation and our people.” &

At a ceremony in Washington, D.C.,

on January 31, Interior Secretary Dirk
Kempthorne and Minister Sun signed

a Memorandum of Understanding that
will facilitate cooperation between the
United States and China.

l

USGS Western Coastal and Marine
Geology Team Chief Scientist Sam
Johnson (above) briefs the Chinese
delegation on USGS coastal and
marine research.

Sound Waves March 2007



Meetings, continued

Restore America’s Estuaries Conference in New Orleans

?: i 2 i

By Doug George

The Third National Conference on
Coastal and Estuarine Habitat Restoration
drew a record crowd of 1,400 participants,
including 25 U.S. Geological Survey
(USGS) scientists, 4 of whom came from the
Western Coastal and Marine Geology Team.
Sponsored by Restore America’s Estuaries
(RAE, URL http://www.estuaries.org/)
and held December 9-13, 2006, in New
Orleans, the conference attracted ecologists,
hydrologists, civil engineers, environmental
consultants, anthropologists, and municipal
planners. Guy Gelfenbaum, Amy Foxgro-
ver, Theresa Fregoso, and Doug George
exhibited five posters on two studies to this
diverse group of attendees. Amy and The-
resa presented posters related to bathymetric
and habitat surveying in south San Francisco
Bay, while Guy and Doug presented posters
about a numerical-modeling study of sedi-
ment transport and morphological change
for estuary restoration efforts in Puget
Sound. Both studies provided science and
information that fit well with the motivation
behind the conference—focusing on the
goals and practices of coastal and estuarine
habitat restoration.

The opening plenary session consisted of
three keynote speakers, starting with Depart-
ment of the Interior (DOI) Deputy Secretary
Lynn Scarlett, whose remarks highlighted
the importance of the human element in
restoration work. The gravity of this point
with respect to coastal Louisiana was bril-
liantly expanded upon by the two succeeding
speakers: Nick Spitzer, host and producer of
National Public Radio’s American Routes;

Amy Foxgrover and Doug George
reach Lake Pontchartrain after
canoeing through one of the last
intact lakeside marshes.
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Theresa Fregoso (third from left) and other
volunteers at the New Orleans City Park
restoration project.

and Mike Tidwell, author of Bayou Farewell
and The Ravaging Tide.

Despite the lingering effects of Hurri-
cane Katrina, the theme of the conference
was rebirth, not only of New Orleans but
of the national relationship with wetlands.
Sixteen field trips enabled conference
participants to explore cultural attractions,
bayous, and restoration efforts around the
city and coastal Louisiana. Theresa par-
ticipated in a restoration project in New
Orleans’ 150-yr-old City Park, where
she and other volunteers removed post-
Katrina debris and planted native plants
along the lakeshore. Theresa, Amy, and
Doug joined a group of 20 conference
attendees for a tour of the Tchefuncte
Marsh wetlands-assimila-
tion project along the north
edge of Lake Pontchartrain.
The marsh functions as a
sewage-treatment facility
for the 12,000 residents of
Mandeville, while providing
- “green infrastructure” and

| critical habitat along the rap-
idly developing lakeshore.
After the tour, the group
embarked on a canoe trip
through one of the last intact
lakeside marshes to observe
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Guy Gelfen-
baum gets
to know the
local wildlife
at the Davis
Pond Fresh-
water Diver-
sion Project
outside of
New Or-
leans.

how the natural environment endured
Hurricane Katrina. Guy, along with Tim
Smith, Curtis Tanner, and Rich Innes
of the Puget Sound Nearshore Partnership
(URL http://pugetsoundnearshore.org/),
visited the Davis Pond Freshwater Diver-
sion Project outside of New Orleans (URL
http://www.mvn.usace.army.mil/pao/
dpond/davispond.htm). The Davis Pond
diversion is an example of large-scale eco-
system restoration resulting from a success-
ful State, Federal, and local partnership. The
group saw firsthand some of the biological
response to the restoration project.

The RAE conference takes place every
other year and has been held in Baltimore,
Md., and Seattle, Wash. The New Orleans
conference was the largest to date, an
encouraging sign that the idea of restora-
tion is engaging broader audiences and
offering opportunities for USGS scientists
to provide science to the growing habitat-
restoration effort. &
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Scuba Scouts Recognize USGS Employees

By Lisa Robbins

On November 18, 2006, the Scuba
Scouts, USA, of Tampa Bay (SSUSATB)
held a banquet in Tampa, Fla., recogniz-
ing the mentors and sponsors within the
community who work with the Scouts.
The U.S. Geological Survey (USGS), a
long-time supporter of this program, was
one of the organizations that were hon-
ored. USGS Dive Safety Program Man-
ager Marc Blouin, from the USGS Great
Lakes Science Center in Ann Arbor,
Mich., was presented a plaque for his ex-
ceptional support of the program in Scu-
ba Scout, USA, training. Also recognized
were other USGS scuba enthusiasts who
have helped through the years: Chris
Reich and Don Hickey, both from the
USGS Florida Integrated Science Center
office in St. Petersburg, Fla. Students pre-
sented the awards with skits and poems to
the mentors and sponsors.

Dan Basta, Director of the National
Oceanic and Atmospheric Administration
(NOAA)’s National Marine Sanctuar-
ies, gave an inspiring keynote address
on “Education Through Exploration”

Captain David Olson (left) presents a plague to
Mare Blouin (USGS Dive Safety Program Man-
ager) for his exceptional efforts in supporting
the Scuba Scouts, USA, of Tampa Bay.

and how the SSUSATB embodies this
vision. Organized in 2001 by Captain
David Olson (U.S. Navy), the SSUSATB
program—the first of its kind in this
country—was created to give young men

and women the opportunity to learn about
many aspects of marine science. A multi-
disciplinary approach allows the scouts to
develop skills in scuba diving and apply
them to different underwater research ac-
tivities, including special environmental
and undersea conservation projects. Each
Scuba Scout is trained and certified to the
advanced open-water-diver skill level be-
fore being trained in science, technology,
and emergency response. Scouts in SSU-
SATB are mentored by scientists and pro-
fessionals from the USGS, the U.S. Coast
Guard, the Florida Fish and Wildlife Re-
search Institute, the University of South
Florida’s College of Marine Science, the
Florida Aquarium, and the Florida Keys
National Marine Sanctuary. Captain
Olson indicated that he would like to ex-
pand this opportunity to other parts of the
country to help develop “America’s next
generation of explorers.”

To read about a training class in which
Marec Blouin served as an instructor,
visit ULR http://soundwaves.usgs.
gov/2006/06/meetings3.html. &

Special Issue of Estuaries and Coasts Shows Environment Resilient in the Face of
Hurricanes, But Questions Remain

Several U.S. Geological Survey
(USGS) scientists contributed to a special
issue of the journal Estuaries and Coasts,
focused on the effects of hurricanes on
coastal systems. “One surprising conclu-
sion that can be drawn from this collec-
tion of research is that natural systems
are actually quite resilient in the face of
these storms,” said Holly Greening, se-
nior scientist for the Tampa Bay Estuary
Program and one of the guest editors for
the special issue. “While hurricanes often
wreak havoc with human systems and
infrastructure, many of the habitats and
organisms we studied rebounded quite
well in the weeks and months following
the 2004 storms.”

Awards, Publications

Estuaries and Coasts is a bimonthly
scientific journal published by the interna-
tional Estuarine Research Federation (ERF)
to report research about ecosystems at the
land-sea interface. The hurricane special
edition, published as the journal’s Decem-
ber 2006 issue, is available to the public
at URL http://www.erf.org/. The impetus
for this special issue was the intense 2004
hurricane season, in which four major hur-
ricanes made landfall in Florida within a
3-month period. USGS contributions in-
clude articles on shoreline change caused
by the 2004 hurricanes, the effects of major
storms on processes that control coastal-
wetland elevations, red mangrove repro-
duction and seedling colonization after
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Hurricane Charley in 2004, and possible
effects of the 2004 and 2005 hurricanes on
manatee movement and survival rates.

“This special issue compiles research
findings and results of long-term monitor-
ing to give us a chance to look at these
large, anomalous storms in the context of
long-term trends,” said Greening. The
articles’” authors explore both the indi-
vidual and cumulative effects of storms
on coastal environments, animals, and
plants, and examine the effect of these
storms on coastal management. The severe
hurricanes in 2005 make such findings of
great interest to scientists, the public, and
coastal resource managers.

(Hurricane Issue continued on page 14)
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Publications, continued

(Hurricane Issue continued from page 13)

For example, water quality and phyto-
plankton productivity—a measure of the
health of the base of the food web—were
impacted by winds and heavy rainfall, but
returned to normal within months. One
study found that storm-induced move-
ments of manatees away from their home
ranges were much smaller than expected.
Aquatic plants, referred to as submerged
aquatic vegetation (SAV), had a more
varying response to hurricane-induced
stress, in some cases rebounding and in
others exhibiting long-term damage.

Damage to shoreline ecosystems varied
as well. Dune erosion due to hurricanes
was severe in some places but not others.
In some parts of coastal Louisiana, large
sections of wetlands were lost in extreme-
storm events.

“A major research goal is to use these
unique data sets to develop and test a new
hurricane scale for predicting the coastal
impacts of extreme storms,” noted issue
contributor Abby Sallenger of the St. Pe-
tersburg, Fla., office of the USGS.

The varying impacts seemed to depend,
at least in part, on the characteristics of the
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Cover of special issue of Estuaries and
Coasts, showing a small part of the east
coast of Florida, including the south end of
Indian River Lagoon, St. Lucie inlet, and St.
Lucie estuary. Barrier island on upper right
is Hutchinson Island, where Hurricanes
Frances and Jeanne had almost identical
landfalls within a 3-week period in Septem-
ber 2004, providing a rare opportunity to
examine the effects of repeated hurricane
impacts on coastal-ecosystem responses.
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storms themselves: direction and speed of
approach, point of landfall, and intensity
all made a difference in the extent of en-
vironmental damage. Storms that carried
more rainfall seemed to do more long-term
damage than “hit-and-run” storms with
higher winds.

“The research compiled in this issue
of Estuaries and Coasts is an excellent
start in understanding the environmental
impacts of these storms,” said Greening,
“but many questions still need to be an-
swered. We still need to know how storm
frequency and intensity, both predicted
to increase in the coming years, interact
to impact coastal environments and com-
munities. Another outstanding question
is the extent to which human alteration of
the shoreline determines the coast’s resil-
iency to storms.”

Scientists and managers contributing
to the special issue represent more than
25 institutions, including the USGS, the
University of Florida, the University
of North Carolina, Alabama’s Dauphin
Island Sea Lab, and a host of local gov-
ernments. &
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