PMEL/Vents Ocean Acoustics

Bob Dziak, Presenter
PMEL Laboratory Review, August 2008

Three Main Acoustic Themes

- Detection of seafloor earthquake & volcanic activity;
for discovery of new hydrothermal vent ecosystems

- Marine mammal identification

- Ambient sound measurements
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Relevance of Oceamn™

— ... Acoustics
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Acoustic monitoring can contribute’in'a significant way to' nUmMEerGus

N [07:V:Y and other, ULS. governmentiagency.missionsinciue ing:
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Seafloor earthquake and volcano detection and monitorir je

Marine mammal assessment (for threatened and endange:. ¢l
species under MMPA and ESA) 3

Ocean exploration

Seismic, volcano and tsunami hazard research

Meteorological monitoring (e.g. hurricanes, rainfall, wmdspeeds)

Iceberg tracking (effects shipping, possibly related to climate
change)
= Nuclear Test Ban Treaty verification (Dept of Energy)

~ = Identification of illegal fishing-trawler activity
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VWhylsipassive acoustics'ideal for ocean monltorlng?
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Physics of sound propaqation in ocean: _—
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Sound travelsifasterinwatern(d500im/s)thaniniaiR(84. m J)

Existence of an ocean sound channel (SOFAR channel):

- Low sound velocity zone (typically 1 km deep), refracts:_‘ |
waves toward minimum speed, acts as a wave guide e
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Sound waves travel long distances underwater with little energy, =
loss
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How DEEsi PMEL Use Ocean Acoustics?

Jsegispecial underwater microphone, called hydrephene;
deployed'in’ sound channel —p

Record ocean sound to study geophysical and biological
phenomena. -
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U. S. Navy SOund SUrveillance System:
SOSUS Hydrophone Arrays

=« Billion $ cold-war era hydrophone
system:

- Bottom-mounted hydrophones

- Deployed in sound channel
throughout north Pacific Ocean

- Used in anti-submarine warfare

m PMEL Acoustics Project accessed
hydrophone data in 1991:

- Navy looking for environmental
applications for their assets
- Only civilian research group with access
to SOSUS real-time data
- Data sent via encrypted phone line from
Whidbey Island NAS to Newport

SURTASS

m Vast improvement for ocean seismic
detection over land-based
networks:
- Detect magnitude ~2 compared to ~4
- Much more accurate event locations




Land Seismic Networks SOSUS
a% (19911-2007)

+ <200 dB

+ 200-220 dB
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10 times more offshore earthquakes detected by SOSUS, located more
accurately due to better sound-speed models and station coverage.
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PMEL SOSUS Project: Volcanic e‘\‘/‘e-m’dér?ectio
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Since Project began in 1991 — o

- SOSUS detected 7 major seafloor ' 2
spreading &'t :

on Juan de Fuca Ridge system

During events, research vessels:

- Observed release of massive
volumes of hydrothermal fluid

into ocean
- Eruption of lava onto seafloor

Partner with NSF ocean science
community

- Mobilize vessels to investigate
sites

Use past observations:

- To better forecast future seafloor
spreading events




Recent earthquak\g.gvgéarm (April 2008) detected in Juan de Fuca plate by SOSUS
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- More than 3000 earthquakes detected (10x more than land-based seismic nets)
- Progression of seismicity from midplate, to transform, to magma intrusion at ridge
- Water samples (stars) analysis consistent with tectonic event within intraplate,
possible hydrothermal fluid release at ridge
- Press release carried by >200 media outlets worldwide, 3" highest hits on Google News.




varophone Mooring

With success of SOSUS, PMEL
BRI EEERES developed portable hydrophone
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PMEL Autonomous Hydrophones: Global Reach

4 EPR: 5HIll's, 250Hz # ICE:5 HIll's, 250Hz 4 Brothers Volcano 3 OBH’s, 250Hz
a MAR: 4 HIll's, 250Hz & Axial OBH:4 OBH, 250Hz J'FA NW Rota Volcano 1 HIll, 250Hz
&L Antarctica: 5 Hill's, 250Hz A Davis strait:4 Hll's, 2kHz

4 10:3 Hlll's, 250Hz 4 Bering Sea: 2 Hlll's, 2KHz



Mariana lslands: - Jf=
NW Rota subbmarine volcano
explosive eruption

Eirst video and sound of deep
oceanieruption:

OBH array
at NW Rota-1

0 Hydrophones §-

o Hydrothermally ==X
active sites
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Kermadec Arc - New Zealand: e

“Brothers volcano=Awolcano,thatiresonates —
- 3 Hz fundamentaise=
Harmonic resonance from movement of up to 18/ oVertones
fluid/magmatinsidevolcano -

BROTHERS VOLCANO - KERMADEC ARC
2005 Earthquake Swarm
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Sponsors: NOAA Ocean Exploration Program
and GNS New Zealand




Walvis Ridge — South Atlantic: -

“SFartfield recordsiof explosive volcanic activity ~
- Detected across the Atlantic Ocean basin, range of ~5;2008km
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Sponsors: National Science Foundation and
CNRS, France




Volcanic Seismicity and Ice-quakes
in Bransfield Strait, Antarctica

Volcanic Earthquake Swarms — planned ROV investigations in 2011
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Global Map of Ambient Sound

Global ocean ambient noise has increased 10 dB in the past 30 yrs, mai
. anthropogenic sources (e.g. increased container shipping).
Antarctica and New Zealand volcano have highest noise levels, higher
mid-Atlantic shipping lanes, influenced by wind, ice, tectqnic activity.

P = :

No other lab is monitoring this issue globally, may have profound e 3'
marine animals and ecosystems that use sound for navigation/comm

85 50
Average Sound Levels 10-45Hz (dB)
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|ng habitats
interactions

Ies
- e.g., onIy ~35mhales left in North
Atlantic

* even fevgq“'@ Pacific
 finding seasonalldistributions is critical

How?
Develop quality detection algorithms to find

whale vocalizations in hydrophone data

efficient
robust to noise

...for

» baleen whale moans (15 species)
» toothed whale/dolphin clicks (70 species)

Right whale

Sperm whale

®© Francois Gohier / Auscape International
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WheleEndangered Species Identification

o blue ~._=» right &= minke

. fin «_ ™ bowhead <ommmssperm

Established presence of 6 endangered species




Developing Ne coustic Technologies

. e,
-1 (34511 1 Seafloor Incident Reporting and Evaluation,

-

Network

=

b New strategy for acoustic
=
Fa J monitoring of marine
SN ecosystems

GPS Fix 2-Way Data s
Clock Adj Transmission LA ;
o // i
i/ i 2 // Combine hydrophones on:
< ““‘%’““ - Satellite mooring
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- Ice Noise

o

Ship_Noise

VB - qutonomous VehiCIGS
: (vertical profiler &
Underwater sea _g I i d e r)

Glider ?‘J’“ﬂ"\
(—\
% Provide near-real-time

!QUEPhonc A P’ acoustic monitoring
. o il network

Marine -Iammal

Sponsors: NOAA/PMEL and ONR



Future GOE,!_? of Acoustic Program Research
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Acoustics Provides insights into wide variety of topics: il
- Destruction/creation of seafloor hydrothermal ecosystems)
= Seismic/voelcanicthazandiforcoastalicommunities |
- Distribution of endangered marine mammals species

| J'

- Increase in global ocean noise due to anthropogenic and LFIJ dle
change effects :

Future project goals:

- Develop PMEL hydrophone assets into an integrated, global
observing system

Applied to various ocean research issues (ocean noise,
fisheries, marine mammals and climate change).

- Cultivate alternative acoustic monitoring technologies

real-time hydrophone communication (autonomous floats,
buoys or cabled hydrophone arrays)

- Continue current and develop new international collaborations
(e.g. France, South Korea, Iceland, New Zealand, South Africa)
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Resonating lcebergs

Elephant Island
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Recorded unique
harmonic signals
off Antarctica

Clarence’lsland .
4 " Elephant CDrnAwalll
conel’ el

South Shetland Islands =] ~"
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Satellite confirmed
iceberg signal
source location

Iceberg ~5x10 km &g
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?Osvstemﬁ'%eamh Progiam.Szyear Goalio: :
“Study ocean phenemenal te ascertain the peientie!
iGReEneratng cezsialileantnguakesianetsuREIs
and the extent to whichithese phenocmenaral et
existing and create new and/or unique ECOS) SIEMISA

Ecosystems Observations Program Goal of;
‘Assessment of living marine resources
(i.e. marine mammals under ESA and MMPA)

‘VE‘ﬂI’S 5 ‘. 7 exploring oggan ecosystems 7~ ..,_‘ _
Pr'ogram ) ] Pacific Ml%nniﬁnwropg'teni Lab '




PMEL/Vents Ecosystem Research:

e Ciksages to NOAA Research, Plasi il
Strategicilan <l

—

NOAA Strategic Plan - Performai
Objective: 3-5 year milestone to estlmate
ambient noise budgets in at least one
regional ecosystem by characterizing the =
nominal acoustic environments

NOAA Research Plan - Research Area:
Advancing Understanding of Ecosystems to
Improve Resource Management

;Ven'i'h_s “ E B/ ,- " exploring ocean: ecosystens F%
Program-: ‘
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Long-term volcanic erutlon
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May be best

In Steve’s overview

Tal k?? Large Igneous Provinces - Red = Transient plume head
"o Blue = Persistent plume tail

Massive, long-term seafloor eruptions have occurred
many times in Earth’s history, and will occur again.

May play major role in volatile flux in ocean, and
volcano/tsunami hazard.




QUEphone ing (near) Real-time Hydro
RIDIOMGES Technoloqies:

Amenna e Tether-free

« Remains on seafloor for long-term monitoring
vadmph"ne o Detects event, makes multiple trips seafloor to surface
g * Near real-time, short satellite data transmission
 Portable, expendable, low power
o 1-year life time (up to 12 ascent/descent cycles)
e Minimum drift from rapid ascent/descent
e Modified for chemical or water-column measurements

Pressure SenK (
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correlated with global
wind field

Freeze and thaw of pack ice contributes
to Antarctic noise.
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Growth (dB)

Ambient Noise and Global Economic Trends

1950-2000
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glpleearthquake swarm:
ial Volcano, Juan de Fuca
adgesdanuary 1998
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begin in summit caldera, |

te 60 km down rift-zone over a 2

eriod.

_'-:i_nstruments detect water- - g

iperature anomalies, seafloor 0,853 0SSR IIbL81131:10.4

SEbSidence, and are buried in lava! | 371730 67753 1115120
e LT
Fvidence of eruption at summit and
injection of magma down the volcang
at speeds of 0.2 - 1.0 m s
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