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Tvventy—eleven and the close of the
2010 Federal Fiscal Year ended another
impressive biennium for the Applied
Physics Laboratory, marked by notable
research accomplishments and an all-
time high in grant and contract awards
of $137M over FFYs 2009-2010. Research
highlights for this most recent two-year
period are presented in this report.

This biennium also marks the end of
the first decade of the 21st century,
one of considerable change and
improvement for APL-UW. During this
time the Laboratory has pursued new
and exciting, major and interdisciplinary
research programs; accelerated funding
growth and diversity; enhanced
infrastructure, including new space and
improved research vessels; established
a new higher report within the UW;
increased and improved faculty
appointments in UW academic units;
recruited a customized and energized
staff; fostered greater outreach and
recognition; negotiated a new and
superior Navy contract; and refreshed
the Advisory Board. Productivity has
increased in terms of discovery and
invention, as well as collaborations with
other institutions.

Over the last decade APL-UW has
broadened its research interests
beyond its traditional Navy focus, while
maintaining very strong Navy-relevant
expertise. APL-UW has developed new
defense programs (e.g., in combat
casualty care, countering improvised
explosive devices, and cyber-security)
and non-defense programs (e.g., in
ocean observing systems, ultrasound
therapy, marine ecosystems, applied
optics, and energy). The Laboratory has

From the Director

also replenished and increased its world-
class workforce, responsible for many
notable scientific advances and transfers
of technology, the latter including many
fleet transitions’ and an average of one
spin-off company per year.

Improvements to the Laboratory'’s
physical infrastructure include the
acquisition of space in the Benjamin Hall
Interdisciplinary Research Building and
at 909 Boat Street; both have enabled
overcrowding decompression and will
provide for future growth. Investments
in specialized laboratories and facilities
have been made to provide unique
capabilities, and a new research vessel,
the R/V Robertson, was commissioned.

Over the last decade APL-UW researchers
strengthened their integration within
the UW. Joint faculty appointments,
cross-campus research collaborations,
and teaching and advising of students
by APL-UW scientists and engineers

have all contributed. And in 2009

the Laboratory began a new central
management report to the UW Provost.

Today, the Laboratory is in excellent
shape and well positioned for the future.
APL-UW is a broader and more capable
research institution than it was a decade
ago, and it has stable funding and
growth. The Laboratory’s new strategic
plan, Our 2020 Vision, will help to steer
the way forward through the coming
decade, and | look forward to working
with the superb staff of this Laboratory
and our supportive research sponsors as
we embrace future opportunities and

challenges.
/% jﬁ"m
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[Honors & Awards

EXECUTIVE DIRECTOR - Applied Physics Laboratory, UW
Jeffrey Simmen

ASSOCIATE DIRECTORS

William Bakamis — Business Operations and Finance
David Martin — Science and Technology Integration
Robert Miyamoto - Science and Technology Transition

ASSISTANT DIRECTOR
Robert Odom — Education and Outreach

DEPARTMENT LEADS

Eric D'Asaro, Chair — Ocean Physics

Gary Harkins, Director — Electronic and Photonic Systems

Andrew Jessup, Chair — Air-Sea Interaction and Remote Sensing

David Jones, Director - Environmental and Information Systems

Russell Light, Head — Ocean Engineering

Thomas Matula, Director — Center for Industrial and Medical Ultrasound
Axel Schweiger, Chair — Polar Science Center

Kevin Williams, Chair — Acoustics

Scan this QR code with a

smart mobile device or visit
www.apl.washington.edu/report/2011
for extended electronic media coverage
of the twenty-eleven Biennial Report.
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Twe American Meteorological Society

awarded its Sverdrup Gold Medal to
Principal Oceanographer Eric D'Asaro,
and its Henry Stommel Research
Award to Principal Oceanographer
Thomas Sanford. Director Emeritus
Robert Spindel received the Martell-
Bushnell Undersea Warfare Award
from the National Defense Industrial
Organization. Principal Oceanographer
Neil Bogue was presented a U.S. Naval
Oceanographic Office Command
Award for his support of the transition
of Seaglider to operational status at
NAVOCEANO.

Principal Physicist Lawrence Crum

was elected a member of the Danish
Academy of Natural Sciences and also
President of the International Society
for Therapeutic Ultrasound. The HSCB
(Human Social Culture Behavior)
Government Program Management
Team recognized Senior Physicist
Michael Gabby at their 2011 conference
for his development of theory and
computational simulations of insurgent
rhetoric. (See “Words into Actions,” on
page 28.)

Principal Oceanographer Jan Newton
was elected Chair of the Puget Sound
Partnership Science Panel. Brian Dushaw
won a Fulbright Scholarship from the
U.S. State Department to conduct
collaborative research on acoustical
remote sensing in the Arctic at the
Nansen Environmental and Remote
Sensing Center (Norway). A Marie Curie
International Incoming Fellowship was
awarded to Principal Oceanographer
Jeffrey Nystuen by the European
Community Research Commission

to collaborate with researchers at the
Hellenic Centre for Marine Research
(Greece) on projects to monitor oceanic
rainfall acoustically.

finances & facilities
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909 Boat Street

Escal growth has enabled APL-UW to expand
activities into new research space and make

infrastructureinvestments. Specialized laboratory |

and office space expanded by over one-third as

new and some current staff relocated to three
floors of the Benjamin Hall Interdisciplinary
Research Building. Occupancy 'of the Benjamin
Hall Building relieved crowding pressures in
Henderson Hall for the first time since the 1980s.
Henderson has been reconfigured to optimize
research space and create collaborative synergy:
The Laboratory has also secured a ten-year
renewable lease of nearby 909 Boat Street,
providing quality office space and freeing prime
laboratory and office space in Henderson Hall
for future expansion. Since 2000, APL-UW has
doubled the space it occupies on the University of

Washington campus.

the new home for the APL-UW Directorate and Business Operations and Finance offices

Record Revenues

rEe Applied Physics Laboratory has
never been in a stronger financial
position. For FFYs 2009-2010 APL-UW
again set an all-time record for grant
and contract awards received. During
this period the Laboratory’s total awards
were $137.3M—an all-time one-year
record of $76.3M in FFY 2010 broke the
previous all-time record of $60.9M in
FFY 2009. The $137.3M two-year total
represents an $18.5M (15.6%) increase

in grant and contract awards from the
previous biennium. The record breaking
revenues for the period FFYs 2007-2010
averaged $64.0M/year and grew by 48%
over the previous four-year period of
FFYs 2003-2006.

The Laboratory's primary partner
remains the U.S. Navy, which provided
about 46% of total funding. Annual
grants from the National Science
Foundation during the past biennium
averaged $21M, placing the Laboratory
in the upper echelon of University of
Washington units receiving NSF funds.
Other federal agency sponsors include
NASA, NOAA, and NIH.

Much of the increase in FFYs 2009 and
2010 is attributed to the beginning

of the National Science Foundation
Ocean Observatories Initiative (see page
24), with all other research funding
remaining at historically high levels.

SPONSOR FFY 2009 FFY 2010
Office of Naval Research 20,440,663 19,166,701
Naval Surface Warfare Center 2,841,101 7879962
Naval Sea Systems Command 3,186,120 1,325,034
Arctic Submarine Laboratory 978,000 2,500,397
Space and Naval Warfare Systems Command 340,000 768,725
Other Navy 267990 2,967,884
U.S. Navy Subtotal $28,053,874 $34,608,703

National Science Foundation 18,870,393 22,961,921
National Institutes of Health 3,873,142 3,380,577
National Aeronautics and Space Administration 2,830,940 3,402,371
National Oceanic and Atmospheric Administration 3,096,232 1,829,798
Defense Advanced Research Projects Agency 2,163,293 193,087
Department of Energy 406,500 373,236
Other 1,644,372 9,567,303
Subtotal $32,884,872 $41,708,293

TOTAL $60,938,746 $76,316,996
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Financial Stabilivy

rI:le Laboratory’s revenue base

continues to diversify, with over 40

different sponsors in FFY 2010 and a bias
[1°Ys 20092010 sponsorship toward basic research programs. About
20 years ago, the U.S. Navy provided over
90% of the Laboratory’s funding, and
the ratio between applied science and
fundamental research was approximately
65% to 35%. The current percentage
balance between applied and basic
research has shifted in the opposite
direction to reflect faster growth in
fundamental research areas.

NSF Other Navy

NIH 5’/

NASA

NOAA

DARPA
ONR

Other Non-Navy In 2010 APL-UW negotiated and obtained
a new Navy (NAVSEA) ‘'omnibus’ contract
that is larger and longer than at any

time in APL-UW history, moving from

the prior seven-year $78M contract to a
ten-year $256M contract. If fully funded
70 - the contract will be one of the largest
research contracts in the University of
Washington’s history.

Biennial averages of annual revenues over two decades

60 As APL-UW grant and contract revenues
have increased, discretionary funds have
increased and enabled the Laboratory
to support new ‘without tenure’ faculty
appointments, to help hire the next

$ Millions generation of scientists and engineers,
and to seed new independent research
and development programs that are vital
to our success.

50

40

The Laboratory remains committed to
ensuring that the long-term investments
in it by the U.S. Navy and federal
government are applied to national
strategic and technical needs, and
to preserving our ability to respond
effectively and efficiently to present

B S S ST N S\ N G SN S and future Navy, national defense, and

' ' ' government research and development

needs.

30 1

20 7
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Apphied Physics Laboratory |ce Station 2011

Paolar Science Weekend at Pacific Science Center, Seattle
Environmental survey of tidal energy conversion sites
Autonomous undersea vehicle Seaglider

Flight test of LTAIRS, the Lighter-than-Air Remate Sensing system
Ltrasenic enhancement of drug uptake in tissue

Washington real-time coastal moorings

Raman spectroscopic sampling of a deep-sea hydrathermal vent
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Eunded by the U.S. Navy in 1943 as one of four university

laboratories to focus intellectual and technical resources on the

war effort, the Applied Physics Laboratory of the University of

Washington built a world-class reputation through service to the

Navy and other federal agencies. Today APL-UW conducts a broad

program of fundamental and applied research, development,

engineering, and education for the national defense, federal

government agencies, and industry.

Highlights

APL-UW 2011 Biennial Report

What is happening to sea ice in the
Arctic Ocean from month-to-month?
The Polar Science Center publishes

the Arctic Sea Ice Volume Anomaly
website to keep the world updated on
this important climate variable. Sea ice
volume is @ more robust indicator of
arctic climate change than sea ice extent
because it is less susceptible to short-
term weather variations. Sea ice volume
is estimated on a continuing basis by
assimilating the limited observations
from satellites, U.S. Navy submarines,
moorings, and other field measurements
into the PIOMAS numerical model.

To pursue the lofty goal of transforming
the way medicine is practiced, a
collaborative team from the Center for
Industrial and Medical Ultrasound and
the UW departments of bioengineering
and radiology established the
ultrasound-based Washington Molecular
Imaging and Therapy (UWAMIT)

Center. The new center focuses on the
discovery, development, translation, and
commercialization of molecular imaging
and therapy technologies. Because
molecules are too small to be imaged
directly, microbubbles or nanoparticles
are used as beacons. Ultrasound enlivens
these beacons to enable diagnosis and
treatment at the molecular level.

Recent experiments in sonar detection
and identification of anti-ship mines

or unexploded ordnance in coastal
waters have been pushed in complexity
to include the acquisition of data

with multiple targets and clutter in

the sonar’s field of view. In the Naval
Coastal Systems Center test pond,
acousticians were able to separate the
acoustic scattering from targets from
the scattering from clutter in many
composed environments. Experiments
are now moving to Gulf of Mexico sites
with differing, and challenging, bottom
and clutter conditions.

Through observations at a marine
construction site in Puget Sound,
researchers discovered the mechanism
of underwater noise generation

from high-impact pile driving—a
supersonic bulge produced by the
pile’s compression. This structural wave
produces a pressure field in the form of
a Mach cone as it speeds down the pile.
A patent application has been filed for
a pile design that minimizes the noise
of pile driving, lessening the potential
for damaging noise impacts on marine
organisms.

Several types of robotic autonomous
underwater vehicles from different
manufacturers are controlled by
APL-UW's web-based Glider Monitoring,
Piloting, and Communications (GLMPC)
System. Leveling the software and
communications differences among
the AUVs, GLMPC provides a single
control interface for all robots operating
together in a mission space. GLMPC
now supports the Liquid Robotics Wave
Glider, which the U.S. Navy is evaluating
in several applications.

Researchers are assessing the impact of
regulated water flow in rivers on cold
water refuge areas for migratory and
resident fish. APL-UW's Airborne InfraRed
Imaging System (AIRIS) was flown on
the wing of a small plane over an 80-km
stretch of the lower Klamath River during
summer. Flights made over the course
of an entire day measure the distribution
of surface water temperatures and the
effects of solar heating and shading
along the river.

Some of the greatest dangers faced

by combat soldiers are improvised
explosive devices and the head injuries
sustained by 40-60% of soldiers
surviving attacks. These injuries require
immediate brain imaging studies such
as magnetic resonance imaging and
computer tomography scans, but
soldiers in the field are often far from
these diagnostic tools. APL-UW research
is developing a rugged, field-deployable
ultrasound imaging device to diagnose
traumatic brain injuries.

To detect trace levels of explosives
adsorbed to surfaces, a system using two
laser beams is being tested in typical
urban environments, even in an airport
screening scenario. The optical sensing
technique—vibrational sum-frequency
spectroscopy— detects molecules of
explosives transferred to surfaces such
as luggage. And because the sampling
is nondestructive, fingerprints of
suspected bomb makers are preserved.

Smart phone users can now access

the NANOOS Visualization System on
their devices. This evolution of the
Northwest Association of Networked
Ocean Observing Systems web portal
aggregates, displays, and serves near real
time meteorological and oceanographic
data derived from buoys, gliders, tide
gauges, radar, and satellites, as well as
model forecast information. The ‘app’

is oriented toward general users and
features intuitive, visual selection and
discovery.

Seattle drew the Acoustical Society

of America for its spring 2011

meeting and the MTS/IEEE Oceans'10
conference. Principal Physicist Thomas
Matula chaired the ASA meeting and
Principal Physicist Eric Thorsos served
as chair of the technical program;
1500+ presentations were given over
five days. Oceans'10 was chaired by
Director Emeritus Robert Spindel; APL-
UW scientists headed the technical
committee and organized over 400
presentations to the 2,000+ attendees.

Management and administrative
oversight for the Center for Process
Analysis and Control moved to
APL-UW in summer 2011. CPAC is a
multi-disciplinary, multi-institutional
academic—industry consortium that
applies fundamental research toward
solving process analysis challenges and
develops tools for optimization, control,
and quality improvements for industry.
(See "Analytical Chemistry at the Speed
of Light," on page 26.)
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A significant part of the Laboratory’s reputation is built on

the capability to design, stage, and deploy ambitious research

experiments around the globe —from the Philippine Sea to Davis

Strait and from the Columbia River Plume to Antarctica. Over the

past biennium more than 80 such expeditions spanning basic

scientific research to operational programs were conducted.

Global Experimentation

APL-UW 2011 Biennial Report

Principal investigators from APL-UW led
four of the six legs of the Internal Waves
in Straits Experiment (IWISE) during
summer 2011 in the Philippine and South
China seas. Moorings, robotic gliders,
and shipboard instruments, including

a 600-meter-long towed conductivity—
temperature—depth sensor cable, were
used to measure the generation of
strong internal waves as tidal currents
interact with two prominent ridges in
Luzon Strait.

APL-UW scientists, students, and their
international colleagues involved in

the Diapycnal and Isopycnal Mixing
Experiment in the Southern Ocean
(DIMES) are using chemical tracers,
acoustically-tracked floats, EM-APEX
profiling floats (see page 16), and
shipboard surveys to quantify oceanic
mixing in the Southeast Pacific Ocean,
Drake Passage, and the Scotia Sea.
Together they seek to take direct
measurements, where few have been
made before, in the regions where
mixing processes exert influence on the
overturning circulation of the ocean—
a critical regulator of the Earth's climate.

An engineering crew established the
2011 Applied Physics Laboratory Ice
Station (APLIS) 150 nautical miles north
of Prudhoe Bay, Alaska, on the Beaufort
Sea for the month of March. Two of the
U.S. Navy’s newest submarines, the USS
Connecticut and New Hampshire, were at
the station to test and develop under-
ice operations and procedures. APL-UW
provided science, infrastructure, and
technical support for the station, and
debuted a digital system to perform all

underwater acoustic tracking operations.

To conduct surveys of the physical and
biological characteristics of a proposed
tidal energy conversion site in Puget
Sound, the APL-UW R/V Robertson

has made many expeditions from its
home port of Seattle. On the bottom of
Admiralty Inlet, in some of the strongest
tides in the country, a Sea Spider tripod
(see image gallery in this volume)

has been deployed in several-month
increments over nearly three years to
measure the currents as well as ambient
noise, water quality, fish passage, and
marine mammal activity.

Examples of global experimentation
given ‘in depth’ treatment in this report
are: "“Atmosphere—Ocean Interactions
in the Extreme,” “Seagliders Listening
for Beaked Whales,” “Engineering for
Ocean Observatories,” and “Blue Water
Acoustics.”

integrate basic and applied research

in depth



measured directly.

1TOP

Twe western Pacific Ocean has the
highest frequency and concentration of
tropical cyclones, called typhoons in this
region. The U.S. Office of Naval Research
and the Taiwan National Science Council
fielded research programs here to study
the interactions between typhoons and
the ocean. Experiments were designed
to take in situ oceanic observations
on the paths of typhoons across a

Time series of temperature in the upper 150 m of the ocean the day Typhoon Fanapi passed over a profiling EM-APEX float

) Atmosphere—Ocean
Interactions in the Faxtreme

Erils posed to human life and property by tropical cyclones can

be mitigated by accurate forecasts of track and intensity. A tropical
cyclone’s energy is supplied by the relatively thin layer of warm
water on top of a deep, cold ocean. The strong winds and large
waves mix these two layers and leave a trail of colder water — a ‘cold
wake’—as the storm advances. As the wake forms the sea surface
temperature decreases under the storm and may reduce the energy
available and limit its intensity. Many current forecasting tools
couple atmospheric and oceanic processes, but only measurements
of the atmosphere are made during storms, and the formation

of a cold wake and its impact on storm intensity has never been

range of oceanic and atmospheric
conditions. These programs, called ITOP
(Impact of Typhoons on the Ocean in
the Pacific), culminated in an intensive
observation period in August-October
2010 and resulted in the largest set of
oceanographic and atmospheric data
ever taken within and immediately
following tropical cyclones.

LPL-UW 2011 Biennial Report
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Observation Strategy
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An array of four deep moorings

(5000-6000 m) was emplaced in the
region of maximum typhoon frequency
in 2008 and enhanced with three more
in 2010. Data from their atmospheric
sensors and oceanographic instruments
to a depth of 500 m were transmitted
by Iridium satellite communications
every six hours. The moorings provided
continuous sampling of the atmospheric
forcing of the ocean and the ocean'’s
response as typhoons passed.

During the intensive observation period
C130 aircraft of the 53rd Air Force
Reserve "Hurricane Hunter” Squadron
were based in Guam. Their mission on
16 September 2010 included the air-
launch of seven EM-APEX floats, four
Lagrangian floats (see page 9), and

16 drifters in front of Typhoon Fanapi.
This oceanographic instrument array
was deployed about one day ahead

of the storm’s passage and in a line
long enough to sample the ocean on
both sides of the storm. After Typhoon
Fanapi's passage, the "Hurricane Hunters”
air-deployed additional floats and
drifters into the typhoon's wake and
the R/V Revelle, recalled from a cruise
nearby, was deployed rapidly to the
region to survey wake properties using
shipboard instruments and an array of
nine Seagliders.

Through September and October

2010, operations were coordinated

and directed from a control center

at the Naval Postgraduate School in
Monterey, CA. From here, Chief Scientist
Eric D’Asaro and his graduate student
Rosalinda Mrvaljevic worked with

a small team to coordinate ship and
aircraft operations.

Satellite remote sensing data and
measurements from the field were
assimilated into all available typhoon
prediction models. Because floats and
drifters had to be deployed about one
day ahead of the storm and the aircraft
crews and the oceanographic packages
had to be prepared an additional day
before that, accurate forecasts of the
storm track and intensity were critical.
Typhoon Fanapi's complex S-shaped
track was forecast with remarkable
accuracy. The floats and drifters were
deployed while the storm was tracking
northeastward. Due to the skill of the
forecast team, the anticipated turn to
the west occurred as predicted and the
storm traveled through the middle of
the deployed array.

Wake Persistence

As Typhoon Fanapi passed the

instrument array with 105-knot winds,
the upper layer of the ocean was mixed
to a depth of more than 80 m and a
wake 3°C colder than the surrounding
ocean was generated. In the days
following the storm’s passage, satellite
sea surface temperature images showed
the cold wake fading. The floats, drifters,
gliders, and R/V Revelle, however,
continued to observe a subsurface cold
wake for at least 20 days.

Because of the generally warm and
sunny conditions, the sea surface quickly
warmed and formed a cap that isolated
the cold wake from the atmosphere
and shielded it from satellite sensors.
Mrvaljevic's Master’s thesis in physical
oceanography analyzes the persistence
of Typhoon Fanapi’s cold wake. The
wealth of in situ wake measurements
reveal a water mass with a distinct
temperature signature that was peeled
in half by subsurface topography,
stretched by an eddy, and eroded from
the bottom by mixing.

A persistent subsurface cold wake

such as this could affect the energy
available to a subsequent typhoon
passing through the region. Yet, because
it is hidden from remote sensing
observations, the wake would not be
accounted for in current forecasting
models.

www.apl.washington.edu/report/2011
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Seagliders Listening for
Beaked Whales

Cetaceans may be disturbed or injured by loud or
persistent noises in their undersea environment, though
specific causes and responses are not always clear. Naval
tactical sonar exercises used to train fleet antisubmarine
warfare operators send acoustic energy into the ocean
that may be harmful to beaked whales in particular. Mass
strandings of these moderately sized whales have been

observed close to naval sonar training exercises.

Lcholocation click recording of a Cuvier’s beaked whale (Ziphius cavirostris) with duration of 203 microseconds

T1e Office of Naval Research and

APL-UW are working on a passive
acoustics system on Seaglider to listen
for beaked whales. The goal is to provide
near real time detection notification

to shore-based commanders during
exercises, as well as to monitor beaked
whale presence and behavior before,
during, and after a sonar exercise.

Seaglider, the buoyancy-driven robotic
glider developed by APL-UW and the
University of Washington, has proven
to be an adaptable instrument for
long-duration scientific missions and
naval operations. For this application
APL-UW engineers designed a custom
acoustic data acquisition and recording
electronics board and integrated it
with high-frequency omni-directional
hydrophones mounted at various
external locations on Seaglider. The
board carries enough computational
power for on-the-fly processing of
detection and classification algorithms
developed by colleagues at Oregon
State and San Diego State universities.

Sonar training exercises are usually
conducted over the span of weeks with
several vessels operating in a defined
geographic area—an acoustic test
range. Two relatively common types of
beaked whales, Blainville's (Mesoplodon
densirostris) and Cuvier's (Ziphius
cavirostris), are often present at U.S. Navy
ranges in the Atlantic and Pacific oceans.

Though difficult to observe on the
surface, beaked whales are monitored
with greater ease by listening under
water for their distinctive echolocation
clicks during deep foraging dives. These
clicks are at relatively high frequencies
(30-80 kHz) and are generally only
produced below several hundred meters
depth. These attributes are a good fit
for a Seaglider-based passive acoustic
system—the vehicle’s and whale’s

dive depths and durations are similar.

Detection algorithms are based on
analysis of the energy contained in each
click in various frequency bands and the
inter-click interval. Likely beaked whale
clicks are passed to the classifier, which
uses other spectral attributes to attempt
a species-level classification.

At-sea tests of Seagliders equipped
with the new passive acoustic system
began off the Kona, Hawai'i, coast. The
Seaglider operated close to the 1500-
m isobath, the approximate midpoint
of the offshore habitats favored by
Blainville's and Cuvier's beaked whales.
The Seaglider was directed to execute
repeated dives to 1000 m along a
course roughly parallel to the coast.
Several successful detections of beaked
whales were made during the transects.
The Seaglider was also operated in a
station-keeping mode while the passive
acoustic system was operated under
fully autonomous control through the
vehicle’s Iridium telemetry. Further
tests were done on instrumented U.S.
Navy ranges at AUTEC in the Bahamas
and SCORE off San Clemente Island,
California. Here the detections made by
Seaglider were compared with those
made using the Navy's own bottom-
mounted hydrophones.

One of Seaglider’s main attributes is
persistence. Sensor systems, however,
must be small, lightweight, and use
power economically. This is especially
challenging for computationally
intensive applications like real time
detection, classification, and localization
of marine mammials. The at-sea tests
have shown that it is feasible to deploy
Seagliders to monitor beaked whale
presence and behavior for up to

three months under typical operating
conditions.

\PL-UW 2011 Biennial Report




Treatment with a Push

Even though passing a kidney stone is painful for a patient,

[f stones and fragments of stones APL-UW researchers are hoping to put technology in urology clinics

Jrom lithotripsy are in the lower to assist patients do exactly that. An ultrasound-based system may

portion of the kidney — below

provide an office procedure to speed the natural passage of stones,
the exit— they are very unlikely

. ‘ doing so without exposing patients to X-ray diagnoses and lowering
lo oyvercome g’l'(l&’llf)" (HI,(/ rise to

N the incidence of potential injury from extracorporeal shockwave
the exit. Our system moves stones

B /ety 0 i poini lithotripsy and other surgeries.

where they’ll pass naturally.

—Michael Bailey

Ultrasonic Propulsion

A diverse team of scientists,

engineers, and students at the Center

for Industrial and Medical Ultrasound

has developed a system that uses

commercial ultrasound components to

locate stones in kidneys. It creates clear

pictures of them and then applies an Combined, team members have

acoustic radiative force, repositioning decades of research experience in

stones in the kidney so they are likely lithotripsy— breaking kidney stones with

to pass naturally. Ultrasonic propulsion shock waves—as well as high intensity

may be used to remove small stone focused ultrasound (HIFU)—"“cooking”

fragments after lithotripsy surgery or diseased tissue such as prostate cancer.

to diagnose and speed the removal During a laboratory experiment to break

of small stones before they become simulated kidney stones with HIFU,

symptomatic. researchers observed stones shooting
across the water bath in which they
were placed. It was clear that pushing,
not breaking, stones was an idea worth
pursuing.
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Repositioning Stones

Making Clearer Pictures

APL-UW 2011 Biennial Report

Before a stone can be moved it must
be seen. Two conventional ultrasound
imaging modes used in urology practice
are brightness (B-mode) and color

flow Doppler. B-mode shows a bright
reflection from kidney stones, which,
compared to the surrounding tissue and
fluid, are hard and reflect the acoustic
energy. Doppler mode detects objects
that are moving away from or toward
the probe; applying color in image
processing makes it especially useful

to detect blood flow. When imaging
kidney stones, however, something in
the ultrasound reflection from the stone
confuses the Doppler image processing
and causes the stone to display as a
flickering mosaic of color.

Bioengineering doctoral student Wei Lu
has conducted extensive research on
the colorful ‘twinkling’ artifact returned
in Doppler mode images of kidney
stones. The flickering is caused by the
noisy signals echoing from the stones.
[t is likely that the high reflectivity of the
stones and their roughness, curvature,
and reverberant nature make them
sensitive to even slight changes in the
angle of the incident wave from the
ultrasound probe. Lu and the team,
knowing that Doppler processing

aims to eliminate noisy signals to more
effectively image blood flow, set to
re-engineer the image processing to
accentuate such signals. Processing
algorithms were created to specifically
image the reflective and reverberant
stones, but not motion (blood flow).

In practice, the urologist scans the
kidney with the ultrasound probe,
zooms to a location of interest using
the touch screen display, and with
several ultrasound imaging techniques
available including the Doppler ‘twinkle’
mode, locates the stone(s). Because

the radiation force is applied in the
direction normal to the transducer face,
the urologist manipulates the probe’s
angle to direct the stone toward the
kidney exit. Then a mouse-click on the
screen image of the stone flashes a test
pulse to reveal the location of the push-
pulse beam to confirm alignment. When
the urologist mouse-clicks a second
time, the radiative force is applied and
the stone is pushed. The display tracks
the stone moving within the kidney.
The system then returns to the stone
detection and localization mode so that
more pushes may be made if needed.

Next Steps

rI:we detection and repositioning
system operates at levels above
regulated limits for diagnostic
ultrasound. Julianna Simon, also a
doctoral bioengineering student, and
the team performed safety studies
where they exposed porcine model
kidney tissue to a series of increasing
ultrasound intensities and duty cycles.
Exposed tissue samples were examined
microscopically to look for evidence of
mechanical or thermal damage. They
determined that the system propels
stones effectively within safe thresholds
and at no risk to kidney tissue.

Confident that their system is effective
and safe, the team is conducting clinical
simulations and submitting device
approval applications with the Food and
Drug Administration.

www.apl.washington.edu/report/2011
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Hydrothermal vents occur on the seafloor where the
planet’s crustal plates are slowly spreading apart. Cold
seawater percolates down to fiery rock, is heated, and rises
in plumes into the ocean interior. The vents’ superheated,
chemically rich plume of water fluxes heat and mass into the
ocean, and supports unique life forms. A new sonar system
has been set down in water over one mile deep off the
Washington coast to monitor and measure vent activity on the
Juan de Fuca tectonic plate. COVIS, the Cabled Observatory
Vent Imaging System, built by APL-UW in partnership with
colleagues at Rutgers University, was plugged into the
NEPTUNE Canada cabled ocean observatory in September
2010. With the NEPTUNE power and communications

link to shore, COVIS is acquiring and transmitting data
continuously — 24/7/365 — over a lifetime designed to span

five years.

COVISacoustic image of a black smoker plume at the Grotto hydrothermal vent cluster:

Deep Sea Lyes

rEe COVIS transducer has freedom
to move precisely up, down, and from
side to side, much like a camera tripod,
providing a large area of coverage from
its fixed position on the seafloor. Here,
where no sunlight penetrates, COVIS
uses acoustics to measure the geometry
and discharge rates of hydrothermal
plumes. High-bandwidth data (25 GB
every 3 hours) are transmitted to shore
and used to render three-dimensional
views of plume dynamics. On time scales
of hours and days, COVIS data show
the response of the buoyant plume
to the tides, while on week-month-
year scales, they give a never-before-
seen understanding of hydrothermal
responses to volcanic and tectonic
events.

Twe installation of COVIS on the
NEPTUNE Canada observatory is one
example of the engineering expertise
required to support the University of
Washington’s implementation of the
Regional Scale Nodes (RSN)—the
cabled ocean observatory being
installed off the Pacific Northwest
coast that is one component of the
National Science Foundation’s Ocean
Observatories Initiative. The RSN network
of instruments and sensors will be
used to study climate variability, ocean
circulation and ecosystem dynamics, air-
sea exchange, seafloor processes, and
plate-scale geodynamics over a 25-30-
year lifetime.

APL-UW TEAM MEMBERS:

APL-UW engineers and their
collaborators in the UW School of
Oceanography comprise a 54-member
team that achieved significant
milestones over the past biennium.
Extensive surveys were completed in
April 2010 for the routes cables will take
to link all the observatory’s assets. Over
the summer of 2011, the primary power
and communication cables were laid
to the two primary study sites: Hydrate
Ridge, about 75 miles southwest of
Pacific City, Oregon, and Axial Seamount
on the Juan de Fuca Ridge 310 miles
west. In July 2011, these "backbone”
cables were brought ashore at Pacific
City, and were connected to the land-
based power and Internet station.

During the VISIONS11 research
expedition on the R/V Thomas G.
Thompson in August 2011, two test
frames designed to hold junction
boxes on the network’s secondary
infrastructure were recovered. These
frames, which had been deployed
one year earlier, are being analyzed
for corrosion and biofouling. The
VISIONS'TT cruise also transmitted live,
high-definition video from the recent
eruptions at Axial Seamount using

a camera mounted on the remotely
operated vehicle ROPOS.

In summer 2012 the team will work with
the prime contractor, L3 MariPro, to
deploy and install the primary nodes on
the cabled network. Like giant electrical
outlets on the seafloor, the primary
nodes will serve to distribute power and
handle two-way communications with
the secondary infrastructure — low-
power nodes, junction boxes, vertical
moorings, instrument platforms, and
sensors— the ongoing design challenge
for the RSN engineering and science
team.

| APL-UW 2011 Biennial Report |




Raman spectroscopy is a well-established vibrational
spectroscopy technique. A spectrum is obtained by exciting a
sample with laser light and recording the spectrum of scattered
photons. This spectrum reveals the sample’s fingerprint— its
chemical bonds and molecular symmetry. APL-UW'’s Applied Optical
Sensing Laboratory, headed by Senior Engineer Brian Marquardt,
has expertise spanning analytical chemistry, optics, spectroscopy,
data processing, and engineering. The team has advanced Raman
spectroscopy in new directions—engineering novel instruments
and developing new methods to apply this optical sensing

technique to science and industry.

Invention

Raman spectroscopy determines
qualitative and quantitative molecular
information from solids, liquids, and
gases. APL-UW researchers designed a
Raman instrument and immersion probe
that can be simply placed onto or into

a sample that is either static or flowing.
The probe’s novelty is a spherical lens
that is used as both the light focusing
element and the optical interface with
the sample. This design provides a
constant and precisely positioned focal
volume, located directly on the proximal
face of the spherical optic, which leads
to greatly increased measurement
precision.

Applications

Twe Raman instrument has been
deployed to monitor chemical activity in
deep-sea hydrothermal vents (see image
gallery in this volume). Here, at depths
greater than 2000 meters, high pressures,
and centimeter-scale temperature
gradients of 2°-400°C, materials and
engineering are put to the test.

Raman spectroscopy is adaptable to
this environment because it has high
chemical sensitivity, requires no sample
preparation, and can be conducted in
the presence of water with minimal
interference. The team's instrument was
first deployed by the deep sea vehicle
Alvin on the Main Endeavor vent field
off the Washington coast to conduct
chemical analysis of multiple vent sites
with temperatures of 2°-380°C. (See
“Engineering for Ocean Observatories,”
on page 24, for more about research

at the Main Endeavor vent field.) As
cabled ocean observatories come
online, the instrument could provide
months-to-years time series of chemical
data and be used by scientists to
detect and understand subtle changes
in hydrothermal vent and deep-sea
chemistry.

The technology may also provide
benefit to the energy industry: research
is being conducted to deploy a similar
instrument with the novel spherical
immersion probe to make several
simultaneous measurements of crude
oil products during the refining process.
Two key factors that determine the
market value of refined oil products are
their specific gravity and hydrogen-
carbon ratios. These quantities are
measured at many points throughout
the refining process as a means of
quality assessment and assurance. Fast,
accurate, and online measurements
inform quicker and better decisions,
which lower costs and increase refining
efficiency and product quality compared
with traditional offline approaches.

The research and development team’s
overall goal is to design and implement
novel optical instrumentation and
sensors for online monitoring of
chemical and biological processes.
These systems are based on many
optical sensing techniques, including
Raman spectroscopy. Several analytical
techniques applied online create an
integrated system for continuous, real
time chemical process analysis and
control.

APL-UW TEAM MEMBERS: Charles Branham,
Thomas Dearing, Lauren Hughs, Brian Marquardt,
Sergey Mozharov, Michael Roberto, and Wesley Thompson

SPONSORS: National Science Foundation, Center for
Process Analysis and Control, Chevron Energy Technology
Company, Food and Drug Administration, and Pfizer
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rErrorist and insurgent groups are among the most pressing
current national security concerns for the United States. APL-UW
scientists are using the groups’ observable behavior—their
public speech—to understand their structure and dynamics.
This approach integrates recent advances in network science
research, developed primarily by physicists and mathematicians,
with social science theory and methods; it involves APL-UW
research collaborations with faculty in political science and
communications at the University of Washington and other
institutions. Researchers seek to improve the ability of intelligence
analysts to anticipate terrorist and insurgent behavior and the
results have informed analysis efforts in the ongoing
Iraq and Afghanistan conflicts. A pilot
transition is under way for elements
of this research to a Department of

Defense operational command.

Models of Terrorist
Network Dynamics

Insurgent and terrorist groups are
fundamentally political entities. Political
systems are difficult to quantify, a
problem exacerbated by the covert
nature of insurgent and terrorist
operations. But these groups are notable
for their use of the Internet, satellite
television channels, and other public
media to convey their messages. One
APL-UW research program exploits
insurgent groups' rhetoric— public
speech and political declarations—to
develop computational models of the
groups’ decision making and behavior.
Three components of rhetoric were
identified as key to insurgent strategic
decision making. 1) How do they frame
the conflict? Who are the good guys
and who are the bad guys? 2) What are
their targeting claims? Who do they take
credit for attacking? 3) What are their
declared relationships? With whom do
they cooperate publically?

There are two distinct but related
outputs of this research that can be used
to analyze insurgent behavior. The first
are data maps drawn from rhetorical
components that provide a quantitative
and visual representation of insurgency
factional structure. For example, the
method shows which insurgent groups
in Irag during the period 2003-2009
were most important, their ideological
and strategic relationships, and

their level of political cooperation.
Conventional analysis had divided Iraqgi
insurgents into two groups— jihadists
like Al Qaida in Iraq and nationalists like
the Islamic Army in Irag. The factional
maps generated by this research,
however, showed that this binary
division was too coarse and that certain
groups like the Islamic Army in Irag—the
largest of the insurgent groups—were
best considered as hybrid nationalist-
jihadists with crucial implications for
their strategic decision making.

Model simulations based on these
rhetorical components also reveal

the evolution of insurgent network
structure, which could alert analysts to
impending shifts in insurgent dynamics.
For example, a computational model of
publicly claimed tactical cooperation
between insurgent groups was

tested against data from Irag on joint
operations between insurgent groups.
The simulation agrees with the observed
joint operations networks, reproducing
particularly well the separation between
the jihadist and nationalist wings of

the insurgency. This structure is not
reproduced, however, by a social
network model that accounts only for
insurgent group sizes and not policy
differences or leadership inputs.

Because the model simulations are
driven with empirical data, the method
is more amenable to real-time updates
than if analyst judgments were used

as input. As groups release statements
and claims of attacks, the quantitative
variables can be re-estimated and
used to refine model predictions.

The ultimate application would be to
forecast the evolution of the insurgent
or terrorist groups’ operational network,
assessing how, for instance, efforts to
sow discord among insurgent groups
may affect tactical cooperation across
the insurgency, allegiance shifts, and
operational efficacy.

APL-UW TEAM MEMBERS:
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Oceanography from Space

North Atlantic
Fiohteen Deoree Water
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Twe strong storms and intense cold air
outbreaks of winter in the North Atlantic
cause heat to flux from the ocean to the
atmosphere, the sea surface temperature
to decrease, and the oceanic mixed
layer to deepen. This ocean ventilation
process creates subtropical mode
water—a deep layer extending down
from the surface that is of nearly
homogeneous temperature. Here in the
North Atlantic the water's temperature,
18°C, provides its common name.

Eighteen Degree Water (EDW) is formed
in a region just south of the Gulf Stream
between 75°and 50°W. Its formation and
subsequent mixing, movement out of
the region (advection), and subduction
under a warming surface layer in spring
are of great interest to oceanographers
and the climate modeling community.

U.S. members of the international
Climate Variability and Predictability
(CLIVAR) group organized the CLIVAR
Mode Water Dynamics Experiment
(CLIMODE) to study EDW processes—
formation, mixing, advection, and
subduction. Researchers from APL-UW's
AIRS Department (Air-Sea Interaction
and Remote Sensing) with colleagues
from the University of Miami, are
using a 20-year time series of satellite
observations to complement the

extensive CLIMODE field measurements
taken during the winters of 2006 and
2007. The in situ measurements will
improve the physics describing EDW
processes for numerical models of
climate, while the long time series of
satellite observations are being used

to determine which processes have

the greatest impact on the interannual
variability of EDW volume.

The volume of EDW formed in late
winter is calculated from sea surface
temperature maps and from air-sea
heat fluxes, both derived primarily from
satellite infrared and microwave sensors.
The long, wide lens of the satellite data
record is also used to determine how
mixing and advection contribute to
interannual EDW volume variations, but
only indirectly.

APL-UW researchers are using measures
of sea surface height by satellite
altimeters to create proxies for the
mixing of EDW in the formation region
and advection out of the region. These
were measured during the CLIMODE at-
sea campaigns, but there is no long data
record of field measurements. The proxy
for mixing derived from satellite data is
the length of the Gulf Stream path as

it passes through the EDW formation
region. A strong, stable Gulf Stream with
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Fresh Water in the Arctic

a straight, short path from 75° to 50°W
contributes little mixing; an unstable,
meandering Gulf Stream mixes the EDW
along its length, which diminishes EDW
volume.

The proxy for EDW advection is the
ocean’s surface velocity in the formation
region, also derived from the altimeter.
The stronger the southward flow, the
more EDW is transferred out of the
formation region, where it is subducted
beneath warmer waters and isolated
from contact with the atmosphere,

thus preserving the memory of the
atmosphere—ocean interaction from the
preceding season.

EDW is cold relative to surrounding
waters: a large EDW volume corresponds
to low ocean heat content. When the
EDW layer is again exposed to the
atmosphere during fall and winter
surface cooling and deep mixing in the
North Atlantic, it has enormous thermal
inertia; its heat deficit is so large that it
cannot be depleted in a single warm
year. EDW volume also exerts its memory
of North Atlantic climate with a feedback
of opposite sign. Increased heat
advection from the Gulf Stream over
several years causes an accumulation

of heat in the gyre, a decrease in EDW
volume, and larger discharges of heat to
the atmosphere.

APL-UW 2011 Biennial Report

Researchers at the Polar Science

Center, in collaboration with the Jet
Propulsion Laboratory, have combined
data products from two NASA satellite
systems to yield first-ever maps of
changes in freshwater content and
circulation over the whole Arctic Ocean.

The Arctic Ocean is a repository

for a tremendous amount of river
runoff, especially from several huge
Russian rivers. As fresh water exits the
Arctic Ocean through Framm Strait it
increases stratification in the Nordic
Seas and North Atlantic Ocean. Here,
a thick freshwater ‘cap” may limit
wintertime overturning convection with
implications for global thermohaline
circulation.

Beginning in the 1990s, scientists began
to recognize major changes in the
Arctic, which spurred measurement
programs designed to track these
changes on decadal time scales.
Researchers at the Polar Science Center
have long led observation programs

of the ocean—ice—atmosphere system

in the Arctic. Programs include repeat
and long time series oceanographic
measurements at the North Pole and
extensive aerial hydrographic surveys
from bases in Canada and Alaska. During
the spring 2008 survey, oceanographers
detected major shifts in the amount and
distribution of fresh water. The Canada
basin had freshened; had the entire
Arctic Ocean?

Despite the extensive observational
programs, large portions of the Arctic
remain poorly sampled. Combining the
data products from two satellite systems
with complete Arctic Ocean coverage—
ICESat to measure sea surface height and
GRACE to measure bottom pressure—
new insight was achieved. The difference
between the weight of the water
measured by GRACE and the height of
the water column measured by ICESAT
yields an estimate of density, which can
be related to freshwater content.

Analysis of satellite records over the
period 2005-2009 shows that salinity
increased on the Russian side of the
Arctic and decreased in the Beaufort Sea
on the Canadian side. Chemical samples
in the Beaufort Sea confirmed that the
freshwater source was the Russian rivers
on the opposite side of the basin.

One dominant feature of Arctic Ocean
circulation is the transpolar drift that
moves ice and water from the Russian
side, across the North Pole, and out
through Framm Strait. Another is the
Beaufort Gyre— a clockwise circulation
of the atmosphere and ice in the Canada
Basin.

With an Arctic-wide view of circulation
from ICESat, researchers were able to
determine that atmospheric forcing

had shifted the transpolar drift
counterclockwise and driven Russian
runoff east to the Canada Basin. Thus,
Russian river water, instead of being
flushed from the Arctic by the transpolar
drift, was taken on a more complex path
that included residence in the Beaufort
Gyre.

The atmospheric regime that forced
these circulation changes in the last
decade reversed in 2010. Will the fresh
water stored in the Canada Basin bleed
out through Framm Strait and will the
Russian rivers again discharge through
the strait, producing a flushing event

of fresh water into the Nordic Seas and
North Atlantic Ocean? It gives urgency to
the science community to observe and
understand this rapidly changing ocean—
ice—atmosphere system as it evolves.

A current challenge is to construct
numerical model simulations of these
processes to predict how and when the
changes in the Arctic will interact with
the rest of the world ocean.

www.apl.washington.edu/report/2011
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North Pacific

Acoustic Laboratory

Er more than two decades an
APL-UW team of ocean acousticians, in
collaboration with researchers from the
Scripps Institution of Oceanography,
Woods Hole Oceanographic Institution,
the Massachusetts Institute of
Technology, and the Naval Postgraduate
School, have instrumented a region of
the North and East Pacific Ocean, known
as the North Pacific Acoustic Laboratory,
to quantify the characteristics of sonar
fluctuations and oceanic ambient noise
over long ranges at low frequencies from
20 Hz to 500 Hz.

The results have been intriguing.

It had been thought that sonar signal
randomization would be so severe at
very long ranges— Hawaii to Oregon

or to the Aleutian Islands, for example
—that the signal content would be lost
completely. Surprisingly, the pattern

of signal crescendos and fades—the
“twinkle rate”—remains predictable for
5 to 15 minutes. The signal, although
very faint with range, is useful over
these time spans. Sonar signals were
also unusually audible to hydrophones
placed at deep regions where numerical
models predicted only quiet ambient
noise to be heard. It is now thought that
both of these characteristics are related
to internal ocean waves that fluctuate on
timescales of minutes to hours.

f@rmation it.can convey,
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Blue Water Acoustics

The results have also been unexpected.
Oceanic ambient noise levels had not
been measured in the region since
sparse observations were first reported
in the 1960s. Profiting from more than
one decade of support from the Office
of Naval Research, the NPAL long-term
ambient noise measurement program
shows that the average ambient noise
has risen as much as ten-fold in the

past 40 years. This seems to follow the
growth of the world’s merchant shipping
fleet over the last half-century. However,
looking month-by-month inside the 35
multi-year data records shows that noise
levels are actually decreasing with time
along the Pacific Northwest coast. More
research is needed to determine why
these noise levels are not following the
growth of the world merchant fleet at
these locations.
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‘ hile understanding of long-

range, low-frequency propagation in
the northeastern Pacific is somewhat
mature, APL-UW acousticians recognize
that this region is a relatively benign
mid-ocean gyre. The natural extension
to these experiments is to examine

the extent to which theoretical
understanding remains valid in other
ocean basins.

To this end, comparative experiments
were conducted in the Philippine Sea.
This region, more than 5000 m deep
at its deepest point, is bounded to the

south by the North Equatorial Current
and to the west by the strong Kuroshio
Current. Mesoscale structures propagate
westward into the basin and collide with
eddies spun off the Kuroshio, creating a
much more energetic and complicated
oceanography than is typical in the
northeastern Pacific. These processes,
however, evolve over time scales of
weeks, so it is possible that the twinkle
rate and the degree to which acoustic
signals are refracted into acoustically
quiet deep regions— both of which

are mediated by processes with time
scales of minutes to hours— may not
be different than observed in the North
Pacific Acoustic Laboratory.

Over the past two years, experiments in
the Philippine Sea addressed the vertical
structure of sonar signals over the entire
water column with a 5000-m deep
hydrophone array, and the temporal
nature of the twinkle rate with high-
resolution sampling for several periods
of 50-60 hours. The hydrophone data
were recovered in mid-2011. Early results
are again intriguing and unexpected.
The long-range signals that propagate
predominantly in the middle ocean
interior show typical twinkle rates and
strength, but those signals passing near
the surface experience occasional multi-
hour drops in overall intensity, that is,
"hushed” periods. Ambient noise levels
also appear to be quieter than expected
near the surface.

Whether these two phenomena are
related remains to be determined. There
are no known models for mechanisms
that would induce this effect. Such a
model would be valuable to predict
when, for example, surface-to-depth
underwater communications might be
stronger or weaker, or object detection
probabilities better or worse.

education

training future génerations of scientists and engineers
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Teach, Advise, Collaborate

Over the past biennium the Laboratory has strengthened

its commitment to the education mission of the University

of Washington by supporting a vibrant cadre of joint faculty

appointments in UW departments. APL-UW scientists and engineers

holding academic appointments work collaboratively with the

faculty; teach, sponsor, and mentor graduate and undergraduate

students (see pages 44-46); and advise graduates in thesis and

dissertation research (see page 43).

APL—UV\/ researchers hold fifty-six
faculty appointments across thirteen
University of Washington departments
and five colleges. The greatest numbers
of these ties are with the College of
Engineering and the College of the
Environment. The Laboratory has
continued its successful program to
increase the number of researchers
holding ‘without tenure’ appointments,
which require teaching. Recently
Matthew Alford, Kathryn Kelly,

Craig Lee, and Rebecca Woodgate
were appointed to the School of
Oceanography, Andrew Jessup to Civil
and Environmental Engineering, and
Kristin Laidre to the School of Aquatic
and Fishery Sciences, bringing the
number of APL-UW ‘without tenure’
faculty to 18.

APL-UW 2011 Biennial Report

The topics of university courses taught
by APL-UW faculty mirror their interests
and expertise, and often focus on
imparting essential skills to developing
researchers. Kathryn Kelly teaches
Oceanographic Data Analysis for student
oceanographers who learn field data
collection techniques in Matthew
Alford’s and Craig Lee’s Methods and
Measurements in Physical Oceanography.
Gordon Farquharson’s Probability and
Random Processes and Jim Thomson'’s
Fluid Mechanics are essential foundations
for respective electrical and mechanical
engineering students.

The integration of APL-UW researchers
with UW units is apparent in the research
collaborations across the campus, which
recently totaled over 80 such interactions
spread over more than 30 departments.
These research collaborations often
entrain top graduate students who seek
the expertise of APL-UW scientists and
engineers to support their pursuit of
advanced degrees.

Doctoral student Christopher Bassett
is advised by APL-UW'’s Jim Thomson
and Brian Polayge from the Department
of Mechanical Engineering. Bassett is
working on problems related to marine
renewable energy, measuring and
modeling the ambient noise of the
highly energetic coastal waters that

are suitable for tidal in-stream energy
conversion. His demonstrated talent
and ambitious research topic garnered
a prestigious Graduate Research
Fellowship from the National Science
Foundation.

Support & Mentor

2009 & 2010
HARDISTY SCHOLAR ADVISOR
Benjamin Brand Russell Light
Robert Burns Peter Dahl

Brian Henderson
Kang Yu

BOEING SCHOLAR
Lily Blair

Tamisha Downing
Charles Harris-White
Trevor Martin
ViNguyen

Elizabeth Wicks

Jim Thomson
Pierre Mourad

ADVISOR

Robert Odom

Pierre Mourad

Timothy Elam & Dale Winebrenner
Yanling Yu

Yanling Yu

Timothy Elam & Dale Winebrenner

rI:vo undergraduate scholarship
programs expose students to real
research environments where they work
with APL-UW scientists on sponsored
projects. Elizabeth Wicks analyzed
topographic data from the largest
known gypsum deposit on Mars. Under
the direction of Timothy Elam and Dale
Winebrenner, she focused on the area
of proposed meltwater channels, which
she studied by exaggerating the color
scale in data from the Mars Orbiter laser
altimeter.

Lily Blair, working with Robert Odom,
co-authored “Traveling Wave Modal
Attenuation in Layered Media,” which
was presented at the American
Geophysical Union meeting. Her work
is relevant to geophysicists as well

as to the non-destructive testing of
composite materials. And Trevor Martin
worked with polar scientist Yanling

Yu to understand the impacts of arctic
storms on variations in landfast ice. He
learned to use interpolation techniques
to handle data gaps and outliers, a
technique he had not been exposed to
in undergraduate course work.
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Sharing Science

Polar Science Weekend is four days of
hands-on activities, live demonstrations,
and exhibits about the polar regions
and current polar research, presented
by scientists from APL-UW and held at
Seattle’s Pacific Science Center, which is
Washington State’s most well-attended
museum. The goal is to inspire an
interest in science through one-on-
one, face-to-face interactions between
visitors and scientists. Guided by their
“polar passports,” over 6000 visitors in
2011 learned about the Greenland ice
sheet, the diving behavior of narwhals,
the difference between sea ice and
freshwater ice, how Seagliders work,
and much more as they visited dozens
of stations and talked to scientists.

Organized by Senior Mathematician
Harry Stern, Polar Science Weekend

is a partnership between APL-UW and
Pacific Science Center with funding
from NASA. Scientists and volunteers
are trained on how to design engaging
exhibits and present them to the public.
An annual event since 2006, Polar
Science Weekend has become a model
for other science weekends hosted by
Pacific Science Center.

Engineer Wesley Thompson
co-coordinated the Pacific Northwest
Regional ROV Challenge for the Marine
Advanced Technology Education
Center, and then went on to serve as an
engineering judge at the International
MATE ROV competition, which was held
at NASA's Neutral Buoyancy Laboratory
in Houston. Students competed with
their ROVs in simulations of the same
conditions and challenges faced by ROV
operators during the 2010 Deepwater
Horizon oil spill. Besides helping students
learn critical science, technology,
engineering and math (STEM) skills, the
competition helps them learn about
team building, creative thinking, and
problem solving.

APL-UW staff members are frequent
mentors and judges at student science
and technology fairs and competitions
in the Seattle area. At a local middle-
school science fair, over one-half of the
student body was inspired to participate.
“The experiments dreamed up by these
kids are interesting, inspiring, and fun.
[t's like watching the next generation

of APL-UW researchers being formed.
Now we need to hold a proposal writing
fair to complete their training,” said fair
judge and APL-UW Senior Engineer
Peter Brodsky.

Oceanographer Kate Stafford blogged
for New York Times readers for six weeks
in spring 2011. Her research took her

to a perch atop a mound of sea ice
rubble off the coast of Barrow, Alaska, to
conduct a census of bowhead whales.
While informing readers of the scientific
value of counting bowhead whales, she
captured the springtime awakening of
the Arctic through compelling entries
on many facets of the physical and
biological environment.

\PL-UW 2011 Biennial Report
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High-school student winners of

the Orca Bowl competition at the
University of Washington gained

at-sea experience aboard APL-UW's
R/V Robertson. As a prize, the winning
team participated in a one-day science
cruise on Lake Washington where

they deployed a Seaglider equipped
with new instruments—an acoustic
Doppler current profiler and a pumped
conductivity-temperature—depth
sensor. Students assisted APL-UW
researchers with the glider launch and
recovery and with four CTD casts from
the Robertson. They then compared
the CTD data with the data collected
during the glider’s flight. The annual
Orca Bow!l competition is part of the
National Ocean Sciences Bowl, which
attracts about 2,000 students from 400
high schools across the nation; student
teams tackle questions in all areas of
marine studies, including ocean physics,
chemistry, biology, and technology.

Oceanographer Kristin Laidre was

the first speaker in the 2011 “Sound
Conversations” series held at the Seattle
Aquarium, where she described the
challenges and rewards of working

in the high Arctic. The audience was
introduced to her research on narwhals
and polar bears, how they handle the
dynamic Arctic ecosystem, and how
they might be affected by a changing
climate.

For over two decades, APL-UW has
presented a seminar series to the
University of Washington and area
community during the academic year.
Scientists from the Laboratory, the UW,
and other institutions, as well as frequent
international experts cover a wide

range of topics in these weekly talks.
Some titles from the past year were:
General Time-Frequency Framework for the
Characterization of Underwater Signals,
Bowhead Whale Foraging Ecology in West
Greenland, Thick or Thin? Antarctic Sea

Ice Thickness and Its Snow Cover, and The
Antikythera Mechanism: An Astronomical
Calculating Machine from Ancient Greece.

The Laboratory’s doors are always open
to educators, students, and interested
members of the public. Tours and
hands-on learning activities are provided
by Assistant Director Robert Odom

and other APL-UW staff members for
UW initiatives such as Math Day, that
draws high school mathematics and
science students from all over the Pacific
Northwest, and the federally funded
GEAR-UP (Gaining Early Awareness and
Readiness for University Programs), that
exposes economically disadvantaged
learners to the opportunities of pursuing
science, technology, engineering, and
mathematics.

Student

Achievements

Graduate Degrees Awarded

Student

Marilee Andrew
Christopher Basset
Charles Branham

Michael Canney

David Dall'Osto
Jeff Epler
Samuel Gooch
Kim Martini
Anna Pyayt
Gavriel Speyer
Haishan Sun

Dejie Zhou

Degree/lopic
Bioengineering, Ph.D., 2009
Quantifying pharmacokinetics in altered physiological states

Mechanical Engineering, M.S., 2010
Ambient noise at a tidal energy site

Chemistry, Ph.D., 2010
Design, characterization, and optimization of vapochromic sensors for oxygen analysis

Bioengineering, Ph.D., 2009
Nonlinear enhancement of heating due to shock formation in high-intensity focused
ultrasound fields

Mechanical Engineering, M.S., 2009
A study of the spectral and directional properties of ambient noise in Puget Sound

Mechanical Engineering, M.S., 2010
Tidal resource characterization from acoustic Doppler current profilers

Mechanical Engineering, M.S., 2009
Siting methodologies for tidal in-stream energy conversion systems

Oceanography, Ph.D,, 2010
Internal tides and mixing over the Oregon continental slope

Electrical Engineering, Ph.D., 2009
Field-induced guiding optical devices made from electro-optic polymers

Electrical Engineering, Ph.D., 2010
Rytov modeling for backscatter monitoring of high-intensity focused ultrasound therapy

Electrical Engineering, Ph.D., 2009
Efficient fiber coupler for vertical silicon slot waveguides

Mechanical Engineering, M.S., 2009
Investigation of the performance of a method to reduce structurally generated
underwater noise

\dvisor(s)

Bryers & Vicini
Thomson & Polagye
Marquardt

Bailey & Crum

Dahl
Thomson & Polagye
Thomson & Polagye

Alford

IS
e

Chen
Crum, Kaczkowski &
Brayman

Chen

Dahl & Reinhall
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Graduate Student Research

Student
Marilee Andrew
Christopher Bassett
Charles Branham

Michael Canney

Hong Chen
Brian Chinn

M. Beth Curry
David Dall'Osto
Jeff Daniels
Hayley Dosser
Charles Elliot
Jeff Epler
Navid Farr

Dara Farrell

Ana Cecilia Peralta
Ferriz

Christopher Fisk

Andrew Ganse
Marc Geilhufe
Samuel Gooch
Joseph Graber
John Guthrie
Evan Hanusa
Tyler Hennon
Simon Henricksen
Kevin Jamieson
Byron Kilbourne
Nathan Lauffenburger
Tong Li

Wei Lu

Kim Martini
Brooke Medley
Twila Moon

Will Mortensen

Rosalinda Mrvaljevic

Topic

Quantifying pharmacokinetics in altered physiological states

Underwater noise at a tidal energy site

Design, characterization, and optimization of vapochromic sensors for oxygen analysis

Nonlinear enhancement of heating due to shock formation in high-intensity focused
ultrasound frelds

Ultra-high speed optical imaging of ultrasound-activated microbubbles
Mechanism and variability of diapycnal mixing in the Southern Ocean

Volume, heat, and freshwater transport across Davis Strait

A study of the spectral and directional properties of ambient noise in Puget Sound
Vector sensor development

Arctic mixing

Photothermal deflection detection of trace chemical vapors

Tidal resource characterization from acoustic Doppler current profiles
High-intensity focused ultrasound and drug synergy

Shallow water acoustic propagation with emphasis on Puget Sound transmission loss
modeling

Analysis of Arctic Ocean pressure gauge and GRACE satellite gravity data describing
ocean bottom pressure and circulation

Development of miniaturized interferometric synthetic aperture radar techniques for
nearshore ocean characterization

Theoretical aspects of nonlinear inversion

Use of wavelets to classify images of skin lesions

Siting methodologies for tidal in-stream energy conversion systems

Land-based infrared imagery for marine mammal detection

Analysis of field data for internal waves and mixing in the Arctic Ocean

Feature aided tracking

Internal wave analysis from drifting ARGO floats

Turbulence at wind energy sites

Multiple target tracking algorithms

The Diapycnal and Isopycnal Mixing Experiment in the Southern Ocean (DIMES)
Quantifying submesoscale lateral dispersion and turbulent mixing near the Gulf Stream
Image guided therapy for high-intensity focused ultrasound

Better ultrasound for detecting kidney stones

Internal tides and mixing over the Oregon continental slope

Accumulation in the Amundsen Sea region

Greenland ice sheet mass balance and ice dynamics

Improving an environmentally adaptive tracker through knowledge of target aspect

Evolution of the wakes of typhoons
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[dvisor(s)
Bryers & Vicini
Thomson & Polagye
Marquardt
Bailey & Crum

Matula

Girton & Alford

Lee

Dahl

Dahl & Reinhall
Rainville & Woodgate
Chen

Thomson & Polagye
Hwang

Dahl
Morison
Farquharson & Ritcey

Odom

Percival

Thomson & Polagye
Thomson & Polagye
Morison

Krout & Gupta

Riser & Alford
Thomson

Krout

Girton

Sanford

Crum &Curra

Bailey & Crum
Alford

Joughin

Joughin

Miyamoto

D'Asaro

Graduate Student Research, continued

Student
Michael Palodichuk
Nathan Parrish
Camilo Perez
Andrew Pickering
Kristin Poinar

Anna Pyayt
Roopesh Ranjan
Justin Reedy

Eric Rehm

J. Paul Rinehimer
Michael Roberto
Marcela Sarmiento
Michael Schwendeman
Andrew Shao
Julianna Simon

Gavriel Speyer

Christopher Strickland
Mark Stockham
Haishan Sun

Weiwei Sun

Kevin Taylor
Samantha Terker
Cynthia Travers
Danling Wang

Ranran Wang

Melinda Webster
Andrew White
Menglu Xia
Kai-Chieh Yang

Steve Zech
Jinting Zhang
Shuang Zhang
Dejie Zhou

Topic

Current survey methods for tidal energy

Underwater communications

Synthesis, characterization, and bio-effects in the use of ultrasound contrast agents
Internal waves and mixing in Luzon Strait

Ice sheet modeling

Field-induced guiding optical devices made from electro-optic polymers

Analysis of sea ice using wavelets

Experimental and mathematical investigation of opinion dynamics in small groups
Bio-optical study of the North Atlantic bloom

Hydrodynamics and thermodynamics of tidal flats

Optimization and control of a continuous flow reactor using online analyzers
Extracellular polymeric substances from arctic sea ice bacteria

Turbulent dissipation by whitecaps

Tracer modeling in the North Pacific using a global climate model

Mechanisms of tissue injury by ultrasound

Rytov modeling for backscatter monitoring of high-intensity focused ultrasound therapy

Inversion with multiple data types

Spectral analysis of pile driving noise

Efficient fiber coupler for vertical silicon slot waveguides

Electro-optic materials characterization

Post typhoon structure and evolution of the Kuroshio Current near Taiwan
Sources, propagation and dissipation of internal tides in Monterey Canyon
Bering Strait throughflow

Trace chemical sensors

Statistical post-processing of weather forecasts generated from numerical weather
prediction (NWP)

Arctic sea ice—ocean interaction
Analysis of acoustic signal in long-range propagation
Single-carrier frequency-domain equalization for underwater acoustic communications

Observation of internal tides and Kuroshio variability near the Luzon Strait using
Seagliders

Relationship between network properties and terrorist group functions
Meridional transports in the North Atlantic Ocean
Washington coastal oceanography

Investigation of the performance of a method to reduce structurally generated
underwater noise

[dvisor(s)
Thomson & Polagye
Arabshahi
Crum & Matula
Alford
Joughin
Chen
Percival
Gabbay & Gastil
D'Asaro
Thomson
Marquardt
Deming & Woodgate
Thomson
Mecking
Bailey & Crum

Crum, Kaczkowski &
Brayman

Odom

Dahl & Reinhall
Chen

Chen

Sanford

Sanford

Rigor & Woodgate
Chen

Marzban

Rigor & Morison
Mercer
Rouseff & Ritcey

Lee

Gabbay
Kelly & Thompson
Alford & Newton
Dahl & Reinhall
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wdergraduate Student Research

Student
Adrienne Antonsen
Taryn Black

Lily Blair

Benjamin Brand

Robert Burns

Anna Cleveland
Alex de Klerk
Trevor Dickey
Tamisha Downing
Leslie Elston

Chris Fuller
Josephine Garcia
Mariah Gentry
John Grigg
Xiaohan Gu
Charles Harris-White
Sarah Huffer
Karsten James
Brice Johnson
Benjamin King
Kristopher Knigge
Chris Knopf
Christopher Knott
Dea Kolukcija

Hoon Kwon
Sarah Mangiameli
Trevor Martin

Abigail McClintic
Jennifer Mileli

Connie Ozimek

Z0é Parsons
Steve Postlewait
Caitlin Shannon
Lien Thi Huynh
Sophorn Ven
Melinda Webster
Elizabeth Wicks
Dickson Widjaja
Alan Wright

Anning Yao

Kang Yu

Topic

Obtain and analyze in situ sea ice algae data and output from a global climate model
Cryolab simulations of the ocean surface on ‘Snowball Earth’

Algorithm coding for elastic wave propagation in a strongly attenuating medium
Ocean engineering; GulfEx11-sediment effects on acoustic propagation

Analysis of ambient sound measurements taken during the Pacific Science Center’s Around
the Americas cruise; design and build circuit for underwater accelerometer

Using intense focused ultrasound to localize peripheral pain generating tissue
Instrumentation for thermal sensing of intertidal sediments

Use of intense focused ultrasound to localize peripheral pain generating tissue
Use of intense focused ultrasound to localize peripheral pain generating tissue
Deep Bleeder Acoustic Coagulation (DBAC) test bed

Sensor research; detection of concealed bank notes

Use of intense focused ultrasound to localize peripheral pain generating tissue
Beaked whale detection and Seaglider R&D

Northwest Association of Networked Ocean Observing Systems (NANOQOS)
Detect elevated intracranial pressure; stroke imaging with sonoelasticity
X-ray spectrophotometer for elementary analysis of planetary surfaces
Northwest Association of Networked Ocean Observing Systems (NANOQOS)
Algorithm coding for elastic wave reflection from a gradient layer

JAVA 3D application modeling underwater vehicles in a simulated ocean
Radar sounding of Martian polar ice caps

Mooring fabrication

Test reproducibility of hydrophone design

Martian polar topography and radar sounding

Sensor research

Apply a wavelet method to study the spatial and temporal variations of arctic sea ice
thickness

Obtain and analyze satellite and in situ observations and output from a coupled sea ice-
ocean model

Examine long-term changes in arctic land-fast ice and its response to cyclone variability;
analysis of arctic climate data

Use of focused ultrasound to localize peripheral pain generating tissue
Coastal Margin Observation and Prediction (CMOP)

Employ numerical ice—ocean model output to determine long-term changes in the timing
of summer Arctic Ocean warming and ice retreat

Instrument preparation for study of internal waves

Ultrasound optimization

Deep Bleeder Acoustic Coagulation (DBAC) test bed

Northwest Association of Networked Ocean Observing Systems (NANOQOS)
Northwest Association of Networked Ocean Observing Systems (NANOQOS)
Reanalysis of sea ice concentrations from satellite passive microwave data
Ice penetrator development and Martian polar topography

Miniaturized river monitoring radar and COHSTREX setup

Support development of new technique for the measurement of albedo of laboratory
grown sea ice in extreme conditions

Stroke imaging with sonoelasticity

Detect elevated intracranial pressure
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Steele & Zhang
B. Light
Odom
R. Light
Dahl

Mourad
Thomson
Mourad
Mourad
Crum

Chen
Mourad
Bogue
Martin
Mourad

Elam & Winebrenner
Martin
Odom

Kirby
Winebrenner
Alford

Bailey
Winebrenner
Chen

Yu

Woodgate & Zhang
Yu

Mourad
Martin

Steele

Alford

Curra

Crum

Martin

Martin

Morison & Rigor
Elam & Winebrenner
Farquharson & Plant

B. Light

Mourad
Mourad
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