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Shallow Water 2006:

Funded by Office of Naval Research

July-August 2006 on the New Jersey shelfbreak
Multiple teams of scientists and engineers

5+ ships and many institutions represented
Largest field experiment in WHOI’s History
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Specific interests
include:

* Effects of ducting in presence
of internal wave

* Effects of refraction in
presence of internal wave
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Research

Two SW06 experiments: %Sel
*Towed acoustic source from R/V Knorr SW06 Acoustic Sources
*Stationary acoustic sources at R/V

Vs

°
SHARK Array ‘ Propagating Internal Wave

Where is the wave located in regard to the acoustic sources and
receivers?

Use environmental data to help solve this
Is there any ducting or refraction of the acoustic signal?
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Radarsat September 5, 2006 22:33 GMT
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J-15 source tow - R/V
Knorr

- Sep 05, 2006 3N BAIAE AT
« Parallel to shelf break front
« J-15 at 50 m depth 45

« Signal: 93 Hz tone
« Source Level: 165 -168 dB

73°W 40 20' 72°W 40'
. Collaborators: Knobles (ARL- Possible of towed J-15 off of
UT); Lynch, Newhall (WHOI) and/or Shelf Break?



THE

UNIVERSITY R/V Knorr source tow

OF RHODE ISLAND

« Increase in sound level 30-40 km as predicted
- 20 dB increase in signal result of unexplained noise phenomena...

- Boat Noise?
« Passing Internal Wave?

° Com bl natlon of both? | | Demodulatedland low-pass ?Itered J-15 sigll*lal
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Modeling
results

Ship track

J-156 Tow Parallel to the Front: Kraken Model

1 L
5 3 3.5 4 a5 5
Along the Slope (m) x 10

WHOI HLANLA ‘% 250
(Shark) ”%
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R/V Knorr source tow
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J15 Tow, (part1 of 2) Starting at 05-Sep-20086 03:19:12

Soundspeed at SHARK

SHARK Vertical Line Array (Complex Envelope, F = 93 Hz, Low-Pass Filtered @ 10 Hz)
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R/V Knorr source tow
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J15 Tow, (part7 of 12) Starting at 05-Sep-2006 05:39:12

Soundspeed at SHARK

Signal becomes

buried by boat
noise...
Possible that boat noise
is being amplified by
passing internal wave
and/or shelf break front

SHARK Vertical Line Array (Complex Envelope, FG =93 Hz, Low-Pass Filtered i@ TUHZ)
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Can use similar methods to help
examine Internal Wave Events

experienced aboard the R/V
Sharp




THE

UNIVERSITY Lots of data to tackle...

OF RHODE ISLAND

The R/V Sharp experienced over 50 Internal Wave
events during 3 weeks of ship time

- How do we prioritize the analysis of so much data?
- How do we ensure we do not ‘miss’ any data sets of opportunity?

- How do we catalog the analyzed data?

- How do we link different types of data together?

Develop a data

. Develop a web- Share tools and
analysis toolbox . .
based cataloging | data to facilitate
to survey and
structure future research

visualize the data
e
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& http:/fwww.egr.uri.e du/-dossetg/researchfindex. php - Windows Internet Explorer

@@ - |g. http: [fue, egr . ur.eduf~dossetgfresearchjindex. php "‘ 42| % | | Li-
{-‘.? e I@http:waw.egr‘uri.edup’NdUssetgjresear:hjindEx.php I_\ & - B m = b Page - () Tools - ?
Lo =
Webpage is a tool developed
Welcome!

This webpage provides a "survey" of Internal Wave Events that were experienced aboard the Research for easy access to (ViEWing Of)
Vessel Sharp during the Shalow Water 2006 (SWO06) Experiment large amounts of data

REREE TSI S R TS |+ We will soon incorporate
| research from University of
Delaware and Georgia Tech
- Easy to modify, add to, or
change by using Excel as the
web creation tool
«Any comments or suggestions

are welcome
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The Event Table has a list of over 50 events experienced by the R/V Sharp Science Team
With links to:

- Map of the SWO06 testsite with the Internal wave heading

- SHARK Array Environmental Data (Temp/Salinity/Soundspeed) during the event

- R/V Sharp Environmental Data (ADCP echo) during the event

Plus Pages for selected events (40 - 45) with VLA acoustic data

NEW! Plus a page for event 50, courtesy of the University of Delaware

USE THE TABS BELOW TO NAVIGATE BETWEEN THE EVENT TABLE AND SINGLE EVENTS...

«< > » | WELCOWE! [ EventTable [ Highlights | Event40 | Event41 | Event42 [ Event43 | Event44 | Event45 | Events0 |

& Internet H100% v
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Reasons 1or tnis

This method allows us to easily ‘pick out’ interesting

phenomena

OWS Uus to prioritize data analys
ows us to share and collaborate between colleagues

s and m

odeling efforts

Radar-Captured Internal Wave Events aboard R/V Sharp, SW06

Notes:
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- vellow indicates potentially promising event data
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sharpLocation SHARK Data Radar Information Other R/V Sharp Sensors &Activity
Eventit ) startTime EndTime Dumtion | Weve  SrMiniReceie | SourceTransmit buringEvens ance Termistor
e ewonmntt | ot | ™™ | | | g, | e e s | " ™
1 Al Not Yet Analyzed f2/¢ f2/¢ 8/2/06 6:50 AM 1:20 T80 No None. None. No- Every Hour
2 o ot Vat Analies  Notvat Anaheas | 5/2/0E 13:10 PV 8/3/06 &10 M 8/2/0€ 130 P 20 T Ve Nere ere TGN tocver Araiyees I Cerytour
5 o ot et Anahass 5/2/08¢ 10w _5/2/08 1010FM _/2/o6 7507 572 e T o ves ves Fic e o
T A ot Vet Analyses Notvat Anahees | 8/3/06 340 Al 8/3/0€ £40 A 5/3/0E t10aM sjoeB oA 130 T Pt = = Fie ot vec anahyes e G
s o ot vat nzhees | 5/3/08 1120 AW _&/3j08 370P ez 100 T o ves ves Fic Fic o o
7 BLA Nat Yet Anzlyzed B/3/068:30PM _ 8/4/06 12:30AM /06 1:30 AM 1:00 TED Ne Yes Yes Pic Pic Yes Every Hour
s 51 ot vat Ansheas | 5/3/06 1160 PV /4/0€ 340 A feezom 240 T M Ve ves Bic Bie I Cerytoor
s o™ ot et nayees 05520 5/2/08 1220FIT essor 330 T s Hore Hore Fic o Every four
10 £ ot Vet Analyzes  NotVat Anahees | 5/2/0€ 1230 P\ &/4/06 &30 Pl _8/4/0€ 330 P _8/4joE730PmM 300 T Pt Nere Nere Fic ot vet Anahed e e
m Siaorsisy B 572/06 1030 P 5/5/06 2304 5/4/08 11207 B/5j083 10AM G50 T o ves ves Fic Fc e Fveryour
12 BiAorB1B? _ Nat Yet Anzlyzed 8/4/0611:40PM 5/5/06 340AM  8/5/06 1:20AM _ 8/5/065:20AM 1:40 TED No Yes Yes Pic Pic Yes Continuous yo-yo
15 Sincrsisr ot Vet nalyzzs Wotvat nahass | 85/087 30AM 5/5/08 1E3 AW 5/5/0520aM 8/5jc8 120w 150 T es Hore Hore Fic ot et naies es Cominueus vove
14 B1AorB1B? Nat Yet Analyzed 06 1:30 PM /06 530 PM /06 2:20 PM 6 6:20PM 0:50 TED Yes. None None Pic Yes Every Hour
1c siacriy ot Vat Analias Notvat nsheas | 8/2/06 300 PM 5/E/06 700 P 8js/o 10 P _gjsjce o 210 T Ve Nere Nere et vat nshied I Corinueusyore
" Stop during
Tharait Mot Vatdnslyisd  otVetdnsheed | 8/5/08620PM 8J5/0E 1020PM 8506 110PM _jsjostaoem 050 e Mere Mere et Vet Anahyzed e Continsous oo
5 5t ot Vet Analyzes otvat mnahaes | 5/6/05 120 P _5/6/06 &40 Pt _8/e/06 300 M _je/os 700Pm 220 e Nore Nere Fic Notvar Anahies e Comtnuous yove
18 [} Nat Yet Analyzed Nat Yet Anzlyzed /06 5:00PM __ 5/6/06 3:00PM 1:00 Yes. Nene. Nene Pic Net Yet Analyzed Yes Continuous yo-yo
i 5 ot Vet Anahaes  Notvat nahes S/e/08 550r gje/o8s30PM 5708 120aM 330 o e For Fic ot et Anahies o Foris| Connooud]
20 5 ot Vet Anayees o6 310 8fijos7 toA 540 e Nore ore YesFarual Cominuos|
7 5 Mot Vet Anahies  Norvat nsheed o77/06 720 4 8/3/0E c20aM 5j7joe 1070 M 30 s Nere Por et vat nshied Ve paru Cominues]
o 5 ot ve: Anavees 577106 100 /7/06 750 A _8/7/o¢ 1150 110 m = [ 2 ™
= v ot var Anahes | 8/7/06 300 A &/3/0€ 00 P 81 0€ 140 W &/r/cE Edorm o0 o = Ves Fic e s ey
2 w ot Vet nalyzes Wotvat nahaes | 8/7/08 500 P 5/5/08 1200 AW 5108 sac P _s/sjostaoam 140 Yes = Hore Fic ot et naies es Fvery hour
S W Nox Vet Analeed  MerVes Anaheed € 1201 A1 8/3/08 451 A 5/B/08 5303 G Ve Here Here Fic NetVer Anahied Ve Cominueusyore
2 =) e ot vat Ansheas | 8/8/062 20PW 6/E/06 620 P 8/3/0¢ 310 P S50 M Nere ves Bic B I Continueusyoye
Fl oo o ve: eaees /5106 1201 AW _5/3/06 201 AM_5/3/08 £00 A S s Nere Hore Fic e Every four
28 e ot vat Anshias | 8/5/0E 1330 P 5/5/06 &30 P 8/9/0€ 28 Pt B s Nere ves Fic Fie Ve el Cominen]
2 o 5/5/08 £00PM _8/5/06 800 P 5/5/08 5307 5/9/05 1030 M 230 m = ves Fic P e Farual Cominuos|
30 C5A Nat Yet Anzlyzed 8/10/06 12:00AM 8/10/06 400 AM 8/10/06 5:30 AM 130 No Mene. Yes Pic Pic Yes Every Hour
5 cea ot vat Anahees | /10/08 230 M 5/ 10/08 £30AM 0 ) Yes = ves Fic Bc es Cominuous oz
52 & Nox Vet Analyzed Max Vet Anayaed | 8/10/0¢ 110 £/10/08 S0P 5 FEn Farial Here Fai Fic Nex Vet reatyied Farcal Ereryour
5 & Nt vat Anahaas | 8/10/08 650 P B/10/0¢ 1050 PMA g 230 Vs Vera Ve Bic Be Se  FarusiCominen]
34 c3 Not Yet Analyzed 8/10/06 11:10PM 8/11/06 3:10AM 8/10/06 11:59 PM B/11/06 355 AM 0:49 Yes None Yes Pic Eic Yes No
3 ClandTansit  NotVetinslyssd  NotVetAnsbed | /11/06 BO0AM 8/11/06 1200 PM3/11/06 1L20 AW BAL/OE30P 320 seseat Nere sesean Fic Notvarhnalyied At peseant
5 TearaiiTon Mottt nalvies  NotvaAnaivied | 8/12/08 740AM 5/12/08 1140 Al 8/12/08530AM 3/12/08 1230PM 050 o Nore Nore  [IMMEEIIN rc:ve:fraiyees "o o
38 (=Y Nat Yet Anzlyzed 8/12/06 220AM 8/12/06 1:20PM 8/12/06 10:30AM B/12/06 230 PM 110 Yes Nene Yes PBic Pic Yes Every Hour
5 cia Notvatnahviss | 8/12/08 650 P 5/12/08 1050PM 5120083 10FM S/AZ/08 1108 220 Yer Nore ves Bic B e paruCominuos|
40 cla Analyzed 8/13/06 1:110AM 8/13/065:10AM 8/13/066:00AM 8/13/06 10:00 AM 450 Yes None Yes Pic Pic Yes Partial Continuous|
o e analizes S/13/06300PM 6/13/06 700PM BA3/0ESI0PM SA306820PM 220 [ Nera v DDDMECNEENNN v FaialConvinuous]
a2 c18 Analyzed 8/13/06 6:10 PM 8/13/06 10:10 PM 8/13/06 7:50PM 8/13/06 11:50PM 140 NoData None Yes Pic Pic. Yes Partial Continuous|
P B Analized S/A3/06500PM 6/14/06 LOOAM S13/06 1040 PM SA40E20M 1.0 NoData Nra P s eraryHour
a s s §/13/08 1L40FM 5/14/08 580 AM AS/0SEI0AM 3/1¢/08 10T0AM  £.40 Nosata Nore e B B e Contiuous oo
a5 [} Analyzed 8/14/06 12:40PM 8/14/06 440PM B/14/06350PM E/14/06 7:50 PM 310 NaData Nene Yes PBic Bic Yes Partizl Continugus|
as(ara) i NotvarAnalyiss | 8/16/08 130PM 5/16/08 S30FM 5/1/08500FM S/iE08STORM 230 e Nore ves Bic B ves Continuous oo
< 47amh)

WELCOUEL] v i Tigiight | Event] Everet ] Even? Eventta] Eventie] Evente] Evenel

@ rternet

759




THE

UNIVERSITY  Example Data — Event 44

OF RHODE ISLAND

Lgeate~ Some analyzed and catalogued data types:
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Over time - Event 44

Compiled
environmental data is
useful for visualizing
the event — and for
acoustic modeling

«Radar data determines the
orientation of the wave front

« R/V Sharp ADCP shows internal
wave structure

« SHARK soundspeed shows
internal wave front arrives at
SHARK array one hour prior to
location of R/V Sharp

SW06 Test Site - Extracted radar imagery for Event 44 - at 05:37:38
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Finish data analysis toolbox

¢ Include data from SHRUs and other PO sensors
* Include more robust acoustic analysis

Focus on Internal Wave events likely to cause 3D
propagation effects

e Integrate existing models into propagation code to explore 3D
effects

e Compare to measured mode and beam fluctuations in
amplitude, travel time, and/or phase

Pose inverse problem for Internal Wave structure

given acoustic signal characteristics
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