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INMARTECH ‘98
Scripps I nstitution of Oceanography, La Jolla, CA
October 20-22
Program Agenda

Welcome to INMARTECH 98!

To help make your stay in La Jolla a pleasant one, the following logistical information is
provided:

O

Shuttle Buses - Shuttle buses will run daily between the Radisson and Empress Hotds and
Scripps Institution of Oceanography (SIO) campus. The first morning shuttles will leave the
hotels at approximately 07:30 am, with additional trips every 15 to 20 minutes. The shuttles
will pick-up passengers outside the hotel lobby doors. The first trip back to the hotds will
begin immediately following the end of each day’s sessions.

INMARTECH ‘98 Check-In — Participants can check in for INMARTECH ‘98 at Sumner
Auditorium on SIO Campus starting at 07:45 a.m. on Tuesday, 20 October.

Ticketed Events - The activities in the program agenda denoted by asterisks “*” are
ticketed events. Payment for these events must be made prior to the meeting. You will
receive your tickets for the pre-paid meals and events at check-in.

Meeting L ocations - The concurrent technical sessions will be held at Sumner Auditorium
and Hubbs Hall. The program agenda indicates the session site. Signs will be posted to
direct foot traffic between the two rooms and a SIO campus map will be distributed during
check-in.

Tuesday 20, October, 1998

07:30 Start of shuttle service between INMARTECH hotelsand SIO campus.

07:45 Check-In at Sumner Auditorium

08:30 WELCOMING SESSION - Sumner Auditorium

* INMARTECH ‘98 Opening Remarks and Welcome to Scripps | nstitution of
Oceanography - Mr. Woody Sutherland, Manager, SIO Shipboard Technical
Support

e Overview of Ship Operations and Shipboard Technical Support —SIO &
UNOLS - Dr. Robert Knox, Associate Director, SIO and University-National
Oceanographic Laboratory System (UNOLS) Chair

* SlOInternational Activities - Dr. Lisa Shaffer, SIO

» Technician and I nstrumentation Support for Seagoing Science by the U.S.
National Science Foundation - Dr. Alexander Shor, Program Director, NSF
Instrumentation and Technical Services Program
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09:45 Coffee Break

10:00 Technical Workshop (Sumner Auditorium)

UNDERWAY SAMPLING SYSTEMS - Mr. Anthony F. Amos (University

of Texas), Chair

An I nteractive Shipboard Scientific Log for Research Vessels - Mr. Anthony
F. Amos, University of Texas Marine Science Institute

IMET - Improved METeorology - | nstrumentation - Mr. David Hosom,
Woods Hole Oceanographic Institution

Underway Data Collection System on Board RV PELAGIA; Considerations
and Design of a New System - Mr. J. Derksen, Netherlands I nstitute For Sea
Research

12:00 Lunch (SIO Pier) *

13:00 Technical Workshops (Concurrent Sessions)

GEOPHYSICAL TECHNOL OGIES (Sumner Auditorium) - Mr. Paul Henkart
(Scripps Institution of Oceanography), Chair

Seismic Sourcesin the UNOLS Fleet - Dr. John Diebold, Lamont-Doherty
Earth Observatory of Columbia University

Sound Receivers - Dr. Graham Kent, Scripps Institution of Oceanography
Chirp Sonar Design for In-Hull Applications - Dr. Lester LeBlanc and Dr.
Steven Schock, Florida Atlantic Institution

Multibeam Technology - Dr. Dale Chayes, Lamont-Doherty Earth Observatory

ROV AND TOWED VEHICLES (Hubbs Hall) - Mr. Marc Willis (Oregon State
University), Chair

A Typical Cruise with the ROV Jason - Mr. Robert Elder, Woods Hole
Oceanographic Institution

Recent MPL Deep Tow Group Seagoing Work - Dr. Fred Spiess, Scripps
Institution of Oceanography

Tiburon: MBARI’s ROV for Science Research - Dr. William J. Kirkwood,
Monterey Bay Aquarium Research Institute

A Comparison of Single Body and Two Body Shallow Towed Vehicles, Mr.
Mark Rognastad, University of Hawaii

SeaSoar Metamorphosis - Dr. Lindsay Pender, CSIRO Marine Research

17:00 Shuttle Busesreturn to Hotels

18:00 Reception and Poster Session at Birch Aquarium * - Parking ($3 per vehicle) is
available at the Birch Aquarium
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Wednesday, October 21, 1998

Start of shuttle service between INMARTECH hotels and SIO campus.

Technical Workshops (Concurrent Sessions)

BOTTOM SAMPLING TECHNIQUES and DECK OPERATIONS AND
ONBOARD SAFETY (Sumner Auditorium) — Woody Sutherland (S10),
Chair

A Large Diameter Piston Corer for Use on UNOLS Research Vessels -
Dr. Peter Kalk, Oregon State University

MultiCoring - Mr. Richard Muller, Moss Landing Marine Laboratory
Dredging and Rock Coring - Mr. Ronald Comer, Scripps I nstitution of
Oceanography

Oceanographic Research Vessel Deck Safety - Capt. Daniel S. Schwartz
and Mr. George White, University of Washington, School of Oceanography
Small Research Vessel Deck Operations - Mr. Steve Hartz, University
of Alaska

ACOUSTIC DOPPLER CURRENT PROFILERS (HubbsHall) - Dr.
Eric Firing (University of Hawaii), Chair

Fundamental Components of Shipboard and Lowered ADCP Systems -
Dr. Eric Firing, University of Hawaii

Routine Shipboard ADCP Operation: Benefits, Problems, Methods -
Dr. Eric Firing, University of Hawaii

Lowered Acoustic Doppler Current Profiler: From an Experimental
I nstrument to a Standard Hydrographic Tool - Dr. Martin Visbeck,
Lamont-Doherty Earth Observatory Columbia University, NY
Acquisition of Vessal-Mounted Narrowband and Broadband ADCP
Data using a Sun Logging System on ORV FRANKLIN, FRV
SOUTHERN SURVEYOR and RSV AURORA AUSTRALIS- Dr.
Helen Beggs, CSIRO Marine Research

Busfrom SIO Campusto SIO Marine Facility (M arFac)

Bar-B-Queat MarFac *

Tour of SIO Marine Facility (R/V MELVILLE, FLIP, etc.)
Underway Sampling System Demonstrations (on R/V MELVILLE) -
SIO Oceanographic Data Facility and Shipboard Computer Group
personnel

M ultibeam Processing Demonstration (on R/V MELVILLE) - Mr.
Stuart Smith, Scripps Institution of Oceanography

Busback to Hotels, Eveningis Open
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Thursday, October 22nd

07:30 Start of shuttle service between INMARTECH hotelsand SIO campus
08:30 Technical Workshops

SHIPBOARD NETWORKING AND SEANET (HubbsHall) - Mr. Barrie
Walden (Woods Hole Oceanogr aphic I nstitution), Chair

o Data Collection and Distribution - Mr. Barrie Walden, Woods Hole
Oceanographic Institution

* SeaNet - Extending the I nternet to Oceanographic Research Platforms - Mr.
Andrew Maffei and Mr. Steve Lerner, Woods Hole Oceanographic I nstitution

» National Oceanographic and Atmospheric Administration (NOAA) Networks
- Mr. Dennis Shields, NOAA

* E-mail on the Woods Hole Oceanographic Ships - Mr. James Akens, Woods
Hole Oceanographic I nstitution

» Direct Connection Network Sensor | nterfaces - Mr. Richard Findley,
University of Miami

12:00 Lunch (SIO Campus) *
13:00 Technical Workshop (Sumner Auditorium):

CTD PACKAGES - Mr. Woody Sutherland (Scripps Institution of Oceanography),
Chair

*  WOCE Operations - Mr. Frank Delahoyde, Scripps Institution of
Oceanography

» Seabird Operations - Ms. Kristen Sanborn, Scripps Institution of
Oceanography

o Data Quality - Dr. James Swift, Scripps Institution of Oceanography

* Marinelnstrument Calibration “ You Know it Makes Sense”’ - Mr. Paul
Ridout, Ocean Scientific International Ltd.

* Insitu Pressure Calibration - Mr. Sven Ober, NETHERLANDS INSTITUTE
FOR SEA RESEARCH

14:30 INMARTECH '98 - WRAP-UP SESSION
Adjourn  Shuttle Busesreturn to Hotels
17:30 Mexican Dinner at SIO Campus *
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Opening Remarks

Woody Sutherland
Scripps Ingtitution of Oceanography

Good morning. Thisisthe opening sesson of INMARTECH '98. Soif you're not here for the International
Marine Technician Sympasium, you'rein thewrong place. INMARTECH ‘98 is hosted by the Scripps
Ingtitution of Oceanography and by the RV Tech Committee of the UNOLS Office.

Thistruly isan international symposium. We have 12 countries represented here. We have people coming
from Australia, Belgium, Canada, Denmark, France, Japan, Mexico, the Netherlands, South Africa, Spain,
United Kingdom and the United States. Roughly onethird of the participants at INMARTECH '98 are from
outsdetheU.S. .

| am Woody Sutherland. I'm the manager of Shipboard Technical Support here at Scripps Ingtitution of
Oceanography. For thosenot familiar, | just want to give you a quick overview of our group. Shipboard
Technical Support isunder the direction of Robert Knox, the associate director of SIO. Y ou will be hearing
from him shortly. Heis my immediate supervisor, afortunate circumstance for me.

Scripps I nstitution of Oceanography
Shipboard Technical Support

ommy
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We have seven different operating groups within STS. The Resident Marine Technical Group (RMTG or
ResTechs) manages each of the cruises on thefour SIO vessdls. They take care of cruise planning with the
scientists, the logigtics of getting equipment to the ship, back from the ship, getting it loaded, and getting it
secured. They take care of all the deck operations, getting the packages on and off safdy.

The Shipboard Computer Group (SCG) manages all the computers on board the ships. They also havea
shore-side facility to do software devel opment and testing. We have two extensive computer facilities on the
larger research vessds, the Roger Revele and Médville. WEII betouring the Me ville tomorrow, and well have
members of the Shipboard Computer Group onboard to show you around the facilities.

The Shipboard Geophysical Group (SGG) handles all the seismic operationsfor STS. They arenot tied as
dosdytothe SIO shipsasthe first two groups | mentioned, and spend agresat ded of time on other USand
foreign research vessd's,

The Geological Data Center (GDC) handles all the data that's collected on SIO vessdls. The data come back
here, arerun through preliminary data quality analyses, and then a copy isplaced in our archives. Thedatais
then available for distribution to the Pl of the cruise, and to national data archives.

The Oceanographic Data Facility (ODF) isinvolved with CTD data acquisition and processing. The group also
performs analyses of the seawater samples coll ected with the rosette package -- dissolved oxygen, precison
sdlinity, and nutrients.

And then the newest member STSisthe WOCE Hydrographic Program Office (WHPO), which isthe U.S.
office for the international World Ocean Circulation Experiment Program.

I might also mention that in the Oceanographic Data Facility, we have two subunits. Oneisthe Calibration
Lab, to give usthat warm and fuzzy feding that all the numbers we collect from our instruments are actually
valid. The other isthe STS Electronics Group. They areresponsible for keeping the red lights glowing on the
ever increasing number of eectronic boxesin al of the STS groups.

And finally a Business Office to keep everything going -- handle the accounting, payrall, personnd, travel

arrangements, and so forth. o2

2}
Now, members of STS, the membersthat are here - ’\’,\>
about two thirds of our group are out at searight
now -- the membersthat are &ill here have cheerfully
volunteered to help out with all the details of the
INMARTECH Symposum. They will bethe shuttle
drivers, collecting tickets, et cetera, et cetera. Sofed
freeto interact with them as you're coming and going.

SO isagraduate department of the University of
Cadlifornia, San Diego, which isright up thehill. This
isevident from the officia letterhead on much of the
correspondence that you have rece ved thus far

Next | want to go through some details, quickly if |
can, for the symposium itsdf. Thisiswhereweare
right now (indicating) -- amap of the SO campus.
Werein Sumner Auditorium here. You were
dropped off right here and came up the steps. During
the symposium, at times well have concurrent
sessons. Theother sesson isin the Hubbs Hall
Conference Room. We have yellow signsaong the
walkway that will direct you from oneroom tothe
other. So as you go out the door here, head down the
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geps. Just look for the yellow signsto lead you over to Hubbs Hall.

Today's luncheon will be served on the pier. Just head toward the water. You'll beableto seeit. Just follow
the coad,, the diff-line down to the pier. Tonight's reception isat the aguarium, which isjust up the hill. You'l
be able to see that as you wander around the campus. And then Thursday's buffet isat T-29, on the diffs on the
northern end of the campus.

During lunch today, we won't have exclusve use of thepier. Sol ask that you take consderation for anybody
that’s doing research out there. There's also some painting, construction and repair going on, so be attentive of
that.

For al of the medls, you havetickets. Well be callecting thosetickets, because not everyoneissigned up for
mesals, and we need to make sure that everyonethat has paid, has plenty of food to eat. So bring thosetickets
with you to all the meal functions.

At the aguarium tonight, we have two exhibit halls. Asyou firs comeinto the aguarium, in the entrance area
will be the academic exhibits-- mostly posters. They should be sdf-explanatory, but we've asked the authorsto
stay dose by so you can ask them questions concerning the content of the posters. Well aso have an industry
exhibit from manufacturers of equipment that will be discussed in the symposium.

Asyou turn in your ticket to the aquarium tonight, you can exchange that for adrawing ticket. At the
aguarium, were going to draw for gift certificatesto the aguarium bookstore. 1t's a combination bookstore and
gift shop. It'll be open for thefirst hour of the reception tonight. So you're freeto wander through there and
pick up souvenirsto take back with you. If you fed lucky, you might want to wait until the after drawing
before visiting the bookstore. Well have the drawing about 6:30, to give the winnerstimeto shop.

WEell aso have another drawing at the buffet on Thursday night. Again, when you turn in your ticket, you'll be
given aticket. We have more souvenirsfrom S O to distribute at that time.

Y ou should have received aregidtration packet when you camein thismorning or yesterday. That hasall the
material for theweek. It should haveal thetickets, amap of the SIO campus, amap showing both hotdsin
case you want to see how the other half lives, or if you make some new friends and want to go vist them.

If you need recei pts for any of the expenses, then you can see the peopl e that are working the registration tables.
They'll be ableto give you rece ptsto take back to your home ingtitution.

For peoplethat did not dect to have lunches here, we have two snack bars on the SIO campus. We have one
that'sright here next to the director’s office. If you just walk down toward the water, go a ong the coadt, you'll
seeit. If you'rein Hubbs Hall, there's another snack bar in this courtyard of Nierenberg Hall. So what you
need to doisgo up the hill alittleways, go across La Jolla Shores Drive, the main road, to the large officef/lab
building on the other side and look for the courtyard.

If you have freetimein which to visit UCSD, the main campus, theres a shuttle that runs every 20 minutes
between the SO campus and the UCSD campus. Shuttle sopsarelocated throughout SIO and al throughout
UCSD. Jud find asign that says, "Campus Shuttle,” and it'll give you the schedul e for that siop. Y ou can go
up and wander around. It has a university bookstore, snack bars, et cetera, et cetera, up there -- avery pretty
campus with large eucalyptustrees al around.

| hope everyone got the notice that parking isvery difficult hereat SIO, especially with the construction going
on. Thereare nat enough parking spacesto serve everyonethat has an annual pass. So when vistors gart
taking parking spaces, it makes the empl oyees and the faculty here even alittle more upset than they usualy
are

Werretold that there will be a few spaces available in the south parking lot, which isthelot that's right out here
down by the beach. If it's necessary for you to drivein, you will haveto purchase daily parking passes, which
aresx dollarsper day. Y ou can get those at the regigtration table, as wdll.
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At the aquarium, therésalarge parking facility. Soif you dect todrivein tonight, that'sfine. Theresa$3.00
parking feethere. We will be running the shuttles back and forth, though. And then & T-29 -- I'm looking for
confirmation -- but for specia eventsat T-29, were often allowed to have notices go to the parking police that
it's okay to have afew cars herethat don't have permits on them, and | think we have those arrangements. So if
you want to drivein for the Thursday evening Mexican buffet, it should be okay to park right elong therein the

university parking spaces.

The shuttle drop-off and pickup for today, tomorrow and Thursday will be right down where you were let off
thismorning. Soif you'reat Hubbs Hall at the end of the day, you'll need to walk down to this|ocation to get
the shuttle back to the hotds. Today’s schedule, at the end of the meetings, the shuttles will take you back to
your hotels, immediately starting bringing peopl e back to the aquarium, and welll just keep going back and
forth until we get everyone from hereto the hotel's, and from the hotdsto the aquarium. And then at the end of
the evening at the aguarium, the shuttles will take you from the aquarium back to your hotdls.

Also, one other building that | want to point out. If you go down to theend of thestepsand acrossthelittle
driveway, you'll find the Marine Research Support Shop, avery well-used shop here at Scripps. Wedo alot of
in-house machining, construction, developing. We also contract out to a number of other research ingtitutions,
aswedl asindugtry. The shop foreman has gracioudy offered to give any tours of the shop, answer any
questions. Soif you have any questions about machining and the congtruction of oceanographic
instrumentation, fed freeto drop in there sometime during this week.

Sesson formats. We have, essentially, half-day sessonsthat are on specific topics. Thefirst portion of each
session will beformal presentations by invited speakers, well take a short coffee break; and then well havea
question-and-answer discussion period following that.

Wearetaping all of the sessons. We will transcribe both the presentations and the discussions, edit the
transcription, and produce a formal publication that'll be mailed out to all the attendees, and also availableto
othersthat could not attend. So during the question-and-answer discussion period, | would ask that you speak
dearly andloudly. At least for thefirg few times, sand up and identify yoursdf and the ingtitution you come
from so that we can have arecord of that. Also, the speakerswill need to wear the wirdess microphones. The
session chair will try to remind you of these procedures.

We have had an agenda change. Y ou should have picked that up thismorning. Weve consolidated a sesson
so that, tomorrow morning, well have bottom sampling techniques, deck operations and on board safety all
together. And we've diminated the deck operations separate sess on, which was scheduled for Thursday
morning. So pleasenotethat. Therésaso alate-arriving abstract that you can includein your program agenda,
aswdl, on the multicoring presentation.

Tomorrow, well have formal sessonsin themorning. Then well betrangting down to SIO's marine facilities
in Point Loma, about 25 milesaway. Were going totry to get everyone down therein onetrip. Wehavea
large charter busthat's coming, plus our three shuttles. So we ask that, as we finish up the sessions, that you go
directly down to the pickup area, and well |oad everyone up. When we get there, the barbecue should be ready.
Theresearch vessd Mdvillewill bein. TheFLIP will beavailable for tour. Well aso tour the marine
facilities.

Peasetry toeat in shifts. Soingtead of everyone going and eating lunch at onetime, and then everyonetaking
tours, let'stry to have half the people eat lunch, the other half take tours, and then we can flip-flop.

On Mdvilleitsdf, we will haveaformal presentation of processing multibeam data, usng the Sea Beam data
that we collect on SIO ships. There will be acouple of sessons of that. Well take as many people as we can at
onetime, and then welll turn therest away. They can tour the ship or go eat. Oncethat sesson isfinished, then
well sart another session if there's enough interest .
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The other part of the Mdvilletour will be an informal question-and-answer session for the shipboard computer
facility, and also an informal continuation of the underway data collection discusson. Well go through the
sensor setups that we have on board ship.

As peopletire of the marine facilities, well art shuttles back from there. Soif we have a group that's ready to
head back up to La Jolla, well take a shuttle back. When another group’s ready, well bring another shuttle
back. If we havealarge group, then well put them in the bus and bring them back.

On Thursday, we have a Mexican buffet. We've decided to dart it alittle bit earlier so that we can enjoy the
view of thesunset from the diffsof LaJolla. It will start at 5:30. Wefigurethat, aswe finish up theformal
presentation Thursday afternoon and the wrap-up discuss on session, whoever is staying for the buffet can just
mosey on up the hill, and well start with Mexican hors d'oeuvres, and beer and margaritas, and then finish up
with the buffet and watch the sunset.

Okay. Something that's just come up, and | don't see my colleague at thistime. The data manager of the
WOCE Program Officeisvery activein the Leukemia Society and raising funds. He has a child that's stricken
with leukemiathat he sponsors. He was able to get two tickets donated to Wednesday night's game of the
World Series. Heisraffling those off to the SIO community exclusively. Right now, he has about 70 raffle
tickets sold. He's aso opened that up, a my reques, to the INMARTECH community. So for a$20 donation,
tax deductible, you can buy two ticketsto the World Series— or rather the chance--

(Laughter.)

the chance for two ticketsto the World Series. | was hoping he would be here this morning to go into a further
explanation. But, I’'m sure he will be here at coffee bresk. Soif youreinterested in theraffletickets for the
World Series, then you can see him during the coffee bresk.

| was also asked to announce that the location for INMARTECH 2000 has already been decided. 1t will be held
in Holland. So you can start making your travel plansto go to Holland in 2000.

PARTICIPANT: The weather will not be as good as here.
(Laughter.)

MR. SUTHERLAND: Okay. That'sall thedetails| have concerning the symposum. Arethere any questions
before we go on?

PARTICIPANT: Onequestion. On the old schedule, on Thursday at 8:30, you had a session, "Deck Operations
and On Board Safety.”

MR. SUTHERLAND: Yes

PARTICIPANT: Thereisa piece about fiber optic cables. | waslooking over the new itinerary for Wednesday
and Thursday, and that particular piece seemsto be missing. Hasthat been dropped?

MR. SUTHERLAND: Yes That'sbeen dropped. Wevehad alat of schedule changes over the last couple of
weeks where people had volunteered to give presentations at INMARTECH, and then for one reason or ancther
couldn't makeit. Thefiber optic presenter was one of those, and so we had to drop that.
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Overview Of SIO & UNOLS Ship Operations And
Shipboard Technical Support

Robert Knox
Scripps Indtitution of Oceanography

[Editor’sNote: Followingisatranscription of Bob'soral presentation, asedited by himself.]

It'sapleasureto welcomeall of you here today to Scripps on behalf of both Scrippsand UNOLS, thetwo
organizations that have had the mogt to do with putting this event together. Asassociate director of Scrippsand
chair of UNOLS, I'd liketo take credit for all of what's been done, but | can't. Thereal work has been done by,
on the one hand Woody and many of his peoplein STS, and on the other hand by the UNOLS Office and
Annette DeSilvaand Mary D’ Andrea, who are lurking somewhere here. It'sto them that you owe thanks -- not
to me-- for any of the arrangements and preparations that have gone off well asthe week deveops. So bear
that in mind, and talk to them when you get a chance.

| want to talk to you briefly about Scripps Ingtitution of Oceanography and about our fleet. | won't take very
much of your time because | know we're anxiousto get into the technical sessons. Let me begin by putting up
aviewgraph of Scripps.

It'san ingitution with some history behind it. 1t began in 1903 asthe Marine Biol ogical Association of

San Diego down in Coronado Idand, down near the main harbor. It moved to the present location in 1907 -- a
considerable endowment and support from the Scripps family, hencethe name. The Scripps family ishigin
newspaper publishing and cther activitiesin the United States. It became a part of the University of California
in1912. In 1925, it changed its nameto the Scripps Ingtitution of Oceanography, whereit'sremained ever
since. And in 1960 or thereabouts, it became the nucl eus around which the entire main campus of the
Univergty of Californiaat San Diego grew and expanded. In fact, the very first operations of the university
campus were down here at Scripps before buildings were built up on top of the hill back in the early to mid
sxties. I'll show you briefly just two dides of this part of the world, sort of then-and- now pictures, if you will.
That'sthethen-picture. If you were agood real etate speculator, you would've bought land then and not now.
The now-pictureis-- the next one, please-- amore or lessmodern agrial view of the campus and surroundings.
You can seeasmilar shot over there on the far wall -- someindication of how much thisarea'sgrown up in
that gpan of time.

Continuing on with afew brief facts about UCSD, about Scripps overal. We have a staff of some 1200 or
1300 people, something like 160 of those are Ph.D. levd scientists, principal-investigator types. Depending on
when you count, there may be 300 or so different research projects going on across all thefidds of marine,
atmospheric and earth sciences. Support for the inditution is primarily from research grants from the federal
government -- about 75 percent -- primarily from agenciesyou al -- at least all of you Americans - know: NSF,
ONR, and to alesser extent from some of the other federal agencies, leaving about a quarter of theinditution's
budget that comes from other sources-- state monies, private monies, and so forth. Total expendituresare on
the order of $100 million, and there are some 190 or so graduate students at any onetime. Scrippsis primarily
agraduate education component to the university, although it isvery dowly feding itsway into a certain
amount of undergraduate teaching as we gpesk.

| should mention, | think, that just in the last week, avery useful fact sheet about the indtitution overall has
appeared. In fact, the boxes full of the printing run are stacked in the corridor outsde my office. But if
anybody's interested, we can probably lay hands on this. Talk to Woody or melater. It'sardatively
convenient fact sheet for the indtitution overall.

Let mezeroin to our fleet of research vessds, one of the larger onesin the United States, briefly described in
thisviewgraph. Therearefour of them. The support base, operating base for them is down on Point Loma, as
Woody mentioned, and you'll be seeing that base and one of the shipsin the course of the week. It involves



INMARTECH ’ 98 Proceedings

something on the order of a hundred people, counting both the crews on the ships and the peoplein the shore
support facility. Approximately $12 million of annual operating expenditureif al the shipsareal running full-
time, which amountsto on the order of afifth or aquarter of the entire UNOL S fleet.

Of course, they vary greetly in Sizeand capability. Y ou can see some rough annual operating numbers for the
four shipsthere (indicating), assuming, again, about afull year's worth of operations.

A great dedl of thisinformation isavailable, both in printed form -- these ship leafl ets, which, again, | don't
have a full stash of, but we can get more of them -- and/or on the web site, which can walk you through
virtually any of this Scripps or marine facilities operation.

Let meturn again to the didesjust to give you a few brief pictures of some of the ships. Thisisfar froma
comprehensive overview, but it'll give you alittle sense of what some of them look like for those of you who
don't know that already.

Thisisan aerial view of the whol e facility down there on Point Lomawith all four shipsin port, which isa
rdatively rare event. On thefar left isNew Horizon. In the foreground on the seaward side appears the newest
vessd, Roger Revelle. Theother large vessd that’s alongside the pier is Melville, which you will see. Andthe
little one tucked in the crack in the middle there is Robert Gordon Soroul, our local vessd that does primarily
short tripsin and out of San Diego, although she has been as far away as the coast of Mexico and the Pacific
Northwest from timetotime.

Next dide. That'sthe launch of Roger Revelle back in the spring of 1995 -- afairly spectacular event. | hadn't
seen the side launch before. 1t gets your attention.

Next picture. And Roger Revellereturning to San Diego for thefirst timein the summer of 1996.

Next. These go back in timeaway. Thiswasin the late 1980s and early 1990s, amajor refit and
reconfiguration of both Melville, which you'll seetomorrow, and the sister ship, Knorr, at Woods Hole. They
were massvely reconfigured. The whole propulsion system was changed from the cycloida propdlersthat
you seethere fore and aft to more conventional Z-drive propulsion. They were stretched 34 feet, and so forth.

Next dide. Therésthe ship cut in half up on dry land getting ready to insert a new midsection.
Next. And, finally, the reconfigured ship that you'll see back in thewater and serving well sincethen, 1992.

And, finaly, | think the last dide just sketches for you the pieces of the ocean that Scripps ships have ventured
to over time. That's essentially an historic composite of al the major expeditions of Scripps vessdls over the
course of the years -- obvioudy, heavily loaded in favor of the Pacific, but we have wandered into some of the
other pieces of turf from timetotime.

| think that'sit for the dides. Woody's already told you alittle bit about the other major component of the
Scripps seagoing operations, the Shipboard Technical Support enterprise that he heads and the various groups
and so forth that areinvolved in that. | won't say much moreabout it. It scalesat just roughly half or sothe
sze of the ship operationsin terms of both number of peopleinvolved, and number of dollars per year, and so
forth.

Let memove now to UNOLS and just sketch for you alittle bit about what UNOLSisall about and what it's
trying to do at this year in time. | should mention, first of dl, that therésa UNOL S web site, if you haven't
visted it already. Essentially everything I'm going to tell you could probably be learned from the web siteif
you don't take it away from here

It'san organization of academic oceanographic ingitutions. It'snot afederal organization. It'snot agranting
agency. It'snot awholelot of things. Itisan organization of inditutions. Each ingtitution isamember, a
snglemember. And it's supposed to coordinate and review utilization of facilities, accessto facilities, and the
current match or mismatch of those facilities to the needs of academic oceanographic programs. Itis, at
bottom, a cresture of the scientific community intended to maximize the effectiveness of the research vessd
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fleet in the United States. And as many of you know, it collaborates and entersinto discussionswith smilar
operations around the world, although it'san American organization at bottom.

There are some 57 member ingtitutions at the moment, but 20 of which actually operate vessds. The other 37
areinditutionsthat are interested and involved in UNOL S activities, but don't themsel ves have research vessds
to operate. Thereare 28 UNOLS ships. It amounts to something on the order of $50 million a year of
operations. Bear in mind that operations money goesto the ingdtitutionsthat operate the ships. It doesn't goto
UNOLS. UNOLS money is essentially the money it takesto run the office. UNOLS doesn't bring in money
and hand it out because the system is predicated on the idea that the way to operate these shipsisto continueto
keep the operations in the hands of individual ingtitutions, but nonethel ess overseen and guided by both agency
policy and by UNOLS palicy to try to maximize the effectiveness of this collectivity of ships.

Soit'safunny combination of individua free enterprise per ingtitution on one hand, and some sort of
community ethic and cooperation on the other hand. There's an obvious tens on between those two modes of
working, but somehow it ssemsto have donerather well for the American scientific community since 1971,
when UNOLS began.

Briefly, the structure of UNOLS consigts of a council, which iskind of like the board of directors, if you will,
and anumber of established committees-- you seethem listed there -- dealing with various aspects of important
UNOL S business. Perhaps one of the more significant ones on an annua basisisthefirs of those, the Ship
Scheduling Committee, which, in conjunction with agencies, attemptsto gtitch together UNOLS ship schedules
that get theright ship to theright place at the right time to handle the funded scientific projects, and neither too
much ship nor too little ship to get them done. So people from the East Coast may use Scripps vessdsin the
Pacific, and peopl e from the West Coast may use East Coast vesselsin the Atlantic, and so forth, mixing and
matching to try to make those schedul es as effective as possible and not waste any more time than necessary
smply trangiting back and forth from A to B.

Thiswill give you a sense of where UNOL Singtitutions and shipsare. These are the operating ingtitutions of
UNOLS. It's probably not worth digging into the details of it, except that, obvioudy, they are scattered around
the United States. Some are Single-ship operations, some are multiple-ship operations, and there are ships of
various szesin the UNOL S fleet, asindicated by the different codesthere.

The next viewgraph will show you something about who has which ships, where, how big they are, and who
ownsthem. Thisfirg istherdativey smaller end of the scale, "thelocal ships' they're called in UNOLS
parlance. Y ou can seethat they're scattered around the country. Y ou can also seethat only one of themis
owned by afederal agency, thelast one on thelist, owned by NSF. Therest areal owned by indtitutions --
ranging up in sizeto 120 feet, used primarily for very local activitiesand very short trips, for obvious reasons.

Thisisamost aset of dots on the page to indicate wherethey go. It's no surpriseto seethat, with rare
exceptions, they stay rather close to where they're home-ported -- in and out and in and out in thelocal region.
These are composites for three years and the sum of all three. And you can't see much separation in the tracks
becausethe dots are too hig.

Moving up onenotch in Sizeare our intermediate Sized vessds. Now you gart to seethe greater impact of
federal ownership. Thereare sx NSF-owned shipsin here and one Navy ship; the remainder being owned by
inditutions. Theszerangeisbigger, of course. They get around the world more, asindicated in thisdide.
Obvioudy, they 4ill duster somewheretheir home ports, but they fan out over more of the ocean over time.
The samethree years are displayed here.

Then the next and final step up in sizeisthe global/expeditionary ships, al of which are owned by the federal
government in one way or another, most of them by the Navy.

The ship tracks for the same set of ships, the global/expeditionary ones, carry them all around the world, more
or less, depending, again, of course, on the needs of the funded scientific programs.

You do seeagood dedl of work in rdativey difficult parts of theworld on thischart. In fact, | happen to know
therés another cruisetrack that goes around Cape Horn the hard way that isn't shown on thisplot. Sothese
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bigger shipsin thefleet are attempting projectsthat smply wouldn't betenable for smaller ships. And
conversdly, it doesn't make sense to use one of the big ones for something that a small one could do.

Thefinal didefor UNOLS gives you a shapshot in 1996 of metrics of UNOLS activity -- total number of
operating days in the UNOL S flegt, total number of cruises, total number of participating scientists and
technicians on board, scientific parties, and so forth -- 153 indtitutions represented. Y ou'll recall that thereare
only 50-some-odd UNOL Singtitutions. So what this meansisthat the system has fanned out and included
scientists from amuch broader scientific community than smply the UNOLSingtitutions. In many cases, it's
other American inditutionsthat are not members of UNOLS. And in many cases, it's foreign participants and
collaborators. That was the 1996 number, in the mid $40 million of totd annual costs.

That's athumbnail sketch of Scripps, of Scripps flegt, of UNOLS. I'll be happy to answer questions about any
or al of the above asthe week goes on. But mostly what | want to do isto welcome you to this gathering on
behalf of both Scrippsand UNOLS. It'sthe second such mesting, | bdieve. Therésalready plansfor thethird.
And | hope very much that the series keeps on going.

Thank you very much.
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SIO Internationa Relations

Lisa Shaffer
Scripps Indtitution of Oceanography

W. SUTHERLAND: Pease excuse meif | read, but |1 don't want to leave out any of the details of the next
introduction. Our next speaker isDr. Lisa Shaffer. She'sthe director of internationa reations for Scripps. She
joined SO in July of this year from NASA, where she was the director of externa reations for NASA’s Earth
Science Program, Mission to Planet Earth. Her career includesten years at NASA, four years at NOAA in the
international office for NES/DIS, the satdlite and data component of NOAA, as wdl as working in the private
sector for Bendix, SAIC and others. She hasa Ph.D. in public policy, and her talk will cover how Scripps fits
into the international arena and will describe the range of international activitieshere at Scripps. Thetitle of her

talk, "The World of Scripps, the World in Scripps, the World and Scripps.”

DR. SHAFFER: | appreciate the opportunity to be
here. It gave me a chance to learn something
more about my job. This is my first officia
Scripps presentation. So I'm glad to be here.

What | wanted to talk about, as Woody said, the
international dimension of Scripps activities. It's
probably obvious, but we live in an international
society, and we work in an international setting.
All of you do, and everyone at Scripps does. And
that covers the things that we study and teach
about -- the Earth, the oceans and the dimate.

Theréds a lot going on in society that is
international, and particularly in science.  The
rescarch enterprise that al of your activity
supports is globa in nature.  Were in the
information age, as opposed to the industrial age
and the ages that have preceded us. And
information doexn't redly resgpect national
boundaries, but is more global. Attention focuses
nowadays more on intelectual property than
physica property. We al are aware of globa
networking, and were able to quantify and
analyze processes on aglobal scale

Another change that has happened in the world is
the incressed attention on  environmental
management as part of our foreign policy, as
opposed to military security. It's now recognized
increasingly that environmental security is an
important part of every country’s national interes.
Global warming is an example of the broadest
kind of environmental concern that transcends any
other kind of concern. It involves the
sustainability of the planet. In order to dedl with
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The World of Scripps
The World in Scripps
The World and Scripps

Presentation to
Internationa Marine Technicians Symposium
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Dr. LisaR. Shaffer
Director, International Relations
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L SHAFFER@ucsd.edu

Welivein an international society and work in
an international setting

Science
Education
Technology

The things we study and teach about:
the Earth, the oceans, and the climate

Thebroad trends in science reinforce the importance of the
international perspective

« Globalization of the research enterprise
— Major worldwide research programsiin all areas
« Start of the Information Age
— Intellectual property issues rather than physica property
— Global networking
— Ability to quantify and analyze global scale processes
« Environmental Stewardship replacing Military Security
— Environmental security isvital to nationd interests
— Global warming is most enveloping of al
— Int'l cooperation is essential to achieve environmental security



INMARTECH ’ 98 Proceedings

some of these issues, we have to work
internationally.

Environmental stewardship has really become
the heart of our international policy agenda in
the United States and dsewhere. Oceans are, of
course, an important part of global sustainability
and environmental sewardship and affect
almogt every dimension of life.

So our work requires us to do a lot of inter-
national things. One aspect of our international
work is the collection of data on a global scale
We use data from a lot of different sources, and
these data are provided by many different
countries. Countries are invalved in deploying
and deveoping sysems, and collecting and
anadyzing the data, and in managing the
distribution of the products that come from those
collection systems.

We also, once we've collected the data, have to
analyzeit, and that requires, again, international
adtivity in terms of accessng computing
fadilities and accessto intdllectual capability and
technology. I've given some examples of
international programs that Scripps is involved
in. 1 won't go through al the acronyms, because
if you dont know them, it probably doesn't
matter anyway.

But some of the global scientific programs-- the
International Research Inditute, which Scripps
is a partner in with Columbia University, where
we make the seasona to inter-annual climate
predictions-- the El Nifio predictions. There are
climate moddling activities and centers around
the world. I've listed a few. And there are
regional programs, such as the Inter-American
Indtitute, the European Global Ocean Observing

A

Environmental stewardship at the heart of the
international policy agenda

¢ Consensus for a sustainable world
« Oceans play akey rolein sustainable devel opment
« Key barriersto sustainability:

— Food

— Energy

— Climae

— Water

Our work requires data collection on a global scale,
which requiresinternational cooperation

Many types of data

-- Space-based and in situ observations
Contributions by many countries

-- Development and deployment of systems

-- Collection and analysis of data

-- Management and distribution of data and products

“JJr work requires analysisinvolving masses of data and
large computing capacity. Thiscallsfor intellectual and
technological cooperation on an international basis

Examples:
— International research programs
* WOCE, TOGA, IGBP, WCRP
« International Research Institute for Climate Prediction (IRI)
— Climate modelsin Europe, Japan, Brazil, US
— Regional initiatives around the world
« Interamerican Ingtitute (IAl)
« EuroGOOS
« Frontier Initiativein Japan

System Regiona Project, and the Frontier Initiative in Japan to study global climate change and do climate
modding. Scrippsisinvolved oneway or ancther in all of those activitiesthat | just mentioned.
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Wdl, the scientists make discoveries and do
their research, and then we need governments
and people to take action in response to what
welve learned. So for example, with El Nifio,
the sdientists have devdoped ways to make
these seasona to inter-annual predictions. But
then it's the respong bility of governments and of
populations to do something with that
information; to plan better, to prepare, to bolster
their rooftops and their coastlines.

In the case of longer-term climate change, our
scientists have documented the increase of CO,
and in global temperaturess and now
governments are involved in negotiating
reductions of greenhouse gas emissons to try to
stop the problem. And an ozone depletion --
scientigts discovered the ozone hold, and then governments had to take action to agree on limiting COCs--
diminating COCsto stop the further deterioration. So that's sort of the big picture view.

Our science contributes to social change, which requires
action by governments and populations around the world

Examples:
El Nino: experimental forecasts allow for preparedness of coastal
communities, food security planning

Global warming: research documented changes, scientists studying
possible causes. Governments negotiating greenhouse gas
emissions reductions

Ozonedepletion: Science discovered the problem, Governments
negotiated and implemented Montreal Protocol. Science needed to
monitor impact of Treaty.

Here at Scripps, how do we fit into that broader picture? | tried to update a list that had been here of all the
projects Scripps has done or is doing internationally. So far, we're up to amost 350 specific cooperative
projects with 61 different countries. Some of these are individual scientists collaborating. Some of them are

much broader international programs. In addition,
we have forma memoranda of understanding with
33 different organizations and 20 different
countries where therés a formal inditutiona link
between Scripps and a partner agency.

A little dloser to this group, the globa use of the
research flet that Dr. Knox just described, we
tallied up on the last five years the Scripps ships--
| have to learn how to say that, "Scripps ships' --
have made 50 calls in 24 foreign ports in 11
different countries. So you can see that this
inditution is extremdy international .

Beyond the ships, there's other infrastructure that
we share and that Scrippsisinvolved in with other
countries involving both satdlites and in gStu
collection sysems.  You have to forgive me for
putting "satdlite’ firdt, since | came from NASA.
| just listed a few of the satdlites and instruments
that Scripps scientists are involved in, and below
that, some of thein stu networks.

We have a lot of ground-based instrumentation
that Scripps manages for seismic sudies. Youre
familiar, I'm sure, with the ocean-type in Stu
observations. We aso work on atmospheric
modeling around the world.

Global use of research fleet

Research cruises around the world with international
destinations and participants: Since 1993, Scripps ships
have made 50 callsin 24 foreign portsin 11 countries

. American Samoa— Pago Pago

Australia— Hobart, Melbourne, Port Hedland, Brisbane, Fremantle
Canada- Patricia Bay

Chile— Punta Arenas, Vaparaiso, Iquique, Easter Idand

Fiji — Suva

Mexico — Acapulco, Manzanillo, Mazatlan

New Zealand — Dunedin, Wellington, Lyttelton, Chatham I.
Peru-—Talara, Callao

Polynesia — Papeete

South Africa— Capetown

Tonga - Nuku'Alofa

Shared use of infrastructure

Acquiring data from international ly-provided satellites and in situ
networks
* Topex/Poseidon — US/French Satellite
* NSCAT —USinstrument on Japanese satellite
* ERS- European radar satellite
* Radarsat — Canadian/US project
* Meteosat — European weather satellite
* GMS - Japanese weather satellite
* OCTS - Japaneseinstrument on Japanese satellite

* IDA- 34 seismic stationsin 20 countries

* US- Australian XBT transects to study heat balance in Pecific
* Analysisof arr samples from Canadian environmenta stations
* Many more
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Again, as was mentioned, Scripps is adso an W

educational inditution, part of the University of
Cdlifornia, San Diego. About a quarter of the
faculty here are from outsde the United States,
and an equa percentage of the student body is
non-U.S.

So we do research, weteach. That's al done on
aglobal bass Were also involved in Srategic
planning on an international scale. These are
some examples of internationa science
committees and advisory groups that Scripps
experts are participants in. It's not exclusive--
it's not a complete ligt, but just an example. So
we help shape the research agenda for global
programs.

And were involved in something that’s very near
and dear to the heart of the director of Scripps, Dr.
Kennd. And | worked with him on this when he
was a NASA -- the Integrated Global Observing
Strategy. This is a term we use to describe an
effort to involve dl of the space agencies of the
world and, hopefully, al of the agencies around
the world that collect in Stu data, to look at what
the needs are of the entire international
community to make long-term measurements for
climate change, for ozone monitoring, for westher
forecasting, and to identify what observations
need to be made on a long-term bas's, who's going
to make them, to share the burden as equitably as
we can among the countries of the world, to ook
a trade-offs between an in Stu or a pace-based
capability to make a particular observation, to ook
a cdibration, continuity of the data sets, and to
build a permanent globa archive of what we see
in the U.S. sysem and to be able to understand
how the planet is changing.

-

A

Education at Scrippsisinternational

« More than one-quarter of the faculty are non-U.S.
— 26 out of 83 totd faculty from 12 countries
« Approximately one-quarter of the graduate students are
from outside the U.S.
— 45 students from 22 countries

Strategic Planning
« International projects science committees, advisory groups
(examples)
« Biological Oceanography Standing Science Committee of the North
Pacific Marine Science Organization (PICES)
« International Panel on Climate Change (IPCC)

« World Ocean Circulation Experiment (WOCE) Scientific Steering
Committee

« Integrated Globa Observing Strategy

i

Integrated Global Observing Strategy

* Integrated

— Use of exigting space-based and ground-based
measurements

— Linking measurement technology with scientific analysis
* Globa

— International participation

— Environmental problems transcend nationa borders
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Scripps Ingtitution of Oceanography

Integrated Global Observing Strategy

« Describe and quantify interconnections among the Earth
systems

« Provide services deliverable to society for both the short
and long term

« Build apermanent, global archive of what is changing,
where, and by how much

« Enable usto understand our planet significantly better than
we now do

Scripps Ingtitution of Oceanography

Integrated Global Observing Strategy

_

¢ Observing
— Datamust be complete, continuous, and comparable
— Observations must be long-term
* Strategy
— Build on existing and planned capabilities
— Gain commitment for long-term participation

So in summary, as was probably obvious by the R
fact that Scripps now has a director of HmE

international reations, Scrippsisan international J

inditution.  Its mandate, its resources, its Summary & Conclusions

prOg;lams and Izt;‘llsl rdlat;)(;ns'.ﬂ"ps’ and ItSTIEPa:t’ Scrippsisinherently an international ingtitution in its

we hope, are glo _m nature. . a's a mandate, its resources, its programs, its relationships, and
necessary part of success in today’s society and itsimpact.

in facing the challenges ahead of us. So were Global perspectives are required by today’ s society and
pleased to say that we have had an impact, and challenges.

we hope to continue to have an impact in the Scrippsiswell-positioned to make major contributionsto the

god of achieving long-term sustainability through today’ s

longer-term goal of improving the sustainability research, teaching, investments, and ovtreach.

of the planet.

Thank you very much.
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Technician And Instrumentation Support of Seagoing
Science By The U.S. National Science Foundation

Alexander Shor
National Science Foundation

[Editor’sNote: Thefalowingisatranscription of Sandy’soral presentation.]

W. SUTHERLAND: The next person to welcome you to INMARTECH and tothe U.S. isDr. Alexander
Shor, known to most of usas Sandy. He'sthe program director for the Insrumentation and Technical Services
Program of the Divigon of Ocean Sciencesat NSF. He will talk on technician and instrumentation support for
seagoing science by the U.S. Nationa Science Foundation.

DR. SHOR: | alowed Annette DeSilva from the UNOLS office foolishly to twist my arm at the last minute to
speak. It was not my intention to actually speak, and | will keep it very brief. But | will give you alittle bit of
background, and I'd particularly like to wel come you on behalf of the National Science Foundation (NSF) and
our Sgter agencies, the Office of Naval Research (ONR), National Oceanographic and Atmospheric
Adminigtration (NOAA), and other agenciesthat areinvolved in UNOLS, to San Diego as part of the inter-
nationalization of our technical support, and outreach, and in that forum.

Woody already gave you thetitle of my position at NSF, which pretty clearly describeswhat | do. | provide
about -- well, probably the bulk of the support for scientific instrumentation that iswhat we call "shared use" on
theresearch vessds. We have a program of a couple million dollars a year to acquire new CTDs and awhole
array -- I'll usethem as smply an example-- to maintain acapahility acrossthe UNOL S fleet so that it is
relatively transparent, although not completdy transparent to a scientist moving from within the same dlass of
vessd or trying to do research in different areas and not requiring that they operate out of their home ingtitution.

| also support the marine technicians, the basi c marine technical support on the ship of one or two technicians
per ship. In addition, we are expanding that to provide some more specialized support now that we think we've
got an opening towards a little bit more money, to provide that shared use capability across the fledt.

My own background -- | have spent timein different ways at four of the major oceanographic ingtitutionsin the
U.S. | grewup herein LaJolla My father was aresearcher, and later the associate director. In fact, had Bob's
job hereprior to Bob (Robert Knox). Sol grew up here, but | 1eft here 29 yearsago. | just come back to vist
my parents and for an occasiona meeting now. I've also been at Woods Hole Oceanographic, wherel got my
doctorate, and Lamont-Doherty for about seven years, and most recently, the University of Hawaii prior to
coming toNSF. So I've put in over athousand days-- | stopped counting at a thousand -- on research ships of
onetype or ancther. And it wasadecade agothat | logt track. Soit's been awhile. I've pretty much stopped
going to sea now, although my wife ill does.

I've also spent alittle bit of time on foreign vessds, but not enough to have aredl flavor of the diversty of
methodol ogies, but enough to at least have the flavor. 1've been out on Canadian -- particularly in the early and
mid-80s-- did quite a bit of work with the Canadians off the East Coast -- and United Kingdom, Norway, and
most recently, Korea -- spent alittle bit of time on some of those vessds. But | do not have a wide background
on other countries research vessds.

More specifically about NSF, and very briefly, that's our organizationa chart. And that isthe way wethink.
(Laughter.) We are bureaucrats.

The Divison of Ocean Sciencesis one of three divisonsin the directorate for geosciences at the National
Science Foundation. The geosciences directorate is one of the larger directoratesat NSF. Our division director
in ocean sciencesis Mike Purdy, formerly of Woods Hole Oceanographic Indtitution for many years. He's been
with us for about two years.

Don Heinrichs, who ismy boss, heads the Centers and Facilities Section. We support the infrastructure on the
ships, the ship time -- the NSF portion of that, and the shipboard technical support. And you seethe four
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groups. | actually filled two of those boxes temporarily, but my main oneisthe ocean- -- misspdled --
Oceanography, Instrumentation and Technical Services. I'm aso temporarily handling oceanographic facilities,
which means winches and the UNOL S Office support, because the program director who handled that retired
about two weeks ago, and we are madly trying to replace him.

Dally Dieter, who many of you know, runs the Ship Operations Program. She was here last week for the
ISOM meeting, along with Don Heinrichs. The Ocean Drilling Program is also run out of our section, and
that’s a separate program about comparablein sizeto Ship Operations, run by Bruce Mafait.

The Oceanographic Research Section isthe drives everything we do in the facilities section. The decisionsthat
aremadein thefour primary discipline areas, plus the inter-disciplinary and engineering devel opment work,
which we do substantially less of than what we call the basic sciences, fall in the Ocean Science Research
Section, and have about doubl e the budget of the facilities, and are growing morerapidly. We basically match
capability and neads to funding decisions and basi ¢ research, and let the research drive the facilities
requirements.

Thisiswhy an organization like UNOLS s absolutely imperative. Somehow you haveto link the requirements
with the funded science so that -- the science needs, which are made not entirey in afacilities vacuum,
certainly, but largely independently of decisons about where shipsaregoing. Wedo not lay out ship tracksin
advance and fill the science along theway. All of the funding decisions from NSF about what science will get
funded are made without requiring that there be a vessd, obvioudy, available a year from now to do that.
That's what makes this job of the Ship Scheduling Committee so particularly difficult, because there are, of
course, 28 ships within the UNOLS structure, plus some cther international agreements -- interagency and
international agreements -- to somehow mesh.

I'll show just some very brief gatigics. | only have four viewgraphs, and that was probably the only one of red
sgnificance, just to show you who we are. But overdl, thisiswhat the UNOLS fleet -- the number of days--
of timethat areinvolved. Y ou seethisup in the -- Bob had shown you, | think, 1996 as an example, about
4300 days of total time. Thisishow it breaks out by class. Thered oneisthelargest, and the blue oneisthe
smallest -- that’sright -- of our research vessdsin the UNOL S fledt.

Toget asense of NSF'srolein this, we fund about half of the days used at the moment, although that's down
from afew years ago, when it was up to 80 percent. And you can see a somewhat higher percentage of the
larger ships. But, basically, somewherein the 50 to 80 percent range for the last decade of UNOLS funds have
come out of NSF. And were very pleased to see that percentage getting somewhat smaller, although we're not
as pleased to seethe declinein some of our own utilization, and some of the things that we hope to do with
additional fundsthat we anticipate being signed today or tomorrow -- although we have learned by rumor it was
signed Friday; it was not -- isto put more of that into the research program to get more ship time at sea

Finally, hopefully very few of you are actually interested in this. Thisisthe actual dollarsthat gointothe
UNOL S fleat from NSF, aswell as what goesinto research, and what goesinto the Ocean Drilling Program.
You'll seethat thefacilitiesdollars, the dollars spent on actually sending shipsto sea, has been rdativey flat for
about five or Six years. Actualy, one could makea caseit hasn't risen much inthe 90s at al. And that istrue,
we have been using over the last few yearsahit less and less ship time each year from NSF as some of thelarge
global programs have wound down and the research funds have not really kept pace with the cost of sending
stienceto sea. We are expecting somewhat of astep up in the 99/2000 time frame, but we're not expecting it to
be rapid growth. We've been very pleased to see other agencies, particularly the U.S. Navy and different
forums, usng more of the UNOL S ship time over the last couple of years, and seeing some diversification of
agencies of support and of the types of research that are going on in the fleet.

That'sbascaly all 1 wanted to say isto wel come you and give you a sense of who we are and what we're doing,

and on behalf of al of the agencies, to welcome you. If thereareany questionsat dl, I'd be happy to handle
them now.
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UNDERWAY SAMPLING SYSTEMS

Chaired By
Anthony Amos
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Welcome To Underway Sampling Systems

A. F. Amos
University of Texas Marine Science Ingtitute

MR. AMOS; Good morning, everybody. | hopeyou can hear mewdl. | havethismachineon. My nameis
Tony Amos, and I'm with the University of Texas Marine Science Indtitute, which islocated in Port Aransas,
Texas.

I'd liketo just give you alittle bit of background on mysdf. | got intothisbusinessin 1963. My qualifications
at that timewerein the dectronics fidd, having worked the eight years prior to that for arather eccentric
English inventor who invented anew color tel evision system that hung on the wall; a flat-screen color
televison. Wewere not successful at doing it. However, with that background, | was interviewed at Lamont
Geological Observatory [for a marine technician opening], and the interviewer took alook at me and said,
"Wdl, you haveabeard.” Hesaid, "Y ou look like an oceanographer. Wherewould you liketo go, to the
Indian Ocean or the Antarctic?' And | chosethe Antarctic, and I've been going there ever since.

We have a couple of announcements about thissesson. Mr. Jan Derksen from Holland had an unfortunate
incident that he got parted from his dides, and they're somewhere between Amsterdam and La Jolla, asfar as|
cantel. Sohewill not beableto give histalk now. It has been rescheduled for the shipboard networking
session, which ison Thursday morning. However, | will ask him to perhaps come up and just give afive-
minute or so review of what he's going to talk about and maybe sit on the pand afterwards to answer questions.

So were down to two talks, my talk and that of Dr. Dave Hosom.
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A Brief History Of Work On A Research Vessel
From The Experience Of A Marine Technician

Anthony F. Amos
The Univerdty of Texas
Marine Science Indtitute

The following was an introductory presentation to the session on Underway Sampling Systems and used a
video made by the session chairman. The video had narration by the author and there were al so explanatory
remarks made by Amos while the video was being presented. Some editing has been done to the transcript to
clarify colloquialisms, to remove repetitive phrases, and to fill in gapsin the transcription. Explanatory
information is enclosed in square brackets. The narration on the video was made for general audiences and not
for the present audience who are familiar with many of these techniques. The footage in the video was taken
aboard the US Antarctic Research Veessel, USNS Eltanin from 1966 to 19609.

I’'m going to take this opportunity to show you a video before |
dart. Thisis an 18-minute video. And | do apologize. It is

poor quality. But it was done in the early 60s on a research (o
vessd [the original 16mm film was shot using a Bolex camera |
with no sound and transcribed by making a video of the screen |

while projecting the film).

The reason for showing it
to you isto give some sort
of dightly higtorica
context to this mesting.
And if my French
colleagues will forgive
me, it will illustrate the
od saying, "plus ca
change, plus la meme
chose’, asyou will see.

| have kind of sraddled
two worlds in this
busness now. | am a
Research Associate at the
University of Texas and
an a P on seved
research proposas, but |
remain a technician at
heart. And whenever | go
to sea, therés nothing |

USNS ELTANIN
The USARP Research Vessel
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like more than -- well, | won't say | like more than repairing things that break down, but | do enjoy setting the
equipment up and trying to keep up with the considerable amount of progress that's happened in this business.
So | think I'll hopefully be able to make this machine [the VCR] work by turning it on. And there it goes. It
takes alittle while to warm up.

(Pause.)

Y ou will hear me on thefilm and the me here talking about [what’ s going on in the video]--

(Video darted.)

MR. AMOS (ON VIDEO): Now were [the Eltanin] off the Balleny Idands--

MR. AMOS:; Can you hear theme on thefilm? Okay.

MR. AMOS (ON VIDEQ): -- some of the most rugged and inaccessible of al the Antarctic idands. They're
quite extensive.

There you see somebody putting on the earlier Niskin bottles on the line with the Balleny Idands in the
background. The messenger [a weight attached to each bottle that dides down the wire to trigger the next one
to collect a water sample] on -- that messenger will get triggered by another messenger. There you can see
someincredible real estate that make up the Balleny Idands-- that spire -- that pinnacle behind. [is noteworthy]

Now we're off Cape Hallet.

MR. AMOS:. Thisis the research vessd Eltanin, which was the U.S. Antarctic research vessd from 1962 —
1975.

MR. AMOS (ON VIDEOQ): -- the dectronic devices [an STD], or one of the very first of the dectronic devices
to measure temperature-[salinity-depth] --

MR. AMOS. That's Stan Jacobsin the background, for those of you who might know him.

MR. AMOS (ON VIDEQ): -- Stanley Jacobs in the background and Alvaro Ulloa in the foreground with the
red shirt. And they're attaching Niskin bottles, [to] one of the earlier forms of the rosette. This was, in fact, a
device devd oped at Lamont Geological Observatory by Sam Gerard and mysdf. | had a certain amount to do
with it. He cdled it a "SAMS" a "Surface Activated Multiple Sampler.” | cdled it an "AMOS" an
"Automatic Multiple Ocean Sampler.”

(Laughter.)

MR. AMOS:; It was mogtly Sam's work.

MR. AMOS (ON VIDEO): -- [it functioned like the] commercially available rosette samplers, except this one
you could trigger any bottle at any time. Y ou did not haveto go around in rotation.

MR. AMOS: Each battle had an individual solenoid smilar to the Carousd now in use. That's Stan Jacobs
(indicating).
MR. AMOS (ON VIDEOQ): -- you may see[the Hero Platform]. Y ou haveto beaheroto stand onit. You see
weve only got four bottles on the-- four or five. Now they're coming up having been tripped. See al the
[thermometer frames have rotated less than 180 degrees]. They were al probably turned enough to register the
temperature.

Thisisatimelapse[of a STD dation output on a chart recorder]--
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MR. AMOS. Doesanybody remember gtrip chart recorders?

MR. AMOS (ON VIDEO): The surface of the ocean is at the bottom, and so you have to try and stand on your
head and ook at things. Thered tracestemperature, the blue

MR. AMOS. Which you won't be ableto see. [Film quality did not show the blue well]

MR. AMOS (ON VIDEOQ): -- traces sdlinity. And what I'm doing there [in order to get the time lapse] is
holding the shutter and dlicking it like-- click, click, dick, dick, click -- for a period of about half an hour in
order to obtain this picture.

MR. AMOS; That was an earlier version of me.

MR. AMOS (ON VIDEO): [Herg] you can see the
“modern” data acquidtion system. That was a Hewlett-
Packard data acquigition sysem. And here we see it had a
mechanical scanner, and a counter that scanned through
three channds, temperature, salinity and depth. It was made
by the Dymec divison of Hewlett-Packard. And if we look
a "dy" -- the "dy" logo-- that was just "hp" turned upside
down. That's the sdinity number[a frequency value
displayed on a Nixie tube readout] -- wdl, | even recognize,
believe it or not, some of those numbers as being typical in
so many of these sations. Thiswas a big innovation, by the
way, and the data was punched out on punch paper tape.

Thisis a Frenchman. Now, what was his name? He pretends to drop the messenger. He knew he was being
filmed. Anyway, you can see, by the way, some of the wire angles that we had to contend with. At times, we
actually had to use akind of a hook to pull the wirein close enough. This man was a bit of a ham [on the video
he makes an exaggerated gesture for the camera).

Thisisabutterfly ssampler [a Niskin bag sampler for collecting sterile samples for microbiol ogy].

MR. AMOS: That was a Russian whaling flet, by the way [a brief shot of whaling shipg].

MR. AMOS (ON VIDEO): There's [mysdf and] Stan Jacobs standing on the hero platform. Note that Stan
isroped in -- and rightfully so -- he has his safety harness on.
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This is a little later. This is probably Cruise 32,
maybe 1967, and this is a later and larger version of
the STD, and you see how much he had to lean in
order to keep it [the STD] from bashing the sde of the
ship. And then, of course, theres dways this critical
period when you tell the winch man to come down on
the wire and hope that you've got the balance correct.
And theres the same automatic multiple ocean
sampler, forerunner of the Niskin rosette sampler.

You're going to see one of the operations that was
done extensively on the Eltanin: coring. This is the
trigger arm of a piston core.  The piston core has
dready been taken. The trigger arm has relessed.
What you're going to see is the recovery of a deep
ocean core, probably a two-piper. And here comes
the core "bomb". Inside that housing is probably
about 2,000 pounds of lead, then comes the pipe.
Each pipe is 22 feet long. They had to first secure |
that [the pipe] with a chain, and then put aline around
it. That [ling is pulled from ancther area on the
Eltanin. This will pull the pipe itsdf up so the core |
will ultimately become horizontal, and then it can be |
laid in the outriggers. And there it comes. Therésa |

got it up, and therethey'regoing to lay it in the outriggers.

And here's perhaps one of the finer jobs to do on an oceanographic research vessd in the doppy Antarctic
Ocean - to remove al the little screws from the collar separating two sections of a piston core pipe. Now the
ship isunderway to the next station. [Hopefully] they haven't dropped too many screws over the side, then they
lowered it down onto the deck. The cores on the Eltanin were done using core liners, athough in some cases
[corelinerswerenot used]. But the Eltanin did use plagtic core liners-- [shot of ascientist] looking at the other
section.

And thereisthe good ship Eltanin plowing through the waves. That's the entrance to the hydrographic lab there
where that man just went in. The winch house is just above there. And then those sections of core are sawn
into handle-able (sic) subsections.

And here again isyourstruly. I'm on PDR watch. Everybody on the ship, every scientist or technician, had to
sit for PDR watch four hoursaday. [The watchstander had to] mark the [time and depth of the] bottom on the
precision depth recorder every half an hour and check the records of al the other things that are going on at the
sametime. Here[on the video] I'm listening for -- to see how many seconds of ddlay there is to make sure that
were[the PDRig] on theright scale. Thisisan old style 19-inch recorder Raytheon.

And now, looking at it [the PDR] till, were coming up on the dope. The dope is greetly exaggerated, of
course, because the exaggeration of depth over distance traveled is considerably enhanced here.

Now, here are some still photographs taken of -- bottom photographs-- one of the jobs we did at every station
wasto lower acameraon the end of a wire that had a strobe that was triggered only when the trigger weight hit
the bottom. So you got a series of 50 or perhaps 100 photographs.  You can see the Lebensspuren [literaly
“lifetracks’, traces of animal activity left in the sediment]—
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MR. AMOS (ON VIDEQ): The marks of a gtarfish there. And then you can see an area of quite considerable
current by the ripple marks.

Now, thisisinteresting. Only a brief shot, but hereis the gravimeter. The room itsdf is moving around [with
therall of the ship], yet the gravity machine is staying still. The gravimeter is on a stable platform. Thisisan
old-gtyle seiamic recorder. Lamont Geological Observatory did the first seismic work aboard the Eltanin,
probably the first saismic work in the Antarctic. And you're looking again at the bottom of the ocean, only
upsdedown. The seiamic sgnals penetrate [the sediment]. So you not only see how deep the ocean is, but you
seethe grata and the horizons and the layers of sediment beneath the surface of the bottom.

Thisis the magnetometer recorder. And therésaman; | can't recall his name, marking the "Maggie," asit was
called. And there's a punched paper tape recorder. | don't see it working at the moment. We rdlied a lot, of
course, on the gtrip chartsin thosetimes. Those strip charts had to be annotated carefully.

Now, | do remember this man’s name, Des [Desmond], but | can't remember his second name. He's running
sdlinities on one of thefirgt of the [laboratory] salinometers using conductivity ratio, and an inductively coupled
transformer. Here heis drawing the sample up into the cdl, and you can see the cdl beng filled there, which
would measure the conductivity. The meter must be centered by adjugting the switches. He was nervous
because | wastaking the picture. Anyway, you balance the needle in the center, and then you read out the did's
and you find aratio, the conductivity of that unknown sample.

Oh, dear! [Shot of Amos trying to climb down a dippery rock on Macquarie Idand]. | think | handed my
camerato Alvaro [Ullog], | am demongtrating the Amos style of what | call sea-boot mountaineering.

(Laughter)

MR. AMOS (ON VIDEQO): -- [l use the method to] this very day. As you can see It was a very
e egant [maneuver]—

MR. AMOS. We sailorsare not particularly good mountaineers.
MR. AMOS (ON VIDEOQO): What you're watching now [sequence showing Stan Jacobstaking aBT] the—
MR. AMOS:; [Does] anybody remember this? Anybody gill do this perhaps?

MR. AMOS (ON VIDEQ): [This was one of the standard tools of]-- oceanography, namdy the
Bathythermograph, or BT. This was before the days of the XBTs. Every hour on the hour on the Eltanin,
somebody on watch -- and we used to take, | bdieve, a six-hour watch-- would go out and drop this
Bathythermograph, which had a temperature sensor in it and had a Bourdon tube for [measuring] pressure --
free fall 3,000 feet or so of wire, and then the kill wasto bring it back up again one-handed with the winch, as
Stan Jacobs is doing there -- without running it into the sheave and breaking the cable. The data was recorded
onaglassdide It scratched amark on aglassdide

MR. AMOS. Okay. That was "Then", and I'll just show you a few minutes of "Now" -- well, reativey
"Now". Thisisthe Nathanid B. Palmer, the present -- one of the present U.S. Antarctic research vessds.

MALE SPEAKER (ON VIDEOQ): [indicating an array of screens monitoring various locations on the ship]
That's the starboard side, and that's the stern, and that's the bow.

MR. AMOS (ON VIDEO): Down there, as you can see the A-frame and theres the bow. Theres the
navigation data. There's an icon of the ship. That's the latitude and longitude -- 53.17131 South, 70.90341
more-or-less.  The screen shown here [diplays] the ship's latitude and westher conditions, sea surface
temperature, winds, relative humidity, et cetera. Local time, 15/08/1992.

MR. AMOS. Eventhisissx yearsago.
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MR. AMOS (ON VIDEO): And now I’'m going to go outside and show you thereal thing.

MR. AMOS: Thiswasawinter Cruise, by the way.

MR. AMOS (ON VIDEQ): -- 0435 am. on July the 15th, 1992. [The video showed the underway-
environmental monitoring system deck display on board the N.B. Palmer. The data stream from various sensors
isinput to a PC and a monitor displays the data and ship’s position while a plotter keeps a hard-copy record of
datagraphically displayed and the day’ s cruisetrack.]

MR. AMOS: Thisisthe screen for the sysem -- an earlier verson for the system that I'm going to talk about,
the underway system. So think I'll probably stop that right here.

(Video stopped.)

MR. AMOS.; Okay. That should beit. Okay. Wel, that's probably enough of that.
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An Interactive Shipboard Scientific Log
For Research Vessels

Anthony F. Amos
The Univerdity of Texasat Augtin
Marine Science Indtitute

Nesarly thirty years ago, | was co-chairman of the National Academy of Sciences Pand on Continuoudy
Sampled Oceanographic Data (NAS/NRC, 1973). In order to find out what the international oceanographic
community was doing in terms of continuoudy sampled data, the pand sent out 150 questionnaires and
recaived 66 replies, of which 19 were from countries outsde the USA.

Figure 1 shows a table from the report detailing the use I
of shipboard computers.  Among those responding, 22
said they used computers on board ships at that time c v v oa n oW %

ARE SHIPBOARD COMPUTERS USED FOR FINAL
EDUCTION?

(1972). Thiswasten yearsafter thefirst Figure 1. I B

Shipboard computer use on oceanographic research SneTeS m ’ }
sz In 1972 (from NAQN RC, 1973)rq)ortm U% Of D SE?E"TYPES OF SHIPBOARD COMPUTER ARE
acomputer on a university research vessd (Bowin et al swcrises

1BM 1130

1966). By 1972, mainframe computers werein the

]
|
majority, although PDP microcomputers were also being pim e
used. Thefirst computer (an 1BM 1130) that went on e 0 a
board Lamont’s R’V ROBERT D. CONRAD in the mid- s e ot 1

1960's was accompanied by an IBM engineer to make e w1

1
1

HONEYWELL 516

surethat it functioned properly. Comparethistothe et >
cruise of the RVIB NATHANIEL B. PALMER in 1992 B uar phOGRAING LAGUAGES A9 15ED I

D DATA REDU

shown in the video, where there were 23 PCsin themain FORTRAN

*ASSEMBLER”

laboratory alone. Things have certainly changed.

PDP FOCAL
“MACHINE "
ASP-4

When | first went to seain 1963, | was surprised to

CODED ASCI1

discover that not much attention was paid to the
environmental information (weather and sea conditions) P i
recorded during acruise. The sysematic gathering of o
such underway data was considered to be secondary to

acquiring ship’s course, speed, position, and bottom depth for the geophysical work. There wasagenera
fedling among researchersthat the surface atmospheric and sea conditions were too variable to be of scientific
interest during acruise. Thetask of gathering these data was often carried out by the ship’'sbridge
watchstanders and entered in the ship'slog. Sea surface temperature was usually measured using a
thermometer and bucket, and much discussi on ensued on the accuracy of such measurements. Aboard
ELTANIN, our first sea surface temperature probe was a thermistor mounted in an old BT bomb hanging over
the sde on aboom. It wasamajor innovation to collect continuous sea surface temperature data while the ship
was underway. Later, we made adeck ingallation of STD temperature and salinity sensorsin alarge container,
through which seawater was pumped to give both temperature and salinity.

A daily underway log was maintained on ELTANIN by the contracted scientific support group and it required
the full-time services of onetechnician to do this. Figure 2 shows a sample of the ELTANIN daily log sheet
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Figure 2. Daily Log sheet from Eltanin Cruise 12, April 9, 1964.

ELTANIN DATA SHEET DATE: _9 APRIL 194
CRUISE NO. 12 3CTH DAY OF_CRUISE (GMT_SHIPIS TTMR 4+ 2 BOURS)
WITND STA
SHINS FNURLY TRACK/STEED DEPTH SFC_ TWAU WIND ATR DRV STi7@
NAVIG TIME LAT LONG TRUE CRS/SID _CHANGES UNCR TRMD FORT A7 TRME TT_ G REMARKS
ST W F'S_ _of of o0 oa -
> 000 58-58, 06,1 330 1,6 STATTED -~ DRIFTING 1L 40,39 8 160 N6 -Nh 3 STATTAN 17 Contld: NN
EZ?I 8233 52~§;§ 22—07.1 235 1.6 01337 MANEUVERING 102 40,34 10 161 -20 206 4 Gomriletion of Mlankton Te
E.F. 00 58-56,2 34-N9,6 268 5.6 C/C 255 IGC - €/S"5.6 Kts - 40,20 10 162 -2.7 -3.3 L
E.T. 0300 50-56.5 34-22.2 268 7.6 02427 C/C 2€0 TGC, C/S # Kts 1330 40,30 & 1A% 3.6 L6 5
E.D. 0400 58-56,8 34-36.9 262 7.6 1420 40,28 & 158 ~L.e -hiB 5 STATTON 10: 150M-19207 S
E.T. 0500 58-57.2 3L-51.9 268 7.6 1560 +0.25 7 17¢ =504 =107 5 & Deep Hydro Casts (160-%
E.L. 0600 50-57.4 35-07.2 208 7.6 1560 -0.03 7 172 -A7 =07 5 16027 Cyavitv core at 15¢
E.T. 09790 50-57,8 35-2L,7 266 7.6 1560 =042 7 166 -7.2-110 5 (USC-16) . 1036-21147 ™4
E.T. 0800 8.0 35-35.9 268 7.6 13¢5 -0,75 & 1L =7.h-10.20 5 Core (FSIL2V, 1242 CM, ge
E.0. 0990 o, 35-51.2 263 7.6 19207 C/S 8.7 Kts 1155 =075 7 167 -£.0-1105 5 good) 2130-22257 ~Laniton
E.F. 1070 50-58,7 36-05,6 20 8.7 Mhg N1 61 -8,0-11,2 L (16n220, vertical) 2257-
E.D. 1190 58-59,1 36-21.0 263 8.7 g5 0.1 717 =0L-1005 ) Rlake Trawl at 1537 ™ms (
E.D. 1270 53-59,3 36-35.2 268 8,7 12357 C/C 255 TGC 1525 -0,88 ¢ 190 -2.3-11,5 A 177
E.D. 1300 58-59.6 36-42.7 268 8.7 INOD 40,25 7 195 - 72-1{7 2 4 v .
E.D. 1400 53-59,9 37-00,2 268 2.7 14252 C/C 250 IGC 1547 403 7 2&’) -7,;}»1; 15 icrohiolozy (IGA) 15457
E.I. 157 59-77,2 37-17,8 268 8.7 HOVE TC ON STATION 1557 +Muh5 6105 -700-10075 5 chloro-£5 and C-1h Serdet
E.T. 167 59-90.7 37-09.2 119 2.0 1560 +”7145 & 220 —ifl»-l}‘_'i 5 15557 Mud-23 and Ract-3N.
E.D. 1709 59-02.3 37-05.70 119 2.0 1555 .3 7 225 —6,5 ~*:z 5
E.F. 167 59-13.6 37-01,7 130 2.9 155 n2 & 225 -C.1-1L9 5‘ PN_2407 Fourly “Trs (L0
E.D. 1990 58-0k.6 37-01.2 162 1.7 1554 0.3 & 215 —755-11: 52 516).
E.F. 2000 59-05.2 37-01.0 162 1.0 1550 0,18 7 25 'qu—1137 P
E.J. 2100 59-76,1 37-70,2 162 1.0 21187 C/C 185 IGC 1550 7,0 6 186 9. -13,1
E.D. 2200 59-77.1 36-59,1 158 0.5 : Lsse 0.2 7 178 —g,gw%. 5 g
E.T. 2300 59-0C.0 36-57.2 13, 0.5 C/C D45 TGC - C/S 3,7 Kts 1545 -2 5 1'7vQ "0'0"13‘;». ;
E.T. 2400 59-05.1 36-53.3 135 3.7 15k0 -N.25 5 179 -9.9-12.

that was originally produced by typewriter. Thelog shows hourly underway information as well as notations
on scientific station keeping. Navigation was by cdedtial and (mostly) dead reckoning. All course changes had
to be noted because of the geophysical program’'s needs. Asthe years progressed, more and more of the
underway data became automated, but was often recorded on separate systems and on different media. Theidea
of having adaily record showing the cruise progress seemed to go out of style, especially on cruises where the
underway environmental data was not particularly of interest to scientists working single-discipline cruises.
Theidea of having alog like that shown in Figure 2 always appesal ed to me and I've worked quite a bit over the
yearsto try and automate the production of such alog to provide daily to the scientists on board.

On our ships, | have devel oped an underway logging system (Amos, 1994), programmed in BASIC BC7,
that acquires data from various sensors, as well as navigation data (GPS, gyrocompass), using a dedicated
PC asthe acquisition and display system. The system, however, can stand-a one as portable software
requiring some modification depending on the number and nature of the inputs. On many ships underway
dataisrecorded at a very high repetition rate and it isimpractical, of course, to reproduce that in any form
of alog. Those raw data go into computers as a datafile or various data files and, on many shipswith
networked computers, onto the server. For example, on the second cruise of the then new NATHANIEL B.
PALMER in 1992, many files (e.g. NAV and IMET) were recorded at different locations with different
time stamps and recording rates. For our cruise on the Palmer | devised a method of extracting the needed
information, standardizing the time stamp, reducing the number of data points where necessary, and
standardizing units and recording formats. This data stream went into a dedicated PC asif it were coming
from the various sensors directly and the system then displayed and recorded the integrated datain one file.
At the end of each day, a daily log sheet was produced, similar to theold ELTANIN log sheet, and
distributed to those scientists working on our multidisciplinary project.
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Figure 3 shows atypical screen display. The screen isrefreshed once aminute. The program automatically

cal culates and displays every minute the current ship and UT time, the projected local time of sunrise, local
apparent noon, and sunsat. Because the ship is congtantly moving, the times of the sun phenomena are

cal culated as they would occur at the present location. When the ship’stime and the times of these phenomena
converge, the screen displays, for example, "The sun has set now" in case one wants to go on deck for visual
verification. Theaccuracy of this method, calculated from first principles, is surprisingly good, even in the high
latitudes where we often work. Local apparent noon (LAN) is cal culated as halfway between the time of
sunrise and the time of sunset, when the sun should be at zenith. Location of next station or waypoint is
displayed and distance, course, and time to the next station are refreshed with each screen. A plotter also
records graphically the underway data and ship’strack for an entire day.

Figure 3 Typ|Ca| screen d| Splay from (AF Microsol ft Quick BASIC Extended
o e = Cllelm| B &lE] A
underway system. SSPD = Ship's Speed g EsSE
_ : RAY Yuzt logiva AHLR 98

(kt), CRSE = Gyro compass heading. TODAY TS THURSDRY; 22 JAN 1995: 21:31:08 LOCAL TTME; TTME ZONE + 3
GUST = high (true) wind gust during SUNRTSE WILL BE AT 03:59:29L A NOON WILL BE AT 12:49:15: SUNSET AT 21:39:01

: ; ; : DATE  GHT LATITUDE LONGITUDE SSPD CRSE GUST AWS AWD TWS  TWD
N N Uty PRI %, Lt % S8 o 200 S5, 162 125 1068
knots). AWS = Apparent Wind Speed. 1.9 99.1 994.2 0.86 -2.8 3.184 0.013 83.6 0.184

AWD = Apparent Wind Direction. TWS i naeeseamrgsngrrrggae

= True Wind Speed. TWD = TrueWind iy e aepe s

DIreCtIOﬂ AIRT = Air Temperature (a” SEA TEMPERATURE= 8.9 (C) 33.5 (F)

temperaturesin C). HUMI = Relative L 08 'si 29664 LAT= 6115.9 8
Humidity (%). BAROM = Surface TINE TG GF T THER ATC 1 Gkt) < LN 05k 9.6 1
Baromaric Pf%ﬂ]re (mb) SST - Sea We are on station or moving< 2kts SPEED= 01.4; HDG=124
Surface Temperature. AMS = Air
temperature minus Sea Temperature.
SALIN = Sdinity. PAR = Downwelling
Solar Radiation (quanta). TRANS = Beam Transmission (%). CHLORO = Turner Designs Flow-through
fluorometer output (Volts). Air and Sea Temperatures are also displayed below comment linein Celsius
and Fahrenheit. The outlined box at the lower right emulatesthe old Magnavox GPS screen. Next Station
information isat lower left. Time to get to next station is not displayed if ship’s speed is lessthan 2 knots
to avoid large numbers. Symboal at top right hand corner is an attempt to create the University of Texas
symbol, BEVO, the Longhorn.

An on-screen menu identifies the appropriate softkeys that allow interaction with the program.  Softkeys
permit checking input voltages of various devices, performing a calibration of the flow-through
transmissometer, entering anew on-screen message, sarting and ending a repetitive observation (eg. abird
obs), and entering comments. It isthelast option that makes the system interactive in the sense that you can
enter any appropriate comment during the course of acruise. Every time acomment is entered, the system
interrogates all sensors and tags the comment with the underway data. Although our system is maintained by
the CTD technicians 24-hours a day, we encourage people working in different disciplinesto enter comments
aswel. Commentsare entered by pressing asingle softkey. Thereisasmple protocol for entering comments:
they must be reasonably concise and codes are used for different station activities, such asCTD or IKMT
(Issaks-Kidd Midwater Trawl). Certain keywords (eg. START, ON-DECK) are used for station operationsto
indicate the gart and end of an over-the-side deployment. I've also devised a method for logging marine
mammal/bird observations. Before sarting a series of observations, a designated observation number, start
timeand timeinterval isentered. Then the observer can go up on the bow or bridge wing and make their
observations, knowing that the log is being updated automatically, tagging incremented observations with
positional and environmental data

At the end of each day afileistransferred from the dedicated underway computer (automatically if the
computers are networked) to a server or general purpose PC. The watchstander does some editing of the file
and launches other programsthat produce the hard-copy log sheets. Figures 4a-c show thelog sheetsthat are
available to those scientists that request them. One-minute interval ASCII files (usually 200-250K byte in sze)
arealsoavailable. Thelog sheets (Fig. 4a) list data at one-hour intervals and whenever acomment was entered.
A summary sheet (Fig. 4b) isalso produced ligting daily high, low, and mean environmental information.
Finaly, agraphic representation of the day’ s conditions, ship’strack, and station datais produced (Fig. 4c). At
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the end of each cruiseleg, or at any time during the leg, a conciselog can be produced for each of the
disciplinesinvolved showing environmental conditions at the start and end times of stations or surveys.

AMLR 1998 R/V YUZHMORGEOLOGIY.

e i SSPDICRSE | WILES GUST BIRT RM maRoM WS ®

0001 61 15.13s 54 29.90M 1.1 168 0.0 12 -1.9 100. 994.1 12.4 017 11.4 186 0.79 -2.6 34.20 0.04 83.3 1.8

0029 6115.335 54 29.66W 0.9 168 0.5 14 -1.9 99.2 994.2 13.8 025 13.0 194 0.87 -2.7 34.16 0.01 83.1 1.82 CTD AO70 ON DECK

0039 6115.565 54 29.584 1.8 174 0.3 15 -1.9 98.8 994.2 15.9 357 14.1 170 0.93 -2.8 34.18 0.01 83.1 1.84 SUNSET(21:39:02 LOCAL); THURSDAY; 01/22/9
0040 61 15.585 54 29.584 2.1 174 0.0 16 -1.9 98.8 994.2 17.5 008 15.4 186 0.94 -2.8 34.16 0.01 83.2 1.8 IKMT AO70 START

0100 6116.195 542924 1.5 174 0.7 14 -1.9 98.0 994.4 15.0 356 13.4 170 0.90 -2.8 34.18 0.00 83.2 1.87

0108 61 16.47S 54 29170 1.8 174 0.3 14 -1.9 97.5 994.4 15.0 009 13.2 184 0.88 -2.7 34.18 0.00 83.2 1.87 IKMT AO70 ON DECK

0114 6116545 54 29.50 6.8 354 0.4 7 -1.8 97.3 994.6 0.8097 6.9 167 0.88 -2.6 34.18 0.00 83.3 1.84 FLOW THRU SAMPLE #13 TAKEN
0200 61 B.38S  54.32.05W 11.5 001 8.3 12 -2.1 92.5 994.4 4.7 272 12.2 203 0.97 ---- 34.15 0.0 82.5 1.80

0300 60 59.61S  54.30.24W 2.5 021 9.1 14 -1.1 8.4 994.0 8.7 172 11.2 195 0.71 -1.8 34.17 0.0 83.4 1.81

0400 60 59.755 54 29.68W 0.9 199 2.7 11 -1.7 8.8 993.8 12.1 355 11.2 193 0.83 -2.5 34.18 0.0 85.6 1.75

0402 60 59.805 54 29.66W 0.5 200 0.1 14 -1.7 85.1 993.7 13.6 011 13.1211 0.81 -2.5 34.19 0.0 83.6 1.76 CTD AO71 START

0435 61 0.01s 5430.03 0.5 209 0.5 10 -1.7 85.3 993.9 10.5 350 10.0 199 0.78 -2.4 34.19 0.0 3.7 1.76 CID AO71 ON DECK

0442 61 0.135 5430.1W 1.7 200 0.1 9 -1.7 85.2 993.9 9.9 354 8.3 193 0.77 -2.4 34.19 0.0 83.8 1.71 IKMT AO71 START

0500 61 0.655 5630.704 1.8 208 0.6 11 -1.7 84.7 993.8 12.6 355 10.8 202 0.81 -2.5 34.19 0.0 8.0 1.72

0510 61 0.935 5431200 1.8 212 0.4 10 -1.7 8.7 993.8 11.1339 9.4 187 0.8 -2.5 34.20 0.0  83.9 1.74 IKMT AO71 ON DECK

0600 60 53.885 54 28.584 10.2 002 7.6 9 -1.7 83.0 994.0 2.1 046 8.9 172 0.44 -2.1 34.16 0.0 8.7 1.79

0700 60 44.88S 54 27.34M 1.4 193 9.8 7 -1.3 83.5 993.6 8.0339 6.7 168 1.28 -2.5 33.89 0.00 80.4 2.09

0703 60 44.935 54 27.41W 1.2 197 0.1 8 -1.3 83.6 993.5 B.4 326 7.4 156 1.24 -2.5 33.91 0.00 80.6 2.08 SUNRISE (04:03:36 LOCAL); FRIDAY; 01/23/9
o708 60 44.995 54 27.434 0.6 198 0.1 8 -1.3 83.7 993.7 8.2326 7.7 161 1.20 -2.5 33.87 0.01 80.8 2.06 CTD AO72 START

o747 60 45.36S 54 27.64M 0.6 209 0.5 7 -1.4 83.6 993.7 7.0309 6.7 154 1.13 -2.5 33.87 0.02 80.7 2.06 CTD AO72 ON DECK

0753 60 45.485 54 27.73W 1.7 210 0.1 7 -1.4 83.6 993.7 8.2327 6.8169 1.16 -2.5 33.86 0.03 80.7 2.04 IKMT AO72 START

0800 60 45.70 54 27.844 2.3 209 0.2 7 -1.3 84.0 993.7 8.7 325 6.9 163 1.17 -2.4 33.87 0.03 80.7 2.05

0822 60 46.41S 54 28304 2.3 209 0.8 8 -1.2 83.9 993.5 9.3 324 7.6 163 1.33 -2.5 33.88 0.06 80.0 2.04 IKMT AO72 ON DECK

0900 60 41.225 54 26.84M 11.1 353 5.7 6 -1.1 B83.5 993.7 5.8 345 5.6 187 1.52 -2.6 33.86 0.10 79.8 2.18

1000 6031.30s 54 29.60W 7.7 000 10.1 1 -0.9 83.9 993.8 8.2 356 0.7 309 0.97 -1.8 33.95 0.17 80.7 2.05

1019 60 30.265 54 29.784 0.8 366 1.1 2 -0.7 83.4 993.9 2.3311 1.9 278 1.13 -1.8 33.96 0.27 80.2 1.98 CTD AO73 START

1058 60 29.925 54 .30.164 0.7 357 0.7 1 -0.2 81.1 993.5 1.7.307 1.4 282 1.18 -1.3 33.97 0.51 80.2 1.97 FLOW THRU SAMPLE #15 TAKEN
1059 60 29.91s 54 30.17M 0.6 357 0.0 3 -0.2 81.1 993.5 2.5 284 2.4 268 1.17 -1.3 33.99 0.51 80.1 1.95 CID AO73 ON DECK

1100 60 29.90s 54 30.18% 0.6 357 0.0 3 -0.2 80.9 993.5 2.5280 2.5263 1.18 -1.3 33.98 0.51 80.1 1.9

1106 60 29.785 54 30.20 1.5 356 0.2 3 -0.3 80.8 993.5 3.7 324 2.6301 1.19 -1.4 33.98 0.40 B80.1 1.9 IKMT AO73 START

132 60 29.125 54 30.444 1.5 355 0.8 4 -0.4 80.4 993.3 5.4344 4.0332 1.20 -1.6 33.98 0.48 80.2 2.00 IKMT AO73 ON DECK

1200 60 25.57s 54 30.75W 9.9 001 3.6 5 -0.7 B1.5 993.2 14.4 004 4.5 014 1.22 -1.9 33.96 0.65 80.2 1.92

1300 60 15.40S 54 30.000 6.0 004 10.4 6 -0.5 82.2 993.311.1005 5.1 016 1.22 -1.7 34.02 0.63 78.9 1.83

1313 60 14.97S 54 29.884 0.9 348 0.5 6 -0.1 81.9 993.3 6.4 033 5.7 026 1.52 -1.6 33.88 0.63 79.2 1.9 CID AO74 START

1350 60 14.51S 54 30.27 1.8 326 0.9 7 0.2 80.3 992.9 7.8039 6.5015 1.7 -1.5 33.90 1.22 79.6 1.91 CID AO74 ON DECK

Figure4a Daily Log Sheet 1. Column headers: SSPD = Ship’'s Speed (kt), CRSE = Gyro compass
heading. MILES = Nautical milestraveled in interval. GUST = high (true) wind gust during previous
minute (all wind speeds arein knots). AIRT = Air Temperature (all temperaturesin C). RH = Relative
Humidity (%). BAROM = Surface Barometric Pressure (mb). AWS = Apparent Wind Speed. AWD =
Apparent Wind Direction. TWS = True Wind Speed. TWD = True Wind Direction. SST = Sea Surface
Temperature. AMS = Air temperature minus Sea Temperature. SALIN = Salinity. PAR = Downwelling
Solar Radiation (quanta). TRANS = Beam Transmission (%). CHLORO = Turner Designs Flow-through
fluorometer output (Scaled volts).

AMLR 1998 R/V YUZHMORGEOLOGIYA - DAILY SCIENCE LOG; DAY # 23 01-23-1998 ; PAGE # 3

DAILY SUMMARY

DISTANCE TRAVELLED TODAY 146.4 nm

TOTAL DISTANCE TRAVELLED 3667.0 nm

SHIP’S SPEED (kts) ; AVERAGE= 6.1 MAXIMUM=  14.0 AT 1253 HRS.  MINIMUM= 0.0 AT 0725 HRS.
AIR TEMPERATURE (C); AVERAGE=  -0.3  MAXIMUM= 1.6 AT 2221 HRS.  MINIMUM=  -2.1 AT 0159 HRS.
SEA TEMPERATURE (C); AVERAGE=  1.36  MAXIMUM=  2.35 AT 1854 HRS. MINIMUM= 0.39 AT 0611 HRS.
SALINITY (ppt); AVERAGE= 33.98 MAXIMUM= 34.31 AT 0151 HRS.  MINIMUM= 33.76 AT 1849 HRS.
BAROMETRIC PRESSURE (mb); AVERAGE= 993.2  MAXIMUM= 994.7 AT 0139 HRS. MINIMUM= 991.4 AT 2324 HRS.
RELATIVE HUMIDITY (%); AVERAGE=  86.5 MAXIMUM= 100.0 AT 2350 HRS. MINIMUM=  79.8 AT 1334 HRS.
WIND SPEED (kts); AVERAGE= 8.0 MAXIMUM= 17.8 AT 0236 HRS.  MINIMUM= 0.2 AT 1048 HRS.
WIND GUST (kts); MAXIMUM = 18.8 AT 0252 HRS.

MEAN DAILY WIND VELOCITY= 0.9 (kts) FROM 023 DEGREES TRUE

SOLAR RADIATION-PAR (quanta/cm*2/sec); AVERAGE= 0.28 MAXIMUM=  1.54 AT 1355 HRS. MINIMUM= 0.00 AT 0126 HRS.
LIGHT TRANSMISSION (%); AVERAGE=  80.6 MAXIMUM= 84.0 AT 0456 HRS. MINIMUM=  77.2 AT 2157 HRS.
CHLOROPHYLL-a (mg/m"3); AVERAGE=  1.93  MAXIMUM= 7.35 AT 0151 HRS. MINIMUM=  1.63 AT 1444 HRS.
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Figure 4b. Daily Log Sheet 2. Summary sheet of environmental data showing maximum, minimum and
mean values. Note that these data are produced on board and are subject to change later when calibration
data are examined.

On mogt cruises where this system has been used, the underway monitor becomes akind of communal center.
We find that both the screen display and plotter output are frequently consulted by both scientific and ship’s
personnd. Particularly popular arethe corrected wind vectors displayed on both. One disappointment isthe
trend for some groups on board not to take advantage of the ahility to tag their operations with underway
information or to request the station log files. Thekey to enter commentsisF9. We put up sgnssaying “F9-
[t!” It takes secondsto do, but the CTD watch ends up doing most of thelogging. In thisrespect, | yearn for
the days when it wasrequired for all scientific personne on board to do awatch. Perhaps we have becometoo
technical for thisto befeasible. Our system isan attempt to smplify this.

R/V YUZHMORGEOLOGIYA AMLRSS UNDERWAY DATA; 01-23-1998
WIND VECTORS (kt) SCIENTIFIC ACTIVITIES THIS DAY;

20 fg

10 ° CTD CASTB

9 ~10 TIME LATITUDE LONGITUDE EVENT
0402 60 589.725 54 29.05W A071

0708 60 44.81S 54 27.58W A072
1019 60 30.9BS 54 29.46W A073
1313 60 14.655 54 29.59W A074
1608 59 58.73S 54 27.56W A075
2031 60 15.83S 53 59.07W A077
2333 60 29.13S 53 59.78W A078
IBAACS-KIDD TRAWLS

TIME LATITUDE LONGITUDE EVENT
0040 61 15.65S 54 29.18W A070
0442 61 00.4BS 54 30.22W A071
0753 60 45.525 54 27.99W A072

1106 60 23.46S 54 30.28W A073
1356 60 14.97S 54 30.6SW A074
1653 59 57.97S 54 2B.62W A075
2116 60 14.89S 53 59.43W A077
OTHER INVEBTIGATIONS and NOTES

BUN PHENOMENA

SUNRISE (04: 03: 36 LOCAL): FRIDAY:. 01/23/98
L.A. NOON (12: 49: 11 LOCAL): FRIDAY: 01/23/98
SUNSET (21: 39: 02 LOCAL): THURSDAY: 01/22/98
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Figure4c. Daily Log Sheet 3. Graphic representation of underway data and ship’strack. Pandson left are
self explanatory except AIR-SEA = Difference between air and sea temperature, BEAM TRANS s percent

transmission for a 25-cm transmissometer, CHLORO is from the Turner Designs flow-through fluorometer

in scaled valts, PAR isin voltage output. WIND GUST was recorded but not graphed here.
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ASIMET
Air Sealnteraction - METeorology

David Hosom
Woods Hole Oceanographic Institution

IMET - Improved M ETeorology - | nstrumentation

Theocean iscritical tointer-decadal climate variability because of its ability to store and transport heat and
fresh water and reease them to the atmosphere through sensible and latent heat fluxes. Knowledge of various
properties at the sea surfaceis essential to monitoring, understanding, and deve oping the ability to predict
cimate change. Vertical exchange acrossthe air-seainterface of horizontal momentum and of buoyancy
coupl es the ocean and atmosphere. The sea surfaceisthe interface through which hest, fresh water,
momentum, gases, and other quantities are exchanged. It isthe bottom boundary of the atmosphere over
approximately 70% of the earth’ s surface and the top surface of the very large oceanic reservoirs of heat and
other properties. Observing this coupling is afundamental need if we are to both understand ocean variability
and itsinterrelation to dimate. Thisrequiresthe observation of surface wind velocity, humidity, air
temperature, seatemperature, barometric pressure, incoming shortwave radiation, incoming longwave radiation
and precipitation.

In planning for WOCE (World Ocean Circul ation Experiment) it was recognized that moored buoys and
ships would provide especially attractive platforms from which to make accurate in-situ measurements of
the basic surface meteorol ogical observable parametersrequired to investigate the air-sea fluxes of
momentum, heat, and mass. Accuracy's of 10 Watts per meter squared were sought in estimates of the
mean values (averaged over monthly and longer time scales) of each of the four components of the total
heat flux (sensible, latent, shortwave, and longwave). Accuracy's of approximately 1 mm per day were
sought in evaporation and precipitation.

WHOI (Woods Hole Oceanographic Institution) was funded to eval uate and choose sensors capabl e of
meeting the WOCE goals and to devel op the IMET system as a flexible data collection system. Each
sensor was incorporated into a module with built-in intelligence that responds to polled commands from the
central computer and data recording unit. Each module interfaces to an ADDB (addressable digital data
bus) consisting of +12vdc power and R85 serial ports. A key component of IMET accuracy is that the
calibration constants are stored in the modul e so that the serial digital output isin calibrated units. The
calibration constants from each unit are polled and stored on the data file with the data from a specific time
period. Modules having non-linear algorithms will output both calibrated and raw datato permit later
corrections.

IMET systems are now in use on eight UNOLS ships, six WHOI buoys, one USF (University of Southern
Florida) buoy, one NOAA ship and the Rutgers University Field Station. These systems have proven
themselves over the last eight years and now provide the baseline for climate quality data.

Data Accuracy

Estirnated Brror in Heat Fluxes

2001

Traditionally, the bulk of surface marine observations
have come from merchant ships. There have been
numerous attempts to make use of these observationsto
map the air-sea fluxes and understand the ocean'srolein
climate. However, these shipboard observations have

significant errors associated with the sensors, sensor
placement, and flow disturbance. Furthermore, few ships
are equipped to measure the shortwave and longwave

150
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radiative fluxes. Bunker, in hisatlas of surface observations for the Atlantic, concluded that the error in the
net heat flux devel oped using bulk formulae and merchant ship observations was in excess of 100 W m?.

National agencies and researchers have turned to surface mooringsin order to obtain time series of surface
meteorology at fixed locations and to work toward observations that were both more complete and more
accurate than those obtained on merchant ships. In thelate 1970’s and early 1980’s, research
oceanographersin the United States began to deploy surface buoys to investigate air-sea interaction. Error
analysis of the sensor performancein the Long Term Upper Ocean Study (LOTUS) (Figure 1), which was
conducted at 34 deg N, 70 deg W, was discouraging, asthe measurement error in the net heat flux was
found to be larger than the uncertainty Bunker assigned to his atlas data.

Work to improve buoy measurements continued in association with the ONR-supported Frontal Air-Sea
Interaction Experiment (FASINEX), and significant, focussed support by the NSF as part of the World
Ocean Circulation Experiment (WOCE) led to extensive sensor testing and development and to the design
of the Improved Meteorological system (IMET). Thiswork brought continued improvement. During the
ONR-funded Subduction experiment, error in net heat flux was reduced to approximately 40 W m™-2in
monthly means. A major, international collaboration on flux sensors and algorithms and a specific focus
on in-situ intercomparisons of methods and sensors during the TOGA Coupled Ocean-Atmosphere
Response Experiment (COARE) led to another significant increasein accuracy. In part, the accuracy
shown in Figure 1 for COARE results from the benefit of these dedicated in-situ intercomparisons. Further
work continued in support of the ONR Arabian Sea experiment, and gains were made in reducing error due
to radiative heating of sensors. Work on aspiration, on humidity sensors, on anemometer performance, and
on radiation sensors continues; and these gains help make possible an accuracy approaching that achieved
in COARE even though in-situ intercomparisons are not being conducted.

Thetime series of accurate surface meteorology and

air-sea fluxes acquired by the buoys deployed in these 300 T T T T T T T )
experimentsisnow providing the means to examine o Arabian
the performance of atmospheric models, the accuracy & 250 [ | ® Subduction .
of climatological data sets, the calibrations and € o TOGA 1
performance of satellite sensors, and methods used to § 200 F h
improve the data on Volunteer Observing Ships - ]
(VOS). For example, Taylor and Josey at the b ]
Southampton Oceanography Centrein the UK has <150 R % © ]
worked to correct biases and errorsin the data from the S ]
VOS; and comparisons between thebuoy dataandthe 4§ 100 [ - ]
SOC climatology verify that they have made 6 ]
significant improvement. o . . . . ]
o 50 Gl o

o o o o o o

2 o wn [=) o

Lol Lol N N e

38

Buoy:latent heat (W/m2)



INMARTECH ’ 98 Proceedings

In contrast, comparisons between the buoy data and

. >0 300
numerical weather prediction models reveals problems ' ' ' L
with the surface meteorology and fluxes from the ~ s & ]
models (Figure 2b). e 250 ]
E o ]
<200 | ° -
o) ¢ ]
g i ]
o .
g 150 F o 2" ]
9o . ¢ Arabian ]
S 00 F= = Subduction | J
g L o TOGA ]
g 50 K1 ] ] ] 1
< 3 8 3 8 2 8
I - - N N ™

Buoy:latent heat (W/m2)

These problems may not be apparentinthenetheat 2 40
flux, asthe heat flux components from the models o
can have biasesthat cancdl. Figure 3showsthatthe 2 20
|latent and shortwave fluxes from the Hadley Centre =
model have biases of opposite sign. w O
-
=
- -20
=] H
g ; togasoc-buoy
-40 | i| B togahad-buoy | 7|
-60
sen lat SW LW
High quality in-situ datais essential to validating 200

models, remote sensing, and climatologies. Figure 4
uses one year of buoy data from the Arabian Seato
show how far off the net heat fluxes from the
ECMWF, NCEP, and Hadley Centre models were.
The model error approaches 100 W m*-2; during
the Southwest Monsoon the NCEP model had the
wrong sign of the net heat flux.

100 | b

Buoy data
SOC: VOS data

-100 |

Net heat flux into ocean (W/m2)
o
d
1
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-200

oct-94 -
nov-94 -
dec-94 [
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jun-95
oct-95 |-
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Figure 4, however, also presents a very encouraging 200

result. The SOC developed VOS-based flux data at T T
the buoy site and for the same time period agrees very wof ;
well with the buoy data. Further such SOC and buoy A\ AN A

comparisons indicate the need to make regional
choices of the parameterizations used in the bulk
formulae. Thereis both temporal and spatial
variability in the fluxes dueto things such as N

atmospheric aerosols that make high quality in-situ LA A O
observations essential. Taylor’s earlier work

documented the benefits of a modest investment in understanding and improving the sensorsin VOS.
Thus, a strategy for moving toward greatly improved global surface meteorology and air-sea fluxesisto
deploy surface moorings as flux reference sites and to field improved VOS systems to fill in the regions
around thereference sites. The flux reference sites provide theregional tie points, and the VOS caibrated
by these sites provide the mapping capability.

-100 | —o— SOC climatology
—0— Hadley Climate Model
—a— 50C (deployment period)

Net heat flux into ocean (W/m2)
°

VOS Climate Data Acquisition

Recently, the IMET technology has evolved intonew _

modules designed for useon VOS ships. Thesenew

VOS-IMET are sdlf-powered, self recording, stand s
alone units that also are able to communicate on the :
IMET Addressable-Digital-Data-Bus (ADDB). These
units are being tested on VOS in cooperation with the
SIO-VOS Group as part of a NOAA - OGP program.
Currently installed sensor modul es include Wind
Speed and Direction, GPS, Relative Humidity and Air
Temperature, Barometric Pressure, and Sea Surface
Temperature. Thiswill be expanded this year with
Precipitation and Shortwave Radiation. Next year, the
addition of Longwave Radiation will complete the flux
suite of measurements. These modules are housed in Grade 2 titanium, which provides economical,
corrosion-free, and rugged units. Mounting is accomplished by fiberglass channel and stainless stedl
latches that provides easy ingallation in awide variety of ship configurations. The following figures
shows the target platform for these systems - large commercid ships that make voluntary observations.

A-LAND ENTERPRISE

One feature of the USVOS isthat they are sold and
change routes on a very regular basis. Thishas severe
implicationsin that it is not feasible to run cables for
system ingtallations and it isnormally not possible to
obtain useable el ectrical power close to sensor
mounting locations. One special problem is getting
sea-surface temperature data from insde the hull of the
ship at the waterline up to therest of the modules. An
acoustic modem has just been developed that uses the
ships sted hull at the acoustic path for 300-baud data.
The measurement system for a VOS therefore must be
self-powered, self-recording and able to communicate
data to the bridge area for both ship use and satellite
transmission. Thismeansthat the VOS climate
observing system uses nearly the same components as
a buoy climate observing system.
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It is expected that the prototype climate observing system currently being tested on VOS will be available
from commercial sources as an operational system. Thisnew commercia system will provide the same
data quality and data time resolution as modules used previously to establish better understanding of
climate processes. This system or components from this system can provide the same performance from
buoys and smaller ships. The following figure shows a block diagram of an IMET system for VOS real
timeuse. On research shipswith ingtalled cables, the wireless devices (r.f. modem and acoustic modem)
and battery packs may not be needed.

EXTRA PORTS

SHIPS BRIDGE

BOW MAST BASE T — T~

INSIDE HULL / WATERLINE SENSOR

UrL
Tewp Y

VORTSBD6.DWG
VOS REAL TIME INTEGRATED BLOCK DIAGRAM

ASIMET MODULE OPERATIONS- 1

The ASIMET main processor board (C51) operatesin either RS232 or R$485 upon power up depending on
where power/comms is connected and the position of a jumper.

Getting Started
The following equipment should be avail able:

* Terminal (computer) with RS232 output set for 9600, N, 8, 1, running the terminal program (ProComm
Plus), run with cap-locks on.

* Power supply with output of 12 vdc and capacity of 100 ma. Make surethat the polarity is correct

otherwise there will be damage. It isrecommended that there be a meter measuring the milliamps required
in series with the module (3 mato 6 maisnormal per module).
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* RS232 to RA85 converter - Black Box Inc sells 2 convertersthat work well. Thefirstisa PCMCIA
/RA85 port (IC114A, $199). This unit works well on laptops with PCMCIA dots but does not suppress
the transmissions (you see two sets of what happens). The second isa standalone (IC108A, $259). This
unit works well on the bench. The settings for thisare asfollows (* indicates the default):

XW1A DCE *

W8 B-C 2-wire

W15 A-B* RTS/CD enabled

W5 A-B* RTS/CTSdday normal

W9 RTSTCSdelay C* 0 msec

W17 D 0.7 msectime driver remains enabled after alow-to-hi transition

W16 B* 0.1 msecTurnaround delay

S1 OUT * Normal

2 OFF * RS-485 receiver Unterminated

S3 OFF * Line Bias Off

TB1 term 1, Rx B+ (connect to 3, Tx, B+) to the +485 (orange)
term 2, Rx A- (connect to 4, Tx, A-) to the -485 (brown)
term 3 Tx B+
term 4 Tx A-

* Connector to power / comms - see drawing of connector / cables next page.
Use Molex connectors - (03-06-1044 male shell, 03-06-2044 female shell, 02-06-5103 female pins, and 02-
06-6103 male pins. HTR1719C tool required).

* Module C51 mode configuration. The C51 board is placed into the desired mode upon power up based
on theinput connector used and the position of jumper JP1. Refer to the drawing of the board for the
proper configuration. The unit must be opened up to make this change.

A module should aways be powered up and communi cated with on the bench prior to connection in a
system or when checking operation and trouble shooting. Make sure that the +12 Vdc is connected to the
proper connector pin, and that the terminal isrunning at the proper protocol (9600, N, 8, 1). The current
drawn should be in the 3 to 6 milli amps range depending on the module.

Communications
ASIMET (like IMET) has a communications protocol based on the SAIL (Serial ASCII Interface Loop)

protocol developed at Oregon State University. The module isinterrogated with the following format
(always with capital letters):

prefix 3 char type 2 char sn command suffix
# XXX nn X
Type of:

BPR = Barometric Pressure

HRH = Relative Humidity / Air Temperature
LWR = Longwave Radiation

PRC = Precipitation

SST = Sea Surface Temperature

SWR = Shortwave Radiation

WND = Wind Speed and Direction

2 char an of 01, 02, 03 etc
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Command Suffix of:
A = Address acknowledge
C = Output calibrated
H=hep
| = ID information
L = Calibration header Info
T = Test data (usually 1 sec rate)
U = EEPROM Update mode
(requires password of “OK™)

Operation

1. With terminal running at (9600, N, 8, 1) , the power set at 12 vdc, perform the following sequence, in
the RS232 mode without the 232/485 converter.

Send: #WNDO1A Receive WNDO1<cr ><|If><etx>

2. With terminal running at (9600, N, 8, 1) , the power set at 12 vdc, perform the following sequence, in
the RS485 mode and with the 232/485 converter.

Send: #WNDO1A Receive WNDO1<cr ><|If><etx>

3. When the modul e responds with the address acknowledge in both modes, communi cations have been
established. Send the help command:

Send: #WNDO1H Receive: (Help Menu)

Send each command as indicated by the help menu to understand the operation and the data format of the
output data. The “1” command will provide detailed information on the data output formats.

The following figure shows the RS232 vs R85 configuration jumpersinside of a module.

BULKHEAD SENSOR
st srs4ss |ERDVT
H J
M} PO [
1] 6o
7777777777777777 ]
RS485
POWER OFF, CHANGE CONNECTORS, CHANGE JP1, POWER ON
BULKHEAD  RS232 SENSOR
cst /Rsgzz |ERENVT .
Nl ] oy [ ] [ ]
] obd

Ve3e 485 DwWG CONNECTIONS - RSe32 R RS485
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Individual module data and configuration arein the following pages.
ASIMET BAROMETRIC PRESSURE SPECIFICATIONS

An AIR (Atmospheric Instrumentation Research Inc.)
model S2B sensor was selected for barometric pressure
measurement. The sensor provides output of

calibrated engineering unitsin ASCI| (paralld) for
direct input to the processor board. A sampleis
collected from the ARI sensor every several seconds.
Each sampleiscalibrated in the ARI barometer and is
internally averaged from 10 samplestaken over the
previous second. A Gill static pressure port is used to
minimize errors due to the wind blowing over the exposed sensor port.

Specifications:
Sensor: Range 850 to 1050 mb
Resolution 0.1mb
Accuracy 1mb
Physical: Housing diameter is 89 mm (3.5”)

Housing length is419mm (16.5")
Overall length is 517 mm (20.4")
Weight is 13 kg (6 pounds)

Electrical: +12 vdc to +15 vdc with 2.5 ma average current
Communications : R85 or RS232 (9600, N, 8, 1) IMET format

Calibration: Calibration is checked using alab standard el ectronic barometer and the biasis adjusted
asrequired. If unableto adjust the bia, the unit isreturned to the manufacturer for compl ete calibration.
Calibration constants are stored in the EEPROM.

ASIMET RELATIVE HUMIDITY / AIR TEMPERATURE SPECIFICATION

Relative humidity measurements are made with a
Rotronic MP-101A sensor. To meet the environmental
needs of buoys and ships, the sensor is packaged in a
custom housing which is more rugged than the
standard housing and with high pressure water sedls.
The sensor electronics is conforma coated and the
sensor housing is packed with a desicant. The
humidity-temperature probe provides anal og outputs of
0 to 1.0 volts DC for humidity ( 0 to 100% rh): and O
to 1.0 volts DC for temperature (- 40 to +60 deg C).
These signas are amplified and converted to digital in
the module. One set of measurements are made every
minute and calibrated via a fourth order polynomial for
RH% and degrees C. This set of measurements is
returned when polled. This probe is placed inside a modified R.M. Y oung multi-plate radiation shield for
standard use. This modified shield has wider plate spacing and a hydrophobic coating on the plates to
provide a more accurate measurement.




Specifications:

Relative Humidity

Temperature

Physical -
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Range - 0 to 100%
Accuracy (77 deg) +/- 2%RH
Resolution 0.1% RH
Long Term Stability, 1% RH or better over one year
Sensor Protection, MF25 membranefilter
, RM Y oung modified shield

Range - -20 deg to +55 deg C
Accuracy 0.1 deg C (if full temp calibration, 0.05 deg
Resolution 0.01 deg C

Housing diameter is 89 mm (3.5")
Housing height is 267mm (10.5")

Overall height is 535mm (21")

Weight is 13kg (6 pounds)

Rotronic sensor mounted in passive shield.

Electrical - +12vdc to +15vdc with 2.5 milliamps average current.
Communications- R$485 or RS232 (9600, N, 8, 1) IMET format.

Cdlibration: Relative humidity is calibrated over a humidity range of 25 to 95 % RH in a specia test
chamber with stability to 0.1% RH. The dew point standard has an accuracy of 0.1 deg C and is traceable
to NIST. Temperatureis calibrated over arange of 1 to 35 degrees C in a water bath with a resolution of

0.001 degrees C and an accuracy of 0.005 degrees C.

ASIMET PRECIPITATION SPECIFICATION

Rainfall ismeasured by an R.M. Y oung model 050201
self-syphoning rain gauge. This sensor uses a

capacitive measurement technique to measure the
volume of rain water deposited inside a collection
chamber. It automatically emptiesin about 20 seconds | |
when the chamber isfull. The output of the sensor is0
to 5 Vdc which represents 0 to 50 mm of rainfall in the
gauge. The sensor is sampled once each minute and
the level output. Rain rateis calculated based on
average of the last 5 (one minute) samples. Thetotal
rainfall for the last hour is aso calculated.

Specifications:

Sensor: R.M.Young Self-syphoning rain gauge
0 to 50 mm, with aresolution of 0.1 mm
20 second drain time
Catchment collection areais 100.0 cm2 (15.5in2)
Catchment outside diameter 140 mm (5.5“)

Physical: Electronics housing diameter is89 mm (3.5”)
Electronics housing length is 267mm (10.5")
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Overall height is 650 mm (25.5")
Overall weight is

Calibration: Recalibrate by adding successive known volumes of water. Perform gain adjustment and
calibration of the module electronics. Calibration constants are stored in the EEPROM.

ASIMET SHORTWAVE RADIATION SPECIFICATION

Shortwave radiation is measured with amodified Eppley Precision Spectral Pyranometer (PSP) mounted on
an aluminum base which provides a reference mass for the PSP. The aluminum base is mounted to a PVC
endcap for thermal isolation from the module housing. The sensor uses a temperature compensated
thermopile. It provides an output voltage proportional to incident short wave solar radiation (0.3 to 5.0
micro meters). Sensitivity is approximately 9 microvolts per watt, per meter sguared, and has a
temperature dependence of +/- 1% over the range of -20 to +40 degrees C. A set of sample is collected,
calibrated viaa fourth order polynominal, and averaged for the return measurement.

Specifications:

Sensor - Sensitivity approx 9 microvolts per W/M2
Temperature Dependence +/- 1% from -20 to +40 deg C
Linearity is +/- 0.5% from O to 1400 watts'meter squared
Responsetimeis 1 sec
Sensor is Eppley PSP.

Physical - Housing diameter is 89 mm (3.5")
Housing height is 267mm (10.5")
Overall height is 310mm (12.25")
Weight is 13kg (6 pounds)
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Electrical - +12vdc to +15vdc with 2 milliamps average current.
Communications - R$485 or RS232 (9600, N, 8, 1) with standard IMET format.

Calibration: The sensor is calibrated outside in sunlight againg a secondary standard (March to
October). If this is not possible, the sensor is returned to Eppley for complete calibration. The gain
adjustment and calibration of the sensor electronics are made separately. Combined calibration constants
are stored in the unit EEPROM.

ASIMET SEA SURFACE TEMPERATURE SPECIFICATION

A platinum resistance thermometer (PRT) was chosen for sea surface temperature measurement.  PRTs
have a positive temperature coefficient, are highly stable over long periods of time, and have a very low
hysteresis. The electronics consists of an analog front end and an ultra low-power micro processor unit for
conversion to a digital signal. The anaog front-end uses an Anderson circuit that provides a low noise
interface to the PRT that uses a constant current source through the series combination of the PRT and two
precision resistors. Theresistors are set at the -10 deg C and + 20 deg C values of the PRT. Since the
measurements are always made relative to the reference resistors, electronic drift is compensated for and an
accuracy of 5 milli degrees C with aresolution of one milli-degree C is achieved over arange of -10 to +45
deg C. The sensor is mounted in a PV C housing that is attached inside the ship hull at the water line. This
conforms to the configuration that has provided excellent results from the U.K. Meteorological Office
sensors used on VOS ships.

Note that this system can also be used for air temperature with a PRT mounted in a standard 6"
probe. For very accurate air temperature measurements, an aspirated shied (R.M. Y oung) is recommended
sincethe R.M. Young static shield introduces errors in direct sun and with low wind speeds independent of
the sensor used. The aspirator uses about 0.5 amps at 12 vdc and is only suitable on a buoy with solar
panels or for limited time.
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Specifications:

Sensor / Electronics: 1000 ohm PRT
with low noise Anderson Circuit interface.
Accuracy: 0.005deg C
Resolution; 0.001 deg C

Physical - Data recorder housing diameter is 89 mm (3.5")
Recorder housing length is 267mm (10.5")
Weight is 13kg (6 pounds)
Sensor housing is 1490mm (5.875") diameter x 89mm (3.5”) high.

Electrical - +12vdc to +15vdc with 2.5 milliamps average current.
Communications - R$485 or RS232 with sandard IMET format.

Cdlibration: Perform aliquid bath calibration over the nomina range of 0 to 35 deg C. the calibration bath
and temperature standard are stable and accurate to better than 1 mK.

ASIMET WIND SPECIFICATION

Wind speed and direction are measured with a modified R.M. Young model 05103 wind monitor. This
sensor was selected because of its proven record. It uses a propeller to measure wind speed. The standard
vane potentiometer is removed and the vane shaft extended down and coupled with an absolute angle
encoder for a full 360 degrees of measurement. A magnetometer compass is used to provide the north
reference for use on buoys. Thisis can be disabled for use on ships (ships gyro and external GPS are then
used to compute true wind speed in the data recorder). The propéler generates 3 pulses per revolution
which has a calibration of 0.297 meters of wind per revolution. The pulses are amplified and counted over
a 5 second period providing scalar wind speed. The vane position is measured once per second and the
compass measured once each 5 seconds. This provides a scalar wind speed and direction every 5 seconds
that is then vector averaged over the normal one minute sample period. The maximum and minimum wind
speeds during the one minute time are also reported for wind gust information.
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Specifications:

Speed- 0 to 60 meters/second, propeller with a 0.098 meters/'second per hertz, with 3
pul ses/propel ler revol ution.

Direction - Vane encoder has aresol ution and accuracy of 0.01 degrees. The compass has an
accuracy of 2 degrees and aresolution of 1 degree. Thereisa full 360 degrees of range with no deadband.

Physical - Housing diameter is 89 mm (3.5")
Overall housing height is 380mm (15")
Overall height is 760mm (30")
Propeller is178mm (7")
Weight is17.6kg (8 pounds)

Electrical - +12vdc to +15vdc, with 6 milliamps average current.
Communications - R$485 or RS232 (9600, N, 8, 1) with standard IMET format.

Calibration: The propeller bearings are replaced (on re-calibrations) and the speed checked at several
standard speeds using the R.M.Young calibration unit. Operation of the vane encoder and compass is
checked by rotating the module and vane slowly through 360 degrees with confirmation of indicated

directions for at least two known directions in each quadrant. Vane alignment is checked and adjusted as
required.
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COST SUMMARY FOR ASIMET MODULES AND ASSOCIATED
NEW 15 September 1998

Thefollowing isan approved cost list for ASIMET modules fabricated at WHOI with the point of
acceptance at Woods Hole. WHOI is a non-profit research and educational organization and al purchase
ordersare on a best efforts basis. The listed costs include material's, shop time, fabrication labor and
engineering support labor. WHOI feeis 15% for non-government organizations. Shipping, agents fees,
taxes, and any export costs are the responsihility of the purchaser. Shipping containers arerequired but not
included. If the purchaser does not have a Massachusetts tax exempt number, then the state tax adds 5% to
thefinal cost. Estimated delivery timeis5 to 6 months ARO (since no parts are inventoried, purchased and
machined parts can only be started after an order isreceived). A purchase order should be sent to:

Woods Hole Oceanographic Institution

Attn: David Hosom, MS#30

Account: 1-05-520365.00 (ASIMET Module Fabrication)
Woods Hole, MA 02543

Q=1 Q=3 Tota w15%

Item  Description Cost  Calibration WHOI Fee
1 Relative Humidity/Air Temp $6,340 $765 345 $8,171
2 Barometric Pressure 5550 195 145 6,607
3 Wind Speed/Direction 7,195 270 270 8,585
4 Wind S/D (no compass) 6495 270 270 7,780
5 Precipitation 6,510 185 105 7,699
6 Shortwave Radiation 7,130 415 415 8,677
7 Ship Sea Temp (hull mount) 6,205 675 345 7,912
8 Longwave Radiation 8,150 995 995 10,517
9 Mounting Bracket 350 402
10 Buoy Low Power Logger 7,590 8,730
11 Battery (15v, 98ah /logger) 200 230

For additional information contact: D. Hosom (phone 508-289-2666, fax 508-457-2165, or email
dhosom@whoi.edu)

Since October 1996, prices are up (afew are down). Labor hasgone up in all cases, sensors have mostly
gone up and experience in fabrication has hel ped to lower prices.
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Underway Data Collection System Onboard
R/V PELAGIA; Considerations And Design Of A
New System

J. Derksen
Netherlands Ingtitute For Sea Research

My nameis Jan Derksen. | work at the Netherlands Ingtitute for Sea Research. I'm planning to give a
presentation about asmilar system like the previous one, only it'sin amuch earlier Stuation. It'sin sort of
alpha stages at the moment.

Thisisthe contents of my presentation. First of al, | would like to talk about the existing ABC system that we
use on the PELAGIA at this moment. It'sa system that we bought from RV S-- Research Vessd Services--in

England. Thereare some problemswith it. It'snot year 2000 compliance. It hasalot of utilities, but they are

command line utilities, not graphical user interface programs. Soit'sa bit difficult to use unlessyou'rereally a
UNIX expert. Thenit'saquite good system.

Because of the problemsthat exit in this system, we are thinking about ether buying a new system or
designing something oursdf. Well, there are afew optionsthat we can do. I'll talk about that later. Later on,
I'll give the specifications of the new system so you know the direction that | want to goin the options. I'll talk
about the implementation -- how we did it, something about the status the system isin now, and summary.

Thisisthe sort of diagram of the exigting system.

} GPS —‘ Level-A

GYRO — Level-A

LOG — Level-A Level-B Level-C

L] ] Level-A

DEPTH Level-A

Clock

Figure 1: Overview of the existing ABC System

The system isdivided into three parts-- aleve A part, alevel B part, and aleve C part. Every piece of
equipment hasitsown leve A interface that's aphysical box with amicrocontraller in it, and it's connected to,
for instance, a GPS, gyro, log, CTD -- whatever kind of device you want to connect. Every device hasits own
interface. And all theseinterfaces are connected to aleve B devicethat's another computer. 1t's a 68030
microprocessor sysem. Theresadock system -- acdock with a serial output connect going totheleve B and
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all level A processors. Sothey dl usethe sametime. So there's no differencein the time sampsthat you get
on the entire system.

And last but not least therestheleve C that'sa UNIX workstation. 1t's primarily used for doing something
with the data -- making plots, processng it, whatever you like. Thisistheexisting sysem. Asl said, thereare
some problems with the system.

Firg of al, it usescommand line utilities. That's no problem if you're really used to the sysem and you useit a
lat, then -- wdl, you can probably useit fairly well, but not for a scientist whois, as of course every -- well,
onceayear -- well, then it'snot aredly good sysem to use. And second, it requires an operator on board. And
what | mean by an "operator” is somebody who knows the system very wdl to get it, fire, to get it sarted, and
onceit's darted, well, it really needs to be taken care of. Sometimesthelogging stops and you haveto redtart it
again. Soit really requires an operator -- somebody who knows the system very well.

And lagt -- actually the most important one -- isit’s not year 2000 compatible. It meansit usesfor the year only
two digits, and it thinks that year 00is1900. So you have a problem in February 29th. So you can't useit past
that date.

RVS, thedesigner of the system, they said they would fix it in time. They promised. Wdll, of course, alot of
new hardware, because al the level -As, they have an operating system, called OS-9, and the newer verson
doesn't fitinit. Sowe need to buy anew level A system for al the sensorsthat we have. Soit’s about a dozen
or so, and it'squite alot of money.

Widl, things that we can do arejudt ignoring it. We could doit, but we don't have a system anymore next yesr.
So that'snot really an option. Upgrading -- well, | said it ispossible, but we haveto replacealot of hardware.

Anather optionsis buy anew system. Maybe we buy the NOAA system. It might bean option. That's not at
the moment the way that we want to go. The way that we want to go now for thelogging part is design anew
sysem. I'll tdll alittle bit about how this new system works.

Of course, you need alist of specifications-- of course, 2000 compatible. One of the most important thingsisit
hasto run in the background of the network that’s on board the PELAGIA without the requirement of an
operator. So the software should be stable enough so that a cruise, for ingtance, of three or four weeks can be
done without someone who knowsthe system. Soit should work. Once you've Started it, it should work until
the end of the cruise. Of course, that’s difficult, but | think it will be possibleto do.

GPS
o \
. \ Terminal UNIX
LOG Server Workstation
/ | Network
CTD /
DEPTH

Figure 2: Hardware overview ABC-1998
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Thisistheimplementation of the new system. Wecall it ABC 1998 -- of course, with "19". It'sbascally the
sameidea asthe ABC system that we have, only abit Smpler in hardware. There's only one UNIX workstation
and atermina server. Itisadevicewith 16 seria portson it and an ethernet connection. All the devicesare
connected viaserid linetotheterminal server. Sothe hardwareisreally smple. It can bereplaced if therés
something wrong with the terminal server. You just replaceit and put anew onein, and you're up and running
again.

Level-A
i Level-A tO_lape

Level-B e

Level-A Process to display
(Server)

Level-A to disk

Level-A Level“B

subprocesses

Figure 3: Software overview ABC-1998

Since we have the hardware rather smple, the softwareisabit more complex. And only in the software you
seethe ABC part again. Firgt of dll, thisblock here, that'soneleve A, and it's not a hardware device anymore.
It'sapiece of software. 1t's one process that’s running on the workstation. It'slistening to the terminal server --
to, for ingtance, the GPS. It reads the data from the GPS, puts atime samp on it, and sendsittoaleve B
process. It'stheserver in the software. Levd A istheclient that connectsto aserver, and -- well, all level Asin
thiscase: gyro, log, CTD and depth can be anything that you want. They all send the data to thelevel B
process.

Theleve B process, the server itsdf, israther complex. Basically, what it doesisreadsal the data from the
level-A processes and sends them to three sub processes. One of themiscalled "to_tape” All it doesisget all
the data and storesit on atape. At this moment, it'snot atape, but afile on thedisk. But that can be replaced if
necessary. At the moment, we storeit on adisk and make a backup of that disk every day on tape.

A second process -- really important one-- is"to_display.” All thisdoesisget all thedataand send ittoa
character terminal with the data on it that you want. Say you want GPS position and wind speed and wind
direction. It'sal sent to this process, and that putsit on adisplay, and you can take as many displays as you
want and move them around the ship.

Thelast process, that'scalled "to_disk." That processisfor every leve-A processthat it will be datafile

generated on disk that contains all the data from that device. So every device will get a data file on disk that
you can access and make plats, for instance.
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Totel something about current status, it'sin aphagatus at thismoment. Basically, what it meansisall the
level-A processes areimplemented and they'reworking. Thelevel B processisworking. So we get datafiles
on disk, and we have basically, at this moment, one end user utility that's programmed to make atime plot of
thedata. You need the datafilesfirst before you can do anything dse. Sothelevel Ctoolsare only partly
implemented at this moment

Adminigration tool. Still in deveopment. We're sill thinking on how it should be working and what
commands should bein it. Thisisactually a program that needsto be really smpleto use so that everyone can
useit. But on the other hand, it must be not so smplethat everybody can stop the system or ruinit. Soit hasto
be protected with passwords and things likethat. So that takes sometimeto work on.

Finally, as| said already, although it'sin alphastatus at this moment -- it's not really distributable -- but it's
gable enough, becauseit's aready working for over sx months on the PELAGIA and alittle longer on theferry
from Den Helder to Texd. It'sthe same system. It'sworking for over sx months, and it ssemsto berdiable

Therés ill alot of work to do because we're not really finished. The most important part, of course, istheend
user utilities, we gtill have to make them or buy them -- whatever. It doesn't really matter.

In thelast six months on the PELAGIA and on theferry, it looks like it’s stabl e enough to run without an
operator. Soit's probably the design goalsthat | mentioned earlier will probably be met.

Of course, not yet the GUI part, but the operator actions-- well, they can be Smple, becauseit lookslikeit's
stable enough to work in the background. So the only thing that you actually need is status information and
garting and stopping the system. It is year 2000 compatibl e, that's because we designed it that way.

That's more or less about the system that | -- what | wanted totell about. I'm wondering if therés till some
questions.

PARTICIPANT: Just redlly briefly. I'm not familiar with the PELAGIA. How big is she, and what sort of
ci ence measurements does she do, and where?

MR. DERKSEN: PELAGIAis60 meterslong and it does scientific research in the North Sea, the Atlantic, Bay
of Biscay -- that areamore or less.

PARTICIPANT: Could you just say something about the operating systems you're using. Have you changed
them dramatically (multiple s multaneous speakers; indiscernible).

MR. DERKSEN: Wadll, the operating system that we useis Solaris. At thismoment, it runson the Sun
workgtation. But thelogging system itsdlf, it'splain C code. It doesn't really use any Solaris-specific things.
Soif you want to, for instance, takea LINUX box, you just take the source and compileit, and it works. There
are somethingsthat you haveto be careful about, but it shouldn't really be a problem to compileit on a
different operating system.

PARTICIPANT: | know with the old ABC system that you can't save all the CTD data. Presumably now you
can actually store al the raw data from the CTD; you're limited to bits per second or anything like that?

MR. DERKSEN: No. Intheoriginal ABC system, the smallest step in timeisone second. The smallest step
hereismicroseconds. Theway that we useto store the dateiswe use double. We count daysin double.
Doublesare eight bytes, soit will be very small time-- no problem at al.

PARTICIPANT: However, wedo not dothat. Wekeep -- likein the previoustalks, weliketo usethe
software that goes with the specific instrument and store the main data on these instruments, and only take a
subset into the central datalogging system.
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PARTICIPANT: Which CTD are you using?

MR. DERK SEN: SeaBird. Therésaso ancther difficulty. If you useasubset of your datafrom the CTD and
goreit in another datalogging system, then you've got two sets of the same data, and people tend to use one set
and forget about the ather one, and usualy they take the wrong onein that case. Soit'snot redly agood ideato
split them up.
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Underway Sampling Systems
Discussion Session

MR. FINDLEY: Rich Findley, University of Miami. Dave, you said that the intake measurements weren't that
good, but there were engine --
MR. HOSOM: Similar intake for the engine, yes.
MR. FINDLEY: Mog of theresearch fledt, though, has bow intakes. How are those doing compared to the --
MR. HOSOM: The problem with the seawater intake is that, depending on what the flow is around the ship,
you may be getting surface water, or you may be getting 14-feet-down water, or some sort of turbulence. So
the seawater intake has a problem of sampling sea surface temperature.
Likewise, if the unit on theinsde of the hull isup out of the water part of thetime, you're also not sampling sea
surface temperature. So the placement of the module on theinside of the hull is subject to the same
congiderations. But the data from the volunteer ships, asanalyzed by Peter Taylor at SOC, says that the hull-

mounted sensor provides better sea surface temperature than the seawater intakes.

MR. FINDLEY: Then aregular -- you know, an oceanographic ship designed for seawater intake, as opposed
to--

MR. HOSOM: These were volunteer ships, which is-- you know, and one of the things to think about is, when
the ship'sathousand foot long and so forth, you have awhole different set of problemsthan some of the
research ships.

MR. FINDLEY: | gaveatalk yesterday at -- I've got a thousand-footer.

MR. HOSOM: Okay. Research?

PARTICIPANT: It will be

MR. AMOS:. I'd liketo make acomment on that, too. On our ships, we have asystem where we havea
seawater intake for the thermosalinograph. But at every CTD dation, we automatically have recorded the
temperature and salinity at the moment that the CTD is stabilized at the surface, both before it goes down and
when it comes back up again, to compare, and goes directly in that same system that | wastalking about earlier.
So you can actually do acomparison. And we get errorsin the order of .5 degrees. What you see, though -- is
that aproblem, other than your point that you may be measuring water from different leves, if you havea
system that’s off by an amount that you can Satigtically correct? Do you see any problem with that?

MR. HOSOM: WOCE data quality would liketo see .01.

PARTICIPANT: What wasthat number?

MR. AMOS:; Poaint five But, | mean --

PARTICIPANT: No, no. What was--

MR. HOSOM: .01.

MR. AMOS. But after -- however, after correction, isthis an absolute accuracy that WOCE would like to see?
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MR. HOSOM: If you look at the error on each of the variables-- obvioudy, you're fighting for every scrap you
can get from each of the measurements. And .01 was what we used asagoal for seatemperature for WOCE
data qudlity.

MR. AMOS: Any other comments? Yes?

MR. WILLIS: Marc Willisfrom Oregon State. Dave, when you presented that one graph that showed your
improvement and --

MR. HOSOM: Yes

MR. WILLIS: -- and your error for heat flux, did that include both IMET and non-IMET observations for those
terms?

MR. HOSOM: It included IMET and non-IMET and a big chunk of better data processing. Of al of those
things, you haveto have the basi ¢ sensor accuracy to begin with. But the data processing and the andysi's
which has been -- which hasreally come from Peter Taylor, has been the primary ingredient.

MR. AMOS: Yes

MR. POULOS: Yesh. Steve Poulos, University of Hawaii. | noticed on the volunteer shipsyou put it upin
themast area. How doesthat -- how do you handle the dip screen or theair flow?

MR. HOSOM: The bow mast on any ship as high up as you can get is the best uncontaminated sampling that
you can get. And, obvioudy, you're only getting good sampling in the forward 300 degrees, which is okay
when the ship'sunderway. The doser you get to the ship, obvioudy, you gart to have heat effects from the ship
and flow digturbances. Again, Peter Taylor'sgroup at SOC isdoing very extend ve ship modeling and using the
results of that ship modeling to make data corrections based on where the sensor ison the ship. That’s part of
the-- 1 mean, you'rereally sarting to pick at all the detail s and use every available mechanism to improvethe
data qudlity.

Yes?

MR. SCHWARTZ: Dan Schwartz, University of Washington. Amplifying on that same question, then, asfar
asthe height of the sensors compared to, say, the TOGA, tall buoys (ph), or the NDBC buoys (ph), are you
normalizing that beta for someideal height above sealevd, or --

MR. HOSOM: | think it'sall normalized at ten meters after it's processed. It hasto be, because a three-meter
discus buoy islike three meter -- the sensors are three meters. The TOTO buoys (ph) are somewhat |ower.
Most ships, you're up someplace.

MR. AMOS: Tom.

MALE SPEAKER (TOM): Yes Have you made an estimation -- you have to come up with a ship ve ocity
referencein order to come up with -- in order to correct your MET station. And | presume you're doing that
from GPS positions.

MR. HOSOM: Yes

MALE SPEAKER (TOM): Have you made any estimations on what error contribution thereisfrom GPS
position uncertainty when you're doing the analysis?

MR. HOSOM: On the climate data, | don't know the answer to that. The WOCE data is being archived by
David Legler (ph) down at FSU. He has been going through al of the WOCE ship data and doing the updating
and corrections based on ship speed and so forth, and struggling with making surethat he's got sufficient datato
do that.
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MALE SPEAKER (TOM): But you're not trying to do any correction in this when you're reporting --
MR. HOSOM: No. Uh-uh.

MALE SPEAKER (TOM): -- apparent wind or rdative wind, and then later on, you'retrying to take-- usethe
GPS to take the ship motion out.

MR. HOSOM: That's correct. The wind instrument that | showed hasa compassin it. All of theresearch fleet
thewind ingruments do not use a compass, the use the ship'sgyro. Obvioudy, if you have a magnetic compass
upon the bow mast next to the sted bow mast, and | say you start to have correction problemstherethat are
significant. You can't do correction in the instrument without adding alot of feedback to the instrument itsalf.

It hasto be done after the fact in some computer that’s doing the processing.

MALE SPEAKER (TOM): What's your samplerate on thewind? How often? Five minutes, one minute, ten
minutes?

MR. HOSOM: Wetake awind ve ocity measurement every five seconds. We sampl e the vane every one
second. We sampl e the compass once every five seconds. We use those scaler readings, then, to generate a
vector average wind for once a minute.

MR. AMOS:; Let memake acomment. Asthese vessds are underway most of thetime at speeds of -- what?--
how many knots?

PARTICIPANT: Twenty.

MR. AMOS:. Y ou can also use course over the ground as cal culated by --

MR. HOSOM: And it becomes-- course over the ground becomes, at those speeds, much better.

MR. AMOS:; It does. Yes Right. When you ask a question, could you identify yoursdf for the recording.

MR. SHOR: Sandy Shor, National Science Foundation. Dave, how extensive is the volunteer observing system
now, and what isthe plan, or what do you project for the next fiveto ten years?

MR. HOSOM: The dreams and the discuss ons, which have not been coupled to budgets--

With that preface, the discussion now isthat we have atrangition period between now and the year 2000. In the
year 2000, we gtart to put climate quality data systems on 270 volunteer ships. Y ou're looking at acurrent cost
of the system that | outlined here of about $130,000 apiece. Say that it gets manufactured by somebody besides
Jeff and Dave at Woods Hole, and we bring the price down to $65,000 apiece, multiply that by 270. What's
your estimate of the federal budget to do that?

MR. SHOR: Wdl, NOAA’'savery wesalthy organization.

MR. SHOR: L& mejust qualify that. NOAA has been the primary sponsor of the VOS program; is that
correct?

MR. HOSOM: Yes
MR. SHOR: Roughly how many ships are outfitted right now? Areyou gill in test mode?
MR. HOSOM: Oneship.

MR. SHOR: Oneship.
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MR. HOSOM: And we hopeto expand that next year to two ships, and then begin to have -- transition thisto a
commercial system and begin to do more ships.

MR. SHOR: But these similar sweeps of sensors are on anumber of NOAA and UNOL S research vessdls, as
well?

MR. HOSOM: An IMET system, as| had the one dide that showed the IMET system on a number of UNOLS
ships, plusthe new V OS-type sensors, are on the new NOAA Ron Brown. Dennis Shidds, who will betalking
later, did the data acquisition programming for that and can comment on that.

Yes?

DR. KNOX: Bob Knox from Scripps. | want to get back to the question about surface temperature. Asthis
program expands and these sysems get ingtalled on a variety of ships, some with hull-mounted sensors at
various | ocations on different ships with different flow characteristics-- some may be farther forward where
they're up out in the air some of the time -- strikes me the data base is going to be somewhat heterogeneous with
respect to the quantity of interest or dimate studies, which is probably the real, honest-to-God, no-fooling
surface temperature of the ocean.

MR. HOSOM: Y ou redlly want the skin temperature.

DR. KNOX: Inthat sensg, it's perhaps not too surprising that the Germans got it right by taking bucket
temperatures Sincethey do it carefully.

Isthere going to be some way to deaconvalve (ph), thisor calibrate individual ships, or have canonica
mounting places, or something to rationalize this set of data from shipsall over the place with regard to your --

MR. HOSOM: | don't know if therésaplan in that direction yet. Thiswhalething isjust being dreamed
about.

DR. KNOX: Yeah.

MR. HOSOM: And | suspect that werre going to be buying pens and buckets.

DR. KNOX: | suspect so. | mean, at the very least, you haveto keep track of what's done on which ship --
MR. HOSOM: Yes.

DR. KNOX: -- s0 you can go back into the historical data and work it out, and it may turn into a ship-by-ship
calibration againgt something -- perhaps the bucket, perhaps something ese.

MR. HOSOM: Thework that Peter Taylor's doing relative to the flow pattern on shipsfor determining what
directions you maketo the sensors based on where the sensor isand what the flow characterigics are very
probably need to be done relative to where the sea surface temperature unit is. | mean, theré's an enormous
number of questions of how you take-- | mean, a sensor that's good to five millidegreesis meaningless,
depending on where you put it and how you measureit, and what the calibration is, and what the ground-
truthingis. And thisis-- that whole business of ingallation, calibration, ground-truthing and so forth, | mean,
we toot our horn and say, you know, we're measuring ground-truth. We're not just measuring things with
satdlites and radar setsand moddls. But we have that problem of ground-truthing, too -- | mean, big-time.

MR. AMOS:. I'd liketo make acomment on that. Some yearsago, | did an extensve sudy of bucket
temperature methods. | was surprised by the variability. | mean, from a big ship like that, somebody’s got to
chuck the bucket out of the side, record thetimethat it went, pull it up on deck, take the reading fairly rapidly
or it'll change as you're holding it up over the side of the ship. So | think that data from the Germanswas very,
very good for that. You have sandard buckets, | presume?
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MR. HOSOM: We at Woods Hole manufacture buckets, and there must be a sandard German bucket that
well haveto find out about.

MR. AMOS; Therésaquestion from the back there.
MR. DARTEZ: SteveDartez, Louisana State University. | have aquestion for Dave.

Werrein the process of developing a network along the L oui Siana coast measuring meteorol ogy and wave
dynamics, and using ail production platforms as bases. One of the things that I'm curious of, when you were
looking into your real-time data transmissions from the shipsin the future, have you run across what would be
the best means of that transmission and what an average cost may be on that?

MR. HOSOM: Weve been looking at that, and you know theréstheiridium and the yorcom (ph) and all that
suff. Were just beginning to scratch at that. | don’t haveany -- | don’t know. That's, for us, a serious problem
also. | don't haveany --

MR. DARTEZ: That'sour main problem. We're just outside of cdll phone range and just alittletoo far for the
radio.

MR. KRUDELEG: Vic Kruddeg (ph), Netherlands Ingtitute for Sea Research. | would like to comment on
your statement, Mr. Amos. Theerror in the temperature measurement that you stated earlier, on our ship,
Pdagia, we have an on-line sampling system which does not measure temperature through the hull, as you
assume, but by taking water in. That produces a continuous stream of data, and wanted to calibrate it, too,
againg CTD measurements, aswe also do that. But when the ship is afl oat, sometimes we experience very
strange temperature spiking on the continuous signal, which | could not lay my hands on right now. But |
assumethat it isfrom radiation from the ship itsdf or perhaps from the axd s, the water off the motor outl et that
is being partially taken in again, depending on the ressting of the ship, thewind and the stream, and that may
account for your half degree of error, because we seea .2, .3 degree error, too, every now and then.

MR. AMOS: Yes. Wdl, theeror -- I've always assumed -- most of the work I’'m talking about is donein the
Antarctic where the outs de seatemperature is much colder than theinterior temperature of the ship. And so
during the passage from our intake to the measuring device, that I've always assumed isawarming. We do get
some spikes on occasion, but normally if the -- we have a de-bubbler device on it. Especialy when you're on
an icebresker breaking ice, that'sareally big problem because you might get ice actudly sticking in the intake
area and changing things and making them unusable.

Do you have acomment about that?

In the early days of the Nathaniel B. Palmer, therewas a-- we sent an ROV undernesth, and you could see
greaks of iceall theway under the hull, indluding in theintakes. We were getting ridiculous temperatures that
werejust not used -- and sdlinities, of course.

MR. KRUDELEG: | canimagine. And then two morethings. You can ether take, let’'s say, the bulk (ph)
temperature of the upper three meter and the average bulk temperature. But then you're a so very much
interested in the true surface temperature. Wouldn't you not like to go to infrared thermometry to do that?
Because that's what we do occasionally on the ships.

MR. HOSOM: Theinfrared measurement at night matches the hull temperature perfectly.

MR. KRUDELEG: Yes

MR. HOSOM: During the daytime, the infrared measurement tendsto reflect sun (indiscernible), and you have
aproblem there.

MR. KRUDELEG: Yes. You need thiskind of reference sensor to compensate for that.
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MR. HOSOM: Yes. Theother thing that's being doneisto actualy have a sensor riding up and down arail so
that you always are just Sitting at the surface. But on volunteer ships, which isour primary concern right now,
that's -- if wecan't run cables --

MR. KRUDELEG: Yes, that's my understanding.

MR. HOSOM: Go ahead.

MR. KRUDELEG: Some other questions, please. 'Y ou spoke about rel ative humidity measurements.
MR. HOSOM: Yes.

MR. KRUDELEG: Could you explain ahit more on how you do that, and how you do that correctly, and how
do you avoid the fouling problem?

MR. HOSOM: We have used for many years a Rotronics sensor for the relative humidity and temperature. In
the early days, we made alittle frame, and we wrapped gortex around it. Gortex has an interesting property in
that it probably gets wet with sea spray, and that when it dries, the sea salt is stuck to the outside of the gortex.
The experience we haveisthat, when it dries off, the sdlt falls off. And we do not have anice salt sandard cdll
st up at the measurement.

Rotronics now suppliesa gortex shidd. Y ou ask for it for their sensor. We have had -- absolutely have not
been ableto determine any sea salt valley of that sensor at all. Wedo locateit ingde of a static shidd, but the
gortex seemsto be the proper protection in the marine environment.

Didthat --

MR. KRUDELEG: What'sthe surfacelike? What's the sensor likethat?

MR. HOSOM: We do cdlibrations every sx to eight months and find minimal drift in that time period. If that
same sensor is subjected to hydrocarbons, it'll foul very quickly -- very quickly. So the open ocean isagood
environment in terms of not having hydrocarbonsin that, unlessthe ship'sdeck is (indiscernible).

MR. KRUDELEG: Yeah. (Indiscernible.)

MR. AMOS:. | have acomment on that, too. A question, Peter (Sc). Do you ever get -- what happenswhen
you read more than 100 percent? How do you -- because I'm sure it happens sometimes.

MR. HOSOM: Wedo. In fact, weve been doing comparisons of sensors. The Rotronic and the AIR both will
read when saturated more than ahundred percent. The Visola (ph) sensor hashad a much faster responsetime
and has never read more than ahundred percent. On the other hand, Visola doesn't supply in the nice gortex
shield, and so we continueto usethe Rotronic for that.

MR. AMOS:. Intheareasthat | work -- often they'rein the Antarctic -- 1've been amazed by the taking of our
relative humidity sensor -- 97-point-something percent. (Indiscernible) I'm absolutdy sureit must bereading
incorrectly. What wedo is ding psychrometer (ph) calibrations, | guess you might call them, on adaily basis.
Do you recommend that? Do you do the samethings, or --

MR. HOSOM: We have, and found that the sensor itsdf is--

MR. AMOS; Wdl, in fact, my experience has been that, as|'ve said, this machine has got to bewrong. Then
all of asudden, thewind will change direction and blow in off theice, and you suddenly see some actual
humidity other than thefull saturation.

Do we have any more questions?
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MR. WALDEN: Barrie Waden, Woods Hole. Dave, what are the -- you just touched on the calibration issues.
But what do you recommend as the calibration interval for these sensors? And how do you plan on handling
that when you have that number of them out in the field?

MR. HOSOM: Wedill -- the party line still is six to eight months calibration on things, particularly like
humidity. Weare currently, based on budget congtraints, putting things out for a year with a calibration before
and after, and using that post-calibration to processthe data. The calibration issue for 270 sensorsisamajor,
major issue. Dick Paine (ph) isthe oneguy at our ingditution doing calibration, and | don't think he's going to
be ableto handleit.

If anybody'sinterested in calibration, by the way, we don’t want to bein the business-- our guy, Dick Paine,
who's doing the calibration, would be glad to supply all theinformation you want and tell you how he doesit,
what he does, what he uses. The more people who can do their own calibration, aslong asit's documented and
we have some way of knowing what the calibration history is, please devel op your own calibration facilities.
MR. AMOS: At the back.

MR. MULLER: Rich Muller, Moss Landing MarineLabs. We haveaR.M. Y oung rdative humidity
temperature sensor. We've deve oped some problems with fouling, sea spray, probably hydrocarbons, as well,
from thegtack. What I've doneisbagcally alittlefilter on the reative humidity sensor. I've washed it off with
somedidtilled water. Sometimesit works, sometimesit doesn't. Sometimes | haveto changethelittle
eectrode. Have you tried usng gortex on anon-standard RH sensor, like --

MR. HOSOM: We use gortex on any kind of a sensor we put there.

MR. MULLER: So you could just apply some gortex?

MR. HOSOM: Basicdly, if you'reredly nice, you call up Gortex, and they give you severa eight and ahalf by
11 sheets as a sample, which gives you sort of alifetime supply.

MR. MULLER: (Indiscernible)

MR. HOSOM: Y ou make your own.
MR. MULLER: Okay. Good.

MR. AMOS. Therésancther question.

MR. OBER: My nameis Sven Ober from the Netherlands Indtitution of Sea Research. In one of thefirst
sheets you showed a graph which representsthe error of the flux.

MR. HOSOM: Yes.

MR. OBER: It varied from 200 watts to nearly nothing -- well, after afew years. | wonder what the term
"error” means. Isthat an error in aformal way in terms of traceability, or isit an error (indiscernible) the
difference between the modd and what you measure?

MR. HOSOM: It'san absolute error.

MR. OBER: An absoluteerror?

MR. HOSOM: Yes Yes Asweare beginning to find the moded s have errors of significant numbers.
MR. OBER: Isit somewhere described this--

MR. HOSOM: Havetodo --
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MR. OBER: -- calculation in which you -- well, on which you base these error figures?

MR. HOSOM: | can recommend contacting either Dr. Robert Weller at Woods Hole or Dr. Peter Taylor at
SOC and asking for their inputs on that.

MR. AMOS. One more question.

MALE SPEAKER: | just wondered if you had any thoughts on using optical rain gaugesin (indiscernible).
MR. HOSOM: We have used --

PARTICIPANT: I'msorry. | didn't hear the question.

MR. AMOS:. The question was whether they had any thoughts on optical rain gauges.

MR. HOSOM: We have donetesting on a number of optical rain gauges. Thefirg problem werun into isthat
it'sapower problem. The second problem werun into isthat the ones that we have and have been trying to test
haven't worked long enough. The next thing that comes up is-- and | would refer you to Luce Hossa, IFM
Keough. He evaluated the whole rain situation, and he devel oped an optical distrometer (ph) which actually
measurestheraindrop sze. Mogt of the optical rain gauges assume adrop sze. What you find out is, if you
actually measurethe drop size, that it varieswiddly.

Lucesoptica disrometer isavailable from a company in Germany. From what | have seen, that offers the best
opportunity for doing really accurate measurements. But in the core experiment, there were anumber of optical
rain gauges used, and they came back to using the sdf-cycling rain gauge from R.M. Y oung as a better
measurement. That, you know, you're looking at a 100 centimeter square area bobbing around in the ocean,
and now you're going to say that the wholerain isbased on that measurement. That's a problem.

PARTICIPANT: And there's enormous digtortion dueto the flow (indiscernible).

MR. HOSOM: The reason Luce Hossa did the ship rain gauge that he designed wasthat, very obvioudy, on a
ship, in caseit's going someplace, very quickly therain, even if it isvertical, asfar asthe ship is concerned,
becomes horizonal. And so0 by switching over the measurement from between nine and 11 meters per second
wind gpeed from avertical measurement to a horizonal measurement, he's been able to achieve -- again with a
point measurement -- 96 percent accuracy based on the testing that he'sdone. And he used his optical
disrometer asthereference.

PARTICIPANT: I'vegot aquestion with regard to that, too. How do you actually determine the surface area
when you take (indiscernible) from avertical collection system to ahorizonal collection system?

MR. HOSOM: The surface -- the collection area of the vertical collector isthetop end of that champagne-
glass-shaped thing. Sothat’'sadefined area. The horizonal projected area of the cylinder isalso aprecison
asurfacethat’s (indiscernible) with the horizonal wind, even though it hasfive T-barsaround it. Sotherain hits,
runs around to the T-bar and down. But it'saprecison area.

PARTICIPANT: But you don't know before hand the actual angle at which therainsfall, do you?

MR. HOSOM: No. No.

PARTICIPANT: Sothereisasort of error in --

MR. HOSOM: And he'sworked up an agorithm based on wind speed to do some corrections of that.

MR. AMOS: | think weve got time for just one more short question.
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PARTICIPANT: | saw thedrifter buoys using acougtic -- passve acoustic range sensor. Do you get any good
quantitative data out of that, or isit just that it'sraining or not?

MR. HOSOM: | don't have any experience. | don't have experience with that.
MR. AMOS: Isthat nineto 11 meters per second relative wind speed --
MR. HOSOM: Yes

MR. AMOS: Wadll, | think that'sit for questions.
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An Air Gun Tutorial

John Diebold
Lamont-Doherty Earth Observatory
Columbia University

Intr oduction

There arethree basc types of air gunsthat are available and in usetoday. Probably theleast commonly seenin
the academic fleet isthe deeve gun, originally made by Western Geophysical, and mostly used in commercial
employed by seismic contractors. Each deeve gun comesin aspecific Sze, and if adifferent Szeisneeded, it is
necessary to change guns. That can be a cost issue, but d eeve guns have severa benefits, including excelent
reiability.

The Bolt 1500C air gun is one of the most commonly used in the academic fleet. These guns havethe
advantage that the same body can be fitted with many differently sized air chambers, resulting in improved
flexibility and asmpler inventory of spare parts. The Ewing, which does most of the multi-channd work in the
UNOL Sfledt, tows twenty Bolt 1500Cs and therefore, my experience has mostly been with these,

The Gl gun isnow beginning to take over therole formerly occupied by the water gun. In fact, the same
person, Adrian Pascoudt, invented it. The Gl gun gives you the ability to produce a well-tuned signal with a
singleair gun.

Mechanical Principles

Thefirg thing to talk about ishow air gunswork: an appropriate subject for amesting of technicians. . To
illustrate the fundamentals, I'll use what is perhapsthe smplest of al air guns, the one deve oped at Lamont in
the early 60s. The background of that devel opment centers around the use of TNT and other explosvesasa
seismic source. The detonation of an explosive charge under water crestes arapidly expanding bubble of hot
gasses. The expand on of this bubble creates the outgoing pressure pul sethat we call aseismic signal.
Explosives had been used for two-ship refraction work sncethe 1930's, and in the late 1950s, a fairly primitive
anal og reflection profiling system was devel oped at Lamont. The acoustic source was WWII surplus demoalition
blocks, detonated with blasting caps and fuses, every minute or two. The gtress of doing thiswork continuoudy
led to a fatal accident in which John Hennion was killed aboard R/V Vema. This accident was one of the prime
motivations behind Lamont’s movement

toward air guns. 1n 1964, we started using Lamont Airgun restoring force
thisgun instead of TNT on Lamont’ stwo
shipsfor continuous reflection profiling. It $

turned out that although they are much less
powerful than the half-pound bl ocks of
explosive we had used previoudy, the fact
that we could fire them much more often -
every ten seconds- made them a better todl
for seismicreflection profiling. Air gunsare
intended to do the same thing as explosives,
to creste arapidly expanding bubble, in the
case of air guns, by therapid release of a
volume of compressed air.

Sealed Open

69



INMARTECH ' 98 Proceedings

The Lamont air gun had one moving part, which we called the"piston.” Nowadays you'd call thisthe “shuttle.”
The Lamont air gun’s piston is shaped to form two air chambers. As shown in the diagram, the upper chamber
is sealed when the shuttleisin the closed position, but open to the water in the open pogtion. In any air gun, the
trick isto find away to hold the shuttle closed while the firing chamber is being filled with compressed air, and
then to dideit open quickly at the desired time. In the Lamont gun, asin all others, thisis done by using the
pressure of the compressed air. The gun’slower chamber is shaped sothat it is sealed at thetop and bottom by
O-rings around disks of two different diameters. When compressed air is pumped into this chamber, its effect is
to force the piston downwards. The effects of compressed air can be thought of in hydraulic terms, and
although the pressure on both disksisthe same, the fact that the bottom disk hasalarger arearesultsin a
downward force. Another way to consider the Situation isto observethat the volume of the lower “control”
chamber issmaller in the open position than it isin the closed position. Therefore, the trapped “control” air acts
asapowerful oring, holding the piston in the closed position, and providing arestoring force to close the gun
after itisfired.

So with al thisforce holding the
gun closed and sedling it, how does
it ever fire? Theanswer, again, is
to usethe compressed air. Tofire

the Lamont gun, you introduce air
bd ow the shuttle, which
catagtrophically forcesthe piston
upward, opening the gun and
reeasing the air in the upper
chamber. In hydraulic termsagain,
thisworks because of the
differencesin areas over which the
air has contact, and therdative
orientations of those surfaces.

Only asmall amount of air had to

be injected bd ow the pigton (thisinjection is usually performed by a solenoid valve) to firethe gun. Asthe
piston rose, the pressure of the “firing air” benesath it dropped, until its effect was overcome by therestoring
force of the control air. Small orifices (“ports’) alowed thefiring air to bleed out 9 owly so that the gun could
resed itsdf without damage, and the cycle began again.

The Lamont gun was very efficient. Itsbig ; ; ]
dissdvantagewasthat you codnt change ~ Gi.1 Airgun [highly schematic]
the size of the chamber without changing

thesze of thegun. Lamont gunswere . .

built in arange of sizes (volume of the restoring force reservoir

firing chamber) between three and forty
cubicinches. A giant, four hundred cubic
inch gun was made, but proved to bean
extremey heavy and unwieldy beast.
There dearly was an upward limit to the
useful Sze of thisdesign.

The GI gun is about the most recent
innovation in air gun design, but its basic
mechanical principlesare very Smilar to
those of theLamont gun. The Gl gunis,
essentially, two air gunsin one, connected
by a central cylindrical rod which passthe
air from oneto the other. The shuitle of
each of thetwo -- the*Generator” gun and . o
the“Injector” gun -- dides on that rod. Loading Firing
The control chamber isactually insdethe
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shuttle, where the central rod hastwo diameters, generating arestoring force much in the same manner aswe
saw in the Lamont gun. The gun isfired when the solenoid valve istriggered by an dectric pulse, diverting
incoming air from the firing chamber to the narrow space above the shuttle, forcing the shuttle down and
unsedling thereservoir. Asisthe case with the Lamont gun, the Gl gun has a fixed chamber sze—in thiscase,
105 cubicinches, but sets of plagtic spacers are available to reduce the sizeto 75 or 45 cubic inches.

The Balt air gun wasthefirg really successful commercialy available gun. Sinceits primary inventor, Steve
Chelminsky, worked at Lamont before going on and forming his own company, we know the origin of the
company name — Steve' snickname, “ bolt.”—In thisvery smplified view, obtained from the company
literature, its basc operation can be seen. Theactua Bolt air gun has many parts, which don’t appear in this
drawing, and it is more complicated and difficult to work on. It does have three redeeming features, however.
Its purchase cost has been significantly reduced in the past decade, while improvements have become available
which increaseitsrdiability. Finaly, avariety of differently szed reservoir chamber can be fitted to any Bolt
1500-C to make a gun with air volumes ranging from 40 to 1000 cubic inches..

The deeve gun has the unique feature that its shuttleis part of the outsde shdl of thegun. When it isfired, that
entire outer part of the gun dips back and letsthe air out much more efficiently than the other guns, with their
arrangements of ports.

The Dedrable Seismic Signal

What do we want in air guns? Usually two things. We want asignal with high resolution, which well dothe
best job of sampling the sub-sea-floor, and at the same time, we want the power to penetrate deeply and
sometimes, to be detectable at large distances. The best resolution is obtained when the signal has a broad,
smooth spectrum. This corresponds to asimple, spike-like seiamic pulse. The process of achieving such a
sgnal isoften called “tuning.” The frequency content —the bandwidth — has everything to do with resolution.
Thelarger it is, the better job you can do at discriminating thin layers and fine structures. Penetration, on the
other hand, depends most on high power at the lower frequencies, which aretheleast attenuated by passage
through the earth. It ispossbleto create a seismic sourcethat is both well tuned and powerful, but thereisa
third parameter —tow depth - that affects both penetration and bandwidth inversdy.

Next, wetalk about how to accomplish these two goal s separately, and finally address the question of whether it
is possibleto meet both goals smultaneoudy, or if they are mutually incompatible.

Tuning

Good tuning can be arrived at in three basic ways. Oneisto form arrays of guns of different Szes. Another is
togroup gunsin "dugers’, and finaly, therésthe GI gun, with itstwo sequentidly fired chambers.

First, why do we need tuning? The answer is: the dreaded and well known “bubble pulse” When thegunis
fired and itsreservair is opened, the air formsarapidly expanding bubble.  This produces the sharp pul se that
isdesired, but then the laws of phys cstake over and complicatethings. An air bubble underwater has an
equilibrium size, which depends on the volume of air and the water depth. For example, the bubble from a 500
cubicinch airgun fired at 2000 ps as an equilibrium radius of 65 centimetersat 10 meters. When an air gunis
fired, the expanding bubble “overshoots,” growing larger than its equilibrium size. Then the water pressure
takes over and recompresses the bubble. This process continues, producing a series of reverberations which die
out due to thermodynamic effects. The period with which the bubble “rings’ depends on the air volume, initial
pressure, and its depth in the water. The bubble rises through the water whilethisall occurs, sotheringing is
not periodic. Therefore, it isdifficult to remove the ringing by data processng.

The pulse produced by theinitial bubble expans on hasthe characteristics of adesrablesignal. Taken by itsdf,

this pulse has a smooth spectrum with maximum power at about 12 Hz. It isinteresting to note that the size of
the bubble (which isto say, of theair gun) haslittle to do with the width of the pulse— only itsamplitude. This
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means that the intuitive notion that large air guns produce lower frequenciesisincorrect. In any case, therole
of tuning isto diminish the bubble pul seringing.

Toform atuned array, air gunswith different
volumes are combined and fired
smultaneoudy. The choice of the exact
volumesto useiscritical to the extent of
tuning that isachieved. The usual measure of
tuning isthe“peak-to-bubbl€’ ratio—a
comparison of the amplitudes of the primary
pulse and of theresidual bubble pulses. A
ratio of 10:1is considered quitegood. Trial-
and-error modeling is often used to choose the
sizesfor an array. In my experience, at least
five or Sx different sizes of gunsarerequired
for good tuning. In general, awide range of
szesleadsto the best tuning, as does shallow
towing. Dueto the physical sze of theair
bubbles, however, larger air guns must be kept
bel ow some minimum depth, or some of their ~ _|
energy will belost —used up in moving water
upwards.

Six individual airguns

Anather approach is*dustering” which
combines tuning with some physical effects
that can reduce the bubbl e pul se, though they Tuned six-gun array
arehard on theair guns. We ve seen that the
ambient pressure (usualy corrdated with
water depth) affects the amplitude and ringing
frequency of a bubble. What happenswith a
cluster isthat the pressure fronts from apair of
adjacent gunsfiring actually diminish the
bubble pulses of both guns. After thefirgt "\ A
expansi on, the two bubbles coal esce, and Start
to reverberate with alonger period - asif it had
been released by asingle, larger gun.

Different 9zed clusters can be combined to
produce different Szed bubbles, so that

additional improvement can be obtained by

tuning the bubbles. Clusters of two and three
airgunsareoften used. Typicaly, dl theguns  —
in acluster will be of the same, rdatively small size: between ten and 75 cubicinches. Thus, the clustered array
can betowed at shallower depthsthan asmpletuned array, with itslarger range of volumes. Clugters havetwo
undesirable properties, however. Oneisthat the pressure interaction resultsin areduction in the output pesk
levels—typically, about a25% loss. Second, the pressure fronts from the nearby guns creste a hogtile
environment for hoses and fittings. Typically, great careistaken in engineering the mounting arrangements for
cdugered arrays.

Milliseconds

The Gl gun works by an entirdly different principle. It isreally twoair guns, in onebody. Each “gun” hasits
own reservair chamber, its own solenoid valve, and its own exhaugt ports, which arelocated cl ose together
near the middle of the cylindrical gun body. One“gun” iscalled the" Generator”, the other the “Injector”,
hencethename“Gl.” The G, or generating chamber, firesfirst, generating the desired pulse. Thelnjector is
fired afew tens of milliseconds later, typically 30 to 40 milliseconds later, just at the time that the Generator
bubbl e has overexpanded and is starting to callapse. Theinjector air actslike ashock absorber. Asthefirgt
bubbleis collapsng, thisair comesin and it sort of just letsit down easy. Thisall works quite efficiently to
giveyou anicetuned signal with asingleair gun. Thisisaagreat benefit for asmall vessd, whereit’ sdifficult
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to tow arrays of air guns. Thedownsideisif you're basically using at least half of your air (maybe even more,
as recommended by the manufacturer) to remove the bubble pulse.

Power

Besdestuning, the most desired characterigtic of the seismic source pulseis high amplitude. Aswewill shortly
see, the best way to do thisisto increase the number of air gunsin thearray. The pesk pressure output of an
expanding bubble, whether it is generated by explosves or an air gun, isdirectly proportiona to the cube root
of thevolume of gasin the bubble. An intuitive approach to understanding the reason for thisisto consider that
the diameter or radius of the bubbleisa so proportional to the cuberoot of its volume. This meansthat to
double the sgna amplitude created by asingleair gun, itsSze hasto beincreased eight times. Given alimited
compressed supply, the output is maximized when that air supply is subdivided into asmany air guns as
possble. When these gun are fired smultaneoudy (and unclustered) their individual amplitudesadd. Inasdlly
but instructive example, 1000 cubic inches of air released from 1000 1-inch air gunswill produce asigna with
100 times the amplitude of 1000 inchesreleased from asingle, 1000 cubic inch air gun.

Thisisan old, old figure comparing various seismic sources. Notethat a quarter pound of TNT gives about the
same amplitude as a 300-cubicinch air gun. If wetakethat ¥41b of TNT asthe output of atypical air gun, then
R/V EWING' stwenty air guns have about the effect of twenty quarter-pound blocks of explosive going off
simultaneoudy. Now, the cuberoot of %zis exactly one twentieth the cuberoot of 2,000. Therefore, EMNG's
air gun array isas powerful (in the seismic bandwidth) asaton of TNT. And, it can befired every 20 seconds.
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Thereisanother reason that using large airgunsisinefficient isthe exhaust port design of the most commonly
used airgun, the Bolt 1500C, which isincapable of discharging large volumes of air in thetimerequired. To
illugtrate this, 1 show the results of sometests carried out during EWMING' s 1990 shakedown leg. Peak
amplitudes are plotted againgt cuberoot of air gun volume.  According to the theory outlined above, the peak
pressures should be proportional to the cube root of the volume, forming a straight line on the graph. Instead,
we seethat above a certain Size -- about 300 cubic inches—the curve sartsto fall off. What's happening isthat
above that volume, those exhaugt ports have athrottling effect. No more than 300 cubic inches of air can get
out of thase ports before the bubbl e starts collapsing, and the remaining air continues venting into the collapsed
bubble. Theresult isadiminution of the bubble pulse amplitude, at the expense of the pesk pressure- just abit
likethe GI gun.

5 -
The cube-root rule for amplitude 7
fails for Bolt 1500-C guns O
above 350 cu. in. T oA ne88T
47 praes %--9‘%‘”9@ 8 825
[ st~
T | e
=R g’ % 305350
rof » 9/
£ 34 e
< Qr <
% o
(] e
e g . .
- ’95 An 800 cu. in. airgun is only about
27 twice as powerful as an 80 cu. in. gun
; R/V Ewing airgun tests, 1990 .

4 5 6 7 8 9 10
cube root of volume

The French group at GENAVIR, who run a portable MCS system are now using ten Gl gunsin ther array. In
an effort to enhance power at low frequencies, Fdix Avedik, at COB/IFREMER in Brest devel oped a concept
he called the “ single bubble’ technique. Theideathereistotimethefiring of the array so that theinitial pulses
areout of phase, but the first bubble pulseslineup. Thetheory behind thisisthat the width of that second pulse
isgreater than thefirgt, and should therefore bericher in lower frequencies. The single bubble method has been
used with some success, and the results published in several papers. I'veinvestigated this approach with
modeing, and found that it works, up toapoint. Asdescribed in the paragraph above, bubble pulse amplitude
isdiminished when the air guns get too big. When thisisthe case, better power isachieved by tuning the
conventional way.
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Tow Depth

Finaly, | cometo the subject of towing depth, i

whose effects are powerful, and, usually, The "nearfield" signal is a true direct wave
inescapable. In thisfigure, wereturn to the - rarely seen -

output sgnal of awd| tuned array. At thetop,
isthe pressure pul se actualy produced by the
aray. Thisis called the “near fidd” signal.
Thisissomething that isrardy seen, and is ]
difficult to record, but it's very important \/ NS Time

because it has what might be regarded asthe

intring c spectrum of theair gun array. Inred
life, thissignal all by itsdf ishard to seg, The "farfield" signal includes the surface ghost at the source
because somewhere above the air gunsisthe - as seen at the seafloor
surface of thewater. Whileitisn't a perfect
“free surface’ asdiscussed in physics and

sl smology, the sea surface usudly hasa very
strong but negative reflection coefficient for
upcoming sound waves. Therefore, down at
the seafl oor, the near fidd Signal isclosdy
followed by a second, reflected verson of
itsdf, which has anegative palarity and atime
lag. Thetimelag, of course, depends on how
deepthegunis Theresultisthe“far fidd” .
signal, which iswhat is usually shown in ﬁ k

Pressure

Pressure
(
L
{

Time

airgun literature and advertissments. Note that
in fact, the tuning isimproved over the near
fidd verson!

P . N
v e - e — 1

Time

Pressure

The recorded signal includes the receiver ghost, too

. -and shows why we reverse polarity when recording-
But eventually, unless you are shoating to 1. Diabokd - LOEO

ocean bottom or land-based instruments, you
need to record the upcoming signal using -
hydrophones somewhere near the sea surface, and the same thing happens again, except that in casethe entire
far fidd sgnal isflipped, and ddayed, and added back intoitsef. Theresult is something that ressmblesan
upside-down Ricker wavelet, and it is easly seen why the convention for seismic recording isthat negative
pressures are recorded and displayed as podtive numbers. It isalso fairly dear that the best looking Sgnatureis
obtained when source and recaivers are at the same depth — this maximizes the amplitude of the central pulse

A “double pulse” seefloor reflection is often (though not always) an indication that the data have been recorded
with thewrong polarity, or that the source and receivers are at quite different depths. Analysis of thisdiagram
also showsthat the large central pesk of the seafl oor reflection representsthe trave time from the surface to the
seafloor and back to the surface. The smaller, leading negative [but positive pressure] pulse representsthetime
from the source to the seafl oor and back to thereceiver..
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Now let’slook at the spectral effects of towing
depth, wherein thetaleisbest told. Thesea
surface refl ections can be represented by a
simplelittle“operator” made up of spikesin the
timedomain. When these spikes are convolved
with the near fidd sgnal, thefar fidd and “as
recorded” Sgnalsareobtained. Thetime

Amplitude

rm.\ PNAVAN

The nearfield signal

decibels

between the spikes depends, of course, on tow

depth and water velocity. The surfacereflection
operator has a characteristic shape over in the
frequency domain, too. It isaseries of humps
(actually asne wave, squared) with notches,
whaose spacing in frequency istheinverse of the
time domain operator’ stime spacing. The more
shallowly you tow, the farther to theright

L AL W ML U H e

Milliseconds

Frequency

is convolved with
the ghosting operator,

[towards higher frequencies] the notch moves.
When the surface reflection coefficient isnear
perfect, the amplitude leve in the notchesis near
zero, and it isvirtualy impossibleto remove
them by signal processing. Therefore, data
should generaly befiltered to removeall
spectral content above the first notch.

The shape of the “shoulders’ of the frequency
domain operator isalso controlled by the towing
depth. The higher the frequency of thefirst
notch, the more doped they are, cutting out
power at low frequencies. Thisiswhy deep
towing isimportant for the enhancement of
attenuati on-defeating low frequencies for large
aperture work, and why shallow towing is
required for high resolution, broad band
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Unfortunately, shallow towing and high amplitude
aredifficult to achieve at the sametime. The
largest gun that you can usein a shallowly towed
array isdictated by how big its bubbleis. When
it'stoo doseto the surface, the larger bubble just
blows out, and energy islogt intotheair. Sodl of
these things work against each other.




At the other end of the scale, a
problem we have with deep towing is
-- deep towing. A compendium of
air gun towing depths versustowing
speeds from EWING shows astrong
and predictabl e relationship, which
indicates that deep towing isonly
possbleat low ship speeds.
Therefore, the most dependable
source of high power isan array with
thelargest number of air guns, which
if properly tuned, will havelots of
energy a all frequencies.
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Seismic Receiver Systems

Graham Kent
Scripps Indtitution of Oceanography

[Editor’ sNote: Followingisatranscription of Graham’s ver bal presentation.]

Thisis hopefully a complementary talk to the one given by John Diebold a few minutesago. | guessat some
level there's not as much physicsinvolved on the sound receiver end. One thing to noteis-- these are some
hydrophonesin which thereés usually thousandsin atypical marine streamer. They're probably a buck and a
half apiece, or something very low cogt. And then when we want to put them in a depth grester than afew tens
of meters, they become athousand dollars apiece. So therésalittle economicsright therethat'll get you going.
They will have someimplications on what we can do -- whether we have our receivers on the seafloor or
towed in astreamer.

At any rate, kind of from arecever perspective, people tend to group them, and it's somewhat arbitrary. They
tend to group them into either single-channd or multi-channel streamers, which are towed at a shallow depth,
usually around ten meters. And then there are the on-bottom instruments. Because of the scarcity of
ingrumentsfor the on-bottom case, people tend to do different types of scientific things, depending on what
type of an array you'relooking at.

In the conventiona multi-channe mode, most scientists are going out there looking at refl ectivity structure.
Thisisan example of some seismic reflectivity on the Sedimes (ph) Pacific Rise. Theseafloor hereisat a
depth of about a kilometer and a half -- actually about 1200 meters is the axiomagnachamber (ph). Thiswas
shat on the Ewing back in '91. Or one might use, in this case again the Ewing, to ook at faulting festuresin the
sediments. And thisis near hole 504B (ph), and herée's the basement and the sea floor. And again, were
looking at reflectivity structure.

And not to besat a dead horse, but well best it once more. Thereé's obvioudy more marginsimplications for
shallow water imaging. And again, all these were used with afour kilometer 160-channd streamer.

And here's some structure off the southern tip of Greenland. Herésanicelittle sedimentary basin here. Here's
some Seawer Dippinger (ph) collectors, which are kind of flep-assault (ph) type of events. But at any rate,
these arrays of receivers were used in akind of imaging modeto |ook at seismic reflectivity.

Thanksto longer and longer Streamers, and especialy even two kilometerslonger now with the Ewing -- and
thisisasotruein theindustry; six kilometersis getting to be kind of a standard size. Nat only can you ook at
reflectivity structure, which typically is behind the water wave up here on the kind of conventiona record
section, you can also see diving waves or refractive wavesthat best out the water wave. They tell you
something about the vel ocity structure. In this case, with only a very short streamer, they tell you something
about the shallow velocity structure. Now that the Ewing and other ships are towing longer and longer
streamers, it again blursthe notion of streamers, reflectivity, on-bottom instruments, vel ocity images.

Now that we have a plot with alot of tracers on it, it should also be noted, on the receiver end of things -- thisis
not rocket science-- the morerece vers, the better. And the more-- or the l ess distance between therecevers,
the better. And that'sreally because, in the end, the types of things that the end user wantsto do to their data
will belimited if the receiver spacing is quite large, and a so the shot spacing. If you go out and shoot hundred-
meter shot spacing, you'rethrowing away alot of useful thingsthat you could do with thedata. Somoreis
better. But moreis moremoney. So we don't necessarily always get that.

Now, when we-- and | have an on-bottom instrument well look at in afew minutes. But when the typical
userstend to put things on the bottom, one advantage that you get out of that is you can have amog infinite
source/receiver separation, or at least half the circumference of the globe. But at any rate, you tend to get things
morethan six kilometers, and those types of studiestend to ook more at wider angle events-- either
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reflections-- but typically just the diving fee waves (ph). And then that way, these events are picked and
thrown into an algorithm to make topographic images. And thisjust happensto be from a particular festure on
theseafloor.

But werre not looking at vel ocities. Wereno longer looking at acougtic impedence. So at someleve, at least in
the user community, there tendsto be these two different ways of looking at data. Aswe tend to put more and
more receivers on the sea floor, then we can start doing more imaging with actual on-bottom arrays with greater
and greater distances. That's something that we'rejust starting to head toward right now.

But what I'm going to do for kind of therest of thetalk, isI’'m going to look at an experiment that is probably
atypical of what has been going on recently, but probably more typical of what you may be asked to do. And
certainly in industry they've been doing it now for the last decade. We went off Acapulco to ook at thisfeature
that is an overlapping spraying center (ph) but it'sinherently, unlike these areas, very three-dimensional.

Mysdf, from the science end of things, at some point, we can no longer apply two-dimensional techniquesto
look at a 3-D object because of just the physics of sound propagation. It can really get oneinto alot of trouble.
So indugtry’s learned this along time ago, but in academia, it's always been kind of the capability. And now,
with the Ewing, therésthat capability. Workstations are cheap. The softwareisnot really cheap, but it's
cheaper. Soit's something that the academic community can start doing more often. So you'll probably be
asked by more and more of the principa inestigators whether you can do this on your ship, and if so, some of
the problemsthat one might encounter. And that’s hopefully what you'll get out of my talk from this point
forward isthat certainly what the end user’s going to want to do isalot more demanding.

One exampl e of that, although not the only, isgoing out and doing a 3-D experiment. And here again, we have
oval optic spreading center (ph) up close. Here's our imaging box with 201 lines going across, sacting (ph) like
this, and then steps along the back and all thelittle stars were 30 receivers, or ocean-bottom hydrophones. A
few of them had three-component sei smometers, as well.

So before we get into some detail s about things that you might find beneficia from doing these types of studies,
at least that we learned and in the future -- maybe we can go to the dide projector, and you can see some of
these-- | can't bring in the Ewing streamer short of some of the hydrophoneswe got. If anybody wants one,
yourewelcometoit. They make grest little ballugaphones (ph), as we've-- you can useit toligen to whales.
Nokidding. We made them while were out there.

That's the other disadvantage. It's also true the more streamersyou put in the water, the better. And we only
had one at thispoint. So we were out there for two months. So we were bored. But you can benefit from our
boredom.

Herésanother advertisement for the Ewing. Certainly it's been a great ship for what we've needed todo in the
last decade and beyond. Thefirgt thing we need to do, in some of these three-dimensional surveys, for instance,
if you wereto put down alot of receivers on the bottom, you're going to have to need -- you're going to need
Very accurate navigation.

In some cases, your typical P-code-Y -code receivers may just be on the hairy edge (ph). And so-- and in this
case, we had to downl oad the corrections from a differential GPS viathe INMARSAT (ph). It's something
that -- just doing that additional step would cost you about $20,000 today. Buit it will give you, in the middle of
the ocean, accuracies of ameter or two, as opposed to maybe ten, 15, with the other PY -codereceivers. So
that's lesson number one.

With all respect to our Lamont colleagues, the other lesson is sometimes these damn things get in theway. So
werrotated our survey alittle bit. But they werekind enough to give us permission to chop it off. And much to
Paul’s di sappointment, we were not ableto. But at any rate, thisisatypical sreamer, the onethat no longer's
on Lamont because they've got a nice newer one from Syntronic (ph).

But anyhow, thisisahundred -- typically could be deployed at 160-channd four-kilometer section with 25

metered group spacing. In this case, we only deployed 3100 meters. And again, that group spacing can be very
important, depending on what type of imaging processng we do. We probably -- well, you probably never
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want 50 meter group spacing. But whether you go 12 and a half meter or 50 meter -- you're going to get twice
as much datawith 12 and ahalf. But some of the imaging possibilities that the end user could use would be
affected by that decision. So that’s something to always keep in mind, that certain things would require 12 and
ahalf meter, especialy the high resolution-type studies.

Of course, it doesn't lieright there on the surface. We're bringing it in, and | waited for the thing to strum up
(ph) to get the splash. But usually it'stowed at ten meters, and its depth is contralled by these birds. Also you'll
see we get additional information that's useful.

Herésadreamer. Thiswas agraduate sudent at Woods Hole. We did have a Dutchman aboard, but we didn't
think -- we weren't smart enough to think about it until it wastoo late, but herésaholein the sreamer. Sowe
figured, a Dutchman with aholein thedike. But just to let you know, they put a petroleum product in there
that'skind of like kerosene -- kind of not -- for flotation. There's Josa (ph), who's been at Lamont for quite
sometime-- been very, very, extremdy useful.

And ancther lesson, if you put the streamer out for over 30 days during an El Nifio, it's great for growing zebra

muscles. That really can be a problem in the end, because you can -- we probably brought aboard something --

we figured out about a thousand pounds worth of muscles. And they don't come off very easily. Soit was very
problematic.

But herésadigit course bird that both -- with the curving -- the fin angle can contral its depth, which is
important, as John talked about -- the ghosting both at the source and receiver. And you want to be ableto fly
your streamer, aswell asyour source, a the sameleve, whatever you determineit to be.

And for doing 3-D surveys, therés also compassesin there. 1t'l tdl you what the heading on the actual

Streamer isat any number of points. In our case, it was 12. That allows you to reconstruct the shape of the
sreamer. When you'redoing 3-D, you have to stop thinking lines and think more about bin coverage. Soin
that way, you need to, for every shat, know exactly what the position of the streamersis-- maybe 100-, 150,000
times.

And thisisadigitization can -- digitizer that sendsthe data up the reamer. | think nowadays -- maybe John'll
prep me -- but most everything comes-- when it's being written out, it's written out in aformat that's SEG-D,
SEG-Y, but it certainly doesn't need to be D-multiplex. | mean, it's something that the user can grab ahold on
and gart processing that. So -- that's zebra musclesin there.

And also for if your streamer were to break, having atail, we might help you recover it. But in our case, and
for 3-D -- actually, | think for all surveys, but especially 3-D, it's nice to know where thetail of the Sreamer is.
And so therdsa GPS recaiver up here. It can be used to precisdy locatethetail. You know wherethe head is,
and then use al these compass bearings to recongtruct. Just from the compass bearings alone, you can get
about ten-meter accuracy. So again, it depends on what the user needs how high resolution asto whether you
really need areceiver on thetail buoy itsdf.

Here's some of the floats that John talked about here earlier. | think welost two over amonth and some, and
160,000 shots. So | thought that was pretty impressive.

Now we're going to cut to the Sreamer and go to the on-bottom instrumentation. Thisisawet version that's
also put together of an LCHEAPO hydrophone. And LCHEAPO -- | wish | could take credit for whoever
thought of it -- but low cost hardware earth applications physical oceanography. At any rate, it's a pretty good
one. At any rate, in thiscase, what werereporting is, wdl, pressure. And it'sahydrophone. You put a
sesmometer on there, and you can put some eectrical coilsand do magnetofluorescent -- it's actually quite,
quite versatile

Instrumentation -- asyou're bringing it in, it'sfloating in the water. Y ou can see some floats over here, and I'll

show you thosein asecond. Herésthe actual instrument package with the data logger and the acoudtic rel ease
benesth it. Hereit's being brought up to the surface.
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Now, as wetend to do these more dengfied (sc) surveys, and you start putting lots and lots and lots, and then
even more instruments on the bottom, having a single ship there, which runstoo much, but it's something like
20,000 aday, seemsalittle bit ridiculous to go around and pick up oneinstrument at atime. Right? | mean,
that'sjud -- the economics of that doesn't cut it. And heres Allister Harding (ph) and Paul Zimmer (ph) testing
the nation of usng akind of work boat to go around and pick these guysup. I'm not surethat it's ever been
done before, but -- so weretaking out the rdleases and -- the instrument that's used to rel ease the hydrophone
from the bottom. Herethose folks are out there at a distance bringing home the bacon, asit were.

It actually worked out really great. We used that just for part of one day, but in the end, we were ableto bring
up 30 ingrumentsin 48 hours, which isactualy quite fagt. So one could eventually put out araise of a hundred
or 200 on-bottom instruments and recover them probably in four or five daysif you used awork boat.

Another beautiful picture. Herésthe instrument coming on board, and the work boat, and the atypical day out
there, but it ends up in the dide projector.

At any rate, at asamplerate of 250 samples a second with a short battery pack, which you see here, we were
ableto record for about two months continuous on one channd. These have been deployed for over -- around a
year -- | think actually alittle over ayear. | think it was either -- they were 25 or 50 samples per second. Sowe
can -- and that was looking at more surface wave sudies. But at any rate, these things can go down for quitea
long time and record continuoudy. They had atemperature control oscillator right over here. It'sabout a
millisecond of drift aday. Sothat’s quite nice.

But at any rate, the signal comesin fromthisend. Thanks, Paul. And it's conditioned. Inthiscase, thisisa
16-hit recorder. So we play sometricks with the automatic gain control and just gain levelsto giveit more
dynamic rangein 16 bits. Welve actually designed and tested on that cruise a 24-bit verson. Sowe basically
throw this out and just put in a24-bit digitizer. And then it comes onto this-- it comes over here onto the bus.

ThisisaTattletale 8 (ph) processor, and essentially -- and aRAM card, and it buffersthe data for however long
your RAM card has been -- you know, it's minutes -- and then dumpsit to a SCSl drive. | think you can now,
obvioudy, shelve 18-gigabyte drivesin here. So certainly the battery isthe overal limiting factor. Even at that,
it can hang out there-- at least for at-the-source experiments, it can hang out there for a couple months.

At any rate, if you want to look at thisin more detail later on, it'll be up here

The other component, and obvioudy the moreimportant component -- it’s cheap, so don't worry -- isthe
acoudic rdease. Thisguy sitsin asimilar tube of aluminum that’s been anodized. Thisistime-domain (ph)
release where you send it a series of encoded signals.

At any rate, these two then get put into this package here. I'm not very successfully showing you how
lightweight it is.

And then theresflatation. And thisguy will then send asigna toaBirn wire-- soit's burlair (ph) technol ogy --
toreeaseit from the seafloor. Obvioudy, doing the on-bottom stuff'salot tricker at some leve than the
sreamer, becauseif something screws up, you don't get it back. And they're not that cheap, but relativey

cheap.

For instance, thiswhol e getup here, including the extra aluminum anodized tube and caps, just the parts alone
run like $9,000. And then with labor, it's probably like 15,000, and that's when you make like ten of 'em. Now,
if you wereto make a hundred of ’em, it would -- the price would come down. And | believe NSFisgoing to--
at least they're threatening to -- go to a facility mode more like PASCAL to hopefully, (a), stabilize the finding,
and (b), to end up giving the end user moreinstruments. Again, these things hopefully will grow, or something
likethiswill grow in numbersin excess of a hundred or 200 so you can do thesereally densified 3-D arrays, or
densfied 2-D arrays, and in a sense have a streamer that's Sitting on the seafloor. That's the goal, and hopefully
well get there.

82



INMARTECH ’ 98 Proceedings

So getting back to the -- again, just using this as a canonical experiment -- and I've already aluded to-- again, |
think if your users want to do 3-D, at least, and even if they do 2-D, they should notice the postion of the
sreamer. Thisisalittle program we wrote out at seathat grabbed in real-time al the bearing measurements
from the compasses aong the streamer, and then recongtructed the shape of what the streamer |ooked like. This
one happensto be straight. It doesn't necessarily -- it can be-- you can seeit when you go through aturn. It
will, obvioudy, have more arc on it.

Thisisan exaggerated day because of a passing-by hurricane. But the end of the 3,000 meter streamer is
feathering at athousand meters out. Thishasalot of implications for just processingin 2-D. It'scritical or of
absolute importance when you'redoing 3-D surveys. But there are some propagation problems when your
sreamer’s Stting out at this distance -- theintended line. And to date, most people just say, well, the Sreamer’s
directly behind me. And then if you don't know any better, then that's okay. But it really can cause anumber of
problems.

And then when you get done with a survey likethat and you've thrown your hundred-and-some-thousand shots
and find a unique midpoint between each source and receiver, then you get abin map showing the full
coverage. In thismap, whites good, black isn't so good. And the key thing hereis you don't want to have alot
of black, and especially you don't want to have black XY. One can certainly -- it gets called bin extenson, bin
robbing -- but you can take data that's dightly off from any of these empty binsand fill itin. They dothisin
industry. But it'simportant to havethisall in real-time, because you're out there shooting the survey, and when
we were finished, we still a number of days, and this map looked alot worsethan it isright now. So we had to
go and usethose extradaystofill itin. Sothisissomething that, as you get into this mode, or if you chooseto,
you haveto keep in mind that you can’t do your navigation reduction at home, because then it gets pretty
expensgiveto get back out there and fill in any major debts (ph), and we had a coupl e of them.

Thisis somereal-time processing out at sea. Just to get alook at what things might look in akind of typical
2-D mode -- seafloor -- herés areflection from a met-body (ph), and here's some stuff down at the mo-ho
(ph). Thesearekind of, again, the notion of what things looked like in cross-section.

An advantage of being 3-D -- and | shouldn’t show you this because thisisn't areal 3-D image. It'skind of a
fake. It'snot donewith 3-D processng. Soit lookslike hell warmed over. Excuse me, but it does. But you'll
get theidea, and I'll show you a better one from an ingrument.

Now you'relooking at what peopletend to doin industry. Hopefully that'll -- and then you start looking at time
dices. Sonow you have your 201 profiles, and you cut it thisway. Here's some of the met from lem-of-the-o
(ph) over up in Spring Center (ph) and some of the other. And these are all effects by not treating the data as
three-dimensional. Within, | think, about a week, well have the right image up. But thiscametoo early.

They don't even denote-- when people arelooking at margins -- thisis realy powerful, because you can gart
seaing dendritic stream patterns and channdls and whatnot. | mean, it'savery powerful way of looking at the
geology that you would never seeif it weren't for 3-D.

Now, going on the on-bottom receivers, again, thisiswhat atypical geophysicist might show you. Herésthe
direct water wave of an instrument, say, on theseafloor. Andfinally, at some point, the raysthat are turning
thecrust beat it out. It'sfaster. And herearetherefractions. And again, thisiskind of atypical refraction
survey. And also, the shots are quite sparse.

We were lucky enough to, in this survey, seethe data also while we were doing the refl ection acquisition.
Sametype of picture. The spacesare more-- or the distance between the traces are better, and again, that's
good. But wedon't want tolook at it that way anymore.

We want to then stack 201 of those together and then teke atimedice. And thisiswhat this picture here
shows. And again, herésthedirect water wave.

The best way of thinking of this, snce I'm supposed to talk on receivers, because we have areciprocity between
source and recever -- therés our link between our talk -- now the instrument on the sea floor is blowing up.
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And now we have our array of 120,000 receivers. And thisiswhat thewave field lookslike at 3.65 seconds.
Soif you weretolook earlier, you'd just see apoint, and the circle would come out, and at some point, you'd
seetherefracted arrival move out.

What's really nice about thisand why | think you're going to see more of it from the end user -- at least what
they want to do-- isnow you capture for just one instrument -- and you have many ingruments -- you've
essentialy captured the entirewave field. And you're ableto do so much of just better processing, different
techniques that you would not been ableto do earlier. Again, | think some of the-- that'smy last one.

Some of thelessonsto learn isthat, while the rece vers can be cheap in the streamer mode, and not so cheap on
the on-bottom mode, that the more of them the better. And hopefully, we have lots of them on that end. You
also haveto accurately locate them. And that’s going to require you to make sure you have differential GPS
that’s bas cally accurate to within afew meters. Y oure going to have to be able to reconstruct where your
insruments are, both -- not only for the streamer case, but for the on-bottom case. | do think as the numbers of
on-bottom receivers dart to get in parity with those, you'll see the techniques-- the kind of the vision between
what people do with it too will start becoming more blurry.

So| think it's actually a very exciting time, because both -- for instance, in the U.S,, the Ewing isalready hasa
brand new six-kilometer streamer. Now NSF ismaking amove, or soit seems, to go towards afacility modd
where we might have on order of hundreds of thesethings. Sol think thefutureis bright.
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Chirp Sonar Design for In-Hull Applications

Lester R. LeBlanc & Steven G. Schock
Forida Atlantic University

[Editor’sNote: Presentation given by Lester LeBlanc; Figuresnat availablefor this publication.]

Firg, I will giveyou alittleintroduction of mysdf. | have been teaching and doing research at the University
of Rhode Idand for 20 years, garting in 1970. Since 1990, I've been with Florida Atlantic University,
Department of Ocean Engineering. | started working on Chirp Sonar back at URI with Dr. Larry Mayer. Many
of you may know Dr. Larry Mayer. This program has evolved over the years,

Bagcaly, thisfirst figure (1) isan overview of the different kinds of options that were devel oped with this
system. It started with atow vehicethat has a separate receive and tranamit array. That way, thereis good
isolation between the transmitter and receiver. And in fact, the system can be transmitting at the sametimeit is
recaving. The Chirp pulse may be aslong as40 milliseconds. Soif it isused in shallow water, one must be
ableto separate the receiver and tranamitter signalsin this manner.

This option shown in thisfigure, the hull-mount option, isin fact, the way the Endeavor isset up, using athree-
by-four array of transducers. Thereisagted plate directly across the face of the transducers, but it'd be more
advantageous, of course, to have an acoustic window at thislocation. Thisway, there wouldn't be so much
airborne acoudtic ringing in the ship. Thisisin fact one of the minor problems with thissystem. Therésalot
of audible acoustic energy transmitted, and it is annoying when you hesr it over along period of time. John
Freitag at URI has mentioned this concern to me.

Therésaspecial transformer-matching network in the fluid filled transducer well. Thereésasoapre-ampin
thereand aTR switch. Also shown istherecever and transmit array. 1t has about 20 degrees of directivity
using athree-by-four array of transducers.

Question from audience: I'm curious. Isthere an optimum spacing for that -- in your opinion, for chirp sonars?

These are about a quarter of awavdength apart at the center frequency. 1t'sabroadband system, whichis
another aspect that | haven't mentioned yet. The system isdesigned to tranamit over alarge frequency range.
That's one of the advantages of the system. Typically, transmission isfrom two-to-ten kilohertz. We have
recently devel oped a new system that uses several different transducers to achieve greater frequency range - it
operates over aone-to-15 kilohertz range. Thisrepresents many octaves— alarge frequency range for a sonar
system to operate over. Operating the transmitter over many octaves providesalot of advantage, and well talk
about that in afew minutes.

The new system shown here utilizes a black box that has an imbedded DSP and aPC. It handlesthe
transmission of user sdlected chirp pulses at the required timeintervals. It interacts with the workstation,
which -- in fact, a workstation from a different vendor can be used here. A Triton workstation would work well
with this new system.

Also, the black box may be used with a towed vehicle thus supporting shallow water work with the same
platform - these two options are very compatible.

Thisthird option, which uses atelemetry recever — Edgetech now manufactures some systems with cable
tdemetry receivers. Steve Schock, who isthe co-author of this paper, has devel oped a modem option that
tranamits three megabits per second over 9,000 meters of UNOLS cable. This wastested on a cable at \Woods
Hole Oceanographic Inditution where this particular sysem isbeing used offshore.
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Thisfigure (2) shows an overview of the various types of sub-bottom system waveforms. It will give you an
idea of what makes the Chirp Sonar sysem unique. One of the unique aspects we mentioned wasthe use of a
broad bandwi dth transmitting pulse that sweeps out over arange of frequencies. Thisgeneratesalot of
acoudtic energy in thewater. By tranamitting over along duration of time much more acoustic energy is
generated than conventional pulsed CW systems. Instead of trying to operate with one very sharp acoustic peak
pulse, the Chirp Sonar spreads the transmission out over alarge duration of time so asto provide more acoustic
energy in the water.

The problem with long pulsesisthat resolution of the seabed islogt. However, resolution of the seabed is
obtained with the chirp after correation processing the received signal. Thisis because the output of the
correation isa very sharp wave et that has duration of the order of the inverse of the sweep bandwidth. Thus,
the more bandwidth used, the sharper this pulse will become.

Anacther unique aspect of the chirp pulseisthe use a tapering function -- this Blackman window tapering
function isvery much like the Gaussian shape—it is very doseto Gaussan. This provides another advantage.
Later on, well talk about how thisimproves the appearance of the records, which isrelated to the attenuation
factor of the sediment. The combination of broad bandwidth and near Gaussan tapering providesimmunity to
loss of pulse resolution caused by attenuation of the pulsein sediment. Attenuation does not cause much
broadening of the chirp pulse, however it decreases the peak amplitude of the pulse.

Totrangmit thisform of chirp pulserequiresalinear amplifier. Initialy, ordinary class AB audio amplifiers
were used for power amplification. Recently, anew class D amplifier that behaves very much like a switching
amplifier isheing used to power the transducers. 1t maintains 85 percent efficiency and functions very much
like atracking/switching power supply. It can drive agreat deal of power without much wasted energy. Yet, it
maintains about 40 db of dynamic range (about 1% linearity). The D-to-A isa16-bit ddta-sgma converter —it
uses 4X over-sampling which recongtructs the analog chirp waveform nearly perfect. It doesthisby usng a
digital filter tofill-in samples. Thereisnot much analog filtering neaded to improve the discrete nature of the
wave out of this sample D-to-A.

The A-to-D converter component of the chirp sonar system uses a 16-bit sgma-ddta. Thereisaprogrammable
gain pre-amp unit that is used to automatically under software control extend the dynamic range of the 16-bit
conversion. The signal from the A/D converter isdirectly supplied to the DSP processor, which isaTl, based
floating-point processor. This processor is more than adequate to perform the required signal-processing task
for the Chirp sonar. Again, the workstation has the task of contralling the operation of the DSP including

sd ecting pulse length, bandwidth and power used in the different modes of operation. In addition, the
workstation provides a diplay of the processed sonar information including the function of logging the data --
logging it on storage media a ong with navigati on information.

This next figure (3) illustrates a sub-bottom sonar record that was taken from the Endeavor in July 1995. A
three-to-six kHz swept FM; 40-millisecond duration pulse was used. In thisexample, the sonar isoperating in
roughly 3,000 meters of water depth and observing 15 meters of penetration. Thisillustrates the characteristic
high-resolution capability of the chirp system, even when operating in degp water from a hull mounted
platform.

Thisdataasoillustrates another characterigtic of the Chirp Sonar. Notice that the layer boundaries do not
appear to be widening appreciably with increasing depth — the processed pul se does not appear to be widened
asit attenuates within the sediment. As previoudy mentioned the reason for thisisreated to utilizing a
Gaussian - shaped pulse spectrum. It can be eadily shown that attenuation causes the Gaussian shapeto shift
the center (mean of the Gaussian spectrum) frequency to alower value without much loss of bandwidth. Since
the pulseresolution isinversely proportional to bandwidth, it does not widen appreciably asthe pul se penetrates
deep into the seafl oor.

Using hull mount sonar in desp water does have some shortcomings. Noticethe ' crossng’ artifact apparent at
strong layer boundary intersections. Thisisreated to the size of the aperture (beam width) and iscommon in
most sonar systems. In the Endeavor, the sonar operates with 20 degrees of beam width. Thisgeneratesalarge
acoudtic footprint on the sea floor when operating in 3000 meter of water depth.
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This next figure (4) shows one of our earlier tow vehicles. It containsfour line-recever arraysthat are
positioned along alineformed by the forward movement of the vehicle. There arefour projection transducers
in the unit to generate the chirp pulse. Thetransducer is specially designed using a Toplitz resonator design
with tuned head-and-tail masses. They are tuned to handle the broadband requirement of the chirp pulse. This
vehicle will trangmit chirp pulsesin the 1,000 to 10,000 Hz band.

The next figure (5) shows a cartoon drawing of the output of astandard linear FM pulse without any chirp
weighting. After corrdation processing, the enve ope of the compressed pulseis plotted asthered line. In this
example ddelobes are created by the abrupt nature of the pul se garting and ending. Using thelinear
FM pulse without wei ghting to chirp the sonar would result in seismic profilesthat contain a precursor of the
bottom in the water column. In other words, we would gtart to see the bottom beforeit actually occurred.

By using awindow function to taper thelinear FM pulse such asthe Blackman-Harriswindow, sidelobes are
significantly reduced and not noticeabl e in the sub-bottom image. However, the price paid for thisisthat the
pesk of the corrdated pulseiswider. In thisfigure notice that the peak corrdated pulseis broadened a small
amount with essentially no sde | obes apparent in the envel ope function.

Anather advantage of the Chirp Sonar isthat it is made of modtly digital componentsthat are under software
program control and thus can be modified with software changes. To calibrate the Chirp sonar for anew
acoudtic transducer, the transfer function of the transducer and receiver array pair ismeasured in atest tank.
The measured transfer function isthen used to pre-compensate the digitally generated transmitted signal so that
the emitted acoudtic Signal containsthe correct frequency characteristics for broad band operation. Thisis

possi bl e because the Chirp Sonar utilizes linear syssem components. Thisisan important aspect of the Chirp
Sonar that isreated to its high-resolution performance.

In thisnext figure, (6) the result of matched-filter processing isillugtrated. Thefigure showstheraw signal that
was received before match-filter processng. Observe how broad the unprocessed pulse appears. Itisnaot
possibleto identify closdly spaced sub-bottom layerswith theraw signal. In addition, noiseinterferenceisaso
obviousin theexample. After matched-filter processing, the noiseis nearly filtered out because the correlation
processor reects nearly everything that does not look likethe signal.

Thefirg arrival isastrong sgnal and istheresult of direct path transmission between the transmitter and the
recaver array within the tow vehicle. Notice the surface reflection, and then thefirst bottom, and then, of
course, all of the sub-bottom structuresin thisfigure. In this example the envel ope of the signal is not shown.
The use of the exact envel ope calculation in the Chirp Sonar enhances the display sonar sub-bottom image of
the seabed.

The next figure (7) illustrates another positive agpect of usng a broad bandwidth pulse. In thismodd, we
simulate the sea floor as a perfect acoudtic reflecting plane. Thesignal that is emitted from the projector is
reflected and received later by the receiver array. Thismodd is used to study the broad-bandwidth
characterigtics of the sonar astheincident angle of the projector/receiver to the seafloor is changed. The result
of themodd showsthat the chirp system containsless sidelobes in the angular response function when
compared to narrow bandwidth sonar. The comparisons are made between a 200-hertz, 3-kHz and 6-kHz
swept FM pulse centered at 6-kHz. The results show that increasing the bandwidth of the pulseresultsin
reduction of sidelobesin the angular response function.

The next figure (8) showsthe result of using atwo-to-ten kilohertz bandwidth sonar for the sameidesl
reflecting seafl oor. In thisfigure, observethat the main |obe time resol ution of the correlated pulseis on the
order of atenth of amillisscond. Theangular resolution is on the order of approximately 18 to 20 degrees.

Thereisadight dimplein the spatial/temporal side |obe response that is caused by the limited bandwidth of the
pulse. Reduction of Sdelobesisan important performance advantage that the Chirp Sonar has when compared
to narrow bandwidth sysems. The Chirp Sonar isa spread spectrum system that utilizes weighting functions
to achieve superior spatial/tempora performance over conventional sub-bottom imaging sonars.
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The next figure (9) isa comparison of the Blackman-Harris window to a Gaussian — this shows that the
Blackman-Harris window is a good approximation to the Gaussan window. In the next figure (10) observethe
effect of frequency dependant attenuation on the Blackman-Harriswindow - at higher frequencies, theenergy is
attenuated more than at lower frequencies. In effect, the mean of the spectral curveis shifted to asmaller value,
and the entire curveis reduced in amplitude while maintaining approximately the ssme width — Thisisa
desrableeffect. Thenext figure (11) showsthe effect of frequency dependant attenuation between, two-to-ten
kHz chirp waveform and two-to-sx kHz chirp waveform. This shows that waveforms with larger spread in
frequency produce larger shiftsin the center frequency, hence are more sengtive to seafl oor attenuation. This
phenomenon isdesirable and is used to classify sediments. We have observed large shiftsin center frequency
for sand — Note the appearance of the corrdated waveform after the pulse has propagated through 40 meters of
sand. Inthismodd, ardaxation mechanism was used to smulatelossin sand. Forty meters of sand isalong
diganceto expect for operation at thisfrequency. Becausethe modd does not include scattering of sound from
debrisin the sand, we expect the modd to overestimate depth of penetration. However, even in this case, the
amount that the pulseiswidened isavery small percentage. A two-to-six kilohertz sysemis on the order of
about a percent increasein pulse width, and a two-to-ten is on the order of ten percent.

At the sametime, the center of the Gaussan spectrum is shifting downward in frequency. Measurement of this
downward shift providesinformation for extracting materia type. In the next figure (12) you can seethat sand,
dlt and clay al have different attenuation curves. Notethat the horizontal axisislabeed in frequency, and
attenuation in dB per meter. Sand has amuch steeper attenuation curve. So we would expect it to shift the
pectrum considerably morethan clay or silt.

This next figure (13) isaplot showing the result of spectral analysis of areceved chirp pulsetransmisson as
function of depth. Theingtantaneous frequency (the center frequency of the pulse) decreasein alinear manner
until thesignal waslostin thenoise. By estimating the magnitude of this d ope, we can infer the type of
material - It turns out that in this case the sea floor material was st clay.

We have compiled most of the higtorical datathat's available relating attenuation to sediment type— Mogt of the
data was coll ected from the JASA over the past 20-year to 30-year period. In the next figure (14) we can
observethat thereisalarge amount of variance in the measurements relating attenuation to mean grain
diameter. Thismay be reated somewhat to the various methods used to measure attenuation over this period of
time. However, this data does provide us with a general idea of the way attenuation varies with mean grain
diameter. On theleft end of the curve, the materialsrange from day, fine-silt, medium-silt, coarse-silt, and
down further right to medium-sand. The shape of this curve that we used to ‘least squares’ fit al of thisdata
does not provide asignal valued function. In other words, a coarse-silt may behave like medium sand; thusthe
classification using attenuation is not suitable for differentiating between course-silt and medium-sand.
However, it does differentiate uniquely between st and clay.

There are other mechanismsthat are used to refine the in-situ acoudtic classification process. The Chirp sonar
system is calibrated so that the refl ection coefficient may be estimated form each acoudtic return —and also the
reflection coefficient of the reflectors beow thefirgt arrival. The next figure (15) showsthe rdationship
between impedance, porogty, and dendity. We have found a strong corrdation between the manner that
impedance; porosity and dendity arerelated to the depositional environment. Mogt of the data obtained for this
plot isfrom Hamilton’ s publications. In this example the depositional environment parametersare; grain
density is 2670 and therigidity of agrain is 1.8 timesten to the eight. These constants are properties of agiven
depositional environment -- the grain density and the grain rigidity.

By adjugting these congtants, we can shapethe model to characterize most environments. Thisnext figure (16)
shows a comparison between Narragansett Bay, and other Stes. Thisis The Emerald Basin data provided by
Dr. Larry Mayer; it is clearly from a different depositional environment. The next figure (17) shows ancther
aspect of our research that utilizes neural netsto track the layers within theimage. Basically, thisisalearning
process. It requires going through two sets of iterations of neural net analysis before the processor is adequately
trained so it can be used on other profiles.
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Thisfigure (18) showsthe training image that was used. Theimage contains many finelayersthat are easly
identifiable by eye. A trained observer would know whereto draw the lines a ong each sub-bottom layer. Itisa
much more difficult task for a computer to achievethe sameresult. After training the neura net usng the
previousimage, we apply the analysisto an unknown test image, and observetheresults. The neural net moddl
tracked most of the layersvery well. Later thisresult isused in our classfication mode to derive grain density
and predict the materia type.

The next figure (19) shows the newest Chirp Sonar System developed at Florida Atlantic University. It
uses two sets of transducersto cover the frequency range of 1-to-15 kilohertz and utilizes the resource of
the DSP processor in the vehicle to generate the chirp pulse. Also included in the DSPisthe A-to-D
conversion. Thedigital information isnetworked to the surface where the display function ishandled.
Woods Hole Oceanographic Institution is the owner of this vehicle that was devel oped by Dr. Steve Schock
and Dr. Neil Driscoll a Woods Hole. Using this vehicle, experiments are being conducted near-by
offshore today. We refer to thisvehicle as a sediment classification vehicle. It operates on amuch larger
frequency bandwidth that spans therange of 1kHz-to-15 kHz.
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Multibeam Bathymetry Systems

Dale Chayes
Lamont-Doherty Earth Observatory
Columbia University

[Editor’sNote: Followingisatranscription of Dal€ s verbal presentation.]

| offered two stories -- ashort story about how | spent my summer. It seemed more appropriateto talk briefly
about swath bathymetry. So | spent most of my summer riding around the Arctic on asubmarine. Well see
some fragments of that, but not much.

More probably to the point of this group and this audience, a short ory about the at-sea business end of swath
bathymetry. | supposethe palitically correct opening isto say, "Once upon atime' -- swath bathymetry didn't
exig. Itwasredly, really smple. Then it appeared, and it was magic, and there was only one kind, and there
was only one placeto buy 'em, and they only camein onesize, and it was awkward initially. Then we figured
out how to do it, and we thought we were pretty cool. Then all of a sudden thisrevolution cameaong. All
the -- prior to swath bathymetry, side scan’s been around for along time. Thereareredlly two swath
bathymetry tools, and there's what | found to be a pretty he pful paper by Grant Blackinton (ph).

Lifeusedto besmple. Then it got complicated. Grant presented a paper at the ITREGLI (ph) Oceans meeting
in Hawaii in 1991, | think -- there's some references at the end that are not stuck in my mind -- in which he
proposed that we should talk about side scan swath bathymetry systems and multi-beam echo sounders.
They'rein the avalanche of new sysemsthat have appeared in the last eight or ten years.

We can lump them grossy into systems that look alittle bit like Sde scans. They makereal good image. They
make what we used to consder to be pretty good bathymetry, but in the meantime, the form beam sounders got
to beradically better. The short gory isthat form beam SONARs make better bathymetry and not quite as
good image data, and the side scan SONARs make pretty good bathymetry and better image data.

For both classes, we are seeing more and more peopl e today who think you just order these up from Sears, or
wherever they come from, and afield service guy comesand ingallsit, and it al works. What we've cometo
learn isthat that part’'s ill awkward. All of the swath mappers depend atremendous amount on other data. In
fact, in theresolution of the screen digplay thing -- you probably can't read it. It says, " Sound speed profile,
position, attitude, heading, sound speed at the ked, META data," which some of us are sacraficing to our
eventual displeasure. All feed to the swath mapper in real-time and provide real-time displays and data
recording.

I’m not going to talk today about what you do with the data when it's recorded.

We should talk in the briefest sense about some of these pieces. Maybe in the discussion well come back to
this. Theshort sory isyou haveto get all those partsright, and then you haveto get them right in real-time.
And as you migrate from smple ol d-fashioned deep sea swath mapping to shallow water swath mapping, the
definition of real-time gets much morerigorous.

| picked a sdlection -- there are actually two interesting review papers from the middle 80s, one by Bob Tyson
(ph), another one dightly more recently by Chrigtian de Moustier . That survey -- the callection of then-
available swath mappers-- and they're both pretty short papers. New systems have been appearing at a
stunning rate. 1’'m not aware of anybody who's had the nerve to tackle a current generation survey paper. It's
not going to beme,

I smply rooted around in my file drawers and on the web and collected some example systems wherethe-- in

the smple old days, you had SeaBeam dlassic that made a 45 degree swath and 15 or 16 beams on a good day.
It ran at 12 kilohertz. Thereare-- 12 kilohertz il turns out to be the nice frequency for deep sea systems.
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Therésawholerange of additional syssems. The HydraSeek DS (ph) was the big revol ution -- was the hot-
running swath mapper for arguably 18 month -- might make the case that it was only the hot-running system for
eight months. In any case, we bought onein that window.

Immediately after that, the SIMRAD (ph) guys came along and turned the world upside-down with aradically
better syssem. Probably lagging behind alittle bit these real high frequency, high resolution shallow water
systems came, and that al theragethese days. At this end of the spectrum, most of these sysems don't work
very well in water depths shallower than tens of meters. Some of them don't work very well in water depths
shallower than 50 or 100 meters.

The guys up herein thisend of the scal e are quite happy operating with ameter or ameter and ahalf of water
between the array and the bottom. 'Y ou get to the place where the draft of the boat is a big percentage of the
total water depth that you get to work in. And the error budget changesalot. When you work in three meters
of water, the draft of the ship asit changes over the course of the day as you burn fud becomes a significant
portion of the error budget. In the deep ses, it's not something we even think about.

Thisisan image borrowed from SeaBeam's web site. It'snot my intent to talk about the performance of
specific vendors, smply atypical kind of performance curve. For the form beam SONARS, as you get into
very deep water, thefull swath width decreases.

It'squitetypical for the form beam SONARSto generate some narrow swath in very shallow depths-- narrow
in an angular sense-- and eventually narrow down as the ocean gets significantly deep. The very shallow water
sysemsdo the samething. They all scale-- the scaling issubtly different.

On the sort of small end of shallow water systems-- thisis somebody’s house over here. It'sapicturefromaC
and C ingallation of aSIMRAD EM950, which is one of the early very shalow water swath mappers.
Actualy, it was afairly complex array by modern standards. It hasasemi-circular array. It hasthe unique
advantage of being ableto see out to the side and actually produce bathymetry virtually laterally.

Similar very shallow water systems-- we just installed a 300 kil ohertz EM3000 that's on the Onrust (ph) at the
moment and likely to move to other shipsover time. But thewhole array isathird of ameter in diameter. The
other end of the spectrum isa picture of the under-hull on the Knorr. Thisisa SeaBeam 2112. It'sa12
kilohertz current generation system from SeaBeam. Thisisone Sde of the receive array, and you can see most
but nat all of the transmitter ray behind Gus-- these array segments -- the receive arrays and bl ocks of eight
hydrophones, and they're about two thirds of a meter square.

The other class of SONARs typified by these guys -- and there arelots of othersthat aren’t mentioned here.
These guys make one beam to each Sdetypically. Sometimesthey're actually congtructed to make asingle
very wide beam that covers both sdes. They'retypically, but not always, used astowed systems. Well see
some picturesthat range from very shallow water sysemsthat make swath widthsin the small numbers of
meters-- I'm not quite sure what one does with athree-meter-wide swath on atowed SONAR where, even
under the best of circumstances, knowing wherethe SONAR isto a significant fraction of the swath width isa
problem -- out to nine, ten, 11 kilohertz sysemsthat ook out -- that produce swath bathymetry ten kilometers
out or more.

From the outside, almogt all of theselook liketypical Sde scan towed SONARs of onekind or ancther. There
arelots of opinions about how they get packaged. They'real towed. They al have subgtantial problemsin
understanding at the pixel level wherethe pixelsgoin geospace. They get from the-- what are euphemistically
called "hand launch” -- these -- thelittle guysin the early pictures -- you're supposed to drop over the sern and
pull them up by hand -- to enormous SONARs that are -- thisisthe SISSO-9 (ph) from Sea Floor Surveys.

The previous pictureis from Hawaii Map and Research Group. Thelaunch and recovery sysemsfor these
guys comein their own 20-foot sea freight container-sized box, and they place pretty big congtraints on
shipboard ingtallations. Y ou need alot of deck space. If they don't have their own handling gear, you need
more.
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The atypical sde scan swath bathymetric SONAR isthe thing we've stuck on the submarine. It is packaged as
if it wereatowed SONAR. Thepod isthispieceright here. Thisgructureis handling the frametoingtall it
undernesth the submarine at the pier. It goesin the water on thisframe with divers. Therés one here, and the
other diver isback in there. Thisisthe submarine. That'sthe pier.

That weighs 9,000 pounds, and werig it up undernesth the submarine and bolt it on to threaded insertsthat are
there. And that'sthe front of thispod. It'sabout 18 feet long. It'sabout three feet wide and amost three feet
high before the bearing covers go on. These are the cables from the sub arrays-- go up insde the submarine
from there

It'sthe only phase measure that I'm aware of that's actually hull-mounted. Ordinarily, a SONAR like that
would betowed in somekind of atow bodly.

Thisisacollection of references. | would strongly encourage you not to write them down now. I'll email
them to you if you can’t wait until the proceedings come out.

Thereferences -- thisis that paper that Blackinton presented in addition to the terminology about differentiating
between multi-beams and sde scans-- or side scan bathymetric SONARs. Theresafair amount of discusson
in there about error budgets and the sources of errors. Thetwo review papers from Bob Tyson and Christian
Mousdtier.

Therésasoin hereacollection of web sites. John Hughes Clark and Larry Mare and others at the University
of New Brunswick Ocean Mapping Group have a wonderful web site full of pontification, most of which is
pretty well-founded, about the merits of various kinds of mogtly shallow water swath mappers. Thereasoisin
there, | think new recently, isan outline of the training coursesthat they run, which arefairly impressve.
Therésacouple of dassic booksif you actually want to understand how the acousti cs and the data processing
work. Urich (ph) isout in athird edition, and thereés abook Neilsen (ph), SONAR Signal Processing, talks
about the foundations of the commonly used processing beam forming algorithms, and some new algorithms
that arenat, asfar as| know, currently employed in swath mappers.

Therésaso-- | guess on the previous page therewasa URL to NB System (ph). Therewill beanew rdease
out shortly. Therésa catch-up re ease for us for those of you who care that addresses virtually al of the bug
report (ph) we've gotten in the last -- Sncethe previousrel ease.

That'swhat | wanted to say today. I'll be glad to answer questions. | guess were at the place where-- maybe
Paul’s going to answer all the questions.

PARTICIPANT: For ingtance, does Mare's URL -- doesthat contain his Bay of Fundi turkey shoot?

MR. CHAYES: Therearetwo extensve data setsin there about their inter-comparisons. | haven't fully mined
it. Itgoesonfor alongtime | don't recall seeing anything in there about the Bay of Fundi comparisons.

MR. FINDLEY: Rich Findley, Universty of Miami. In the beginning, you started out with the problem of
interfacing all the sensors and everything. Many of the manufacturers are ddlivering the sysemswith al those
sensors as part of the system.

MR. CHAYES. Nameone

MR. FINDLEY: Zimmerec (ph).

MR. CHAYES: Nottrue. | just took ddivery of one. It'snot al there

MR. FINDLEY: They quoted me onethat way. They promised it would do it; that they would come down and
situp.
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MR. CHAYES: Yup.

MR. FINDLEY: And it would work, guaranteed, or they would St there until it did.

MR. CHAYES: Yup.

MR. CHAYES: That part isabsolutdy true. I've been very impressed with their response to the questions that
weveraised. Somebody has shown up every time, and they've been pretty good about sorting out the details.
But | would arguethat they didn't put al the piecestogether and integrate them all before they got to us.

MR. FINDLEY: That wouldn't bother me aslong asit didn't cost any more for themto doit.

MR. CHAYES: Wéll, what's ship time cost you?

MR. FINDLEY: Nothing.

MR. CHAYES: Nonsense.

MR. FINDLEY: Wdl, | mean, the ship time wouldn’t cost me anything.

MR. CHAYES: "You" was aeuphemism.

MR. FINDLEY:: It'sa 300 kilohertz thing up on a 50-foot boat.

MR. CHAYES: What do you get for 50-foot boat days, or whoever gets the money?

MR. FINDLEY: It wasin-house

MR. CHAYES: Sure. Butif you were sdling those daysto customers, it brings --

MR. FINDLEY: If you're sdling the days, that'sawhole different issue. I'm talking about initial installation
and setup --

MR. CHAYES: Therearered cogs. Do you just givethe guys who cometoingall stuff on your ship the keys
and ignore them?

MR. FINDLEY: No.

MR. CHAYES: So you've got somebody tied up there--

MR. FINDLEY: But you likeliketolook at it for awhile before you (indiscernible).

MR. CHAYES: | haven't seen acase yet -- and I'd be happy to be proved wrong some day soon -- wherethe
all-seeing, al-dancing box with the on/off test switch came and plugged in per the manual and worked right the

first time.

MR. FINDLEY: Oh, | never would've expected that. 1t'sjust -- | knew that you were going to have to beat
them up alittle bit.

MR. CHAYES: All of the vendorswill sdl you aturnkey package.
PARTICIPANT: Without the key.
MR. CHAYES: They charge money for thekey. That'sokay. That’s part of the job-- you know, part of their

job description. At someleve, thereis-- one needsto be cautious and careful and conscious of that
expectation gap. We saw on my fancy lap-top here that’s been very reliable for avery long time not do what it
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was supposed to do. It was doing what it thought it ought to do, whatever that was. But it wasn't what | wanted
it todo. Somewherein between the unrealistic expectations and the unrealistic promisesistheredlity that we
livein every day. At someleve, that'ssort of our job.

PARTICIPANT: If it al worked out of the box, what would we do?

MR. CHAYES: Cdllect wefare.

PARTICIPANT: All work at a Radio Shack.

MR. CHAYES. Wed be down there on the beach with the surfers.
(Laughter.)

MR. CHAYES: And we wouldn't have bags under our eyes.

PARTICIPANT: And you just wish you worked at Scripps.
(Laughter.)

MR. CHAYES: I'd bejudt happy to stay in one place for afew months.
MR. HENKART: Yes

PARTICIPANT: (Indiscernible)

MR. CHAYES: Greg Greshan (ph), Arctic survey?

PARTICIPANT: Yeah.

MR. CHAYES: Yesh.

PARTICIPANT: | see on your picture of the transducer ingtallation that things are
mounted in (indiscernible). They'renot doser to the (indiscernible.)

MR. CHAYES: Yes

PARTICIPANT: Have you got any experience of (indiscernible) whether that should be mounted to the
(indiscernible).

MR. CHAYES: Yes
PARTICIPANT: And do they work?

MR. CHAYES: They don't work as good as weld like them to, but they work okay. The Ewing hasaflush-
mount Hydra-seek (ph) DS. The Polarstern (ph) has a flush-mouth Hydra-seek DS. The Palmer hasaflush-
mount SeaBeam 2112. The flush mounting itsdlf, | think, isnot really abig issue. We've seen someflush
mounts go awry where they're actually recessed. So you trap whatever bubbles come by, and then you get a
bubbl e up againg the face of your transducer. When you tranamit, you make bigger and smaller bubbleslike
seismic sources. 'Y ou don't get much energy in thewater. That's only an execution detail.

| think part of the bad to mediocre press the flush-mounts get is that they're flush-mounted on shipsthat have
horrible hull forms for moving quietly through the water, because they're maybe the icebreskers. We make
them flush so they don't get scraped off. Therésaclear corrdation that flush-mount systems are somewhat
accoudtically noisier. But part of that, at least, isthe hull form in front of it. One of thethingsthat helpsalotis
to make your icebreaker have aten-meter draft so that the transducers are way down there where the ice doesn't
come by very often.
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PARTICIPANT: Too light to bresk.

MR. CHAYES: Yeah. That's-- that on€'s hard to retrofit.

PARTICIPANT: Andit'sfive metersaready.

MR. CHAYES: Yeah. Changing the shape of the bow isaproblem. Weve talked about that asan end
member of what you do. | didn't bring with me a picture of the Ewing. We built a big thing that looks alittle
bit like a clothedine suck under the bow of the Ewing that does a fair job of separating bubbles soup (ph) down
and kesping it away from thearrays. Unfortunately, the firgt iteration of that thing was built with pretty sharp
corners. And wetook it back into the body shop and changed that.

There are other icebreskers out there with flush-mounts. Do you think you're having trouble with a flush-
mount?

PARTICIPANT: Wdl, haven't got a system yet. Werelooking to the future.

MR. CHAYES: Anticipating trouble.

PARTICIPANT: Yes

MR. CHAYES: It'sgood to plan ahead. | strongly encourage that.

PARTICIPANT: Weve got numerous transducers on the (indiscernible) flush-mounted. Wevegot a
(indiscernible) system, which ison 38 1.22 kilohertz. That on€'s (indiscernible) according to (indiscernible).
So | think we might have (indiscernible) has avery broad range (indiscernible) particular ingtallation or what.
Theres definitely a problem, though, with that one. But it could be any number of factors.

MR. CHAYES: Arethey behind windows? Areyou --

PARTICIPANT: Yeah. They're behind this (indiscernible) window.

MR. CHAYES: Polycarbonate.

PARTICIPANT: | think that'sthe --

MR. CHAYES: Poly-something, or isit really polycarbonate?

PARTICIPANT: | believeit's polycarbonate. (Indiscernible)

MR. CHAYES. Mog of those are polyurethane or some-- but | know that SSIMRAD has expressed some
concern about polyurethane windows at high frequencies causing problems with the calibration of the EK500s.

PARTICIPANT: Yeah. Therésasort of refraction problem (indiscernible) shape.
(Multiple smultaneous speakers, indiscernible.)

MR. CHAYES: Thehigh end of the EK500 -- | don't know. Y ou came make it anything you want, but it'sa
couple hundred kilohertz --

PARTICIPANT: No. | just dowonder if you got (indiscernible) or if we're going to purchase a very expensive
swath bathymetry system and (indiscernible). 1t would be rather annoying.

MR. CHAYES: Yesh. Wdll, --

PARTICIPANT: All we can doisask peoplelike yoursdf and finding out what experiences you've had, |
guess --
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(Multiple smultaneous speskers, indiscernible))

MR. CHAYES: -- you know, amillion, two million bucks and see what happens. In theend, | strongly
encourage you to plan ahead and think out those problemsthe best you can. SIMRAD has proposed atitanium
window for icebreskers. | don't know if there's any operating experience with titanium windowsin swath
mappers. All of the more or less successful windows that | know about are either polyurethane windows or, in
the case of the Atlas DS, the transducer is actually a molded pol yurethane block, and it's actually exposed to the
ocean.

PARTICIPANT: Yesh.

MR. CHAYES: And wd-supported in the back.

PARTICIPANT: (Indiscernible) from UGBO dation (ph). We have the the EM-12 (ph) on board one of the
(indiscernible) which goesto Antarctica and has six millimeterstitanium window on the EM-12.

MR. CHAYES: On Hesparides (ph)?

PARTICIPANT: Hesparides, yeah. It works pretty well. Y ou have some attenuation, but (indiscernible) on
the operator unit, and it takes account of the attenuations, but (indiscernible) with reasonable -- see you can get
very good results after 12 knots-- between 12 --

MR. CHAYES: Soit actualy projects below the keel ?

PARTICIPANT: Yes. It's--

MR. CHAYES: It'snot flush-mounted.

PARTICIPANT: (Indiscernible) centimeters.

MR. CHAYES: Wow.

PARTICIPANT: (Indiscernible)

MR. CHAYES: Uh-huh. A tear-drop shaped pod.

PARTICIPANT: (Indiscernible) It'svery good. Thissystemisquite good.

MR. CHAYES: Should gotalk to them.

PARTICIPANT: Yeah, but theirsis gticking out.

MR. CHAYES: Yeah. I'm surprised that it's sticking out.

PARTICIPANT: (Indiscernible)

MR. CHAYES: | guessit depends on how much ice-breaking you redlly intend to do.

PARTICIPANT: (Indiscernible) top of the ship becausein certain places we haveto useit (indiscernible). You
don't want to increase (indiscernible).

MR. CHAYES: Do you have aflush-mount on the Revelle, theflat --
PARTICIPANT: It'sthe bottom thing.

MR. CHAYES: It'sawhich?
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PARTICIPANT: It'sa(indiscernible) tothe hull.
MR. CHAYES: It does protrude?
PARTICIPANT: Yesh, alittlebit.

MR. CHAYES: A littlebit. Yesh.
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Geophysical Technologies
Discusson Session

MR. HENKART: So actudly, there are a couple of chairs up here and microphonesif the speakers want to Sit
here, or if they just want to usethe Sdes, that'sfine. But just so that it does get on tape, and if anyone has any
pecific questionsthat didn't get them before-- 1 mean, | asked -- had a couple of questions.

I'm liketotally off base here, but I'd liketo ask Dr. LeBlanc aquestion. Could you categorize the differences
between the EGG system and the Datasonics.

DR. LeBLANC: Y ou mean the Edgetech (ph) system.
MR. HENKART: | don't know what I'm talking about.

DR. LeBLANC: Wédl, therésaloat of history that goes behind that. That system -- | designed that system early
on that Datasonics was using. So they've made changestoit, and | don’t know reslly very much about the way
it runstoday. | haven't seen one operate.

Weve developed al of our technology whilein the university environment. Thiswas sponsored under the
Office of Naval Research. Edgetech has brought that from the university. So they have an agreesment with the
university, and they pay royalties, and so on. Soit'san ongoing program. It'sgoing on today, in fact.

PARTICIPANT: I'vegot aDatasonics. | was wondering if there was any technical differences and, you know,
performance differences.

PARTICIPANT: | looked at both before! bought them. | bought the one with the PC because it was easier for
usto maintain because we had tons of those around. Support was easier for usto do. That was an issue for us.

PARTICIPANT: But you didn’t see any performance difference?

PARTICIPANT: Nothing that wasimmediatdy obvious. Wewere doing the front -- we were doing one of the
firstin-hullsat thetime. Doing thein-hull isalittletrickier. They came up with a sol ution that seemed to work
out. But they've gone through a coupl e revs on the Datasonics, and | don’t know how it really does compare
that well. | mean, wetried to do some inter-comparisons between the systems. It’'snot as easy to do asyou
would think, even though they're supposed to do bath kicking out SEG-Y, and you're supposed to be -- you
know, wetried to go over the same areas with two different chips -- with two hull-mounted systems. People sat
looking at the data, you know, the printouts, and said, wel, what one's better? This--

PARTICIPANT: Wédl, | suggest you talk to Neil Driscoll. Hedid a comparison between the two sysems. He
hasn't published that data, but | think hewould talk to you as ascientis.

PARTICIPANT: And there's aso some dependency if you'rein deeper water or shallower water, too. | mean,
| think the -- in real deep water, you're going to limit the frequency more because you can't sweep it as far
because the high frequency just goesaway. It'snot going to bethere. It's never going to get back to you.

| think you put it in the shallow water, | think isan excdlent --
PARTICIPANT: Wédl, the hull-mounted systems, alot of these ships aready have massive transducers, which
arefairly band limited. Theyrevery efficient, and they work very wdl in that threeto six kilohertz range.

They can be swept and generate a Chirp pulse. Therecordslook very good. The Endeavor record | showed
you was a Masser (ph) system.
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So you don't haveto changeit out. But changing it out will give you more bandwidth, and essentialy you can
redize alittle moreresolution, especidly if you're doing any work in shallow water, as wdll.

PARTICIPANT: Right. Likeat the shallow end (indiscernible). | think we're sweeping this Masser up to eight
on aregular basis.

PARTICIPANT: They don't put out very much energy up there, though. | know that because I've looked at --
wdl, I'velooked at the onesthat were on the Endeavor. We calibrated them before we --

PARTICIPANT: Fooled’'em. Sure And theother -- | have some data from along time ago when we were
fooling around alot with transducers and thingslikethat. Raytheon did alot of work for us with arraysand
looking things. And they -- we kind of arrived at a-- if you take afour-by-four array, and then take the corner
transducers off, it wasavery -- there were alot less Sde lobes out of that than alot of the other arrange- -- and
thiswas measured, and that was over -- at a coupl e different frequenciesthat they had done that.
PARTICIPANT: That might tend to reduce Sdelobes, because it behavesalot like shading. You'rereducing
the energy at the edges of the array, which is-- which would tend to reduce the sidelobes. 'Y ou can accomplish
the same thing probably by driving the array d ementsindividually.

PARTICIPANT: Sure It actually had better performance than the full 16 trans-vigt (ph).

PARTICIPANT: That'spossble. And they interact, too. When you put transducers next to each other, they
interact. They acoudtically interact, and they couple energy between them. So their characteristics change. So
you redlly haveto callibrate them as a group.

PARTICIPANT: Yeah. That'swhat we were working --

PARTICIPANT: Yesh.

PARTICIPANT: -- shuffling transducer (loud coughing; indiscernible) trying to pick the best arrangement and
playing with the --

PARTICIPANT: Buttherearealot of Masser transducers out there. Mogt of the ships hull-mounted systems
have Masser transducers.

PARTICIPANT: Yesgh. Under various names. | mean, alot of them are--
PARTICIPANT: Under the Raytheon nameand so on. Yeah.
PARTICIPANT: And there were different series, and predences (ph), and -- yeah.

PARTICIPANT: Can | ask aquestion very quick before you move on? I’'m Dave Summers (ph) with NAV
Ocean (ph). Your dide showed three different means of mounting a (indiscernible).

One was hull-mounted version that had the option of putting the shallow tow vehideintoit. And the other one
was adeep tow vehicle Soit redlly gave you three arrangements. What kind of depth range are you
recommending for each of these. In other words, a shallow towed vehicle should bein what range -- hull-
mounted in what range, and the deep tow in what range?

PARTICIPANT: Wdl, the shallower tow vehicle, the sediment dassfication SONAR, normally, wetow that
about ten meters above the seafloor. That produces datathat you can use for classifying sediments.

PARTICIPANT: Okay. Sediments-- but sedimentsin what depth of ocean floor?

PARTICIPANT: Twenty, 30 meters of penetration. It depends on the material typethat you're dealing with.
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PARTICIPANT: Right.

PARTICIPANT: A lot of peopleareinterested in getting closeto the sea floor with the same sysem. Sothere
areanumber of these on ROVs. Edgetech hasjust deve oped thistd emetry system for degp towing the Chirp.
| think therating thereis based on what the transducers will take, and it's about 3,000 meters.

PARTICIPANT: On the deep tow?

PARTICIPANT: Yesh.

PARTICIPANT: Isn't that alittle shalow (indiscernible) 300?

PARTICIPANT: It'sten metersfrom the seafloor.

PARTICIPANT: From the seafloor.

PARTICIPANT: Tento 20 meters off the seafloor. So, | mean, it depends on the water depth. They can
handle a thousand meters of crush depth.

PARTICIPANT: And then with the hull-mounted system, then, you would recommend going to that
(indiscernible).

PARTICIPANT: Wél, the hull-mounted system can be used in shallow water. Y ou can -- it generatesimages
that are almost as good asthe vehicle-- not quite as good.

But, you know, as you get -- the problem is, as you get -- asthe water gets degper, that cone from the beam
pattern coversamuch larger footprint. Asthat sound penetrates through the sediment, there are scatterersin the
sediment that you pick up. It goesto pot very quickly. You don't get information that you can use for sediment
classfication.

PARTICIPANT: Soif I'minterested in sediment classification --

PARTICIPANT: Or penetration.

PARTICIPANT: Either/or -- and | have a hull-mounted system, | should |ook at perhapsnot using it at any
depths over agiven value. What would that value be?

PARTICIPANT: Wédl, what you saw there waslike 3,000 meters.
PARTICIPANT: Threethousand.

PARTICIPANT: It'sjust that it doesn't generate as clean animage. | mean, you could see where things were
changing --

PARTICIPANT: Right.

PARTICIPANT: -- because of that crossing-over effect.

PARTICIPANT: Because of the (indiscernible).

PARTICIPANT: Right. But ill, alot later, it wasidentifiable. We could seethe all that fine layering.

PARTICIPANT: Inthat case, if | wereto purchase a system that allowed meto use just -- that allowed meto
use the hull-mounted transducers and (indiscernible) shallow towed vehicle--

PARTICIPANT: Y ou could do that.
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PARTICIPANT: You could dothat.

PARTICIPANT: Yesh.

PARTICIPANT: And usethe shalow towed vehicle for -- what? -- athousand --

PARTICIPANT: You could usethe samedriver, becauseit’s-- the sgnal isdriven down the cable. Or you can
put the whol e e ectronicsin the vehicle-- that newest vehiclethat you seethere that Steve Schock devel oped
with Driscoll, which hasall of the dectronicsin thevehide Hesnetworked toit.

PARTICIPANT: But the problem that you have then isthe same problem that you have with any kind of
towed device, which is positioning the towed vehide.

PARTICIPANT: Knowing whereitis.

PARTICIPANT: Knowing exactly whereit is.

PARTICIPANT: Yesh. Navigationisthebig--

PARTICIPANT: And then | assumeit'sthe same thing with -- we're having problems with mosaics--
generating mosai cs with side scan (indiscernible) which isthe other dassthat you guysareusing. Does
anybody know of anything that’s out there right now that gives us alocus of the towed vehiclerdiably versus
the mothership? -- the best --

PARTICIPANT: Thebes (indiscernible) istheinverted tracker from SIMRAD. It actually lives on theremote
vehicle and tracks the beacon on a surface ship. 1t'san HVR-something or other.

PARTICIPANT: HVR?

PARTICIPANT: | can dig up thereferencetoit, or you can just call Congs Bergan (ph) in Lynwood.
PARTICIPANT: (Indiscernible) hype up on HVR.

PARTICIPANT: And thiscan attach to amost any towed vehicle?

PARTICIPANT: -- just about the samething. Y ou put a beacon on the towed vehicle, transducer on the ship.
It's coupled to the navigation. Y ou know exactly wherethe-- you can get within ameter of whereit is, and it
tracks at the angle from the ship and the -- yesh.

PARTICIPANT: Did wefindly get that working?

PARTICIPANT: Yes, wefindly got it working.

PARTICIPANT: There wasa problem with -- thiswas a-- my name's Jerry Denhoff (ph) with the Naval
Oceanographic Office. Therésaproblem, | guess, becausethetrack (indiscernible). And there'san orientation
problem. We werefinding this two months ago -- that we were finding the fish -- the Trackpoint (ph) were
saying that the fish was maybe a hundred meters back behind the ship off to one side or the other.
PARTICIPANT: Right.

PARTICIPANT: And sowe-- | questioned whether (indiscernible) was, and the engineering guys that we had
on board, when we came into port, did some calibrations on it and found out that it was dightly twisted rdative
to what their initial ingtallation was, and that was over 400 meters back -- 400 meters lay-back (ph). It was

causing -- you know, the angle was causing the fish to appear to be way off line. So they got that calibrated in,
and we were ableto do much better after we went back out.

102



INMARTECH ’ 98 Proceedings

PARTICIPANT: Those attached transducers, or beaconsif you will, on your tow cables have other little
problems, such as battery life. Sothose are somethingsto consider.

PARTICIPANT: (Indiscernible) islike weeksthat they'll last. Morethan you ever keep afish out for sure.
PARTICIPANT: Right.

PARTICIPANT: Wedon't buy the battery packs from ORE. We make them out of
(indiscernible).

PARTICIPANT: Weéve certainly never seen anything closeto one meter with Trackpoint. Weuseit asa
backup system for Alvin where we usually have acoustic navigation, and it's more like 50 meters at 3,000
meters --

PARTICIPANT: -- Trackpoint Il Plus?

PARTICIPANT: No. Infact -- no, we have not.

PARTICIPANT: Weérefinding that were getting threeto five meterswith Trackpoint Plus. That was 9,000 a
unit, | think, toupgrade. | forget exactly how much. But it only takes a couple weeks. Trackpoint Plusis
much better.

PARTICIPANT: Question over here.

MR. MULLER: Yeah. Rich Muller, Moss Landing Marine Labs. | had a question about that trace that you
had up there, the 3,000 meter trace. Do you recall what sort of power you were using in the transducers?

PARTICIPANT: Le'ssee John Freitag would know the answer tothat. No, | don't. | think that was full
output power, and it was a 40 millisecond pulse.

PARTICIPANT: You didn't seeany noisein thewater column. It'sgood sgna-to-noiseratio.
PARTICIPANT: Two kilowatt, ten kilowatt?

PARTICIPANT: It'stwo kilowatt peak power.

PARTICIPANT: Okay.

PARTICIPANT: Pesk envelopepulse. Soit'salot lessRMS (ph).

MR. FINDLEY: Rich Findley again from the University of Miami. Initially had afoam rubber lining that --
PARTICIPANT: Theseached, yes.

MR. FINDLEY: Theseached. | mean, foam rubber'sgot air in it. Wouldn't you be better off with
something -- more of a connec (ph) thing than afoam rubber? | mean, that's almost a perfect reflector.

PARTICIPANT: | recommend corprine (ph), which absorbs alot of the sound. I1t's very expensive, though.
It'll probably cost you several thousand dollarsto cover that sea chest with corprine. And we use layers of
corprine and the foam rubber, and that makes up a good impedence baffle. In fact, weuseit in that big tow
vehicle. Thetow vehicle hasacorprinelayer in between the receiver and transmitter array.

PARTICIPANT: For the ADCPs, which isour higher frequency we've used, it'sarubber floor mat that hastire
cord init. It'slike awaffle shape, and that al cut up into chunks. And around the edges and sdein there, it
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will solvealat of ringing. It probably wouldn't work if the frequencies that -- the 300 that the Chirpsrun at.
And it's cheap.

PARTICIPANT: Yeah. It'sinexpensive and it doesredirect alot of the energy downward.

PARTICIPANT: Y ou touched on an earlier subject which actualy (indiscernible) mentioned to me earlier. It
borders on rdigion here. But formats of data that you get out, you said you preferred one unit because it was an

SEG-Y.

PARTICIPANT:

No, it wasa-- no. | said becauseit wasaPC base. It wasrunning on

Windows and stuff, and that's al we had around. It would've been our only UNIX machine on the ship.

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

That'sadifferent form of religion, yes.
And thisiswhere you're talking about --

Yeah. SEG-Y versus-- | guessthey had arequest for (indiscernible) echo soundersbeing in

SEG-2 or something likethat. Does anyonein the audience have any -- you know, anything hard about any
formats of data that they get out of the unit?

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:
which are--

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

PARTICIPANT:

A SEG-something.
SEG-something.

Something that can be post-processed on other commonly, instead of proprietary, formats,

I've seen some of that SEG-y data from some of those machines, and it's--
-- it'skind of Frankenstein SEG-Y.

Amen.

Parts of it look normal, but then you haveto -- but then it'snot --

Can | offer you the code | wrote this summer?

(Indiscernible.)

| can read -- you broke an ODEX (ph) data filing (indiscernible.)

Right. Theformat called ODEX.

What's that?

In aformat called ODAG.

No. Wdl, in SEG-Y -- an ODEX version of SEG-Y that drops bytes occasonally.

It's somewnhat of aproblem in SEG-Y. Thereisn't any smart way to get these things, but

thereésrea dumb waysthat work. | do have astrong preference that all of the operational parameters get
imbedded in the data stream. It'snot a (indiscernible) profiler issue. It'san issue with all these systems that
thereare -- in my gpare time this summer, | looked at the permutations of the operator interface for two
moderately complex SONARs. The unredlistic permutation’sin excess of amillion. Theplausble
permutations are hundreds of thousands. There's no hope looking at the data set and looking at somebody’s
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(coughing; indiscernible) in the paper 1og book to figure out which ping, and the gain actually changed if the
gain's not recorded correctly for all of the parameters.

PARTICIPANT: Have you come acrossthis SEG-2?
PARTICIPANT: No. I'm-- my SEG format book stops at SEG-(coughing; indiscernible).
PARTICIPANT: | just finished an archeol ogy project, and it was donein SEG-2.

DR. DIEBOLD: John Diebold from Lamont. | wanted to ask Greg Kent afew questions about the
LCHEAPQ. | redlize hesnot responsible for it. Because, you know, weretrying to figure out how to usethese
thingsin thefidd. There's some parametersthat arereally important. | guessoneis. How long doesit taketo
turn them around? If you wanted to redepl oy, how quickly could you change the expendabl es, and reprogram
the thing, and dump the disk and all that?

DR. KENT: | guessif you want to do an experiment where you had alot of instruments you'd want to turn
around alat, then thefirg thing you'd haveto dois make it alittle more expensve by bringing more personnel
out. Because certainly when you get past about eight hours of that type of thing, | wouldn't trust anything going
back over thesde. Sotheresthat issue

But let’s say you get beyond that issue. Some of the -- not the onethat’'s there, but some of them now have
basically a SCSl connection. So you don't even have to dump the -- or you have the open instrument, and then
it'sjust amatter of how much you can get to the -- however many gigabytes back out of theinterface. And |
think reglitically -- let’'s see -- it takes -- | mean, probably two, three hoursto turn them around and toss it back
in.

DR. DIEBOLD: Without opening them?

DR. KENT: With what?

DR. DIEBOLD: Without opening them.

DR. KENT: With -- yeah, exactly. The opening them adds a little more difficulty because you haveto worry
about condensation and things. Soif that werethe case, | would try to have one extra, and you could roll them
along so you're not trying to exactly deploy that particular one, but -- | mean, | think redligtically -- say, you
know, three hoursif you really -- you know, you can do it fagter, but | don’t want to sdl you something that |
wouldn't do mysdlf.

DR. DIEBOLD: Right. When they arerecording the -- as| understand it, the disk is normally turned off, and
then it spins up the disk when it needsto.

DR. KENT: At 250 mils-- | mean, at four mils, or 250 samples a second, it takes about an hour, or two hours
depending on whether thetwo or four megabyte RAM isin there. We havetwo different varieties. And that
takes about a minute of turning on the disk, which then drains about ten watts. If you look really carefully, you
can seethat, but, | mean, you'd haveto really blow the data up to seethat.

PARTICIPANT: Seewhat?

DR. KENT: Seetheeffect of turning thedisk on. You get alittle bit of feedback or pickup.

PARTICIPANT: Soyou can sill present (coughing; indiscernible) while that's happening?

DR. KENT: Yeah. Soit'struly continuous. Y ou used to haveto kind of -- if you really want to seeit, you

have to kind of blow the data up, which might have some bearing on more te eseismic-type sudies. But then
youreat alower samplerate. Soit'snot quite as off.

105



INMARTECH ’ 98 Proceedings

PARTICIPANT: What kind of format do they record in?
DR. KENT: Our verson. No.

Internaly, it's our own little header-data, header-data, header-data. And then we have aprogram -- at least for
conventional shot recorded data, we have our verson that goesinto SEG-Y. And it doesnot violate any
SEG-Y. But we havetaken advantage of the empty part of the SEG-Y header to place some additional
parameters --

PARTICIPANT: Sure.

DR. KENT: -- that someone might want to look at, but rarely ever. But it's pretty good. | mean, we have
enough different things that read different -- you know, true SEG-Y that so far we haven't found one that hasn't.
But, yeah, so we have just a conversion routine that goes into arecords search.

PARTICIPANT: Wdl, normdly, | guess you'd have to mergethe--
DR. KENT: The shot and navigation.
PARTICIPANT: -- theshat and navigation.

DR. KENT: Yesh. That'savery quick process. | think one of the moretimely things, which istrue whether
it'sthisinsrument, or ones from Woods Hole, or from Keough, or wherever, isthat even if you know where
you are within amillimeter on the surface, that it drifts. Wherewe had differential GPS to about a meter, some
of our ingruments were over a hundred meters away on the seafloor. What you do thereis you hopefully have
good coverage, and you pick the water width, and then you can invert for the position. So some of them can
drift upwards of a hundred meters, which actually can make a difference.

Sothat'skind of a-- that takesawhile. So theréskind of like an initial record section you make out at seato
make sure that, hey, I've got data with wiggles, and it looks roughly correct. But then when we get back tothe
lab, we have to go ahead and get a graduate student -- no -- pick the water waves, and then rel ocate them and
makeafinal section. Soit'snot total turnkey.

DR. DIEBOLD: That was my final question: How do you locate them?

DR. KENT: Yeah. So-- but it isdifficult, becausealot of times, you just shoot 2-D lines. And then you go,
oh, well, you know, we should really do alittle bit of survey around each instrument. And then you say, oh, but
God, wed haveto do half asmany lines. And thisisjugt true pretty much of everyonein academia. Y ou just
run aline over it, and then you get some ambiguity, and it's not quite asgood. But it also depends on what
youredoing. Sotheresthat additional cavest.

PARTICIPANT: | had another question -- dightly different. But upon occasion on Scripps, we have a couple

of dngle-channe sreamers. Isthere ever any advantage for running the two single-channd systems side-by-
sderather than end-to-end? Can you get a 3-D single channd? Would that be of any

use to anybody?

DR. KENT: | mean --

PARTICIPANT: Versusjug doing anorma sort of CDP with four channds or something?
PARTICIPANT: Wédl, you need a sufficient separation of the streamers. Y ou'd want them -- if you had one
source and two streamers, and the source was in the middle, you'd want the streamers 50 meters from the
source, essentially. Y ou've got to have a hundred-meter wide towing capability to do thisright.

PARTICIPANT: If the screwsline up.
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PARTICIPANT: | mean, the ACORES (ph) are getting pretty far apart. See, | guessI’m -- we weretaking
about real money versus play money herealittle while ago -- it doesn't cost 'em anything, but it redly costs
something. My kind of radical responseto your question is; Why would you go out with a $25,000 ship and
shoot data that is significantly limited? But there might be those who want to do it because you don't pay
anything for the $25,000-a-day ship. But in redlity, --

PARTICIPANT: Somebody paysit.

PARTICIPANT: -- you know, the difference between doing a single channel and a multi-channel may be
$5,000 aday, or 10,000, or something. It's only maybe ten, 20 percent of thetotal cost, but because of the way
that we decided to charge, 80 percent of itisafreebie, but it redlyisn't. Sol would say | would personally
never doit, but --

PARTICIPANT: Thecog for post-processing of multi-channd isjust so much more.

PARTICIPANT: Yesh. Wel, you get what you pay for.

MR. HENKART: Any other questions from the audience?

PARTICIPANT: Wédl, | wasgoing to ask that side of the table something too.

MR. HENKART: Go ahead, Dae

MR. CHAYES: Dale Chayes, Lamont-Doherty. | wanted to ask Lester -- | think | camein on thetail end of a
discusson about Chirp sub-bottom in very shallow water, or where the distance between the towfish and the
bottom isvery amall. | think what | heard you saying is that the transmit burst hasto be over before the bottom
return starts. Or maybe | misinterpreted --

DR. LeBLANC: Wédl, in ahull-mounted system, that'strue -- where you have just -- where you havea TR
switch for turning the tranamitter/receiver. But in thetow vehicle, no. They run at the ssametime, essentially.

MR. CHAYES: Okay.

DR. LeBLANC: You'rereceving asignal whiletransmitting, in fact.

MR. CHAYES: So-- were about to jump off the cliff and surveying the Hudson River. It'sridiculoudy
shallow by my standards, and you can see everything all thetime, and you'renot out at sea. This shallow water
boat businessis much tougher than going to sea (indiscernible) asfar as| cantel. So we can actually ill be
tranamitting the outgoing after bottom return is coming back.

DR. LeBLANC: That'scorrect. Infact, I've operated it in just afew inches of water, aslong asthe transducers
were covered and the receiver ran covered. | had this graduate student dragging the system along the beach.
Wegot some beautiful profiles.

PARTICIPANT: Weére supposad to be doing ground-penetrating radar up in the --

DR. LeBLANC: They wereinterested in --

DR. LeBLANC: -- finding out how degp the sand was so they could dig a pathway for a pipdine.

PARTICIPANT: Isthe surfacereturn as -- I'm anticipating the surface return isas big or bigger a confusing
issue, and we get into this water where the distance to the bottom is closer than the distance to the surface.

DR. LeBLANC: Wédl, inthetow vehiclewasalot of baffling material. Therés material for preventing that
surface return from coming back in. | haven't noticed it.
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PARTICIPANT: Okay.
DR. LeBLANC: | suppose you could crank up the gain and see something.

PARTICIPANT: The operator can always wreck the data by adjusting al those permutations. That’s not our
godl.

PARTICIPANT: (Indiscernible) our background. We just bought an Edgetech-styletow vehide Wedid a
survey in Louisanawaters over some oyster roots (ph). We had an excelent return all the way up to the point
where we grounded the vessd in the (indiscernible).

PARTICIPANT: How about right after that?

PARTICIPANT: But we had to get out and kind of push and pull (indiscernible).

PARTICIPANT: Wédl, thosekind of boats, if you just get out, then the boat floats, and you walk it into deeper
water.

PARTICIPANT: Thisisalittle 20-foot --
PARTICIPANT: But wedid get some very excdlent returns.
PARTICIPANT: Okay. That's encouraging.

PARTICIPANT: ThisLarry Mare experiment that | wastalking about up in the Bay of Fundi -- you know, as
you know, the Bay of Fundi hasatidal thing of tens of meters. So they went out and they surveyed in certain
objectsin the bottom of the Bay of Fundi when thetide was out. Then thetide comesin, and they ran the ships
around it and played the game of "What can you see where?' If you can cut acrossthat survey, it'sredly atrue
game.

Last week, | was using three geometric unitsfor seismic recording. Two models had different polarities. |
naticed, John, that in your diagrams you said you had a nice big peak that was going in anegative direction.
And you said, "Thisoneisblack." Does polarity make a difference?

PARTICIPANT: Yes. | mean, especidly if youre mixing data from two different (laughter; unintdligible).
PARTICIPANT: If it turnsit al to zeros, then you don't have to worry about it.

PARTICIPANT: No, I think it produces a more-- wdl, firgt off, you have to know what you're looking at,
because, you know, you go around looking at negatively -- you know, you kind of (indiscernible) is the sea
floor really made of always this little pair of -- you know, is there a little skinny reflector there that’s causing

this doubling (ph), or am | looking at the wrong thing? And if you really care about the details, you know, the
timing'sdifferent. It just looks better if it'sright. And tha countsfor alot.
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ABSTRACT

The Degp Submergence Laboratory of the Woods Hole
Oceanographic Ingtitution operates a small flest of WITH THE ROV JASON
underwater vehicles. This paper describes each vehicle
from an operational point of view. A brief discusson
of what a ship’s requirements are and the process of
stting up on a ship will be given. A launch and
recovery sequence focused on Jason will be presented
aong with an overview of the sampling tools with
which Jason is equipped. Also, a brief look at some of sampling

the data products that Jason has generated over the years Datal Products
will be presented.

s'Hole .Ocea nographic

Figure1: A Cruise with Jason.

DEEP SUBMERGENCE LAB VEHICLES

The Deegp Submergence Lab at Woods Hole operates
severd vehides The DSL-120, Figure 2, is a neutraly
buoyant side scan sonar ded which is towed behind a
clump weight. It is equipped with a 120-kilohertz side
scan sonar, as well as a host of other sensors such as
CTDs and magnetometers, depending on the needs of
the trip. This is a large-scale survey tool intended to
survey aress in the order of tens of kilometers, ether
looking at geology or finding targets to look at with a |
finer-scaletooal.

Figure2: DSL-120
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Argo is a heavily insrumented platform that is towed

behind the ship using a 10 km Fiber Optic cable. Argo
is equipped with an assortment of sensors that can
include five full bandwidth color TV cameras, a 200
kHz sde scan sonar, profiling and imaging sonars, an
Electronic Still Camera, a Benthos 372 film camera
with grobes, and thrusters for maintaining heading.
Other instruments that have been on Argo include
CTDs, transmisometers, and magnetometers. Argo is
outfitted with a gyro, compass, altimeter, pressure
sensor, and various other sensorsthat help determine the
attitude of the vehicle while cruisng aong the bottom.
Argo is meant to be towed about ten meters above the
bottom usually doing photo work with an ESC, or using
its video imaging and scanning sonars to record data
from the bottom. Argo, weighing about 4000 pounds, is
amedium-scale mapping todl.

Figure3: Argo

For fine-scale work, Jason, Figure4, isthe vehide [

of choice. Jason isaRematey Operated Vehicle,
weighing 3500 poundsin air but neutrally buoyant
in water.  Like Argo, Jason is a heavily
instrumented platform with much the same st of
sensors. Being neutrally buoyant, Jason has the
additional capability of being flown in the water
using its 7 thrusters allowing four axes of freedom
dther under the pilot's control or closed loop
computer control. Jason also has manipulative
capability usng an dectric manipulator. Jason
takes advantage of various sensors to provide
auto-heading, auto-depth, and other functions that
ease the work load of the pilat, alowing a higher
concentration level on the science task at hand.
Jason is an excdlent tool for fine scale work
allowing precise movements and contral in
delicate environments.
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The Deep Submergence Lab has operated off a number
of ships over thelast twelve years. DSL has been on ten
different ships sailing out of 12 different ports. The
operation is conddered to be portable, but it takes from
four to six 1SO containers, each weighing about 20,000
pounds apiece, to field a complete setup supporting all
three vehides on a ship. A considerable amount of
logistic work is necessary, especially when equipment is
shipped from one port to the next without a stop in
Woods Hole

The take up drum for the winch is represented in Figure
6. Itisloaded with 10 km of 0.680 fiber optic cable.
Thewinch isclassfied as portable, but the weight of the
wire, drum and traction head exceed the maximum
weight that one truck can handle. It takes 2 flat bed
trucks to transport this portable winch.

Sdting up the equipment on deck is an all hands
evolution. It can take several daysto get everything on
the deck, maneuvered around and finally bolted down.

Most UNOLS's ships have a deck pattern of boltholes [

that greatly speeds up the operation of bolting down
equipment. However, al ships are not the same

Sometimes it takes several attempts to get al the holes %

in the various deck plates and sockets to line up before
things can be secured.
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Threading the 0.680 cable through the winch, Figure 8,
is @ mgor operation requiring careful coordination &5
between the workers and the winch operator.

Once everything is s&t up and the ship isin trangt, the E=
fantail looks nice and orderly. Port Sde is Jason. Z
Forward of that isthetool van, where Jason rides during
shipping. Thetool van is stocked with enough parts and
pieces to fix just about anything short of a major met
down. Scattered around the rest of the fantail is the
DSL-120, Argo, and of course, the winch.

Wejud finished a cruise, part of the H20 project, about
two and a half weeks ago. The purpose of thistrip was |
to recover an old AT&T cable that had been donated to
stience. The starboard sde was |eft clear to make room
to recover the cable, splice equipment to it, test it, and
finally re-deploy it. After recovery, the ship stayed
hooked to the cable for 4 days whilethework wasin progress.  Figure 9: Fantail of R/V Thomas Thompson

Ship requirements have changed over the years. It used
to be, back in the “olden days’, GPS would be available
maybe two hours a day. Trangponder launches were
planned to coincide with a GPS window. Now GPSis
available 24 hours a day, greatly smplifying the act of ( Ship’s Video Network
launching trangponders as wdl as trying to control the | : Feeds to Ship
ship. GPS coupled with dynamic positioning is an : ;
awesome combination. With a well-tuned dynamic
positioning system, a ship can be contralled to within a
few metersin all but the worst sea Sates.

Feeds From ship

440 Volt Power

Printers Cooling Water for AC
Plotters

E-Mail

Figure10: Ship Requirements
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The computer networks on ships have become an important service allowing access to ship’s printers, plotters,
and that all important time sink, E-MAIL. It used to be that breakfast, lunch and dinner were the main things
on the ship that you looked forward to. But now that we have e-mail, a new vice existsto vie for our time.

With Jason, it's helpful to have video feeds to the ship. We can supply any number of feeds, with the usua
number being 2 or 3. Being able to supply video feeds does severd things. It lets scientists s&t up shop in any
of the various labs on the ship and keep track of what is happening on the bottom. It also helps keep “tourists’
out of the vans when something exciting is transpiring. We have had as many as 23 people in the vans when
Jason isdoing work around black smoker vent sites.

Taking video feeds from the ship is an important festure. Today's ships have cameras on pan-and-tilt units that
are monitoring thewinches, fantail, and various other areas. Part of the safety input into the van isto be ableto
monitor aress of the ship where people are working, especially around the winch.

Jason and Argo require 440 valt power. Between the vans, winch, and Hiab Crane, the ship needs to be ableto
supply five 440-valt outlets, the largest service being a hundred amp circuit for the winch. The control vans
also require a source of running water for the heat exchanger on the air conditioner units.

Once equipment is s&t up on the ship, things take on
a more orderly appearance. This is the interior of
our control vans. Over on the right, with our ace
navigator Tom Cook, is the navigation station. In
the middle, is the pilot station being manned by
Matt Heinz who, incidentally, is aso an Alvin pilat,
on loan to usto help fill out the watch bill. In front
of Matt is a button box used to turn various
functions of the vehicle off and on-- things like the
cameras, thrugters, lights, sde scan sonar, video
cameras, the ESC camera, and various other tools.
The joystick is used to contro an dectric
manipulator. Also brought into the van is the
remote winch handle for contralling the winch. On
thefar |eft isthe engineer’ s station where | usually
stand watch.

Getting ready for launch requires alot of effort and
alot of paying attention to detail. Thisis one area
where forgetting the tiniet detail, whether it's a
cable tie on awire, or failing to service a connector
properly, will come back to haunt you. Figure 12
shows Medeain the process of being launched. The
green netting on the sde of Medea contains a
recovery line. During the H20 cruise we had an
occasion to try to recover a piece of equipment that,
after about sx hours on the bottom, ceased to work.
We had to figure out a way, with Jason and Media,
to go down, hook aline on a piece of gear weighing
about 800 pounds, and get al the equipment back
on the surface in a safe and controlled manner.

Figure12: Medea Being Launched
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The recovery process turns out to be the most intense
operation. Thetrick isto keep alittle bit of headway on
with the ship. The stern screws should be disabled to
lessen the chance of getting the tether wrapped around
them. Once Medea is on board, Jason's tether is
brought in hand over hand until the vehicle is close to
the ship.

Figure13: Recovering Jason

Jason is launched and recovered with the assistance of a ™ ™%

Hiab crane. It isfitted with asmall winch holding 10to &
20 meters of spectra. The A-frame looking deviceisa &

swing arrester.  During both the launch and recovery
sequence, Jason is pulled tightly into the swing arrester,
checking the swinging motion, allowing a smooth and
safe launch or recovery without the use of tag lines.

Jason ispulled closer to the ship until the lift line that is
tied on the tether can be reached. |It's dready been
removed at thispoint. It'stied onto the spectra from the

Hiab winch. With these two lines secured together, the

small winch on the Hiab pulls Jason out of the water,
snuggling it into the A-frame, checking the swinging.
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Upon approaching the bottom, the van is transformed
into an operating mode, and al the monitors come to
life with the various images and data from the bottom.
The screen in the nav gation on the far right shows the
track lines followed to survey the debre field of a bulk
ore carrier, the Derbyshire, that sank in 1980. Argo and
the DSL-120 surveyed an area roughly 1000 by 2000
meters over a period of 40 to 50 days, taking ESC
images and doing sonar work. Jason completed the job
by doing some cdose up work. The middle screen
shows a view from Medias downward SIT camera, |
being used to keep an eye on the tether and Jason. The

screen on the left is an Imagenex sonar display--a
forward-looking sonar configured on the front of Jason.

Figure15: Van Interior

Jason, over the years, has had quite an assortment of sensorson it. This configuration is from atrip to the Juan
de Fuca Ridge 2 years ago. Figure 16 shows athree-chip color TV camera with a zoom lens on it, real smilar
to what's used in a baseball stadium. 1t'sagrest cameragiving grest images.

The next camerais an ESC -- dectronic gill camera -- and it
produces an dectronic image 576 by 384 pixds. It produces an

image that is eectronically sent up the fiber optic cable. Jason

can bring an image up about once every seven seconds, which

includes writing it to tape. During the Derbyshire survey we |

did, usng Argo and Jason over a period of 50 days at sea,
130,000 ESC images were taken of the debris fidd and
wreckage. The cameras near the bottom are two 35 millimeter

cameras with film, and they are co-registered to give a sereo |
image. The two cameras on the bracket are from Deep Sea

Power and Light. They are also co-registered to a place about
two meters in front of Jason. They were set up to provide
gereo TV while flying around and looking at vents and tube

worms. Having stereo video while flying around the vent sites **

gave an added depth to the video data being collected, and also
made it easer for the pilot to perform some sampling functions.
Up in themiddle of the frame, is a pan-and-tilt mechanism, and

another Deep Sea Power and Light single-chip color camera §

that is usad as the basic pilating camera for Jason. The pilot

has control over it usng the pan-and-ilt. It has an dectric

zoom, dectric focus, auto-iris, and a full range of other
functions.
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The light bar on top of Jason contains 2 HMI lights, 2
pendil video cameras, the long base line transducer, and
the Imagenex scanning sonar.

One of Jason’s mogt useful tools is the manipulator.
This is a sx function dectric manipulator that was
designed and built at Woods Hale. Its cdlaim to fame is
not in brute strength, but in preciseness of control. It
can be controlled with various levels of computer
assgance from the operator having complete contral
over each joint to a levd of control achieved by
defining in space the postion of the end effector, and
having the various joints podstion themsdves |
accordingly. Its preciseness is good for trying to insert
awater sampling deviceinto a black smoker’s orifice, or
picking up clams.

1

st
Ll LU

-4t

Figure 18: Jason Manipulator
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One of Jason's grong points is that it can stay on the
bottom for extended periods of time. This feature
works fine as long as the data of interest can be sent up
a fiber optic cable However, sooner or later, the
scientists want samples.  Using an eevator technique,
Jason can send up samples severa times a day, and
likewise, new sampling tools can be sent down to Jason,
with Jason never leaving the bottom. Figure 19 shows
an devator that was built at sea. This was used on the
Lucky Strike cruise to the Mid Atlantic Ridge two
summers ago. It is made with Speed Rail, fiberglass
grating material, and has buoyancy provided by |
Benthos glass spheres.  Alvin weights take it to the BN
bottom and releasing the weights allows it to return to =
the surface.  On this particular eevator, some of the |
sampling tools include small tube cores and bio-boxes,
which are bascaly office trash cans with aluminum
lids. One of themajor tools for thislowering are double
major samplers for getting hydrothermal fluid from the
smokers, Other tools include a net for the biologiststo
gather crabsand other critters. Theideaisto beableto g

deploy the net near a smoker fidd and hopefully,
bidogy things will cram into it alowing Jason to
retrieve them.

Launch and recovery turns out to rely heavily on the =
ship's crew as well as the scientists.  The ship's crane

and an experienced deck crew are definite assets to ©
getting everything over and safdy in the water. Once -
recovery is needed, usually a small boat is used to tow g
the devator back to the ship, and then the ship'scraneis =
used to lift the equipment out of the water and get it =
back on deck.

Figure 20: Elevator Recovery
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Figure 21 shows a different form of devator. This
eevator was used to recover the amphoras from Roman
shipwrecks.  Jason’s manipulator was configured to 2
gently clutch the amphoras during Jason’s short transit
tothe devator. Thisdevator was designed to carry two
large amphoras and ahogt of little ones.

While this devator is being recovered and contents
being ingpected, Jason can continue its work on the
bottom filling another devator, taking measurements,
or doing photography.

Jason can generate a variety of data products. Jason
generates basicaly 2 video tapes per hour of bottom
time, 6 ESC tapes per day, one digital data tape per day,
plus what ever special sensors need to be recorded. Out
of this data, while at sea, we can make a firgt pass at
both photo and sonar mosaics.

Uplejie
Sonar M

Figure 23: Data Products
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In 1980, the Derbyshire, a bulk ore carrier headed to
Japan, sank in atyphoon. Thewreckage was found by a
previous expedition, but for a variety of reasons, not
much data was returned. Ealy last year, the Deep
Submergence Lab used Jason, Argo, and the DSL-120
to survey the wreck ste. The following two mosaics
were made from the data gathered during that trip.
Figure 24 shows the bow section. This is a photo
mosaic made from about 60 individua ESC images
assembled in a computer. Plainly vishle are anchors,
thewindless and an open hatch.

One of the other instruments that Jason carried on this
dive wasa HDTV — High Definition TV camera. This
camera is outfitted with a 12 to 1 zoom lens alowing
incredible detailed views of objects. Figure 25 shows a
cross section of a piece of ripped metal from the hull of
the Derbyshire. Metallurgists can look at these images,
see the grain dructure of the metal, and perhaps glean
insgght asto what failure sunk the ship.

A lot of people contributed over the years to Jason.
Jason is more than just a piece of hardware full of nuts

and bolts and e ectronics. It's the people and the people |
working together that make Jason a tool with a grest _

track record of success.
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Crown Copyright 1997
Figure 24: Derbyshire Bow

Crown Copyright 1997
Figure 25: Edge of Metal

Joe Bailey, National Geographic
Quest Group
Jason Foundation for Education

Figure 26: Photo Credits
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Recent MPL DEEP TOW Group
Seagoing Work

John Hildebrand
Scripps Indtitution of Oceanography

[Editor’sNote: Followingisatranscription of John’s verbal presentation.]

I’m John Hildebrand and I'm filling in today for Fred Spiess. Chrisde Moustier has also asssted with thistalk.
So I'm basically going to describe some of the things that the Deep Tow Group has been doing in the last year
or so. Thisisaligt of our expeditions during thelast year. Basicaly, we havetoolsfor doing surveys, near-

bottom surveys, and also near-bottom instrument recovery, and placement in particular, in degp-sea boreholes

Thefirst two trips I'll talk about were funded by the Navy. One of them was just a Sde scan SONAR and
photography survey to set up atracking range off the coast herein the Cdlifornia Borderland. I'll show you
some side scan SONAR data that we callected. The improvements of the fish have taken it now to where we
have agood kilometer and ahaf of redly nice, quiet Sde scan SONAR data.

The other thingswe did for the Navy wasto do sediment sampling closeto the hull of a scuttled destroyer.
Thiswasin the context of the Environmental Protection Agency wanting to see what sort of metals or other
materials were leaching out of this scuttled ship.

And then we did a deployment of seismometersin aborehole near Hawaii that’s called the Ocean Seiamic
Network I. It'sthefirst test of what will eventualy be aglobal network of seismic gations. So we deployed
sasmic arraysin the borehole, and then let them record for 100 days, and then did arecovery.

Also, I'll show some data from a side scan SONAR and magnet survey on the East Pacific Rise.

Sotothiswork, we have a set of tools, the most important being what we call Fish 6 of the deep tow
ingtrumentation package. Each fish -- it's sort of like the hammer that your grandfather owns, where he replaces
the handle and replaces the head, and it's fill the same hammer. Well, Fish 6 isthe Sixth iteration of the deep
tow package. But it's very much brought up into the -- ready for the 21t century, being a completdy digital
fish.

Wealso have what's called a control vehicle, also known asthe thruster, which is a deep sea package with the
capability of positioning at the bottom of thewife. It'sactually -- there arethrusters on avehide like Jason, but
in that case, it'samore or less neutrally buoyant vehicle. Thisinstead isa heavy vehiclethat hangs down on an
e ectromechanical wire, but still have the capahility of thrugting. It's nicheismore for instrument recovery and
placement where the insrumentation can be quite heavy, where the object you're moving can be quite heavy.

We also have a program where we'relooking at the crustal deformation of the sea floor. We use what are
called precision transponders to make very precise position measurements. We can measure the podtion at a
point on the sea floor to within a couple of centimeters, and also tie that into the global GPS network. So I'll
describe some of that work. And then the borehole reentry isrelated to the control vehicle. That'sthevehicle
used to place objectsinto a borehol e or recovery from a borehole, or aso to make measurements within the
borehole.

So thisisthe generic deep tow instrumentation package. But it'salittle bit mideading in the sense that the
instrument isvery rapidly reconfigured to collect the sort of data that are of interest to that particular Pl. So
what you see hereis-- hereés an dectromechanica cable, and thusfar these have been not fiber optic, but just
conventional dectrical cables, and then the data are multiplex going up the wire. At this point, we have the
digital telemetry scheme, whereit'snot a-- our conventional -- our old telemetry schemewas asif each channd
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was adifferent FM broadcadt, but now it'sall integrated into adigital telemetry whereit'sin time sequence,
which vastly improves things like cross-coupling between channds.

That'srelevant in particular for sde scan SONARS. Here's one side scan SONAR, and there's another one on
the other side of the fish. With the digital tdemetry, you can get very clean and very extended range side scan
SONAR images. I'll show you some of those later.

But we a so have the capability on this one vehicle of taking photographs. Theseareapair of 35 millimeter
cameras. Theretypically are other cameras. | think thisisavideo cameraat thetail of the fish.

Simultaneous with that, we can do penetrating echo sounder. Thisisalow frequency four kilohertz echo
sounder. We have a higher frequency down-looking echo sounder here. Typically now we use a pressure
gauge for theinstrument depth, but you can also do an up-looking echo sounder to get the instrument depth.
Therésasound vel ocity meter, atransmissometer, and thisisthe interrogator to do long basdine navigation.
So you can precisdy position the vehicle within atransponder field to within ameter or so.

And then a other times we've had things like water ssmplers, or thisisabiological sampling net (indicating),
athough those don't receive as much use as the stuff up on thefish there

But if you look at the fish asit wasin 1970 -- hereis an image of the-- thisis probably Fish 3 or 4 -- maybe
you even know, Bob. But we havea crane, an articulated crane. The basic concept of thiscylindrical pressure
case with atail and a protecting frame around it -- so if you compare the 1970s fish externally with the 1990s
fish, it'svery amilar. The basc concept hasn't changed in terms of the configuration of towing. But some of
the sensors are different, and certainly the eectronics on theinside are different. So the sort of basic concept is
very much the same.

Y ou can see the connection hereto thewire. Thereisalfitting that allows usto actually have a postive grip on
thevehicleasit comesin and out of the water, and then aset of dip ringshere.

If you look at the -- herés what we call ahigh-ho (ph) crane, isthe object we use-- the crane we use to make
thelift. Thisisvery hdpful in high sea states, as we see here, in terms of not needing alarge number of lines
on theingstrument asit comesin and out of the water.

So herésthisarticulated crane. Just to show -- herésthetypical recovery with thefitting coming up into the
crane. It beableto hold ontothat. Sotag linesaren’t needed to go from that position outward to bringing it
on board because of the mechanical coupling to the crane.

So thisisan example of our most recent Sde scan SONAR data. In thiscase, it's an image taken near the -- this
isjust one swath of sdescan SONAR. Thetrack of the fish is up through the middle of theimage, and you
have aleft-looking and aright-looking SONAR. Typicaly, these side scan SONARS ping on a one-second rep.
rate, which meansthat on a one-second rep. rate, you can go out to 750 meters.

Thisisatwo-way sound vel ocity on ether Sde of the vehicle. What you can see hereisthat therereally isnow
excdlent reflected data all the way out to the edge of the sweep. Thisisrdatively new, and thishasto do with
thefact that we've gonetothedigital tedlemetry. But those of you familiar with side scan SONAR, that'sa
really excdlent ability to takethe reflected image all the way out to one second at this sort of near-bottom
configuration.

The other thing that we've focused on lately is doing higher resolution magnetometry. Thisisacasein 1995
where we wanted to |ook at the difference between towing magnetometers at various heights. Part of the
motivation wasto see how well you could upward continue the magnetic signal from alevel near the seafloor
toahigher levd. Sowe had one magnetometer that was directly aft of the deep tow vehicle, and another one
that had itswire going up the .68 dectromechanical wire, and then was towed aft of that.

I'll show you an example. Again, therés a magnetometer at the surface that everybody'sused to. I'll giveyou
an example of the sort of data we collected with that. Thisisnow amap, and you can see from the latitudeiit’s

124



INMARTECH ’ 98 Proceedings

up near the Juan de Fuca Ridge. It'sjust south of the Juan de Fuca Ridge off the west coast of the U.S. Thered
traceis what you'd see from a magnetometer that's towed at the surface of the ocean. You can seethat it'svery
much a smooth version of what you get from towing a magnetometer near the sea floor.

The designations here, the magnetic anomalies -- there are a sequence of polaritiesin the earth’'sfidld where --
we call anormal polarity the same polarity asthe earth’sfied is now, and we call the reverse polarity when the
fiddisgenerdly flipped. People have recognized that within these large blocks of palarity -- they number
them, number one being the current normal polarity. So number five-- you go backward tothefive. It'sthe
fifth back in time of normal polarity.

Peopl e have recognized that, when doing the surveys near the surface, near the -- at the sea surface, that there
arethese fine-scal e fluctions within even the normal polarity. Steve Candy coined theterm "tiny wiggles." So
the main polarity isthe big wiggle, but Steve Candy coined theterm "tiny wiggles' for theselittle fluctuations
that he could see in the surface data, and even gave them a series of numbers. So hereésb5.1, 5.2, 5.3.

And the purpose of our trip wasto seeif we could understiand in more detail what the origin of thosetiny
wiggleswere. When we put the magnetometer near the sea floor, the sgnal we see-- and there are a series of
tracks here -- isthisblack line. 'Y ou can seethat several even of the tiny wiggles within the broad normal
polarity break up into a series of fluctuations. These fluctuations, especialy if you look at the lower figure, you
could seethat they're very well corrdated over quite some distance along therise axis, which gives you a sense
that it'snot just alocal phenomenon interms of a particular rock type or change in the magnetic properties, but
in fact that you can correate these, we find now, globally. It'stelling usthat thisisarecord for the fluctuations
of the earth’'sfidd.

And the $64 question that we are il struggling with to some extent is. How many of these things represent
actual full-scalereversals of the earth’'sfield, and how many represent a case where the earth’'sfidd just
diminished in intensity, and then came back in intensity. So something like this you have a pretty good sense
that that wasavery short reversal. But when theresjust alittle fluctuation like that (indicating) --

And it'samatter of scale. Asyou get doser and closer to the source rocks, and also higher spreading rates, then
all of these wiggles get spread out so you get a higher timeresolution. But thisis an example of how -- of the
grength of a deep-towed magnetic survey, as opposed to a survey they conducted at the surface-- how much
more you learn about the character of the field.

Now, the other vehicle I'd like to focus on today is what we call the control vehicle or thruster. Thiswas

deve oped asameans for putting instrumentation into and getting instrumentation out of boreholes. Itskey
agpect areapair of perpendicular saltwater thrusters. These are hydraulically operated. Y ou can seelittle -- the
propeler. Therésafeathering of the propdler in these two units, and then therés a hydraulic pump and oil

supply.

What this doesisthis gives usthe capability -- you can seeit’s sort of designed to be along, narrow instrument.
What it doesisit gives us the capability of positioning the bottom of even avery long wire. Even asix-
kilometer wire, within ahundred meters of the hang-down point, you can, with the use of these thrugters,
position the bottom of the wire.

Now, because dl of this-- thisisaheavy object, and it's supported by the weight of this heavy wire. If you
want to pick up something heavy and moveit or position it very carefully, thisisan ideal object because you
don't have the limitations of the neutrally buoyant vehicleslike a Jason. Sothereisanichefor thistype of
vehide

Weve also donethe sametrick of adding a bunch of sensors. And it'salittle bit hard to seein this particular
image. But, for example, therés a scanning SONAR here a the bottom, and very typically there are cameras
near the bottom.

An example of onething that we've done with the control vehicleis our project to measure the motion of the
sea floor, the crugtal deformation on the seafloor. Now, we've been working in the Juan de Fuca Ridge area.
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And thisisa place where, if you -- the Juan de Fuca Plateis a completely submerged plate. So to know how
that plateis moving, you can doit indirectly by looking at how that plate moves with respect to the Pacific
Pate, and then how the Pacific Plate moves with respect to North America. But it's sort of a circuitous route to
learn about what isareally important plate, becauseitsrate of convergence with North America sets our
expectations for great earthquakesin the Pacific Northwest along the Washington/Oregon coast. So we wanted
to set up a Stuation where we could directly measure the velocity of the Juan de Fuca Plate.

Sothefirst thing, we devel oped a set of what are called precison acougtic trangponders. A conventional
acoudtic trangponder will give you arange, an acoudtic range, that's accurate to something on order of ameter.
But because the Juan de Fuca Plate ismoving at around four centimeters a year, we needed accuraci es on order
of a centimeter for acougtic ranging. So the precision trangponder has specialized e ectronicsto deal with that,
and it hasto do with diminating the latency in the reponse of the trangponder. Transponderswill respond
morerapidly or less rapidly depending on how close you are to them, and the precision transponder getsrid of
that. And the other thing isto use a phase-coated pulse, as opposed to just anormal CW pulse.

So once we have these, we needed to make a very precise measurement of the depth of an object. Sowe
created a package that has a series of pressure gauges. It actually hasfour pressure gaugesthat are
compensated for dynamics. Those of you who use Parasci entific pressure gauges, it turns out that the reading
that it givesin astatic modeis fing, but in adynamic mode, there are other effects. And so we've combined a
series of pressure gauges to take out the dynamic effects.

But we wanted to be ableto calibrate those gauges under pressure during each lowering. And so we created a
series of cement benchmarks, and we physdically take the pressure gauge and thisinterrogator, which talksto the
trangponders, and we put it on abenchmark. The benchmark is about ameter in diameter. So we would use
thethruster to really carefully position and set our pressure gauge on the benchmark, let it sit on the benchmark
for afew minutesto calibrate, and then go off and do a survey within thisfidd of trangponders.

Now, let'ssee. Thisisalittle bit more detail on our Juan de Fuca project in general. Heresthe Juan de Fuca
Platel wastdling you about. Therearenoidands. Theresno surface expressions of the plate. Herésthe
Pacific Plate and the North American Plate, and we're looking at this, the zone between the Pacific and the Juan
de Fuca Plate and the spreading access here. Thisiscalled the cleft segment of the Juan de Fuca Ridge.

Currently, we have a series of transponders, atrio of which ride on the Juan de Fuca Plate, and ancther trio of
which ride on the Pacific Plate. So the plate boundary comes right down between here (indicating). But -- "Is
that really the plate boundary, or isit distributed?-- isanother question.

And then we have planned -- we have benchmarkswithin this, but we have planned to monitor the entire
segment, a series of benchmarks, that would tell us al so about the vertical deformation of the ridge.

Now, you say, "That's all fine, but how do you locate that in the global coordinate system?' And thereally
powerful way we have of doing that iswith GPS. Everybody knows GPS as used on the shipsin terms of
precise positioning. But what welve doneis we've taken the reception from GPS, and instead of collecting it on
asingle antenna on the ship, we collect it on atrio of antennas. So now we know not only wherethe shipiis, but
the orientation of the ship. And if you do that relativeto a fixed station on land, you can actually locate the ship
with acentimeter or so error. Then, by knowing the reative position of thistrio of GPS antennasto an
interrogator that’s at the bottom of the ship, and using the ranging to the precision trangponders, we can makea
connection from the global coordinate system, which is GPS, to the sea floor, which is our fixed trangponders.

So with this, we've been ableto see the mation of the Juan de FucaPlate. And, in fact, it isconverging with
North America. Although what we seeis a convergencethat's alittle bit more to the north than straight east-
wes, as had been predicted.

Thisisan image of the New Horizon, the ship we've used so far for doing thiswork. Y ou can see on the mast
of the New Horizon we mount a crossbeam and put two GPS antennas there, and also we use a series of guide
wiresto giffen the mounting. Then we have an additional tower with a GPS antenna here (indicating), and that
trio of antennas allows us to do the orientation of the ship. And then therésawd | that goes through the ship,
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and at the bottom of the well, we have our acoudtic interrogator. So we can stand at the top of the well and
simultaneoudy survey in all three of the GPS antennas and the interrogator to know their precisereative

positions.

So the other thing that we've done with the control vehicle, which isin fact the origin of its creation, isto place
objectsinto deep sea boreholes. There are several ways you can go about this. Oneisthat the control vehicle--
we haveatoal for logging the holeitsdf; that is, collecting information about the shape of the hole, about the
temperature of the hole, collecting water samplesin thehole. And so you can take the control vehicle and just
reenter the holeto learn about the sate before you put anything intothehole. That'sa good idea, especidly if
you're going to put something expensive like a series of seismometers and arecording package.

The other mode is we can have some sort of objects that's sampling or recording information in the hole, and
we can hang onto it and record data directly up to the ship from the hole usng what we call a soft tether. And
the soft tether isjust apliable-- it'sarope, bascaly, that we've woven conductorsinto therope. And with this,
we've stayed on station for as much as aweek recording data from insruments down in the hole.

The other modeisto have a package that’s a sd f-contained recording package. Thisismore like what you
would use on adeep sea seismic Sation that you're going to leave and let record for a year or Sx months of
data -- in fact, what we did on OSN-1, where there's alarge recording package and then a series of

sa smometersthat go down the hole.

Hereisthe scenario that we accomplished on the OSN-1 project. We had the control vehicle with what's called
aBIP, or abottom instrumentation package. 1t'sjust basically alarge battery and data recording package, 300
meters of gpace, and then a very broadband borehol e se smometer that went down to the bottom of the casing in
OSN-1.

Then for some period of time we recorded data directly up thewire. Thenwelet it go and let it record data on
itsown for ahundred days. And then we came back and hooked it and pulled it out of thehole. In fact, al of
that worked very well.

Herésapicture to show the size of some of these objects. Thisisthe BIP, or the package that actually sitsin
the reentry cone and has pressure cases to record data and also batteries. And here you seethe reentry probe,
just thetop of it, in the process of being launched. The probeiswhat we useto do the logging of the whole --
here's a somewhat better picture of the probe. Theré'sa camera at the very bottom, so you could seethe cone
itsedf and do thereentry. Theyreasa of calipers. These arethree-armed calipersthat open up to measurethe
diameter of thehole. Theresatemperature sensor and a pressure sensor and acousti ¢ transponder to navigateit,
another st of calipers. Y ou can break this open and put other instruments, for example, therésawater sampler
that Joris Gieskes has deve oped that goesinto that, aswell.

Just as an example of the sort of data we collect, thisisnot in OSN-1, but in the holein the Atlantic, 534A. In
thiscase, if you look at the temperature profile, hereisthe temperaturein the water just abovethe hole, and
then therés ajump in the temperature, and hereésthe profiler going down the hole. Now, thisis very important
to the selsmol ogi <, because what this temperature profile screams out isthat, in fact, hot water is moving up the
hole, which isexactly what they don't want. They want aholethat'svery stable. Sothisisasource of noise for
their sssmometer.

So thisis an example of how thelogging of the hole feeds into the understanding of whether it'sagood place or
abad placeto put sssmometers.

So anyway, that's my sort of quick overview of what we've donein the last year or so in terms of deep tow
ingrumentation. It'sadightly different nichein terms of the thruster being able to move and position heavy
packages, as opposed to neutrally buoyant objects. Anyway, we're open for -- if any of you have heavy
packages you want to position or insruments you want to recover, we're open to talking to you about it.
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TIBURON: MBARI'S ROV For
Science Research

William J. Kirkwood
Monterey Bay Aquarium Research Indtitute

Hello. I'm Bill Kirkwood. I'm temporarily Tiburon;: MBARI’ s 4000 Meter
thedirector of engineering at the Monterey =1@)V

Bay Aquarium Research Ingtitute. Prior to
that, | was the lead mechanical engineer on
thedesign of Tiburon, and the project
manager.

Tiburon, asthetitle shows, isa 4,000
meter vehicle. It was actually the concept O .

of David Packard. After the aguarium was ) Kirkwood
built, he determined that technology wasin
short supply for oceanographic work and
so0 he went about cresting MBARI. Monterey Bay Aquarium Research Institute

Research and Development Engineering

Mg oA

e

Tiburon: MBARI’s 4000 Meter ROV

New
e Laboratory
70,000 sqft

Aquarium |- . :
A little bit about us for those who don't Research g e 175 Steff and
know anything about the history of Institute ; | = vt Postdocs
MBARI. Werelocated isMaoss Landing, established | il =
which isat the deepest part of the in 1987 Two ships and
Monterey Bay and at the head of the two ROV's

canyon.
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e
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Soright up hereisMoss Landing
(indicating), and thisisthe Monterey Bay, Tiburon: MBARI’ s 4000 Meter ROV
and so thisisthe Monterey Peninsula, and
Santa Cruz, and so forth. You can seethe
sze of this canyon. It'sabout equivalent to
the Grand Canyon. In fact, if | understand

The mission (as originated):

things correctly, it was actualy part of the — * Explore the

; d ¢ z o Monterey Bay
Grand Canyon &t one point. °

anyon

Thehig differencein why we went to e Wt B * Support
Tiburon was with theindustrial vehiclethat v i %zie;”gg:ng
we gtarted with, and some of you may know S RFeA i
about it, Ventana, it'sactualy limited into ) Benthic regions

somewherein this pinkish region here, this 7
maybe tan region (indicating). It'snot avery ey AL
deep vehide. So theideawas we needed to &
get access out here and see the wholething.
That was where the 4,000 meters comes from, as opposed to 5,000 or 6,000, as many vehicles arerated at.

MBAR) 1998w

Today we' ve expanded our base of
operations to actually go quite a bit out of
the Monterey Bay, but the full canyon was
really the origind goal. Weve actudly done
some work out on these sea mounts already.

Tiburon: MBARI’s 4000 Meter ROV

ROV Science Specifications:
¢ Operating depth #4000 meters

Here are some of the specifications that were ;
sp ¢ Forward speed‘ 1.5 knots (0.77 m/sec)

originally set forth, one thing that's different

about Tiburon was it was specified by the + Payload for scien@e 50 Ibs. in water (113 Kg)
science taff at theingtitute, which we had :
reviewers come from outside the ingtitute ¢ Payload volume 25 cuft (0.70 cubic meters)
and comment on. In fact, some of them + Power and communications flexibility for new

were from hereat Scripps, also Woods Hole science instruments - Quick exchange of payloads
and severd cther places-- MIT. Many of

the Jason crew had alot of input, and we
followed alot of their leads. Sothisissome
of theinformation about the vehide. It's
really very general.

e

Themain thing in the requirements hereisthis camera quality. Themain tool that scientists useright now from
these ROV sisthe video imagery.

Tiburon: MBARI’s 4000 Meter ROV

The other thing that we came up with was
the use of a SWATH ship -- the Monterey
Bay iskind of an uncomfortable place to do
busness. It'sgot along swel toit, and it

ROV System Concepts:

« Electric vehicle

getsalot of people seasick. So the other e « More comfortable
thing that we decided to go with was a swath i platform

vessd. Some of you may be aware of the L e

problems we had with ours. Butit'san e — o AR ° tegrated appioeci

excdlent platform, actually.

» Remote accessfor
science

Thiswasthe original concept, launching
over the bow to keep it out from between the
hullsand so forth. And then after the

MBAR) 1998w
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review, we decided actually to launch through the center of the ship, which I'll show you in ahit.

So we went through and we decided what
we would do with some of these
requirements. For instance one of thethings
is, everything on the vehid e has been tested
t0 5,000 meters. Soin redlity, because were
using titanium, we could go quite a hit
deeper. Wedid change, if | recall correctly,
thelateral speed just alittle bit and so forth.

One of thethings I've thrown in the
presentation is a picture showing these
stages of devel opment, because the vehicle
was actudly quite abit different than
anything that we had done, we built a
prototype. Soalat of the key systemswere
protoytyped in aluminum, and we did aform
pack in redwood and so forth, to test it out.

Wedid a prototype assembly a so locating
al thethrusters. And what I'm trying to
show hereisthat al the thruster lines
actualy crossto a center point. So what we
did was go to great |engths to make sure that
everything is centered off of akey point,
which carried over to thefind vehicle. Both
the ship and the vehicle have points that way
for reference and control purposes.

We offer quite afew different
communication standards. At thetime when
we were doing this, instrumentation hadn't
been particularly standardized. It turns out
that the R485 is becoming pretty sandard
acrossindustry. So we offer
communicationsin alot of different flavors
and we do have the athers than R$485
available

The power isddlivered to the vehicle by
tether. At thetop, we actually run about 25
kilowatts, and then we have about 10

Tiburon: MBARI’s 4000 Meter ROV

ROV System Engineering Requirements:

Operating depth o
(14000 meters (13,123 ¥

Safety factor &
[J 25 % of operating#lept

Forward speed
[J 1.5 knots (0.77 nm/sec)

Lateral speed
1 0.8 knots ( 0.41 nm/sec)

MBAR) 1998Kiwi

Tiburon: MBARI’s 4000 Meter ROV

ROV System Engineering Requirements:

__Vertical-speed
~ [1.0knots (0.49 m/sec)

Max toolsled weight in air
0341 Kg (750 Ibs.)

Max toolsled weight in water
0113 Kg (250 Ibs.)

Variable buoyancy capacity
0068 Kg (150 Ibs)

Mg oA

e
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Tiburon: MBARI’s 4000 Meter ROV

ROV System Engineering Requirements:

Communications i Ay
[ RS485, RS232¢ dithernd! (802.3)

Power il
015kW, 240VDC #

Depth servo
(1 +/- 0.5m at any depth

Heading servo
[ +/- 1.0 degree
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Kilowattslost in the power transmisson.

I’'m going to get into the technology. One of

the other things that we wanted to do was take :
advantage of the new technol ogies coming Tiburon: MBARI’ s 4000 Meter ROV
along. Thiswas back in the late 80sand early
90s. The Internet was obvioudy going to bea ROV System Architecture:
big player. The vehicle wasactualy designed

to use an architecture around the computer :
network concept using a hub and spoke, and .

then al theingruments and the motors are
actually placed as nodes on thenet. Thishas
all gone up through our own FDDI, and then
we have our own control shipboard network,
and it connectsto the shore either by copper at
dock or microwave over a 20 miledistance
from shorein the Monterey Bay. So, for
ingtance, if we had acomputer here that was
on theinternet, and the vehicle was up and

running, we could operate the cameras from

here. It'sactually been alot of fun and avery he pful way to do things as you have problemsto debug.

The major topic from thisis as we decided to go with thiskind of an architecture, that had an impact on
everything dse, mostly because the cabling becomes predetermined. Then we had to go through how we were
going to multiplex everything going up and down. What we went with was three fiber optic lines. We actually
use one and a half right now. Then we have a duplicate system on the top and on the bottom for mux/dmux.

The other thing that's important about thisis we decided to go with thisVME bus on both ends. We went with
that because the cards were standard. Y ou could buy alot of material at thetime, and you could get the
computer back-planes and so forth for a real-time operating system off the shelf. Soto keep the cost down and
to makethingswork alittle bit quicker, we decided to go that way.

We do have severa cameras on the vehicle,
but we can only run seven smultaneous Tiburon: MBARI's 4000 Meter ROV
video channels. Y ou can switch between the
cameras and do as you wish, but you can ROV System Architecture:
only run seven actual channelsat atime.

Thisisthe vehiclearchitecture. Thething
that'sinteresting hereisif you look at this
pictureit looksalittle bit different, but it's
actually the same star configuration of the
network. So we come down through the
tether and we actually split out the power
and thefiber optics. Y ou can see each of the
thrustersisanode, and then these are what
we call "data concentrators.” | think they
were called "De-cons’ or something in the
previousdide. Each hasits particular
functions.

MBAR) 1998w

What thisallowed usto dois have switching and control capabilities on every dement in thesysem. Soif a
scientist comes and bringsin anew component, we then have individua switching capability built right in with
the data concentrators. The data concentrators are themsel ves actually a small computer, and they multiplex
everything at that leve, then they're polled on aregular basisto tranamit the data.
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Thethrugtersrun cdosed-loop. They have amicrochip in them, and so you just send them a command, and they
send you back a healthy status flag regarding the last command.

In congtructing the final vehicle, we wanted to
try and push things alittle bit, and so | went to
acompany called CRP, and they devdoped a
custom syntactic foam. Thisfoamisall done
inindividual sheetsthat are built up and ROV Construction Details: SRl e
shaped. These sheets are each tested and so i

forth, and they're actudly planed down and ‘ - * Syntactic Foam - custom
cored so that they have a very consstent . - . formulafrom CRP Marine,
performance capability to them. Itsareally > kg
nicetechnique, but it is expensve. :

Tiburon: MBARI’ s 4000 Meter ROV

The other thing that we went with was this + Varicble Blioyancy
variable buoyancy pump. | looked in the « Intensifier pump
Alvin documentation and they had a ceramic- « Ti BAI-4V & MN35
type pump, which is proneto cavitation « Titanium Spheres
problems, which can crack the pistons. Our
solution isactualy aan MN35 intensfier
design with atitanium housing. You can cavitateit al you want. 1've never had the thing apart in six and ahalf
years. It'squiterobugt.

Thisalowed usto change the buoyancy of the vehicle and pick up heavier packages. TheVB system isused
mostly in flying along the bottom wheretherés silt. Y ou can take away all the vertical thrust for the pilots, and
that gives some great imagery.

The power system iskind of specid, too. It's
divided into two halvesin about athreeand a Tiburon: MBARI’ s 4000 Meter ROV
half foot long can. Thissde over hereisthe
ACdde What yourelooking at hereisa ; e
tank. Ingdethat tank therésaset of toroids. RO\F/,O\(A:IZnSt r;;:on G
Theresthreefor the main power bus and four -
for the 48-volt bus. They'reliquid cooled. We * AC - 1600 Volts @o0 HZ
useaflorinert liquid which we bail off. It Gt
comes out the top here, codls and then flows
down thesdes. Thetitanium housingis
cooled by the ocean. Thisblack section hereis uf
volume displacement, so you don't have a big 4l +DC-240& 48Volt
pool of liquid at the bottom. Then it's pumped ' 15KVA at the
back in by these custom buiilt isolated pumps. Ny =y vehicle
Thewholething is rubber-mounted so the 800 g
hertz noise or hum, the result of 400 hertz
cycle magneto redtrictive problems isisolated
acoudtically from the ocean. Thiswas done for abiologist who required having it quiet. As you can see weve
goneto some great lengthsfor the science specificaitons,

liquid cooled*
transformer on Tiburo

e

The DC side usesa blind connector that goesin themiddle. Thisisaliquid barrier right here that, when you
pushitin, it sealsup. Thisistheblind connector. On the DC side, thisisthefilter board. ThisDC rack is
actually aplenum design. Sotheair iscirculated through, out the cards, around and back over thetop.

Each of these cards has a various configuration. Some are called high power switches. Some arelow power

switches. So we have 48-valt, 240-volt DC, 24-valt, and thewhole 15 KV A is controlled through here by the
computers on the vehicle
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Thisisalittle picture of aVME chassis. We
used a 6U European back plane because of
the shape factor. 'Y ou can see we have some
expangon ill left in therack. Thisiswhere
the Grass Valley video cards eventualy
went.

Thething that’s nice about this-- as you can
see here, the VME chassisis on arack that
didesout. The ather thing that we did,
because mogt failures on ROVsare
connector-related, and most of our problems
arewater somewhere you don't want it, the
entirevehicleisableto be pulled apart and
worked on without breaking any connectors.
Soif you have a problem, you can isdlateit
very quickly.

Thisisadata concentrator. It'sjust a
standard titanium can with an ail-filled
junction box. Theselittle rubber grommets
here are where you poke through and put in
thecable. Soif you come out -- with the
card mix that'sinsde and can be customized,
it can have any of the communication
standards or power standards available for a
scientist. Some of these processors are now
out of date, and we have to updatethemin
the future

Unfortunately, | didn’t have a good picture of
the cameras, but we do run two three-chip
color cameras. They're both Panasonics.
We chose those because they do have a high
gain margin. So we were ableto play some

gainsingead of having a SIT camera or slicon intensified camera. Wedid away with the SI'T. So we only use

these color three-chips for main vision.

And then we went with Deegp Sea Power
and Light HMIs. We actually had had
some Birns before, but they didn’t make
depth.

In our test plan, thiswas the configuration
we used for tests. Asyou can seg, it
changed over the period of testing. We
added equipment, we went through this
incremental process. Thisisone of the
nice things about the integrated design, that
isthings are nodes on the network, and you
can just plug them on one at atimeand

Tiburon: MBARI’s 4000 Meter ROV

ROV Construction Details:

Computer System &
"....
* VME central computer
system using Motorol& 68040
and 68060 processors

« Data concentrators
use Intel 80196
processors

MBAR) 1998w

Tiburon: MBARI’s 4000 Meter ROV

ROV Construction Details:

Camera System -
‘....
« Tiburon uses two color
3 chip CCD camerés
from Panasonic !

D

s Lighting - Deep Sea Power & Light
*2 - 400 w HMI fixed
*2 - 400 w HMI on pan & tilts
*2 - 400 w HM| optional

MBAR) 1998w

Tiburon: MBARI’s 4000 Meter ROV

ROV Test plan : +Tiburon vehicle testing
« Controls verification
"' Weight and-Baance
« Configuration
» Weight and Balance
* Environmental

* Sub-systems
| - Safety

MBAR) 1998Kiwi
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build up the system’s complexity.

Here you can seethetwo color three-chip cameras. Up here arethelights, they're on pan-and-tilts. We havea
system called "1-View," which I'll get intoin just alittle bit here.

Theship, now thisisthe big onefor us, the

ship design isa swath ship, as you can see. Tiburon: MBARI’s 4000 Meter ROV
It'sasmal water planeareatwin hull.
Right in the middle hereis where we SWATH Ship - Western Flyer:

launch the vehide. That was chosen
because that's the active point of the ship.
So we have the cable running right through

Design Characteristics:
Displacement at DWL #2419 LT

GrossTonnage 499US 847 ITC

the centerline of the ship'smations. That Net Tonnage  230US 254 1TC
was done purdy for camera work, our Length(LOA)  117-35/8'% 4
. . . Beam Moulded  53'-0"
reasoning behind it wasto take out cable Droft DWL 120"
motions. Horsepower 2,500 HP
Max. Speed 14.5 knots
Endurance, 8 knots 4000 n.m.
o . Complement (including Science) 25
The control room. Naticeit looksalittle Fuel Capacity 17,900 gallons

bit like Jason’s -- alot of TV screensand
so forth but it isdightly different. We
have four individuals working it, so we
have a co-pilot located over here. That's about the same function as the engineering function on Jason. They
handle tether management and operation sysems. Theresthe pilot sitting here. He actually fliesthe
vehide, it'safly-by-wire sysem which is on the chair, and the pilot just uses aregular flight joystick for that.
On the joystick thumb controlsisthe camera system. Then the chief scientist sitsright next to him.

MBAR) 1998w

Now, above here, you'll seetheré's some Tiburon: MBARI’s 4000 Meter ROV
monitors. We can do a panoramic kind of

viewing. That'sfor thevisiting scientists. ROV Control Room:

The reason that weve doneall thisisthat
thel-View system dlows some very
unique viewing capahilities. We havethe
ahility to have the two cameras operate
together, to operate with a permanent
offsdt, or to operateindependently and a
light will move with each of them. If you
remember, in the design of the frame, it
looked like there was alarge cutback from
thenose on Tiburon. That wassothe
camera can look down the sde of the
vehicle. Sowe have well over a 200-degree viewing angle from the front of the vehicle.

MBAR) 1998Kiwi
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Then we have the assstant scientist, which is
this position right here.

The other thing to look at ismost of our
controls are done on a touch-screen display.
What we haveis severa GUI pages, and
then we have the hard-button pand asa
backup, the main computer here and thisis
that bank of monitors, and then we have the
two cameras running side-by-sde. In the
center hereisthe NAV system.

For launch and recovery, we usethislarge
docking head. We went with something that
was a little more complex than usua so that
when the vehicl€'s pulled up and snugged, it
can berotated whileit's down be ow the
water line, or down be ow the wet deck. The
reason isif something should get stuck

bel ow the moonpoal, the moonpool tothe
vehidesizeisvery tight. If an arm, for
instance, should be stuck out in a position,
you redlly couldn't get it back in without
lowering it and twigting it. The sysem has
been automated and put on herefor the
operations people

You'll notice Tiburon sitting here on the
moonpooal doors, they lift the vehicle up and

Tiburon: MBARI’s 4000 Meter ROV

SWATH ROV Control Room:

» Ergonomic design
» Touch screen panels

* Curved for pilot to see
each function

* “Fly-by-wire”

MBAR) 1998Kiwi
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Tiburon SWATH Integration :
 Launch and recovery through

» Stored on moonpool doors

MBAR) 1998w

they accordion out of theway, I'vegoat alittle bit better shot herein asecond.

It'squiteatight area. Thisshipisnot very
big. What we have hereisthe docking head.
Thisstson top of the vehicle here, liftsthe
vehicle up, the doors open, and then thisis
the bobbing-head crane. If we havetime, |
have a video that'll show that in action. The
bobbing head crane takes out the vertical
heave from the swath ship, which isthe
motion that's|eft in a swath ship.

Tiburon: MBARI’s 4000 Meter ROV

Tiburon SWATH Integration :

Bobbing
head
crane

Moonpool doors

MBAR) 1998w
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Thisisone of our GUI pages. The GUI
wasal donein-house. Thisouter edge Tiburon: MBARI’ s 4000 Meter ROV
hereisthe standard operati ons screen that's
aways up. The center hereis something Graphical user interface:
that changes basad on these buttons down
at the bottom. Y ou can add your own asa
scientist. Y ou can have custom GUI pages « C++ object
for your gear done, and then bring them up MRS oed design
and operate them from your station. '

» Custom design
in-house

* Touch screen
Each gtation -- there are four of them, as| : V | and manual
pointed out -- hasits own screen, so you e+ a | control
can run your own GUI. Thisone happens
to bethe VB system showing the leves
and the contral dider pumpin and out PN

The other thing that we have with the
vehicle GUI isquite an eaborate darm :
scheme becauseit's such along trip to dive Tiburon: MBARI’s 4000 Meter ROV
depth. It takes about two and a half hours e e

» Distributed
control capable

to get down. Thisisan alarm status page. Graphical user interfac
We hav_evarious Ievels_ of glarms We  Re-configureble

have quitealot of monitoring on the for each station
vehicle so that apilot can decide whether

to cancd amisson. It'sared expenseto » Constant

get down and back, and what's the point of monitoring

cancdling it if you don't need to. around perimeter

. . * Able to be
So we have monitors like a constant AT ]

ground fault detection on al the reclodl for
instruments. Because of the system is specific set-ups
congtantly working, you can just shut
down equipment if it has a ground fault A
and continue with the mission knowing the condi t| ons.

Sothen ontotool deds. The bottom third

of the vehicleisinterchangeable. This Tiburon: MBARI’ S 4000 Meter ROV

toold ed happensto be a mid-water

toolded. YouoansgesomeDetr_ltus . Sea Trials and Science Missions:
samplers here on swing arms which swing -

out. Therésafew on each side. Thisisa i I:ii’:[;c’; ggg‘gﬁd -
carousd in herewith 12 vacuum samplers. -
Therésalittle pipe that shoots out here, * Most testsinclude

and they vacuum up the animals. If some iernce IO

of you have been in mid-water biology,
you probably recognize this from Harbor
Branch. It'sbasically their design.

Thisnotch in theback -- | didn't havea
good picture of the back of the vehicle, but
we do have an ADCP for Kalman filter

work and control. We can do recurrent profiling, bottom tracking, and so forth, for science with this system.
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So some of the missionsthat we've been

doing arein the mid-water, weredoing a Tiburon: MBARI’ s 4000 Meter ROV
lot of stuff with the sphonophoresin the

Monterey Bay. | threw thispicturein Sea Trids and Science Missions. _ . .
because he's our logo (Gulpper Ed). * Mid-water biology

Theresal kinds of these salpsand jellyfish it elliey

and so forth that are quiteinteresting. ﬁ?:k']d

« Detritus

On the bottom, there are dll kinds of little

animals and critters running around. This Tiburon: MBARI’s 4000 Meter ROV
isaCarme shrimp -- "Monterey Bay e
shrimp" sometimes they're called, some Sea Trials and Science Missions:

soft corals and so forth.

We're aso doing some stuff with geology
and fluid flow.

Thisis some of the moreinteresting work
that I've been involved with, dahrates and * Benthic studies

CO, disposal. I'vegot thison thevideo . " Betbicomere-biology
also. What we did herewasthe 4% i e
manufacturing of dahratesin situ. It's - Geology

been donein labs, but nobody previoudy

had actually doneit in the ocean that we
knew about. So we've been manufacturing those If you have any questions about clahrates, I'll be morethan
happy to answer them.

This experiment right hereisredlly aneat
one. Thishasto dowith CO, disposal.
One of thethings that people have been

Tiburon: MBARI’s 4000 Meter ROV

talking about with greenhouse gasesis Sea Trails and Science Missions:

they would condense them, or liquify, and - iy _ * Chemisiry. ;

pump them to the bottom of the ocean, Oy 1) I O
War e o 4 * CO, disposal

where they would store stably on the
bottom. What this experiment kind of
proved isthat they'renot so dable. We
poured in someliquid CO,. CO, isvery
hydroscopic, and it kept growing and
growing, and finaly grew out the besker,
rolled off, and several balls of thiswent
rolling away. We chased them for about
19 hours.

(Laughter.)

» CTD/the usual
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It'sreally odd stuff and fun tolook at. The

scientist that | solethisfromisreal Tiburon: MBARI’ s 4000 Meter ROV
protective of it until it's published but |
have some of it on the video tape. SeaTrials and Science Missions:
Then we haveall theusual suff , the CTDs . d Véhats\x/"z”;ildv i
and all that. SR ~ comfortable platform

= z [0 Ground Fault Interrupt
What worked? Wdll, in actual fact, welve : , 02\ L] (GFI) system
done pretty well, | think, against the specs 2 0 \ | O DataManager
and bringing the newer technology into = [l Data Concentrators
science here. Now, hopefully what this — U Liquid cooled power

transformers .....

platform isgoing to do is not so much be o S thibo e

copied by everyone. We're not going to see i
everybody have an ROV likethis, but HE
hopefully the capabilitiesthat it bringsto e
science (for other scientists coming to or
visiting MBARI) are that we can test and devel op new equipment and instruments.

MBAR) 1998Kiwi

So the vehicle hasredlly done very well.
Weve done most everythinganditis Tiburon: MBARI’ s 4000 Meter ROV
working. The swath vessd has someissues,
and I'll get into some of thoseissues, but asa S MIE SE RSl IECTo:

platform it's highly recommended, avery 1991 s
comfortable ship to use, and they're nat quite e
. .. . . . ility - .+, Reached 4000 meters Dec. 11,
asweight-sensitive as | think people might P i e i
bdieve. Weveactualy got it in the shipyard « Forward speed No tetfler drag: == ° 1.5+ knots during dockside
right now being modified and some of the 15 knots B sing _
ballast tanks that we thought we would need IR e ¢ Notyetvefied onlang ieeen
. . knots
are bemg rgngved and turned into fud tanks + Verical spesd 10krets (30 —_— r?s;egn Sﬁi 40-50
to extend the distance. meters/minute) m— < Ascent speed 20-25

We'reredlly proud of the power system. It's e
very, very compact, and theliquid cooling
hasworked out very wel. Theground fault
system has saved us | don't know how many
times. Y ou can pinpoint aground fault
while you'rerunning right out to theinstrument, turn it off, decide what it's doing to your data or if the fault is
on the connector and o forth.

MBAR) 1998w

The data concentrators are very, very

flexible Wereusing them in other Tiburon: MBARI’s 4000 Meter ROV
applications, and there are other vehicles
hopefully adopting the concept. Conclusions:
. » Tiburon has met it's
Weve done full-depth to just past the 4000 basic goals

-
meters.

Theonly thing weredlly haven't doneisa
full trangt. We'vedone afew transtswith
the ship dynamically positioned and daveto
the vehiclein about 3200, 3400 meters of
water, and that's worked pretty well over « Be careful with
severa kilometers. But | think wereslly SWATH ship vendors
haveto do some moretesting to cal it a
success.

it'sgods

» Science isready to go

MBAR) 1998Kiwi
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The other weak performance number isthe ascent speed coming up. Ther€'s so much clutter bel ow the thruster
wash that we've bl ocked much of the areaand are wasting alat of our thrust there. We need to dean that up.
It'sjust a cabling issue mostly, with some smaller items, but it's understandable.

What didn't work. Asanybody at WHOI
will tell you, MOOG didn't work. In actua
fact, I've got to be careful about that. Moog
tried very hard. We worked alot of
problems out in the pressure tolerant
eectronics with them. Theinner space
thrusters are great, and the DC brushless
rare-earth magnet motors are great.

We worked everything out on the
eectronics, except right in here, therésa
large pressure-compensated piece called a
power block. We determined it was too
large, and theway it's built, the pressure
would crack it. So even though we had alot
of dives on them, eventually they would
cycleand bresk. Theother problem isthat

Tiburon: MBARI’s 4000 Meter ROV

Sea Trials and Science Missions:
What didn’t work >

[0 MOOG pressure®
tolerant electronics failed
0 Birns HMI lights failgd

[0 SWATH Ocean
Systems basic ship
structural issues

MBAR) 1998Kiwi

they quit making them , the power blocksthat is, and we would no longer get them from the manufacturer. So
we went into a scramble, and what we found is a company in industry who has availabl e € ectronics, about the
samesize, that doit al. You just run an RS485 sgnal directly to the dectronics. In fact you don't even usea

resolver, it uses the magnetic fields of the motor asits own feedback for positioning. So they're very efficient.

Birns, had alens problem. Asyou noticed earlier, we now use Degp Sea Power and Light units. | found out
they had this design flaw, which were going to fix oursdves, but we also found you've got to be careful with

glasslenses, they are difficult to analyze

Thered bigissueisthe swath. Thedesign
here on the haunch iswhere they thought
they would have deflector for wavesto be
turned down. | never liked it because it was
astep-function to begin with in terms of the
boat coming down and hitting the water, but
it turned out to be amgjor stress-riser the
way it was designed internally, and so were
having those taken out right now while were
doing some other modsto theship. Thisisa
really the biggest expensein terms of system
corrections.

The boat was designed by Swath Ocean
Systems, and | think they're out of business
now. The main thing hereis be careful with
your ship vendors.

Tiburon: MBARI’s 4000 Meter ROV

Conclusions:

» Tiburon has met it's
basic goals -

it'sgods

» Scienceisready to go

* Be careful with
SWATH ship vendors

MBAR) 1998Kiwi
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A Comparison Of Single Body And Two Body
Shallow Towed Vehicles

Mark Rognastad
Univerdty of Hawali

[Editor’sNote: Followingisatranscription of Mark’sverbal presentation.]

I’'m from the University of Hawaii, from the Hawaiian Mapping Research Group. Over thelast couple of years,
we've been involved in a program deve oping synthetic aperture SONAR. Over the course of the experiments
we've been doing, we'vetried a couple of different SONAR tow vehicles and different configurations of the
vehicles. | thought that would be something of interest here

| won't be talking to any extent about synthetic aperture SONAR,; just the vehides, and handling, and that kind
of thing. But if people have questions about that aspect of things, we could talk about them |ater.

As| started to say before, thisisa project that we've been working on for several yearsnow. It'sajoint project
between the Hawaiian Mapping Research Group at the University of Hawaii and the company that was once
called Reiant Tech Sysems. They turned into Hughes Naval and Maritime Systems partway through the
project, and they're now called Raytheon Naval and Maritime Systems-- | guessa sgn of mergersand
acquistions. But all of thiswork was funded by CEROS, which isthe National Defense Center of Excdlence
for Research and Ocean Science. They asked usto mention their name.

Thevery firgt experiment that we did was with HMRG’s mapping SONAR system, with anumber of
modifications. To give you alittle background of that system, it's a 12-kil ohertz side scan swath bathymetry
sysem. It mapsaswath of up to about 20 kilometers wide -- thereabouts-- in al ocean depths.

Thisiskind of an old picture of the towing configuration of theMR1. It's what's known as atwo body tow --
two bodiesin that there's a depressor weight and a cdlump weight, and then anearly neutrally buoyant tow
vehicle. It's ballasted to be dightly positively buoyant, typically 50 to 100 pounds. That’sto allow it to come
back to the surfaceif thereés some kind of a malfunction and the towing wire bresks, or some part of thetow rig
breaks. Thereisapressure-activated release up at the attachment between the tether and the rest of the weight
and tow cable. So that allowsthe vehicle to come back to the surface and be recovered.

Thisisapicture of theMR1 on itslauncher. Asyou seethe vehicle here, | think it's about five and a half
meters long and weighs 3500 poundsin air. Thelauncher is something that was built specifically for launching
and recovering both the vehicle and the depressor weight. | have some pictures herethat sort of show the
process of launching thevehicle. These weretaken dockside. Normally, it'slaunched and recovered out at sea
and underway, typically at speeds of six or seven knots.

But as you can see, the launch and recovery system extends off the stern of the ship and tilts down until the end
isin the water. Then thetether ispaid out from the winch mounted at the front of thistilt frame until the
vehicleisin thewater. You can seeright in herethe depressor weight isstored in the trough under the vehicle.
So after the vehideitsdf islaunched, theumbilical ispaid out, and then the tow wireis attached to the end of
the umbilical and the depressor weight. And then all of that isdeployed in pretty much the same fashion.

For this synthetic aperture experiment, we modified the MR1 system. We only operated on the starboard side.
We used a hydrophone array, which you can kind of seein the bottom here, that Alliant or Raytheon had built
for a synthetic aperture SONAR experiment of their own funded separately by ARPA. And then at the back of
thetow vehiceareapair of projectorsthat were just hung off the end to act asa sound source. Thisarray was
recave only, and then it used the MR1 dectronicsto collect the data and telemeter to the surface.

Thisisanother view looking at the aft and the two projectors. That'sthe very end of the hydrophone array.
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And thisisthe ship that we used for that first testing. It'sawork boat. Thetesting was donejust offshore of
Waikiki. A target areawas set up with abunch of targets.

| guess | should maybe mention that one of the objectives of this wasto apply synthetic aperture SONAR
processing to sub-bottom swath imaging; in other words, to be ableto see thingsthat are buried benesth the
bottom over a swath of the bottom, you know, instead of anormal sub-bottom profilethat just looks directly
bel ow.

In the picture here, you can see the launcher offset to the sdealittle bit just to make room for avan that we had
the acquisition dectronicsin. At this point, we were just adjusting the buoyancy, putting some ballast in the
vehicleto get it to be about the right attitude and positive buoyancy.

Because the MR1 system isnormally towed at gpeeds of eight to ten knots for itsusual survey -- but for thistest
was going to betowed at much lower speeds. For thistesting we wanted to go between two and four knots.
We reduced the positive buoyancy to keep the fish from floating up behind the depressor, but still kept it to be
positively buoyant. Just in casethings go wrong, it's ways nice for them to float instead of sink.

And just a couple of pictures from thetesting. Another picturethat kind of shows you what it lookslike
launching -- or recovering, actually. It's pretty hard to tell from the picture what's going on. But thisismore
what it looks like at sea during an actual launch or recovery.

And that first experiment proved to be quite promising. We were able to image objects that were about a foot
in diameter and four feet long, | guessthe sort of size that you might expect unexploded ordnanceto be, which
is one of the potential applications. We were able to seethose buried in about two feet of sand. So that was
pretty promising, and at least CEROS thought that it was worthwhileto continue funding.

So for the next experiment, Raytheon came up with the design that they had used for their ARPA test. This
was also a synthetic aperture SONAR. In fact, it usesthe same hydrophone array. Y ou can't really seeit, but
you can seeitsreflection in thewater. It hasthat orange front surface. 1t'sa very broadband hydrophone array.
This ARPA tegting was being done at frequencies of 50 to 100 kilohertz for high resolution, where the testing
that we were doing was being done at 12 kilohertz, just like MR1, in order to get the penetration. Thearray
works fine over quite awide range of frequency, but it was being shipped back and forth between Hawaii and
the Seettl e area where Raytheon islocated, or this branch of Raytheon.

Thistowfish design is something that they had spent quite a bit of time working on itsdesign and its
hydrodynamics, and had used it for testsin Lake Washington and found it to work pretty well. Wehad -- |
should say | had -- some doulbts about how well it would work as a singletow, single body towed vehicle. It's
designed to be heavy. It'stowed from themiddle. Y ou can seethetow wire attaching to a bridiein the center
herewhich, for deep towed vehicles, thelength of the wire gives you alot of decoupling of ship motion from
thevehicleitsdf. But thiswasall being donein quite shallow water. Thetest range was only about 25 meters

deep.

But they were convinced that thiswould work well, so we built avery similar vehicle, smilar in dimensions,
but not really in congtruction. | guessit would take a defense industry contractor to come up with atowfish like
thisand think it was an inexpensive one. 1t's made out of a bunch of giant aluminum cagtings that were
meachined to form apressure hull that makes up most of the body of the towfish. It's not made out of any
sandard pipe Size or anything. It'sjust all made from scratch. I1t'sabout 20 feet long and 14 inchesin diameter.

That'sjust adiagram of what thistowing arrangement islike. The vehicleisjust basicaly right beneath the
ship. Thisredly exaggeratesthekind of towing angle. It'susually pretty much straight up and down when
you're only going two to four knots.

Theweight of both the ARPA vehicle and the one that we built that more or less duplicated it, in the water was

around aton, maybe 2200 pounds. The onethat we built was amost identical in terms of its exterior
dimensions, but was built consderably |ess expensively using pieces of PVC sewer pipe for some of the hull
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sections. It isusing an eectronics bottle of the same type that we used for the MR1 dectronics, just asix-inch
ingde diameter aluminum pipe. So the body itsdf was free-flooding. It was just a place for an eectronics
bottlein here.

For this experiment, we were using that same hydrophone array and a pair of wingsthat have projectors and
receivers -- transducersthat both transmit and receive.

And thisiswhat the vehiclethat we built looked like. Therésjust rolled sheet meta -- sheet duminum covers
to go over the areas that the dectronicsfit inside and cabling. Again, hereés that hydrophone array mounted on
the bottom -- not really the most practical place of putting an expens ve hydrophone array snce the bottom is
often what hits something first. But that wasthe way the array was built.

And s0 here we are back on Naina again, and getting ready to go out and do the first set of testing with the new
vehicde It'slaunched and recovered just using thisarticulating A-frame that was put on the ship for thesetedts.
We picked up and swung astern and lowered into the water.

Thisisjust heading out with Diamond Head in the background.

| should probably mention, you'll notice that sometimesthe rings are horizonal, and other timesthey'reup at a
45 degree anglein the testing, depending on whether we wanted to get deeper penetration or awider swath.
Wewould teg it in both ways. And then for storage or for working on dectronicsin thewings, we could also
put them up to vertical and they take up lessroom.

Thereit isgetting ready to be put in the water. One of the thingsthat we very rapidly changed were these tag
linesfor contralling it. We cameinto some very protected water for thefirst testing. But because of the weight
of thisvehicle-- in air, it's, | guess, about 3500 pounds-- real similar to MR1, but actually quite a bit smaler in
cross-section. It hasalmost aton of lead in it to make it have the required negative buoyancy in the water.

Controlling that was a challenge. We very quickly got rid of these light lines and replaced them with much
heavier nylon lines, put attachment points on thisfor the backbone of this system. Even then, it was kind of
difficult controlling, even in quitelight seas. | guess once you have something swinging around at the end of a
pendulum likethat, and it doesn't take much to get it going, and it's hard to control.

The end result of that first testing was we ended up with no useful data. The tow vehicle was nowhere closeto
being stable enough in waters off of Waikiki, even though the weather was actually about asnice asit gets
around the Hawaiian Idands. Therewas maybe atwo-foot sea. Aswe were heading out the first time, some of
the peopl e from Raytheon were concerned about how bad the weather was, and | was thinking, Wow, | mean, it
doesn't get better than this.

So the folks at Raytheon thought about things for awhile and decided on some changes. One of the changes
that's sort of illustrated here, for that firgt test, the tow point attached to the top of the vehiclein the same way as
their ARPA fish, but they thought that it might be more stableif the bridle attached moreto -- doser tothe
center point. So we built thisbridle that attaches on the Sdes here rather than up at thetop. So the pivot point
for the attachment would be more down in thisarea. Also, they decided that it should be moved further
forward. So we made those changes for the next sort of round of experimentation. But probably from -- here's
apicture of thevehicle. Thisactualyisalittle bit later because this picture was taken on a swath type of ship
that we used for sort of yet the next experiment afterwards. I'll have some more pictures of that.

It'saship known asadice. It'snot exactly a sandard swath design, athough it isa small water planearea. But
it doesn't havetwo hulls; it hasfour hulls. It's sort of one hull in each corner of the Morris (ph) rectangular
platform. Theship'screwsarein thetwo forward hulls. So the screws are more or lessthe midships. It
worked out extremey well. It was very niceto work off of. You'll see views of what the ship was like further
on here.

But the other test that we decided to do wasto convert this design into a neutrally buoyant tow vehicle and use
adepressor weight much like MRL1. It's very much the same kind of arrangement. There's adepressor of about
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2,000 pounds, neutrally buoyant umbilical, and then the towfish back here. 'Y outook all of thelead out and
then added alat of foam flotation in this blister on the top of the body, and also somein thenose and in thetail
to arrange to get the vehicle to be dightly positively buoyant.

Also, like MR1, there was a drogue, although in this caseit’'s much shorter. It isabout a hundred feet long of
thisfuzzy ropethat is supposed to have amore or less constant drag asvel ocity changes. 1t wasjust something
that the Raytheon people had in the warehouse that they decided to send us.

So here are some pictures of that version of thetowfish. Actually, that’s the depressor weight Sitting there. You
can see the flotation blisters, the new nose and the new tail that have the foam filling.

For launching and recovering this arrangement, the tow vehicle was picked up with thisfour-point bridie and
moved overboard with the A-frame, dropped in the water, and then a swimmer would go in and disconnect it.
Then wed put some weight on, stream it aft, paying out the umbilical by hand, and then pick up the depressor
weight with the A-frame and drop that in the water.

Here's some of the views from that first test with the neutrally buoyant configuration. This, again, was on
Naina, the ship that was used for theinitial testing.

And just as a comparison of how the two performed, I've got some of the attitude data that we collected. Thisis
comparing the single body tow with the two body tow. In somethings, thereés a hugeimprovement. These
bars -- the col ored bars give you the range of attitude numbers seen. The smaller ones are sandard deviation,
and then the dot isthe mean.

Sonot a big differencein roll. Therewas a gatic change between the two configurations. But it'sdynamic rall
that'salot moreimportant. A vast differencein pitch, and the error bar for the neutrally buoyant one, which is
the green -- these arelabdlled by thetimesthat we did thetesting. The pitch ismuch improved. The depth
variation isdightly improved. Thevariation in veocity isalso better with the two body system.

I think that we wouldn't expect to see much of arangein velocity. But one of the things that was going on with
the single point vehicle, you can see by therangein pitch that at timesit would be pitched quite a bit nose-up.
That'swhat the positive numbers here mean. And when it pitched up that much, the drag increased so much
that it would 9 ow the ship down. So asthe pitch changed around, it would change the amount of drag on the
ship and change the ship’s oeed.

We also plotted up power spectrafor the pitch and -- let’'s see -- roll and depth, | think. So you could compare
the neutrally buoyant fish, which isthe blueline, versusthe heavy tow. And you can seetheréstypically a
couple orders of magnitude more mation at the same frequency for the heavier towed vehicle. Thisis
frequency here wherethat’s one hertz, that's a half hertz, or atwo-second period. Now, these are sort of typical
wave periodsthat you'd encounter out in the ocean.

Sojust comparing the way the different vehicles handle given the sea conditions, which were very comparable
between the two tests, the two body system shows alot of improvement. Thisisthe pitch. Down at sort of
near DC, avery big difference, and then even difference at higher frequencies. And then herefor the depth
variation, you can see a big improvement there, as well.

That'sthe end of the dides. | have a videotape of some of the launch and recovery operationsthat I'd liketo
show you.

(Pause; video dtarted.)
Wedidn't take any video of the very firg testing that we did with the MR1 system, but the first test that we did
with the neutrally buoyant configuration, you can seelifting it up with alifting bridle. For thiswewereusing a

chainfall on the A-frame, and then with anumber of people on tag lines. It'sapretty -- "labor-intensive” |
guess, isthe phrase
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Even though thisdidn't have al of the heavy lead iniit, it was till about a 2,000 pound vehicle. But onceit
swung outboard, then it would be lowered into the water and disconnected.

One of the problems with the vehicle having wingslikethisisit would be pretty touch to adapt it to alauncher
like the one that we use with the MR1.

After putting the vehiclein the water and putting alittle bit of weight on them, you'd deploy thisdrogueline.
One of thethings we learned is you should throw it away from the vehidle

Oh, geez, isit going to tangle? No, it madeit. Okay.

But then as you kept some weight on, paid out the umbilical, and then thisiswhere were getting ready to
deploy the depressor, picking it up with the tow wire, going through the ship on the A-frame, and then swinging
the A-frame back, then dropping it into the water.

Just some other pictures. Y ou can see some of the attachment points wherethe lifting bridle attachesto the
vehide

Now, thisison thedice ship. It'sconsderably more stable, and also had much better control of speed because
it had variable pitch props. It didn't have an A-frame, however. The company that ownsthe ship didn't want to
build an A-frame. They came up with thisarrangement that iskind of like an overhead crane. Therés another
view of it that you'll seealittle further on. Basically, again, therewas a chainfall -- amotorized onethistime --
that would lift the vehicle up, and then thewhole chain lift could dide on atrolley back over the stern to be
dropped in the water.

Thisisthe overboarding shear for the tow wire, and the tow wire runs down to the vehicle here. So oncethe
vehiclewasin thewater, you'd dack thelifting bridle and take up tension on the tow wire, and that would
transfer theload. And then the swimmer could go in the water and disconnect thelifting bridle

One of the nicethings about this particular dice design was having this recessin the aft end of the ship, because
that meant that people going out at the very most aftermost ends on the two Sdes with tag lineswould have a
lot better angle controlling the motion of the vehicle-- right here getting underway, and then paying out wireto
get down todepth. Y ou can seethe sort of overhead crane arrangement and the chain lift in the center there,
which would move back and forth.

Then for recovery, it's pretty much the sasme kind of thing. Bring the vessd up near to the surface, and then
have a swimmer goin the water to hook things back up again, and then swing it back under the ding and bring
it on board -- not the kind of thing you'd want to do in anything very rough &t all. Hereit's just being lifted up.

We dtarted out with it fore and &ft, but swing it athwartship to get the most distance between the -- you can see
the edge of the center part of the back deck. And then onceit was up above, swing it fore and aft again.

Theré's some underwater video here of thetest range. These are some corner reflector (ph) fiduciary targets.
Then there's some other -- like theselittle flags mark where things are buried at various depths. But you can
just seethe vehicle here, and the diver swims up to get a better ook at it. Hewasn't quitein theright place. But
you can alot of cable strung, which iswhat you'd expect. It'salittle hard to know just how much of the motion
is heave being coupled from the ship and how much isthe diver swimming around. But | think there's
definitdly some of both.

Therés another pass here which you can see a noticeable nose-up attitude. Vertical isthisway, and asit comes
by, you can seeit's maybe ten degrees nose up. That's actually not too bad. One of the things that we've found
was working on the diceimproved how well the heavy tow worked. 1t wasamost useable, but --

-- but was never anywhere close to as good as the neutrally buoyant.
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Here we are going out to test the neutrally buoyant system on thedice. One of thereal nice things about this
shipisbeing ableto go placesat 25 knots. On the old Naina, weld get on the ship and start heading out to the
test area. Wed have plenty of timeto eat breakfadt, or a cup of coffee or something. On thedice, you'd get
ready to go, and the next thing you knew, you werethere, you know, timeto go to work.

For the next round of testing, which will bein January and February, I’'m planning to put a fixture on the back
of the ship here that you can pull the depressor weight up into. For this, we just had to leaveit hanging. It
worked out reasonably well.

This -- you can actually very dimly there seethe dice going by. But there coming out of the gloom isthe
depressor weight. Again, it'shard to know how much of the motion is the diver and how much isthe weight
itself.

Thisistheumbilical line. And then here comesthe vehideitsdf. Now, | think it's probably pretty fair to say
that all of that motion isthe diver, because at this point right here, he grabbed onto the drogue line and rode
along for awhile filming.

We were actually callecting data as they were filming this and didn't see any changein the towfish attitude.
Now heslet go, and you can seethat fuzzy drogue going by. And then just kind of as another experiment, we
had a coupl e of little drogue chutes at the end here, athough a couple of them have collapsed. The material
shredded -- but just to add alittle more drag to the back of the system.

And that's the end of that.
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SEASOAR Metamorphosis

Lindsay Pender & lan Helmond
CSIRO Marine Research

Introduction

13 years ago, we purchased a SeaSoar as part of an ambitious project to develop a towed microstructure
measurement system, and as a general towed undulating platform for use W|th RV Franklin. One of the
requirements of our SeaSoar system wasthe [
ability to reach a depth of 1000m at a tow
speed of 8 knots, while obtaining as grest an
undulation depth range as possble  Our
solution to obtaining the required depth was
to use 5000m of tow cable To maximize
the undulation depth range, the bottom 400m
of the cable was faired with Fathom fairing.
The tow cable contains a single coaxia core
for communication to and from the SeaSoar,
and to supply powe to the underwater
dectronics. In order handle the large data
rates anticipated from the microstructure
meesurement system, an 11mm cable was
required to reduce cable losses to an
acceptablelevd.

Fig. 1. Tow winch and cable

Asthe use of our SeaSoar system became more routine, the requirements of users became more specific.
There was a general need to increase the undulation range of the SeaSoar, and for specific experiments
there was a need to bring the SeaSoar to the surface for measurementsin water unperturbed by the ship’s
wake. When operating in shallow water we also needed some form of bottom avoidance for SeaSoar
safety, and to ease the stress levels of the operators. Maintenance of the SeaSoar, particularly of the
hydraulic unit, was also a concern since it resulted in significant down time while at sea. SeaSoar
maintenance was a so costly, both from the cost of professional refurbishment, and in the time of
maintenance personnel.

In this presentation we discuss the modifications that have been made to the SeaSoar to meet the needs of
users and operators. We a so discuss the el ectronic and software devel opments that have resulted in a
reliable and easily operated system.

M echanical

Driven by our requirement to increase the
undulation range and improve rdiability, we
undertook four modifications to the origina
SeaSoar. Firdly, we realised that limiting
the tow bridle to postive angles, as on the
origind SeaSoar, compromised  the
undulation range. In situations of maximum
cimb and longer cable lengths, the cable
angle at the SeaSoar is negative.  With the
tow bridle limited by stops to 0°, the cable
tension applies atorque to the SeaSoar (since
the force no longer acts through the wing
axis) which acts to decrease the pitch of the
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vehicle thus reducing the attainable minimum depth. However, limiting the bridle to positive angles is an
integral part of the original rall stabilisation syssem. Thus, to attain a greater undulation range by removing the
tow bridle stops, we aso needed to apply a different roll stabilisation mechanism. We also found that our
origina system had limited roll stability, particularly with large cable lengths, and we were looking for a
mechanism that offered greater stability. The new stabiliser is shown in figure 2. This stabiliser uses a gravity
operated ail eron mechanism with the weght coupl ed to the aileron through beved gears.

Toincrease the rdiability of the system, we decided to replace the hydraulic wing drive with a unit
powered by an e ectric motor. Even though we could have powered the eectric drive via a propeller driven
alternator, for simplicity and reliability, we chose to power the unit from the ship viathe tow cable. This
limited the available power, which in turn put constraints on the wing design as discussed bel ow.
Mechanically and eectronically, the eectric drive was designed to be a direct replacement for the origina
hydraulic unit. The motor used was a
75W Escap motor running off 12V. It
powered a 1000:1 gearbox with the
fina stage being a worm drive. Typical
power consumption was less than 10W.
A major design concern was the fina
drive shaft. We chose an O-ring with a
teflon slipper seal on ahard chromed
stainless steel shaft. The unit has now
operated for approximately 50 days of
tow time without any discernible wear.
A view of the dectric drive with the
electronics pressure case removed is
shown in figure 3. Fig. 3. Open dectric drive.

The final stage in improving the performance of the SeaSoar was to upgrade thewings. To increase our
undulation range further, we required more lift. From atheoretical study, there wasllittle to be gained
through the choice of wing section, so we were left with increasing thewing area. To accommodate the
low power available from the electric drive, we required the wings to be rotated with low torque.  An
asymmetric wing section has the characteristic that, for afixed axis, it isimpossible to find an axis position
where the torque is always zero for different wing angles. Theoretically, for a symmetric wing section, an
axis can be chosen wherethe torqueis
zero within angles of attack less than
the stall angle. Wethus chose a
symmetric section wing. Two sets of
wings were designed and built. The
first hasthe same area asthe original
wings, and isused in situations where
the undulation range does not need to
exceed 300m. The second set is 60%
bigger and is used for larger undulation
ranges. By using the smaller wings
where possible, we reduce the overall
load on the system. Figure 4 shows the
SeaSoar from above with the smaller
new wings.

Fig. 4. SeaSoar with new wings.
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A comparison of the aerodynamic characteristics of the origina wings, and the two new wingsisgivenin

table 1.
Table 1. Comparison of SeaSoar Wings
Description Section Area Max. Lift Coeff. Max. Lift at Pitching
4m/2 M oment
Standard Asymmetric 0.5m* 1.6 3600N 250Nm
NACA 6412 Achieved 0.9
CSIRO small Symmetric 0.5m* 15 4800N 20Nm
wings NACA 0012 Achieved 1.2
CSIRO large Symmetric 0.8m? 15 7600N 20Nm
wings NACA 0012 Achieved 1.2

To compare the performance of various SeaSoar configurations, a numerical model of the system was used.
Where experimental performance data was available, it was used to confirm the validity of themodel. The
performance of different configurations of the CSIRO SeaSoar is shown in table 2. Where available,
experimental dataisused. Numerical dataare shown asitalics. Cable tensonsare given asaforce, and as
a percentage of the cable breaking strength.

Table 2. Performance at 4m/s

Description Cable Length Max. Range Profiling Max. Cable
for Max. Range Range (1m/s) Tension

Standard SeaSoar. CSIRO cable 400m 0 —300m 0 —250m 13kN
(12mm cable, 400m faired) 18%
Standard wings, free tow bridle. 600 0—350m 0—300m 13kN
CSIRO cable 18%
Small wings. CSIRO cable 900m 0 —400m 0-320m 16kN

22%
Largewings. CSIRO cable 2000m 0 —600m 0 —500m 20kN

28%
Largewings. CSIRO cable 2400m 0—-670m 0—-570m 21kN

29%
Standard SeaSoar. 8mm cable, 600m 0—390m 14kN
600m faired. 33%
Small wings. 8mm cable, 600m 600m 0—-410m 15kN
faired. 35%
Largewings. 8mm cable, 600m 600m 0—480m 17kN
faired. 40%
Largewings. 8mm cable, 1000m 0—700m 22kN
1000m faired. 51%
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Thefinal significant mechanical change
to our SeaSoar, was the implementation
of a wake avoidance mechanism.
Various devices were tried to apply a
force in the horizontal plan normal to the
tow direction, some with limited success.
These included devices attached to the
tow cable, to the wing tips and to the fin.
Putting an offset on theroall stabilizer was
also used. However, to date, the
preferred option has been to place a
deflector on the forward end of the tow
bridle, while allowing the cable
termination to pivot fredy in the
horizontal plan with respect to the bridle.
Our preferred wake avoidance
mechanism is shown in figure 5.

= U =

Fig. 5. Wake avoidance deflector.

Electronic

Electronic devel opments at CSIRO have focused on reliability and versatility. Recently, we have upgraded
the SeaSoar € ectronics package using an imbedded micro controller. This controller handles all of the
interna housekeeping tasks, has A/Ds for sampling status and scientific sensors, and handles the
communication with the ship, the CTD, and the electric drive. Integral to this devel opment has been the
design of arobust and error free communication system for communication of data and control information
between the ship and the SeaSoar via the single coax of the tow cable. Due to the length of cable and
concurrent use of the cable for supplying power to the SeaSoar, signa to noise was amajor problem in the
communication system design. We use bipolar pulse encoding of an RS232 signal, currently operating at
19200 Baud. A token passing protocol is used with data sent in variable length packets. Error detection
and recovery isimplemented in the micro controller and an equivalent system running on the ship.

The electric drive uses a microprocessor and dedicated motion control processor to control the wing angle
in response to RS232 commands. An incrementa encoder on the motor isused to determine wing position.
Commandsto the electric drive can either position the wings at specific angles, or move the wings at
constant rate of change of wing angle. Statusinformation from the driveis sent periodically via RS232. In
order to maintain compatibility with the hydraulic wing drive a current mode wing control input isalso
available.

Currently, we use a CTD with dua Seabird temperature and conductivity sensors, and a Digiquartz

pressure transducer. A separate el ectronics package containing frequency counters and a microprocessor
packs the sensor frequency outputs and sends them to the SeaSoar micro controller via RS232.
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On the ship, we use a Unix workstation connected to the cable interface via RS232. A GUI isused to
control the SeaSoar and control datalogging. A snapshot of the GUI is shown in figure 6.

Fig. 6. Snapshot of the graphical user interface and monitor used to control the SeaSoar.
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A monitor frame shows the current status of the SeaSoar, and a scrolling image of the flight path with the
sea bottom as given by the ship’s sounder. Statusinformation such as pitch and roll is presented
numerically, and as gauges. The gauges also show the extreme values for the last 5 minutes. Any number
of property/property plots or property/time plots can be displayed with no restriction on the sensor
(property) being displayed. Thusthe operator can be viewing TS diagrams while checking the SeaSoar
behavior by comparing roll and aileron angle as a function of time.

The SeaSoar flight path parameters are entered viaa dialog box. There are numerous types of flight path
available, both for routine scientific use and system diagnosis. These include options such asthe
conventional triangular path, triangular pathswith parabolic corners to reduce flight ingtability at the turn
around points, constant depth, constant distance from the bottom, direct wing angle control, etc. The servo
system for keeping the SeaSoar on a prescribed track uses a PID type a gorithm.

We use an active bottom avoi dance system when operating in shallow water. This system uses both an
altimeter, pointing 30° forward of SeaSoar normal, and the ship’s depth sounder. The apparent altitude of
the SeaSoar is determined as the minimum of the altitude derived from the SeaSoar altimeter and pitch
angle, and a value derived from the depth given by the ship’s sounder, delayed in time to correspond to the
location of the SeaSoar, less the SeaSoar depth. Two atitude limitsare applied. If the SeaSoar approaches
the bottom, i.e. is diving, and the altitude becomes | ess than the first limit, the bottom avoidance algorithm
attempts to keep the vehicle at an altitude equal to thislimit. If however the vehicle comes closer to the
bottom than the second limit, the flight path is aborted and the wings are moved to give maximum climb.
Using the ship’s sounder has the advantage that it gives us some degree of forewarning. Thisisused in
situations where the SeaSoar is being towed into steeply rising terrain. Using the current depth of the
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vehicle and the depth of water at the ship, the rate of ascent of the vehicle required to clear an approaching
obstacle by a distance greater than the firg altitude limit is continually monitored. If this exceeds another
limit the flight path is again aborted and the SeaSoar is driven to maximum climb. Figure 6 shows and
example of bottom avoidance due to the first altitude limit being reached, and an example of approaching a
cliff.

Figure 6 was created after running the SeaSoar software in simulation mode. In this mode a SeaSoar
emulator replaces the SeaSoar interface task; all other tasks operatein the normal way. Thissimulation
mode has proven to be an invaluable tool for testing the software.

CTD

Each temperature, conductivity pair is connected viaa TC duct, and pumped. Routine calibration of the
conductivity sensors is performed by placing the CTD assembly in a bucket of well-stirred seawater, and
then collecting salinity samples for later analysis while logging data through the SeaSoar system. Samples
are taken at two different salinities, with alower salinity being produced by dilution. For operation in
biologically active waters we have implemented a biology deflector over the entrance to each TC pair of
the CTD. On arecent voyage, this deflector system dramatically improved our data quality, yet had
minimal effect on the response of the sensors. The deflectors - PV C conica cups - are shown in figure 7.

Fig. 7. TCbiology deflector
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TheFuture

Time and money permitting, we intend to replace the only component of our original SeaSoar till
remaining —the SeaSoar body. The new body will have greater depth to enable the placement of heavy
pressure cases above and below the wing axis. Thiswill enable usto balance the weight distribution of the
new vehicle. Theoriginal SeaSoar is very tail heavy and flies with a permanent tail down attitude. For
ease of maintenance, deployment and recovery we also intend designing the new vehicle such that it can be
landed on itstail. In thisupright position on deck all sensors and electronics will be easily accessible. A
schematic of the new vehicleis shown in figure 8.
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W

CTD ‘
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Fig. 8. Proposed new towed vehicle
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ROV And Towed Vehicles
Discusson Session

MR. OBER: My nameis Sven Ober from the Netherlands Indtitute for Sea Research. | have a question about
the SeaSoar. There were some figures shown concerning the performance of the improved SeaSoar that were
not stated at what ship speed these figures are reached.

DR. PENDER: That wasal at four metersa second, or eight knots. They wereall at the same speed.
MR. OBER: All at the same speed. And four meters a second is about how many knots?
DR. PENDER: Eight knots.

PARTICIPANT: (Indiscernible) wanting to talk about Jason. Y ou weretalking about usng GPS reference
sysems. | presume you were using DGPS.

PARTICIPANT: | waswondering what you used (indiscernible).

PARTICIPANT: Not at the surface. We used along the basdine NAV for both navigating with Jason on the
bottom and also navigating the ship. We have ancther system. It'slikealong basdine, but it'samuch higher
frequency. It'slikein the one megahertz range, and it's good for one and two centimeter ranging accuracy. It's
only good for about a hundred meters. Soif you work within this neck (ph) on the bottom, you'relimited to
areas you can work in. If you can maintain accuracy -- you know, depending on how the (indiscernible) and
how thelines of positions crossed in the order of a couple centimeters.

We also had the Doppler SONAR on the bottom, which givesyou areal good tight coupling to the ocean floor.
By thetime you blend the Doppler SONAR with either the long -- the high -- the lower frequency aong the
basdine, you can get areally nicetight net on the bottom, which is (indiscernible) and it's what we use for the
SONAR scan lines when Jason flying track linesto generate the SONAR images.

DR. SHOR: Sandy Shor from NSF. | had questions both for Marc and for Bill Kirkwood about the small
water plane hull toysthat they've been playing with. First to Marc, the dice vessd, where did that come from?
Andisit used for research, or did you just happen to be out there for Hawaii to be looking at.

MR. ROGNASTAD: Wadll, it'sactually been built jointly by Honolulu Shipyard and Lockheed. 1t was builtin
Hawaii, and so that'skind of its home port. | understand CEROS funded allittle of the devel opment for that,
athough I think it was mostly funded by ONR. So we found out about it through CEROS, you know, sort of
one of these project reviews where you can find out about what other peoplearedoing. It seemed like aresl
logical thingtodo. They had not donethiskind of work before, although | gather they've done some sort of
experimental testing for the Navy.

DR. SHOR: What'sit used for normally?

MR. ROGNASTAD: Wadll, it'sgtill kind of experimental. WeIl beusing it again in January and February. |
know they'retalking about taking it here or somewhere on the West Coast for some experiment that they'll be
doing with the Navy, but | don't know the detail s of that.

Thereisalsotalk about using it asatest sort of platform for a passenger ferry -- ahigh-gpeed passenger ferry in

Hawaii. Therestons of deck space and could easily be enclosed to carry hundreds of people. Soit'skind of an
experiment.
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DR. SHOR: Onthe MBARI vessd, you showed some stress point figure which shows what the problem was.
What was -- what's been done, or what type of work have you doneto strengthen that? Isthat material changes,
or design, or what sort of things?

MR. KIRKWOOD: Material changeiswe had to add material. What happened isthat we went to a boat

yard -- in fact, | can tell you more about the other one, because the fellow who did dl that, | know. | had him
come down and talk to us about swath design. But the people who werein charge of the project at the time had
aready gotten into a contract with Swath Ocean Systems. Theway that it was set up was, you know, we
specified aboat; they built it.

What happened is they designed it actually with more of amono-hull kind of thinking in mind. So the strength
members actually run predominantly in thewrong direction. You really want them to go counter-intuitive to
what aregular boat would have. So they'remissing alot of material strength going down acrossthe ship.

What happened is, with that, and then of coursethislittle stressriser, the combination was such that we saw
some cracks develop. Now, swath vessd's crack anyway, particularly on an aluminum structure like ours.
They're not supposed to crack that much, or that often, or so soon. So they're a fatigue-type structure.

Thething that we're going to get into is the fellow who designed dice and all the othersisaguy named Terry
Schmidt. He'sat Lockheed Marine Systems, or what'sleft of it, and he did the stedlth ship, and he did the
canted strut design in the Navi-Tech (ph) vessd, which isthe swath. Sohesgot alot of patents and so forth
and donealat of thiswork. What he proposed to do, and which iswhat | fought for but we didn't do, wasto
actually goto a canted strut design that was not asolid wall. 1f you looked in ours, it'sgot asolid strut al the
way down, and dice doesn't havethat ether.

PARTICIPANT: Yeah. That'sright.

MR. KIRKWOOD: And what happened isit takes out alot of the shuddering. One of themotionsyou getin a
swath vessd isit fedslike somebody’s kicking your feet sdeways, and it’s because of thislargewall. So he
actually shapesthe structure coming down in sort of awing kind of a section, as opposed to being aflat wall,
and it'sgot amajor holethrough it. Soit'sreally minimized going through. It's great technol ogy.

The other thing he does now is he putsthem at an angle. So what happensisthat you don't get thereverse
bending. Then the Stressesareall pre-loaded in onedirection in the boat. It really does away with alot of those
problems of cracking and so forth. Y ou can get away with alighter sructure.

Now, the NaviTech designs-- and I'm not sure about this one -- but they're actually sealed with an aluminum
floated house. It's actually rubber-isolated. So Terry -- you can call up Lockheed in Sunnyvale and get ahold
of himif you'reinterested in this stuff. HeEsagreat guy.

DR. SHOR: Y ou have pretty much, | assume, had to stick with aluminum in the modifications made to Western
Flyer dueto repair type of work.

MR. KIRKWOOD: Yesh. | --

DR. SHOR: So it remains an aluminum structure.

MR. KIRKWOOD: | don't remember the exact number, but it's 5806, or something.

PARTICIPANT: (Indiscernible)

MR. KIRKWOOD: Yesh. Butit'sactually an odd one. Wehad to order the material from France. It'svery

weldable. Y ou can actually mix materials (indiscernible) insdeif you want. Y ou can weld 6061 toit and so
forth. 'You don't want to do that on the outside where you might get a corrosion issue.
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Mr. Packard wanted to push the envelope, so he went with the al-aluminum sStructure, as opposed to theiron
for the bottom.

MR. ROGNASTAD: Thediceisactualy al-aluminum.

MR. KIRKWOOD: Itis? Terry-- likel say, heactually -- the other thing that he's doing, too, ishe hasno
rudders on some of them. I'm not sure about thedice one. Heusesadifferential plane, and he playswith
pressuresto move the boat around. Soredly, if you're going to get into that business, you should talk to him

anyway.

MR. ROGNASTAD: Yeah. That actualy was probably about the only shortcoming isthe differential pressure
steering doesn't work very well at low speeds. It works greet at high speed. | mean, you can just zoom all
around. But at low speed, we couldn't turn very quickly.

DR. PENDER: If you're on station, you wouldn't be ableto rotate at all.

MR. ROGNASTAD: Wél, there aretwo screws, and they're variable-pitched. So actually, on gtation, you can
rotate in your own length (ph). But either way, it'shard toturn it very quickly. Theréssort of arange between
near zero speed and max speed whereit's not as controllable. 1n the swath arena, theré'salot of neat things.
He's actually got another hull that’s sort of Coke-bottle shaped where the fruit number (ph) invertsat acertain
spead and you actually get more efficient again, and so forth. Somehow he's convinced Lockheed and other
peopleto build al thesethingstoo. It'satalent initsdf.

MR. WILLIS; Jm.

MR. SULLIVAN: I'm Jm Sullivan with Harbor Branch. Both Bob and Bill, | beieve you mentioned video
was one of your outputs, or products, or whatever, and digital videois now the new revolution. It's probably
going to be -- impact us much like theinternet did. What are you all planning on doing about that?

MR. KIRKWOOD: Severa thingsgoing. Oneof thethings-- and I'm rushing through this -- if you look at the
front of Tiburon, there's several stations for mounting the cameras and rearranging the front end. Mogt of these
ROVsarevery flexible for that. The outermost stations are actually positioned al ong with some hydrophones
such that we can do stereo. So we do machine stereo right on the vehicle with precision pan-and-tilts. Right
now, weredoing a project and bringing on HDTV. So pretty soon well have that running on our other vehicle
first, and welll upgradethem all. Soin terms of the video, were keeping right up with the technology. The big
thing isto try and get the data out of the video. So we have several sysemsgoing on with lasers. In fact, were
doing some work with Harbor Branch with that wherewe havethe three paralld lasers with the -- calibrated the
focal plane-- well, then you have a crossing laser, and s0 you can get angular positions, and you can tie that
back to the vehicl€s attitude and get areal reference frame for what we'relooking at.

For that, I'm looking into projects where welll take the polygon created by that system and then texture map the
video onto them so you can create these three-dimensional bodies. But that's fill alittle ways down the road.

PARTICIPANT: Wetaked about it awhalelot -- (indiscernible) you're not talking about HDTV. You're
talking about pure digital sgnal?

PARTICIPANT: Wdl, HDTV isaform of digital.

PARTICIPANT: Wdl, wevegot HDTV. It'sjust amatter of having the fiber optic transmitter it can handle.
HDTV’s about 30 megahertz of bandwidth; whereas sandard NTSC's (ph) about eight megahertz. Were
talking about trying to build a new vehicle, and I'm sure welll incorporate a tel emetry schemeto have digital
video. But sofar, we haven't really broached the subject in terms of the money that it would cost for getting the
cameras or anything like that.

PARTICIPANT: Yes, it will.
(Laughter.)
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PARTICIPANT: I'm not trying to sugar-dad it, mind you.

MR. KIRKWOOD: The other thing that we've been looking to isthe digital still and getting redlly, really high
resolution for a magazine-type quality. They have these cameras with athousand lines, | guess, or something.
Theyrehuge. But the exposuretimeistoolong. Sothoseareareasthat I'm looking into also and how to do
some of thosethings. | think alot of -- both WHOI, and has everybody, been taking al this stuff and
integrating it (indiscernible).

PARTICIPANT: The nicething about fiber opticsisthe bandwidth isnot an issueanymore. Soit'sjust a
matter of can you -- how much stuff can you craminto, in our case, a six-inch diameter tube? If you can stick it
in atube, we can send it up thefiber.

MR. SULLIVAN: How often do you haveto re-terminate? How often doesit bresk (indiscernible)?

MR. KIRKWOOD: Intheearly days, wehad to doit several timesper trip. In the past four or five years, |
guess, other than -- wdl, essentially, once we get set up for atrip and we have everything s&t up, we don't have
to. We'vehad a pretty good reiability.

A fdlow named Mo Sdllers (ph) has devel oped a good technique for terminating the stedite (ph) which is
ingde the Rochester cablesinto like an ST-type connector. We matethat up to a Digio-Brian (ph) sngle-mode
feed-through connector. Welve had real good luck with that. It'snot to say it doesn't happen, but it's not the
wesk link anymore. It'sjust an dectrical connector to the weak link now. Asfar asfibersare concerned, it's
reliable, they work well, and once you get the system together, it's been a non-issue.

PARTICIPANT: Do you ever get fiber breskage at all?

PARTICIPANT: No. In actual fact, we hockled (ph) the cable, put apretty tight kink init, and didn't really see
any appreciable change. We monitor -- one of the things we do with the system is congtantly monitor all these
things. So the optical budget is (indiscernible) all thetimefor losses. It'squite good. One of the differences,
wedon't run asoft tether. Werun sted to thevehicle and float an S (ph). So we get away with the clump rate
instead of having two bodies for recovery. That’'s how we've had this problem that’s going on with
(indiscernible).

PARTICIPANT: One of the weirdest problems we've had isfiber is-- there's different wave engths of
windowsthat you could use. There's basically the single (indiscernible) fiber is 1300 and 1550 nanometers.
One of the weirdest problems we've had to solve is when you have one wave ength go dead, but the other
wavdength isfine. With our early test equipment, you could launch, say, 1310 (indiscernible) fiber, and you
could seeit at the other end it's maybe 10 db loss, but yet your system doesn't work. And you can say that your
fiber'sgood, but it sill doesn't work. And it took quite a whileto sort out the fact that it was actually 1550
nanometer that was being attenuate. So it’s the one that goes away firgt as both pressure increases on the cable,
and also temperature, too. We found out at Woods Hole whereit's 20 degreesin January that 1510 nanometers
would go dark in multi-mode fiber, but not snglemode. Soit waskind of early thingsin the learning game
trying to sort dl this stuff out.

MR. SULLIVAN: It'swritten down somewhere in't it?
PARTICIPANT: Pardon?

MR. SULLIVAN: Thisiswritten down somewhere?
(Laughter.)
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MR. KIRKWOOD: The other thing, too, isthat sted-life design (ph) -- we pressuretest -- we haveavery
similar congtruction, this (indiscernible) state, compatible with WHOI and some other people. The other thing
is, for some reason, through attenuation, it'sabig step after about 4,000 meters. We naticed that when we
tested our cable. Now, oursisdightly different, but | think it had something to do with the stedl-life
congtruction from Rochester, which isavery good cable. In fact, they were the only oneswho could build it to
our specs. It'skind of an odd (indiscernible) much past that, it takesthisreal dip in performance.

DR. PENDER: How do you distinguish between cable problems or fiber problems and termination problems?
PARTICIPANT: How do you mean?

DR. PENDER: Wdll, if you've got these attenuation problems, how do you know it's not -- it's the cable and not
the termination that's the problem?

PARTICIPANT: Sometimesit'shardtotdl. Usualy, if it'sa connector problem, the problem doesn't fix itself
asyou changedepth. If it breaks-- it usually breaks. Y ou can have a connector that might bea 20 db
attenuation. Onceit doesthat, it staysthat. It doesn't suddenly get better.

DR. PENDER: | would imagine deformation of the termination (indiscernible). Y ou can make an eagtic
deformation of the termination, add pressure, and then, you know (indiscernible).

MR. KIRKWOOD: Theglassusualy won't changeit.
DR. PENDER: It doesn't?

MR. KIRKWOQOD: In fact, we find the performance when it'srolled on the coil will actually be lowered when
it's straightened out because of micro (indiscernible) close back up. That's what we've -- | don't know if you

guys--

PARTICIPANT: Wefound asthe cable goesin the water, thetension -- theréstwo factors. Therésthe
pressure on the cableitsdlf, and that tendsto increase the attenuation. But there's another factor when the cable
getsdretched out. | guessit'slike winding up a hose with abunch of kinksin it. You'vegot totake al the
kinksout. In the micro-bending world, we're talking about nanometer range. So while attenuation isincreasing
dueto presaure, it'sactualy decreasing duetothe gtress. In theend, it'stheincreasein attenuation that wins.

Y ou end up with less attenuation at depth than you do on the surface.

PARTICIPANT: So graightening it out, it seemsto work better.

DR. SHOR: Ancther question. Y ou’ vetalked about the internet -- running over theinternet back to shore. How
do you do that? What kind of -- | mean -- how do you do it?

MR. KIRKWOOD: That'ssomething | didn't get into there. But we run microwaveto shore. So within the
bay, if you've ever been to the aguarium during the week, you can actually have live interactions with scientists
working in the bay on both of our vessds. So weve actually used that from the engineering perspectiveto
prevent having to go out to sea while we're doing something. Because it's multi-tasking, we can actually be
doing work in one area while somebody's doing science in ancther area.
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For instance, let’'s say you're doing a midwater run and so forth, but you're working on the (indiscernible) GUI.
Y ou can do that while the boat’s within microwave range. We have had problems, though. We have had the
boat take off when people were working -- eclipse over a horizon while you're working, so -- and you don't
know it. Soweve had toingtall some other learning mechanisms about knowing when the boat’s leaving, and
so forth, and identifying how you're connected. But on the other hand, it's been -- we have a handy tool.
Theréstimes when you get into it with the real-time operating systems and so forth and integrating the
hardware, and you just run up againgt thewall, and you need to get ahold of somebody. Weve had guys at
WHOI. Wecdll them up. They log in with their lap-top, and they actually can work on it, you know, help you
with your problem themsdlves. Soin termsof using that same technology in AUV's (ph) and other instruments
that move around the world -- for ingtance, we had some stuff go to Jamstech (ph) and go to the Mariana (ph).
It didn't have any problems, but had it, you know, the way it's set up, the scientist can just plug it in aphone
line, and we can log into the instrument, insert (indiscernible) fix the problems. The data comes out the same
way, too. So thisweb browser kind of interface is something we're really shooting after.

PARTICIPANT: What datarateis your microwave link?

MR. KIRKWOOD: Y ou know, | don't know. But | know it can handle HDTV, so -- we checked into that
already. Thebigger problem we're having isthe way it's set up originaly, it waskind of on the dy;, if you will,
because we didn't go that far. So aswere stretching out the distance, if you want to change the tracking
scheme, and wereredlly kind of -- this-- | don't know if you're familiar with monopul se tracking where you
usethat zero cross-over and the zero pulse

PARTICIPANT: Uh-huh.

MR. KIRKWOOD: That'swhat we want to go to, but it's quite expensive. Regardless of what peoplethink,
werenot rich.
(Laughter.)

MR. WILLIS:; Frank.

PARTICIPANT: Frank (indiscernible), Woods Hole Oceanographic (indiscernible). | have ageneral question
toyou, Lindsey. | haveawhadlelot of questionsto you, of course, but thisisone. Whiletrying to go deeper
with SeaSoar, which wearedl of thetime, aswell, you mentioned the bigger wings. | talked to the Oregon
State-- Marc and Linda -- about their -- you guys also had bigger wings, but you a so had very high tenson and
very high diverates. Y ou also mentioned that you have higher tenson, but isit right that your higher tensions
grictly come from more cable out, more-- just more drag on the cable?

DR. PENDER: Yeah. The-- | can't remember the exact balance of cabletension dueto the cable and dueto
thefigh, but from memory, it's something like 20 percent was dueto -- even with thelarge onesisdueto the
fish. Thebulk of itis, in fact, duetothe cable.

PARTICIPANT: Uh-huh. Soif you go-- with your wings, you don't see extreme dive rates and so forth.

DR. PENDER: Thediverates are controlled because we have a server mechanism which isdriven from the
ship, which is bascally telling the wingsto be in a position such that you can contral the rate of ascent or
descent. This program will just run from GUI. So typically we run aone meter asecond diverate.
PARTICIPANT: With thedectric (indiscernible).

DR. PENDER: That'sright. | wasjust mentioning to Marc earlier, with the large wings, weve had the system
in an uncontrolled mode where it was actually dimbing at seven meters a second (indiscernible) at four knots--
sorry -- four metersa second. So it would be quiteimpressive seeing that come out of the water.

(Laughter.)
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Y ou know, | have a question regards recovery mechanisms. | wasintrigued with your ded for actualy getting
things out of the water. (Indiscernible) seas other than calm?

PARTICIPANT: Oh, yesh.

DR. PENDER: How do you linethings up if your ship’s pitching? Do you have some mechanism for actualy
adjugting the angle of it?

MR. ROGNASTAD: No. Part of it ischoosing a course and also aspeed. Ancther part isthewinch that pulls
the towfish aboard can pull it aboard pretty quickly. Soit takes some operator experience, but we've recovered
in, oh, | don't know, 18-foot seas?

DR. SHOR: | haveto confessthat | was-- I've done most of those launches and recoveriesin theworst
conditions, and if | remember right, the worst was up in the Norwegian Seain about -- seat state pushing five.
Wehad to gointo the trough to doit. The controls were messed up because the hydraulics hoses had been
crushed. Sowe had no visihility. We gtill got it back. We havelogt it occasionally on recovery. Infact, we
lost one whole vehicle for those reasons (indiscernible).

It'savery nicerecovery system up to sea gate four -- low four. Beyond that, it getsreal dicey, and you get
smart tobring it in.

DR. PENDER: We contemplate a system of recovering a SeaSoar, and we think it was too treacherous, so we
gave up and just wait for (indiscernible).

DR. SHOR: Wdl, as Marc pointed out, | mean, thewings on that new vehicde are clearly problematical in
desling with a sysem likethat. Y ou got to come up with some way that you can have wings on it, you're not
going to remove them -- a cylinder would be the best shape for recovery (indiscernible). 1t'stough.

MR. WILLIS; Any other questions?

MR. SCHWARTZ: Dan Schwartz, University of Washington. Y our vehicles represent areally wide --
interesting and wide variety of actual sciencemissons. I'm just curious, from whereall of you st looking into
thefuture, do you see AUV s getting to the State of the art -- and maybe on what time scale-- to where they can
do some or any of those missionsthat these vehicles are doing now?

PARTICIPANT: AUVstend to berather power-limited at thispoint. So they're probably not going to fill the
gap of continuous data recording or recovery typething. They can certainly be deployed and go into -- take
dataand go into a deep mode for aperiod of time, and wake up, fly around, go into arecov- -- data gathering
mode.

So could do video asingle shot at atime where you can put awholelot of data on asingletape, but it won't bea
real-timekind of thing; however, it might look that way if you say, Look at the black smoker groaning from an
AUV that takes a picture once every day, or once ever two days, or something likethat. Sothey're-- WHOI
has a couple of these that they're working on. Dan DeY urik (ph) isworking on onethat we've deployed a
coupletimesnow. It goesdown tothe bottom all by it- -- it has a programmed toamission. It goesdown to
the bottom all by itsdf, d ows down when it getsthere, does whatever it's programmed to do, and it comes back.
So far, we have a-- it's a one-for-one relationship between the number of timesit goesin the water and the
number of timesit goes out.

(Laughter.)
But it's-- in terms of real-time, probably not. But (indiscernible) over thelong haul, | don't see any reason why
we can't take the place of -- they could be thelong-term experiment that sits on the bottom. | see perhapsin the

future having a docking mechanism where they could keep the batteries charged perhaps-- | mean, to
download data into something in an ROV to extract the data out at sometimein the future.
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MR. SCHWARTZ: That'sthe concept of some of the observatory systemsthat are being designed now,
whether it be docking stations, maybe cabl e-to-shore, recharge batteries, downl oad data (indiscernible).

MR. KIRKWOOD: 1 think theré's going to be awhole -- the problem with the AUV sisthat they are very
cusom. Theyrenot asflexibleasan ROV in terms of the way they have to be constructed right now. They
ill, in my mind, take way too many people -- the cost-effectiveness of them for timein the water and so forth
isgtill something that’s got to be worked on. | think what you're going to see, at least from our perspective, is
therés going to be this docking version where you go between dock stations and you'refilling in that temporal-
spatial zone. And then therés going to be these custom onesthat they're very miss on-specific kinds of things.
The degree of time that’s spent is something that's going to be a question, too. | know that there's some aready
running where you can acougtically talk to them and change modes. A guy at Lockheed isworking on onethat
changes its mode on itsdf depending on the environment that it sees. It has some sort of Al (ph) capabilities.
So therés going to be thiswhole sort of spectrum of them, as opposed to the ROV's, where -- and the
technology isredlly proven out in the ail fidd. When the ail field puts money into AUV, you'll seealot of
them.

Therésalot of people out theretrying to manufacture them right now. | think there's probably 20 different
companies garting up. My guessis something on the order of two will survive. Power'sthe big one, and then
this degree of flexibility for science -- theindustry’s going to just say -- there's a pipe surveyor, and so they'll
buy a bunch of these, and they'll be sandard, and well just maintain them; whereas, our science saff, you
know, you'll useit today, well useit tomorrow. And if you can't turn it around and make it easy and reliable --
to get them outside of placeslike MBARI or WHOI to smaller universities, the price (indiscernible) very
expengve. | don't know what you think, but I think they'realot of money. So--

PARTICIPANT: (Indiscernible)

MR. WILLIS: Do we have any other questions?

(Noresponse)

MR. WILLIS; Beforel let everybody go, Tim Deering brought up agreat ideathismorning. Therésalot of us
now with towed undulating vehides-- ScankFish, SeaSoar, VanFish (ph), what have you -- and Tim'sideaisto
set up amailing list for people who ether have those vehicles or areinterested in them to exchange information
ideas. If you'reinterested in being on such alist or listening in on such alist, you can see Tim. He's back there

in -- raise your hand, Tim -- in the striped shirt, or mysdf. Well get your name and your e-mail address and put
you on such alig. | think it'sareal good idea.
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A Large Diameter Piston Corer For Use
On UNOLS Research Vessels

Peter A. Kak
Oregon State University

Abstract

Techniques of systematic deep ocean sediment coring began with the British Challenger Expedition (1872-
76), and evolved over the years until Kullenberg’s invention of the piston corer in 1947. Since then, piston
corers have gotten larger and longer but they are still based on Kullenberg's design.

A large diameter piston corer has been developed a Oregon State University's College of Oceanic and
Atmospheric Sciences Marine Geology Group that has been used on several UNOLS and NSF sponsored
cruises. Core recovery has been generally good but some problems have been encountered with UNOLS
vessd's and equipment.

Introduction and History

Thefirst systematic collecting of marine sediment samples took place during the British Challenger
Expedition of 1872-76. While many of these samples came from dredge hauls many cores were gathered.
These cores were about afoot in length and were taken by a device called a Baillie Sounding Machine (Fig.
1). The machin€es center tube projecting bel ow the sounding weights acted as a small gravity corer. When
the sounding machine struck the ocean floor the 150 to 200 kg of weights were jettisoned thus eliminating
the need to haul the entire weight package back to the surface. The Challenger carried no geol ogists aboard
and the collected cores were not described until about 15 years later.

After the Challenger Expedition several other efforts at collecting deep ocean sediment samples were
undertaken during the late 19th and early 20th centuries. From 1888 to 1920 the United States Fish
Commission Steamer Albatross sampled marine sediments from ocean depths of the eastern Pacific and
from bays and estuaries along the west coast of North America. The Dutch steamer Siboga during its 1899-
1900 expedition to the East Indies gathered sediment samplesin large quantities. Expeditions to collect
samples of deep ocean sediments were embarked upon by the German Steamers Edi Stephan and Planet
during thefirst part of the present century.

All of the expeditions mentioned, while collecting sediment samples, also made soundings that resulted in
charting of the ocean depths which slowly began to reveal the topography of the ocean floor. However, the
rope and later piano wire lowerings of weights to the bottom took many hours of time for asingle deep
sounding. And there was no way to correlate a sediment sampl e to the ocean floor topography and bottom
features. All you had was a sample depth.

Shortly after the end of World War | echo sounding devices were devel oped thus ending a period of
relative inactivity in the study of marine geology. No longer was it necessary to stop a vessel to makea
sounding. The German Steamer Meteor was among thefirst to embark in exploration by the new method.
From 1925 to 1927 the Meteor made extensive bottom profiles across the South Atlantic. Over the two year
period 311 stations were occupied resulting in 43 3 wire soundings, 74 grab samples, and 359 gravity cores
(Fig. 2). With the echo sounder 33,000 depth determinations were made. Core liner was glass tubing.

By the end of the 1920's knowledge of the deep oceans was coming more and more from the work of the
oceanographic inditutions. Investigations of sediments by Henry C. Stetson began at Woods Hole
Oceanographic Ingtitution in 1929 and were followed a few years later by Francis P. Shepard of Scripps
Ingtitution of Oceanography on the West Coast. Most sampling was done with grab samplers and gravity
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Fig. 1. The Baillie Sounding Machine. The tube (f) was generally made to project 18 inches

below the weights (€). From Murray and Hjort (1912).
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Fig. 2. Mud sampling tube (gravity corer) used on the Meteor Expedition. From Spiess (1928).
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corers. In his studies of Scripps Submarine Canyon Shepard sometimes employed the services of a hard-hat
diver who would drive pipes into the canyon floor and then signal to Shepard in a skiff aboveto pull on a
line attached to the sediment filled pipes thus bringing them to the surface. Asthe pipes |eft the canyon
floor the diver would tie rags over the bottom ends to keep the sediments from falling out.

There were, however, problems using gravity corers. Getting enough speed in lowering to drive the corer
more than a couple of feet into the bottom was amajor problem. Early models of winches were slow and it
was hard to tell when the corer was on the bottom in deep water. Wire would pile up and foul especially
with some types of the early used piano wire. To overcome the penetration problem Charles Piggot, a
student of Henry Stetson at WHOI, devel oped the coring gun or the core sounding apparatus as Piggot
caledit (Fig. 3). The Piggot gun was used on an August, 1935 RN Atlantis cruise in which 14 cores were
taken. The maximum length of core obtained was eight feet, eight inches. Brass tubing was used for core
liner. The explosive charge used one gram of high-speed black powder asa primer and a varying number of
pellets of 155 mm. howitzer powder for the main explosive force. Relatively long core samples were
obtained using the Piggot gun at stations from Newfoundland to Ireland across the North Atlantic in the late
1930s. Use of the Piggot gun was finally discontinued because of powder storage problems and afew on-
deck detonations.

Kenneth O. Emery and Robert S. Dietz, sudents of Francis Shepard at SIO, developed a very dependable
gravity corer in 1938 (Fig. 4). This corer was used on the R/V E.W. Scripps aong the California coast and in
the Gulf of Californiafrom 1938 to 1941. 229 cores were taken with a maximum length of 17 feat. Thislength
core was possible because winch and wire devel opments by this time allowed for rapid lowerings. The core
liner was a gtrip of 15 gauge cdluloid reinforced at each end and rolled into a cylinder before being inserted
into the sted corer tube. The core catcher was made of gtrips of cdluloid.

In the summer of 1940, Juul Hvordev and Henry Stetson of WHOI came up with away to solve one of the
problems of gravity coring-getting a greater lowering speed to increase penetration of the sea floor. They
devised away to let the corer free-fall detached from the lowering wire and winch (Fig. 5). Thismethod is
one of the basis of piston coring to thisday. Thetrigger arm design (Fig. 6) with one notable modification
isalso used in present-day coring. The free-fall coring tube took 21 coresin the summers of 1940 and 1941
aboard the RN Atlantis. Maximum length of these cores was 113 inches using free-fall drops of seven to
ten feet. The drive weight (Fig. 7) was 1000 pounds and a brass tubing liner was used. Due to World War
11 the description and operation of the free-fall coring tube was not published until 1946.

Marine sediment research pretty much ended with the start of World War 111, the exception being the
compilation of sediment charts from sample notationsin the war areas.

Hvorslev's and Stetson’s free-fall coring tube addressed one of the major problems connected with coring.
However, another major problem existed - how to overcome the friction of the sediment passing thewalls
of the coring tube or liner asthe sediment enters. Emery and Dietz noted with their gravity corer that they
never recovered coresthat equaled the depth of penetration in the sediment as noted on the outside of the
coring tube. Charles Piggot with his coring gun observed this also. The conclusion of these observations led
researchersto the fact that once the coring tube or liner fills to a certain amount, the friction between the
sediment and coring tube wall becomes so great that filling the stops and the bottom of the tube just pushes
the deeper sediments out of the way.

Something was needed to overcome this friction. Boorje Kullenberg of the Swedish Oceanographic Institute
in Goteborg had been experimenting with ways to counteract this friction with suction as early as 1940. He
started with a vacuum sampler with a piston and finally devised a method of using a piston with Hvorslev's
and Stetson's free-fall coring tube. Thus was devel oped the piston corer (Fig. 8).

After Kullenberg invented the piston corer in 1947 many modifications have been incorporated over the
years. In 1951 Maxwell Silverman and Richard Whaley of the Chesapeake Bay Institute of the Johns
Hopkins University made a significant modification to Hvorslev's and Stetson's freefall corer release
mechanism. Instead of the lowering wire being attached to the top of the trip arm and another, separate,
wirerunning from the bottom of the trigger arm to the piston, the new modification allowed the lowering
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wire to be used alone. The lowering wire was clamped to the side of the trigger arm (Fig. 9), then after
taking into account the free-fall distance, the end of the lowering wire was attached to the piston. This
eliminated the need to constantly be changing the trigger arm to piston wire when the free-fall distance or
tube length wasincreased or decreased. The new trigger arm was tested during the 1951 field season in
Chesapeske Bay's sands and gravels. 20 foot long cores were obtained with only 250 pounds of drive
weight. Anywhere from six to eighteen feet of free-fall was used. Because no core liner was used, al cores
were extruded from the core tubes.

Many of the earlier corers and even corers used up to the mid-1960's had no core liners. The sediments had
to be extruded. This process resulted in core compression and loss of interstitial water so core extrusion
was not an ideal situation. The cores were pushed out of the tubes by extruding rods onto butcher or waxed
paper held in wooden or metal trays and then wrapped and labeled (Fig. 10). To get away from the
extrusion process core liners started being used in gravity corers as early as the mid-1920's. Glass tubing,
brass tubing, and rolled celluloid sheet were materials employed as core liners early on. Asthe
petrochemical and plasticsindustry progressed with its products more and more plastic tubing was used as
coreliner. First came Cellulose Acetate Butyrate (CAB) tubing, then tubing from polycarbonates (Lexon),
and finally Polyvinyl Chloride (PVC) tubing. Not only did the basic plastic tubing material s change but
also the sizes (Fig. 11) as marine geol ogists were demanding more sediment sample material. Also
influencing plastic liner selection is cost. The war between the Arabs and Israglisin 1973 caused oil prices
torisshencearisein the cost of plastic tubing. Three inch diameter polycarbonate tubing jumped from
$1.50 per foot in early 1973 to over $6.00 per foot a year later. Prices for the four inch diameter PVC
plastic pipe commonly used today as core liner have remained fairly stable in recent years at about $1.25
per foot.

Besides being heavier, larger diameter, and longer, piston corers from the mid-1950' s to the present day
still employ the basic Kullenberg concept. A 2000 pound piston corer capable of taking 20 meter cores was
designed and built by John Ewing of Lamont-Doherty Geological Observatory. In the early 1970's Charles
Holister of Woods Hole Oceanographic Ingtitution and Armand Silva of Worcester Polytechnic Ingtitute
designed a“giant piston core’. The weight stand carried up to 13,000 pounds to drive over 40 meters of
core barrel into the sediment. Five cores were recovered, the longest being about 30 meters—arecord
length at that time. These corers, ultimately, were al lost at seadueto wirefailure.

There are commercially manufactured and available piston corers. Benthos Inc. of North Falmouth, Mass.
has alarge piston corer that sellsfor $34,202. This corer has a 2,000 pound weight stand with a
polycarbonate liner of 2.65 inchesin diameter. It is advertised that cores of up to 15.2 meters length are
possi bl e with the Benthos corer. Alpine Inc. of Norwood, N.J. has available asimilar piston corer for
$18,200.

In thelate 1970’s, Alan Driscoll designed the Woods Hole Standard Piston Corer (Fig. 12). Thisdesign
was supposed to have become the standard piston corer for all UNOLS institutions. A few universities
accepted the plan but others built their own systems. Today, a lot of UNOLS ingtitutions use modifications
of the Driscoll design or use a“jumbo piston corer” which was put together by Jim Broda of WHOI.

Some overseas companies and governments have, in recent years, developed a variety of coring systems.
The Norwegians have produced a “vibra-corer” type device that uses hydrostatic pressure to power amotor
that drives the core pipesinto the sediment (Fig. 13). Selcore reportedly gets excellent resultsin sand and
gravel.

This past summer the French government conducted a series of coring cruises aboard the R/ Marion
Dufresne out of Indonesia This ship is 120 metersin length and was constructed for taking long piston as
one of its missions. The coring system deployed from the Marion Dufresne uses aweight stand that can be
adjusted from six to nine metric tons. Core barrels range up to 60 metersin length and 55 meter long cores
have been recovered. A portable winch carrying a kevlar line with a breaking strength of 60 metric tons
lowers and hoists the corer. Because kevlar cannot be clamped, a separate line runs from the tripping arm to
the piston in much the same way as the original Kullenberg piston corer. This piston lineiswirerope with a
breaking strength of 27 metric tons. Thetrip arm to piston line acts as a safety lineif the corer becomes
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SELCORE

Bon of sediment corers capable ol
MANY TIMES THE RECOVERY OF
CONVENTIONAL CORERS.
The heart of SELCORE is the PATENTED
HYDROSTATIC MOTOR.
Like a drop corer, SELCORE is deployed free
fall at a convenient distance above the sea
bed. SELCORE will not tilt during the descent
as the center of buoyancy is above the center
of ﬁ:&ily. The free lall stabilizes SELOORE
wilhout the need for extemal guidance frame-
work.

The hydrostatic molor is activated automati-
cally when the core barrel hits the sea bed
The energy is derived from the differential
pressure between the air in the low pressure
chamber and the ambient hydrostatic pres-
sure at the depth where SELCORE is operating
There are no hydraulic hoses, no electric
cables and no batteries to be charged”)

The hammer action will stop when either full
penetration is reached, solid bedrock is
encountered or five minutes has elapsed

An elbow joint permits the core head to swing
90" away [rom the barel to ease handling on
deck.

SELCORE is available in a variety of sizes and

wecr?hts, ranging from about 500 Kg to 2000 Kg,
excluding barrels.

SELCORE may be instrumented for logging of
accelerations and penetration per stroke as
well as measurement of in-sifu electrical resis-
tivity.

Other optional equipment is available on
request.

SELCORE detail. 4

= The illustration shows a 1750 kg SELCORE
version.

AL shallower than approvimateh
120 m, the hydrostatic differensial is
insulficient 1o activate SELCORE. In these

Asntha 3 sinnlementan mower nack
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stuck in the ocean floor. It is more desirable to part the piston line and lose the corer than lose the
expensive kevlar line. An average of two corers per cruise are lost asaresult of “being anchored by the
corer”. The French are presently working on a device to separate the core barrels from the weight stand
thus saving the more valuable weight stand in “stuck-corer” situations.

A Large Diameter Piston Corer

All Components of Oregon State University's large diameter piston corer are shown in the accompanying
photographs taken by June Wilson of OSU. This system has been used successfully on several UNOLS
ships over the past six years. A local machine shop fabricated the corer using a variety of drawings and
patterns from various sources. This piston corer issimilar to the “jumbo” coring system designed by Jim
Broda of WHOI and is shown in the photographs as a 30 meter long set up.

The corer cradle (Figs. 14a, 14b, 15a, and 15b) is of all stedl construction and is designed to hold weight
stands of up to 6,000 pounds. The cradle hasthree positions for shipboard use. The inboard, vertical
position (Fig. 14b) is used for transporting the weight stand from staging areas on land to the ship and for
going in and out of port. The outboard, horizontal position (Fig. 15b) holds the weight stand during
assembly of core pipes prior to the first deployment. This cradle position is also used during liner loading
and extrusion before and after each core istaken. The outboard, vertical position (Fig. 15a) isused asthe
piston corer isdeployed to the sea floor and after sampling is completed.

Fig. 16b shows how a 30 meter piston corer would look sitting in the corer cradlein the outboard,
horizontal position down the side of a ship with the core pipes resting on outboard corer racks (Fig. 16a)
attached to the ship’srail.

The weight stand (fig. 17b) is 24 inches in diameter and 40 incheslong and weighs 2,700 pounds without
the lead slugs or pigs (Fig. 17a) that can be added for increased driving force. Each lead ingot weighs 600
pounds and, with five added, takes the weight stand to 5,700 pounds maximum.

The weight stand bale is one and one-eighth inch diameter stainlessrod. The entire weight sand is
constructed of stainless steel and is based on adesign of Alan Driscoll of WHOI. The instrument wells, if
not used for adding extra drive weights, are designed for cameras, strobe lights, heat flow recorders,
pingers, and other pressure cases.

Thetrigger am (Fig. 18a) is constructed of stainless steel and is based on the Hvorslev and Stetson design
of 1946. The brasswire clamp is molded for use with standard UNOLS 9/16 inch diameter, 3x19
oceanographic wirerope. Thearm, itsalf, is the typical unbalanced beam - two inches in length on one side
of the pivot point and 45 inches on the other. The hydrostatic safety pin (Fig. 18b) used to prevent pre-trips
upon launch and in the upper water column is made of stainless steel and activates at 500 meters depth. If a
greater arming depth is desired shear pins may be used. This trigger arm design works well with no pre-
trips occurring in over 60 piston cores taken on the Thompson, Revelle, and Ewing.

The core pipe couplers (Fig. 19b) are made from steel tubing 6.000 inches O.D., 5.250 inches|.D., .375
inches wall thickness, and are 18 inches long. The core pipes (Fig. 19a) are also fabricated from steel
tubing that is5.250 inches O.D., 4.625 inches I.D., .313 inches wall thickness, and 3 meters or 10 feet long.
The core pipes are fitted together in the core couplers using 16d congruction nails (Fig. 19a) that fit into
eight machined grooves in the couplers/core pipes. Should anail head breakoff, the nail is extracted from
the fitting by rotating the core pipe in the coupler. The broken off nail is backed out by a weld across the
core pipe nail groove.

Four inch diameter, class 160 PV C plastic drainage or irrigation pipe (Figs. 20aand 20b) is used as core
liner in the OSU piston coring system. This pipe is4.500 inches O.D., 4.154 inches 1.D., 0.173 inches wall
thickness, and comes in 20 foot long belled sections. For use as core liner the bells must be cut off. This
PVC pipeisrated at 160 P.S.I. bursting strength which has proven adequate. There has been no imploded
liner in six years of use and only a few split liners. The 20 foot sections of liner are taped together (Figs.
2laand 21b) using 3M #3750 clear packaging tape.
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Fig. 14 b. Qorer Qadl e- inboard position, vertical.
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Hg 15b. Care Crade autboerd position, harizortal.
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Fg 16a Outboerd core rack.

Fg 16b A 0 mde pdoncore HLp.
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Fg 17b Weaght dand ardtrigge am
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FHg 18b. Trigger amwithhydro daicsdy pin
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Fg 19a Bnddf aorepipe Natel6dral groovesandwedd aorossgrooves

Fg 19b Carecoupla with 16d reils
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Fg 20b. Four inch PV C. pladic pipedowing full 20foat legth
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The stainless stedl piston (Figs. 22a and 22b) is4.000 inches in diameter and 7.000 incheslong. Old piston
washers were made of |eather, rubber, or neoprene. Urethane piston washers were chosen because they
resist abrasion and compress well againg the liner wall thus forming an excellent seal.

Because of the heavy weight encountered with large diameter, long sediment samples in the core liner, two
core catchers are used with each corer deployment to prevent sampleloss. A stainless stedl “Chinese
finger” type catcher (Fig. 233) and aflapper valve type catcher (Fig. 23b) located in the catcher portion of
the cutting nose (Fig. 23c) have worked well together in retaining the sediment samples. The cutting noseis
heat treated to 45 Rockwell and can be replaced on the catcher component if damaged.

The trigger weight corer (Figs. 24aand 24b) is fabricated from stainless steel and isbased on an OSU
design. 50 pound lead doughnuts can be added to a base weight of 350 pounds to increase penetrating

force. With nine doughnuts added, the total weight stand comes to over 800 pounds. This corer is 13 inches
in diameter and 48 incheslong. A simple flapper type valve (Fig. 25a) isemployed asisa stainless stegl
cutting nose (Fig. 25b). To prevent the sediment sample from having to be scooped out of the weight stand,
the core “pipe’ (same PV C pipe that is used as piston corer liner) extends up through the entire weight
stand. This“pipe’ is attached to the weight stand by a special stainless steel coupler (Fig. 26a) that employs
“cannon breech” type threads that allows quick connecting and disconnecting. The trigger corer uses the
same stainless steel “Chinese finger” type catcher (Fig. 27b) that is used on the piston corer. The cutting
nose holding the catcher is“pop” riveted on to the core “pipe” (Fig. 27a).

A relatively new way to get the sediment filled core liners out of the core pipes of the piston corer has been
developed over the past couple of years. Normally, to get the sediment sample from piston corers above the
first 20 foot liner section, the core pipes had to be taken apart at the couplers. Thiswas hard and dirty work.
Now, atwin cylinder, aluminum air extruder (Fig. 28b) does the work. The extruder bolts to the bale of the
piston corer weight stand and, by exerting force on stainless steel push rods (Fig. 28a) extending through
the weight stand to a tab pushing against aliner pusher/piston stop taped to the top 20 foot section of core
liner, forces the liner from the core pipes. The liner pusher/piston stop isthe first component |oaded into the
bottom core pipe when assembling the liner. The push tab is attached to the bottom push rod inside the
head coupler (Fig. 29b). The push tab isthen seated againg the liner pusher/piston stop (Fig. 29a).

Theair extruder is fabricated from two six inch diameter, 26 inch long pieces of aluminum pipe with a 3/8
inch wall thickness. At an air pressure of 100 PSI, over 5,500 pounds of force is applied to the push rods
that force the core liner out of the core pipes. The push rods are one-half inch diameter stainless stedl and
10 feet long. They screw together with “oil field pipe” type threads. Each stroke of the air extruder
comprises athrow of about two feet (Figs. 30aand 30b). The OSU air extruder issimilar to the hydraulic
extruder used by Jim Broda at WHOI on the jumbo piston corer. A “hero” platform (Figs. 30aand 30b) is
needed for the core technician to stand on while attaching the extruder to the bale of the weight stand.

After capping the end, a full 20 foot section of liner is extruded from the bottom core pipe (Fig. 31b). The
top end is capped and the whole 20 foot section is brought inboard and placed in racks for sectioning. The
20 foot section of sediment filled core liner isthen cut into 150 centimeter long sections, capped, and taken
to refrigerated storage. A Ridgid # 134 plastic tubing cutter (Fig. 31a) isused for cutting the coreliner into
sections. The end caps are #B-629 caplugs made by Cap Plug Division of Protective Closure Co. of
Buffalo, New Y ork.
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Fig. 23 b. Flapper alve core catcher inside cutti ng nose

|g. a “Chinesefinger” core catcher.
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Fg 25 Trigger corer autingnose: Nate™ pag’” rived.
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FHg 27 b Trigger corer auting noseand catdner.
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Fg 29h. Postioningthepushtab tiroughthehesd couler.
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Ship Requirementsfor Using a Large Diameter Piston Corer

Marine geologists are beginning to demand large diameter piston coresthat are at least 30 metersin length.
If 30 meter long cores are required why not use the Joides Resol ution, the deep sea drilling ship. Thereare
several factors that weigh in against drilling ship use. The foremost is cost. The Joides Resol ution costs
$48,000,000 a year to operate. Thisworks out to $145,000 a day for the 330 days a year that the ship
spends at sea. Secondly, alead time of three to four yearsisrequired to schedule ship time. And thirdly,
some gaps appear in the sediment at the end of the drilling pipe sections requiring time consuming and
costly “triple dipping” to get complete coverage.

In order to obtain long piston cores UNOLS ships, obvioudly, will need arail or deck space of sufficient
length or szeto allow assembly of a corer 30 metersin length. This space is currently available on the new
AGOR class research vessals - Thompson, Revelle, Atlantis, and Ron Brown. A little shorter core could be
obtained on the Knorr, Mélville, and Ewing. 30 meter long piston cores could not be taken on the smaller
UNOLS vessdls - Oceanus, Wecoma, Endeavor, etc. without extensive platforms of some type being added
to the ships. Long piston cores would also be possible on the NSF Icebreaker Nathaniel B. Palmer, the
Coast Guard's Mike Healy and perhaps on the new University of Hawaii ship. All shipsdoing long piston
coring must have winches, wire, sheaves, cranes, “A”-frames, etc. of sufficient srength to handle heavy
loads and the tremendous pullout tensions of large diameter 30 meter and longer piston cores.

Problems Encountered with UNOL S Ships Involving L ar ge Diameter Long Piston Corers

The foremost problem with doing 30 meter long piston cores on UNOLS shipstoday is centered around the
standard UNOLS 9/16” diameter, 3x 19 oceanographic wire rope. The new generation of piston corersare
testing this wire to the limits of its capahilities. Pullout tensions of large diameter long piston corers are
typically in the 20,000 to 24,000 pound range and often higher - much higher. Three timesin the past four
years have complete coring systems been lost at sea on UNOLS ships dueto wire failure. The commonly
observed pullout tensions approach the elastic limit of the 9/16ths wire rope (Fig. 32). By going to 5/8ths
inch diameter wire rope additional strength is gained but thisincrease in load limitsis offset by an increase
in wire weight.

So, does the solution to the wire breakage problem involve the switching by UNOLS ships from wire rope
to kevlar line (Fig. 33) on piston coring cruises? 9/16ths kevlar has the same breaking strength as 9/16ths
diameter 3x19 oceanographic wire rope but is 72% lighter weight in sea water. This difference would allow
more of the effort of extracting atripped piston corer from the seafloor to be directed towards actual
pullout and less towards supporting wire or line weight. There are many questions that need to be answered
before UNOL'S makes the commitment of switching to kevlar line. Can kevlar be handled on UNOLS
ships winchestoday? Or does kevlar need to be deployed from a special portable winch similar to the
French system. If so, does each UNOLS ship have its own kevlar line system to be used on afew piston
coring cruises every couple of years or does UNOL S keep one or two kevlar systems to share among the
fleet? Perhaps the cost of switching to akevlar line system is too great and marine geol ogists should turn
their requests for 30 meter long piston cores over to the French.

Some of the corer builders are working on a partial solution to the pullout and wire breakage problems of
long piston corers, The French on the RN Marion Dufresne are trying to come up with bolts to attach the
core pipes to the weight stand that would be shearable when a certain pullout tension isreached thus saving
the expensive weight stand but losing the core pipes and core. Jim Broda at WHOI is devel oping asimilar
system only using acoustically activated explosive bolts to separate the weight stand from the stuck core
pipes. So, this may be the way to go. The existing UNOLS ships' equipment could be utilized and those
cores that can’t be freed from the ocean floor would be |eft on the bottom with the expensive wire and
weight stands salvaged.
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Bright or AMGAL MONITOR AA Torgue-Balanced Rope

Size | Constructi Wt. in Wt. in Approx. Breaking 0.2%Yied| Max.
Inches | on (Seale) Air - Water Elagic Load [Strengthlbs Length ft
[bs/ft Ibs/ft Limit lbs.
3/16 3x19Seale .0586 .0509 3,000 4,000 3,500 50,000
14 3x19 " .0997 .0867 3,063 6,750 5,900 45,000
5/16 3x19 " 153 133 7,725 10,300 9,100 30,000
3/8 3x19 " .220 191 11,100 14,800 13,000 50,000
7/16 3x19 " 304 .264 115,000 20,000 17,600 42,000
1/2 3x19 " .392 341 19,275 25,700 22,600 98,000
9/16 3x19 " 492 428 24,375 32,500 28,600 77,000
5/8 3x19 " .602 .523 30,225 40,300 35,500 62,000
3/4 3x19 " .879 .764 43,350 57,800 50,900 43,000
7/8 3x19 " 121 1.05 58,500 78,000 68,600 32,000
1 3x19 " 1.56 1.36 75,450 | 100,600 88,500 24,000
118 3x19 " 1.96 1.70 93,000 | 124,000 | 109,000 19,000
Seale FW

12 3x46 417 .362 19,275 25,700 22,600 98,000
9/16 3x46 517 449 24,375 32,500 28,600 77,000
5/8 3x46 .631 .548 30,225 40,300 35,500 62,000
3/4 3x46 .903 .785 43,350 57,800 50,900 43,000
7/8 3x46 1.27 1.10 58,500 78,000 68,600 32,000
1 3x46 164 1.43 75,450 | 100,600 88,500 24,000
11/8 3x46 207 1.80 93,000 | 124,000 | 109,000 19,000
114 3x46 2.60 2.26 118,500 | 158,000 | 139,000 15,500
13/8 3x46 3.10 2.69 141,000 | 188,000 | 165,000 12,900
1172 3x46 3.69 321 166,500 | 222,000 | 195,000 10,800
15/8 3x46 4.43 3.85 198,750 | 265,000 | 233,000 9,200
13/4 3x46 5.12 4.45 228,000 | 304,000 | 267,000 8,000

* Data Courtesy of US Steel

Fig. 32. From Driscoll (1989).
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20KEVLAR 29 DATA

The following data describes a series or torque balance lines which consist or an
elastic center core, concentric layers of "Kevlar 29"* and an overall polyester or
nylon braided jacket. Such lines should be considered for applications where long
length, small diameter, light weight and flexibility are important. Typical
applications Include subsurface oceanographic moorings, balloon tethers and
center strength members for electromechanical cables.

JETSTRAN I-A

Outside Breaking Weight
Diameter Strength In Air
(inches) (pounds) (Ibs/1000’)
3/16 3,000 16
1/4 6,300 28
5/16 10,500 40
3/8 15,500 62
7116 20,500 74
1/2 26,000 89
9/16 32,500 102
5/8 40,000 128
3/4 55,000 180
718 78,000 255

1 110,000 360

JETSTRAN V

1.75 215,000 0.9 Ibs/ft
2.00 290,000 1.2
2.25 375,000 1.5
2.50 450,000 1.8
2.75 600,000 2.4
3.00 775,000 3.1
3.25 925,000 3.7
3.50 1,050,000 4.0

- Kevlar 29 is the trademark for DuPont’s aramid fiber

- Minimum breaking strength for new rope tested in controlled conditions.
(Actual break strength is up to 10% higher)

- Weight in sea water is approximately 28% of weight in air

Fig. 33 From Driscoll (1989)
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Conclusions

This paper haslooked at marine coring devices and how they have been developed over the years. A typical
large diameter piston corer that has been used successfully on several UNOLS research vessels was
examined. There exists, however, on every geol ogical oceanography cruise a good possibility that one or
more of these corers and a goodly amount of wirerope will be left on the bottom due to wire failure from
excessive pullout tensions. In the padt it has been the dredge technicians that have gotten the blame for
stretching and ruining the large diameter wire rope on UNOLS vessals. This blame is now shifting to the
marine geol ogists doing large diameter piston coring. UNOLS and the corer builders need to work together
to solve the wire problem or the ships captains will ban large diameter long piston corers from their ships.
Then, either shorter cores will become the norm or the long piston coring business will be sent to the
French or others capable of handling such devices.
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Lessons Learned About The Multicore

Richard Muller
Mass Landing Marine Laboratory

[Editor’s Note: Thefollowing isatranscription of Rich’soral presentation.]

Well, my nameis Richard Muller and I’'m amarine technician at Moss Landing Marine Laboratories. And
we've learned about long 20-meter, 30-meter piston corers. Now we're going to learn about 25-, 35
centimeter corers.

| work at Moss Landing Marine Laboratories, like | said, about a hundred miles south of San Francisco on the

Monterey Bay, and we operate the research vessd Point Sur, 135-foot, so it can't really do any long corers
there. | have a number of overheads and | aso have a few dides. What I'm going to do is go through the
overheads firgt and then just go to the dides and sort of use the overheads as an outline.

Why use a multi-corer and what isa multi-corer? Well, amulti-corer has eight of these core tubes on it and
these devices that hold the tubes, and they're open and cocked like this. Imagine this cap -- doesn't want to
hold it up there. Cut my fingers off -- and they're around a rosette on the multi-corer and they end up
getting pushed into the sediment.

And the good thing about it isit actually captures water above the sediment and, after thiscap is closed, it's
undisturbed.

Wéll, box corers capture -- alot of people use core tubes like this and push them into a box core after the
sediment is on the surface. Well, why don't we use that? It'salot cheaper, it'sabit morerobust. Well, you
never get that sediment-sea water interface undisturbed from a box corer, and that’s why these are so
popular.

What I'm going to talk about is how we do multi-coring on the Point Sur, basically. The first thing we need
to do istune up the multi-corer before it goes into the water. Otherwise, you waste hours and hours and
hours of wiretime. We need to make surethe piston is adjusted correctly. We want to clean our release
pins on amulti-corer. 1'm going to show slides so you know what thislooks like. Later, I'm going to go
back to this.

We need to make sure the spider is adjusted, it'snot rotating or anything like that. And we want to make
surethat this particular unit is working properly. We want to make sure there'sa good seal at thetop of this
core cap and also that this seal down here isworking properly.

Deployment of the multi-corer hasto -- we have to go off the ship very slowly, smoothly, without basically
moving the multi-corer up and down. Otherwise, all these core tubes will trip and you won't -- you might
have to bring it back up pretty quickly. Thelowering rate of a multi-corer depends on the ship swell or the
sea water swell and the movement of the ship. Y ou don’t want to do one of these movementslikethiswith
amulti-corer. Otherwisg, it'sgoingto trip. 1t'smuch like what a box corer would do.

We put a pinger on the corer, about ten meters above the corer, so we can watch it with a PDR going down.
About ahundred meters off the bottom, the ship’s bridge crew will maneuver the ship so that thewireis
vertical, or as close to vertical as possible, slowly disintegrate down to about 30 to 40 meters a minute, and
just monitor the altitude of the corer off the bottom till it hits the bottom.

We quickly increase the wire speed out so that we have aloop of wire whilethe multi-corer is sitting on the

bottom so that the piston on the corer can push -- can have some space to push these core tubes into the --
into the sediment with all the weight that’s Stting on the multi-corer.
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After about 60 seconds -- the winch operator and bridge crew never like to wait 60 seconds -- but after
about 60 seconds or so, we continue -- we sort of reel in thewire. When the winch monitoring system --
when we start to see that we're feeling the multi-corer itself, we sort of goose the wire alittle bit, bring it up
so that it doesn't bounce on the bottom again, and then start the ascent rate, and the ascent rate is pretty
much up to the operator, boat operator, whatever he or she feels the winch can deal with -- 60 metersa
minute, 90 meters aminute.

Retrieve the multi-corer pretty much backwards of the way we deploy it, get sometag linesonit, keep itin
the water, get some tag lineson it so it doesn't swing around, bring it up, and then bring it on board with a-
- the best would be a hydraulically-controlled A-frame, although the Wave has -- Mauna Wave has used it
with arigid A-frame without a problem.

And hopefully that’s -- everybody’s confused there, so we show everybody some pictures and they won't be
confused anymore. How do you turn on the -- please turn on that slide projector.

Here's the Point Sur. Y ou can see the multi-corer here on the sern. We have a -- most of you are familiar
with the Ogwalla Juice Company. We were -- Moss Landing was able to sort of finagle an old refrigerated
truck/van from them, and we used that as a corer storage facility and extrusion facility and basicaly a
working lab.

Here'samulti-corer on the back deck. It -- we have some dune fence or snow fence; depending upon what
part of the country you're from, you'll call it something different. There are eight of these corers or -- these
are captured corersaready. Inside of this tepee configuration -- and the reason why these are hereis -- the
reason why this dune fence is here isto prevent any loop from the wire after it's down there getting caught
on any tabs or the core tubes themsel ves.

I've talked to a few people who have multi-corers and some people don't useit at all. Some people use it
about halfway and nobody has ever had a problem with any loops getting caught into the corer itself, asfar
as | know.

Here's a-- what you might consider a picture-perfect corer. Now, a nice capoff at the top, you have anice
capoff at the bottom, and if you look closely, you can see sort of a flocking sediment, and that's what most
of the scientists are looking for, that preserved sea water sediment interface and nice clear water above the
corer itsdlf.

And hereésabox corer. So you can get a pretty good idea of why geochemists -- mostly geochemists and
some geologists redly like to use the multi-corer over the box corer, although before multi-corer was
developed -- | think thefirst one was made in Germany -- correct me if I'm wrong, anyone --
PARTICIPANT: Scotland.

PARTICIPANT: Thank you.

MR. MULLER: What was that?

PARTICIPANT: Scotland.

PARTICIPANT: Scotland.

MR. MULLER: Oh, Scotland -- I'm sorry. And it was adapted herein the U.S. and manufactured by Ol,
and -- here's another picture of the box corer, alittle bit more of a crude instrument and more robust. But --
and here's another picture of the multi-corer. It gives you an idea of the size of the corer.

And not that -- it isn't always we get a corer that deep. Many times -- thisis the bottom end of the spider
right here. The spider isthat rosette system that holds these corers, and theresweight on the spider that's
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well-stacked above it. And alot of times, depending on sediment type, it will go in only up to the bottom
of the spider and you'll get a corer about that deep, but that's usually satisfactory for those people using a
multi-corer.

Again, sort of a close-up look at the corer itsalf, flocking -- very flocking sediment. Y ou can see different
layers as you go down into the core. And something that | -- | don’t have alot of experience with piston
coring. I've seen it done, but | haven't taken part in it. 1've done some gravity cores, and | know from the
gravity cores, you'll never, ever see anything like this, and I’'m not sure about the piston coring.

Deployment of the multi-corer. Again, there's a couple of people on tag lines. You have a -- usually, you
have a person in themiddle. There's pinsright here. This person hasthem in their hand. Weights stacked
on theinside of the multi-corer. The piston tube or -- what would you call it? -- piston tube, and the piston
aboveit, so thiswhole thing, once it sits on the bottom, will jump and let some slack out on the water, will
just move down slowly. Thisgroup of weightsright here will just push the core tubes into the sediment.
And, again, like | say, you want to deploy thisthing in ideally good conditions; you know, good sea
conditions. But if it's not good sea conditions, you can just take your time and deploy it.

Like I say, this person popped the pins out that hold these weightsin place when it's sitting on deck. And
once you take up some wire, those weightswill get -- will be able to move. You pull the pinsout and put it
over theside.

Anocther picture of amulti-corer, and it looks like this one hasn’t been deployed. It also hasn't been cocked.
So these bottom doors arein a down position. But what | wanted to show by this dide is snowshoes right
here. Some 4 x 4sbolted onto the sides of the legs of the multi-corer, and | think this particular setup was
done specifically to core into the Santa Barbara basin or the L.A. basin, where theré's quite alarge
sedimentation rate and alot of very soft, flocky sediments. And what would happen previous to putting
these snowshoes on, mudshoes, the whole corer would actually penetrate into the surface without -- into the
sediment without tripping, and it would trip eventually but it wouldn’t collect any sediment.

And putting these on helped it out a bit, and we actually had to end up -- ended up taking alot of weight off
the stack and it’'s part of tuning it up, giveit a couple of tries. Hopefully you're not in three-, 4,000 meters
of water to waste that kind of time.

Thisistheingde of that Ogwalla van that | showed you. It'sbasically been set up specifically for the-- to
go with the multi-corer. It uses fresh water as ahydraulic core extruder, so you have some fresh water
under here. Y ou take the cores out and you put them in this apparatus here. Y ou use an O-ring and some
PV C plastic underneath. Insgde, there’'s another O-ring plug. You plug it into the ship’s fresh water system.
Engineers always like that. Y ou turn on the hose, and you just use alittle eight-valve up top here. You just
let the water in and it pushes the corer up on -- and you have it going through the tabletop in the van. And
the scientists can section the corer asit comes up, do whatever they want to do.

| guessthat’sit. I'mjammed, | think.
PARTICIPANT: Pushred hard.

MR. MULLER: Oh, thereitis. Hereisapicture of just sampling of the sediment probably for some core
water analysis. It looks like they're going to spin that down.

And, again, another shot of the Point Sur. It looks like Port Hueneme or something like that, again with the
Ogwallavan. And you can see we don't have alot of space on the back of the ship, on the fantail of the
ship. We have the lab van right here, another van here, and the multi-corer right there, so we really need to
make sure we make the best use of space on the ship.

| guess that’s pretty much all | really have to say about it, except -- well, | guess what | wanted to do was to
-- asthe session goes on, | guess there will be more of a question-and-answer period -- is get ideas from
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those people herein the audience who have used multi-corers and al so take questions about -- from those
people who have never used it and want to useiit.

So that's about it. Again, here'sthe apparatus that’s the heart of the whole deal. Fedl free to come look at
that astime goes on, and there it is.

(Applause.)
MR. SUTHERLAND: Any questionsfor Rich? Yes.

MR. RIDOUT: Paul Ridout, Ocean Scientific, U.K. What sort of water depths are you working in
typically with this corer?

MR. MULLER: We've used the corer in anywhere from 200 meters -- actually, even less than that. Weve
tried coring in 50 meters of water, which didn't work because there's too much -- there's usually too much
current in 50 meters of water, unlessit’s flat calm, and we've taken cores over 3,000 meters.

Anybody from U.H. here?
PARTICIPANT: Rich, we've got a 4,000 meter corer.

MR. MULLER: You'vegot a 4,000 meter corer? Andy Hurd (ph) at SeaBird Electronics, was -- used to be
at Moss Landing Marine Laboratories, and he was the guy who initiated the purchase of a multi-corer and
sort of got it set up. One of the other thingsisthisis Multi-Corer Serial No. 001, so it's gone through some
changes. | saw a small multi-corer at the aguarium last night, and one of the things that we've done that’s,
although different than what's avail able with the commercialy-available multi-corer, is that these core
tubes are attached or inserted into this apparatus and then secured by having a plastic or a polycarbonate
band glued to the core tube, and then an aluminum ring that’s tightened up against this aluminum apparatus
with some hexhead bolts there.

And what's usually -- what’s available normally is the -- what do they call -- the kind of snapsthat they call
it?

PARTICIPANT: Those quick snaps.
MR. MULLER: Yesh.
PARTICIPANT: Yeah, but they were not working real well.

MR. MULLER: Right. Sothey sort of get -- they stretch out, and so we use this. It takesalittle bit more
timeto set up the corer, but it'sinsignificant, usually.

PARTICIPANT: That was one of our experiences with the (indiscernible) corer, which isthe Scottish one
afew years -- quite afew years ago, four or five years ago, when we produced -- when the first one was
produced. We had the weights quite high up, the weight stand like the one on the one wigwam corer you
showed there.

MR. MULLER: Uh-huh.

PARTICIPANT: And what we found was that to use that arrangement in deep water isthat it was very
unstable going down through the water, started to --

MR. MULLER: Spin?

PARTICIPANT: --rotate, and we would then lose alot of core tubes by the fact the corer didn't hit the sea
bay vertically.
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MR. MULLER: Oh, redlly.

PARTICIPANT: And now, the new -- in more recent years, the weights have been brought much lower
down into the gructure, and the whole thing has never seemed so stable. | was wondering whether you had
come across that.

MR. MULLER: Actually, we've had some pretty good luck with it, and | don't know -- what was -- do you
remember what the descent rate was?

PARTICIPANT: | wasn't on the actua cruise. It was actually on a French ship. | can't remember. | mean,

MR. MULLER: Yeah.

PARTICIPANT: -- it would have been fairly fast, typically, --

MR. MULLER: Okay.

PARTICIPANT: --in deep water.

MR. MULLER: Yesh. You want to make good use of thetime.

PARTICIPANT: Waéll, with box corers, they used to drop them at about a meter a second or so.
MR. MULLER: Yesh. Well let this down at about -- sometimes about 60 meters a minute.
PARTICIPANT: Second.

MR. MULLER: -- meter a second, and -- but we will stop it about 50 to a hundred meters above the
sediment surface, --

PARTICIPANT: Sure.

MR. MULLER: -- straighten out the ship, and then lower it between 30 and 40 meters. Because we've
done that, | think we've had some pretty good luck. We did bend it up once pretty badly, and -- but that
was in shallow water, and we took it apart and put it under some hydraulic presses and straightened it out,
but, you know, we've had some pretty good luck with it.

It'safinicky instrument --

PARTICIPANT: Sure.

MR. MULLER: -- with respect -- sometimes you'll go two or three times -- two or three drops and not get
acoreand you'll betearing your hair out, Why am | not getting a core, and you'll just go through the whole
setup again and try it again and it will work.

PARTICIPANT: But we used to think we were getting undisturbed sediments with box corers for about 20
years.

MR. MULLER: Oh, and then you saw --

PARTICIPANT: Then somebody realized how much they settle on the way back up. 1t looks undisturbed
when you get there.

MR. MULLER: Yesh.
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PARTICIPANT: Andwe've donealot of video work with the (indiscernible) corer. Actualy, there were
video cameras on the corer watching it go down through the water below and then what happens when it
reaches the seabed. In fact, some of this was actually on the Discovery channdl, of all places. They used
some of the video.

MR. MULLER: Oh.

PARTICIPANT: Because we were doing some work in Loch Ness, and it was -- Loch Ness was attractive
to the Discovery channel, but we just happened to have some nice video shots of the corer actually sitting
on the sea bed and then watching the actual point where the core tube actually hits the sediment. Thisisthe
point that you really know whether you're going to get an undisturbed sample or not.

MR. MULLER: Right.

PARTICIPANT: Anditwasasimilar design -- exactly right. It was exactly what we were doing.

MR. MULLER: Yesh. | guess| missed Nessie on that one.

PARTICIPANT: | could send you a copy.

PARTICIPANT: Andwhat you saw on video -- because we had the same experience. We did some tests
with video camera on the tubes and (indiscernible) the first time with the caps close to it. And when it hits
the bottom, just before it hits the bottom, you can see it was blowing the fluffy stuff away several times.
Then we removed the caps so we have only the tube, and even then it's blowing the very fine material
away.

MR. MULLER: Just from the movement of the corer itself approaching the bottom, the way --
PARTICIPANT: Yes, and you can seeit go slowly because it's there by the piston.

MR. MULLER: Right.

PARTICIPANT: It goesvery slow and even it blow away. And we had the same description you said
about the (indiscernible). But when you blow away the (indiscernible) material, of course it's undisturbed.
It just comes up -- because you don’'t know.

PARTICIPANT: Isthat a control of the same corer?

PARTICIPANT: It'ssimilar. It'sthe German one, but it's-- | maybe use it with 12 tubes, four big ones and
eight small ones. But even when the weather was very, very calm, you can seeit. It goes down fairly slow
and it's blown away. It's--

PARTICIPANT: Yeah, 'cause, | mean, one of the things you mentioned was that you hold it above the sea
bed 40, 50 meters?

MR. MULLER: Yeah.

PARTICIPANT: And then you let it go.

MR. MULLER: Wedon't letitgo. We--
PARTICIPANT: But you let it go quite quick.

MR. MULLER: No, slowly.
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PARTICIPANT: Oh, sorry. You let it go sowly.
MR. MULLER: Welet it go quite quick on the way down just to save time.
PARTICIPANT: Right.

MR. MULLER: Get the ship about -- get the ship stable, wires straight. Y ou know, stop it at about 40, 50
meters above the sea floor, get the wires straight, and then lower it dowly, 30, 40 meters a minute.

PARTICIPANT: And then even when it's completely calm, we saw it. It comes out and just beforeiit hit
the bottom, the ship moves very slow --

MR. MULLER: Yesh.
PARTICIPANT: -- and it comesback. You just can'ttell when it'sreally on the bottom.

PARTICIPANT: Itvariesalot with sediment type, of course. | mean, asyou say, if you get in really fluffy
sediments, that’s an extremely difficult thing to get a sample undisturbed anyway, but | don't know whether
yours -- does it have a (indiscernible) piston?

MR. MULLER: Yes. Yesh.

PARTICIPANT: Yes. Because with the (indiscernible) one, it sitsright on the seabed. We used to stop it
-- when we had video camera on, we'd just stop it less than a meter before the sea bed and then wait and
then lower it down. You'd get a better disturbance from the frame.

MR. MULLER: Yesh.
PARTICIPANT: And then the tubes that go down that control the rate after that.

MR. MULLER: We've taken -- the USGS has used this, and they've mounted a still camera and have taken
some still photos just to sort of compare what the sediment was like, and it looked very, very similar to my
eye. However, you never know with that very, very tiny little flocky layer however it is captured. But how
much more isn't captured? That'swhat your question is.

PARTICIPANT: I think the big difference between the box corer and the multi-corer isyou have only a
fairly small part of it, --

MR. MULLER: Right.

PARTICIPANT: -- and | think the disturbance -- the same disturbance is coming (indiscernible) because
the box moves a little bit more than the small, cute -- even if you turn it around four, five times, you can see
it'svery quick. It'svery quick back to itsoriginal position. | like very much the multi-

corer. But | have -- sometimes | think what's real and what’s not real.

MR. MULLER: We've brought up cores with relatively clear water above the corer, yeah, and about, oh,
an inch and ahalf or so of what looked to be disturbed sediment, resuspended -- right? -- sediment, so we
decided, oh, that wasn't a good core. Why don't we do it again? Well, it will come up just likethat. And
we leave the corer st on deck like that for like ahalf an hour or so. Well, the stuff never settled out. It was
just suspended sediment that is so fine above the bottom, and so we were able to capture that.

It seems to me that would have been blown aside because it’s so flocky, but we actually captured it. So --
PARTICIPANT: Rich, where you run into a problem iswhen you put the mudshoes or whatever on

because it increases the bow weight. Asit goes down, it starts putting pressure against the bottom asyou're
coming up and will push it aside.
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MR. MULLER: Sure.

PARTICIPANT: Y ou never want to use those unless you absolutely have to.

MR. MULLER: Right. Yeah. That's--

PARTICIPANT: Thetroubleisyou usethose whenit's --

PARTICIPANT: | know.

MR. MULLER: Exactly. We've played with someideas of using some expanded stedl -- expansion steel
to make sort of a snowshoe with that so that the water sort of filtersthrough. Actually, the -- we've seen a

sediment camera with the same idea from Ireland, where they use some expansion steel around there, and it
worked out pretty well with that.
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Rock Dredging And Glass Coring
On SIO Vessals

Ron Comer
Scripps Institution of Oceanography

Rock dredging for scientific purposes has been carried out snce the voyage of the Beagle and probably on
earlier voyages of discovery. The basicideais gill the same. Place some type of gathering device on the sea
floor, drag it around for aperiod of time, bring it back up and see what you have callected. It soundssmple
enough, but it is fraught with hazards and danger and can be very expensive. Lots of thought and many ideas
and techniques have been tried to varying degrees of success. We at SIO have continually experimented and
conjectured on the congtruction of the dredge, rigging assembly and which techniques work best for different
types of terrain. Until cameras areingtalled on adredge, no oneredly knows how the dredge acts on the bottom
or what the dredge trajectory lookslike. We have tried drift dredging, dredging with large amounts of scope,
dredging with large weightsin front of the dredge, and different shaped and sized dredges. The current dredges
in our inventory and the general description of dredging discussed in thisarticle, we feet, are the best methods
of collecting samples from the sea floor in the most safest and economical. SIO dredges today arethe
culmination of 28 years of sampling, experimenting and learning.

Current dredges weigh about 450 |bsin air and are 13 feet |ong from the bottom of the dredge to the swivd.
Thedredge bucket is 36" wide, 18” degp and 12" across, with 3" teeth. The4 chain bridlesare 1/2" Chain, 6
feet in length. Two of the chains have 5/16” weak link boltsingtalled, rated at 5,000 to 7,000 Ibs. Just bel ow the
swivel amain wesk link, 3/8” balt, isingalled to protect the 3 x 19 dredge wire and Benthos 2216 pinger. This
bolt variesin value to the amount of wire payed out to keep the maximum tens on encountered to 25,000 | bs or
less. Thedagtic limit of the 9/16” traml wireis 24,375 |bs. If you exceed this value you will damage and
weaken your trawl wire. The collecting part of the dredgeisa 1/4” chain bag, 66" long, with atarred nylon net
tied indde of it. We also add a 80 Ib weight that istied in burlap and placed insde the dredge and secured to the
chain bag. Thisweight servestwo purposes: 1. It heps keep the dredge from tumbling and blocking off the
dredge mouth while lowering and when dredging down dope. 2. It kegps the dredge bag stretched out on the
bottom and the burlap traps rock, glass, and sediment particles. (it also proves you were on the bottom in case
you were unfortunate in collecting any other material). There are 8 grades of bolts availablein each sze for the
wesk links. Thisisenough of arangeto give usagood efficiency in approximating the stretch limit of the wire
and still remain in anondamaging mode of operation. We also employ arecovery system in case the main weak
link issevered. It condsts of 1, 1/2" chain that runs from the bottom of the swive to about 18” up from the
bottom of the chain bag. It is shackled into a 9/16” girdling cablethat will seize up around the net and chain bag
trapping any samplesin the dredge as the tenson istransferred from the top of the dredge, through the chain, to
the near bottom of the dredge and hopefully retrieving the dredgein an upside down position. Thisretrieval
system has worked about 40% of the time that the main weak link has broken.

The cost of an SIO dredge is about $2500 dollars. We utilize a Benthos 2216 pinger, cost about $10,000
Ddllars, and the 3 x 19 wireisnear $6 a meter ($100,000 for 15,000 meters). If you break the wireand lose
3,000 meters plusthe dredge and pinger, you haveincurred atotal loss of $32,500 dollars. Asyou can redizeit
isimperativeto protect the wire at al times. Not only arelasses cost prohibitive but you endanger the rest of
your dredging program and cother users programs after yours.

Since 1971 we have done 1458 dredges on SIO vessd s with a sample recovery rate of 94.5%. Sinceingalling

theweak link system in 1985 we have broken the dredge wire only 4 times as a direct result of the dredge being
stuck and have logt 3 pingers. Thisisagreat improvement over the previous years.
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DREDGES TAKEN ON SIO VESSELS

YEAR DREDGES TAKEN NO SAMPLE RECOVERED LOST DREDGE
1971 11 0 0
1972 23 6 1
1973 15 0 0
1974 41 4 4
1975 23 3 0
1976 18 0 0
1977 7 0 0
1978 64 4 2
1979 25 0 0
1980 77 3 1
1981 25 0 0
1982 36 1 0
1983 15 0 0
1984 9 3 2
1985 150 1 1
1986 75 2 2
1987 60 1 2
1988 173 4 3
1989 87 1 1
1990 72 6 2
1991 84 2 1
1992 130 4 0
1993 146 2 2
1994 64 1 1
1995 79 3 1
1996 118 7 0
1997 93 3 0
1998 118 0 1
TOTALS: 1458 59 21

SUCCESSRATEOF:.  94.5%
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We maintain adredge inventory available for use on all UNOLS ingtitution vessds as well as foreign Countries
vessds, on aper lowering rental basis. To date our dredges have been used on WHOI, U. of Wa., OSU,
Mexican, Taiwanese, Chilean and SIO vessd s. We have had excelent comments from scientists all over the
world for ease of use and samplerecovery.

We empl oy the Benthaos pinger on the trawl wire 150 meters above the dredge. Thetop clamp of the pinger is
attached directly to thetrawl wire and the bottom clamp is attached with an 18" long chain from the pinger to
thewire. Thisenablesthe pinger to hang in avertical position at atimes, giving amuch better echo return tothe
ship. Thedredgeislowered to the bottom, while halding the ship stationary using the ships dynamic
positioning system, until it touches bottom. We then stop paying out wire and bring the ship around to the
dredge course and get underway at a gpeed of | knot over the ground, (30 m/m). When the ship starts moving
we again pay out wireat 30 m/m or dightly faster until the pinger is 10-15 m above the bottom. The pinger is
kept at this distance by moving up dope and paying in or out on thewire until you have reached the end of the
targeted dredge area. The ship isthen stopped and held in position while retrieving the dredge. Our large
vessd s are equi pped with sea beam systems and P code GPS which enable usto create an excdlent map before
gtarting the dredge and with the use of the Bulls Eye program we can readily know where the ship and dredge
has been and the course of itstrack. By placing the pinger at the 150m mark we can minimize the amount of
scope payed out and the amount of free wire laying on the sea floor. Theless wire on the bottom minimizes
snagging and damage and cuts the time of dredging. Our experience has shown that the dredgeremainsin
contact with the bottom until pinger separation of 135-150 meters, when using the above techniques. Each
dredge situation will present its own set of challenges which will require various alterations to the previous
described operation. Experience, practice, patience and thinking before reacting will produce good results.

GLASSCORING

Theideafor glass coring came about from an adaptation of amethod of sample collecting on the voyage of the
IMS Challenger expedition from 1872-76. They dropped lines encrusted with tallow and drug them on the sea
floor when making soundings. Sediment, biota and small rock fragments were usualy caught in thetallow. In
1989 Dr. Charles Langmuir of LDEO and | built thefirgt glass corer usng amodified 2 gravity core barrel and
weight head. We attempted 162 glass cores transversing the EPR and were successful on 159 lowerings. The
first corer had a2” diameter and recovered on average about 3 grams of igneous glass.

The advantages of glass coring versus dredging are: 1. Speed of sampling. Hydro winch can run at 100-120
metergminute. Time expended islessthan 1/3 of dredging time for the same ste. 2. Very accurate sample
location and adiscreet sample. 3. Very dose spaced samplesare achievable. 4. Cost effective, each glasscore
lowering costs about $10 versus $150 for adredge. 5. Sample curating and stowage is much smpler and less
codtly. Two or three gram samples are enough for plasma spectrometer anaysis.

The disadvantages are: 1. Sediment coverage may inhibit corer from reaching a glassy surface, 2. Small sample
sze, not enough for multiple users or some geologigs. 3. At the mercy of the bottom topography and geol ogy,
you can't get what’ s not there.

The best placesto sample areridge crests and spreading center ridges, sea mounts and their calderas. Two
thirds of al the worlds vol canoeslie on or within 40 km of spreading ridges, so target areas are abundant. If you
have a 3.5 khz echo sounder, useit! Eliminate any area with a suspected high sedimented cover.

Congruction of aglass corer does nat have to be complicated or expensive. We have found that it takes very
little force to break glass off of basalt and have it adhere to the wax in the core head. We currently have 2 types
of corer. One corer has stackable weights and can operate from 50 to 600 [bs with a10” core sampling head
that is eadly interchangeable for fast turn arounds. Our other corer hasa4” core head and is powered by a 150
weight. Both arelowered on the 1/4” hydro wire at rates of 1200m/m until impact. We usearecording
tensometer in conjunction with a meter counting guage to determine impact with the bottom. A Benthos pinger
can also be used on thewire at about 75m above the corer for deeper cores. Freefall speeds of the core should
be above 180m/m so the winch is actually acting as a brake in keeping the speed at 100m/m. Aslong as your
corer isnot extremely long you should not have any trouble with the coreimpacting in avertical postion. If
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you congtruct a core, it should be easy to launch and recover even in rough seas. It should be rugged with an
eadly replaced core sampling head, Remember heavy wel ghts are not necessary, 100-200 |bs will work just
fine Thetodl should be cheap, our 4" head corer costs about $400 dallars.

Thewax mix for the core head is currently hand made by us out of 65% petroleum jdly (Vasdine), and 35%
paraffin wax. Use adouble boiler to mdt ingredients and pour into easy to use quart containerswith tight
sealing lids. We use an dectric griddle with our double boiler to cut down on firerisk. Once a sample has been
collected, hot water can be used to mdt wax off of hand picked samples. This solution can then be strained
through cheese doth to separate sample from liquids. Sample can be further cleaned with acetone. Waste wax
can be reclaimed by cooling and pouring off water then remelting of wax and straining through cheese cloth
again. It will probably be necessary to add more petroleum jdly to the mixture to soften the wax back to the
desired congstency. For ease of operations your wax mixtures should be made up on shore. Other tools needed
aretweezers, gatulas, sample dishes, sample vias, dectric tea kettle and waste buckets.

GLASS CORES TAKEN ON SIO VESSELS

YEAR CORES TAKEN NO SAMPLE

1989 162 3

1990 8 3

1991 0 0

1992 100 4 #Lost corer on cast 99

1993 28 0

1994 32 0

1995 66 3

1996 56 8

1997 117 2

1998 72 1
TOTAL: 641 24

SUCCESS RATE: 96.25%

WIRE SPECIFICATIONS

WIRE SIZE WEIGHT IN WATER ELASTIC LIMIT BREAKING LOAD
1/4" 3x19 0.28 Ibs/mt 5,063 Ibs 6,750 Ibs

9/16" 3x19 1.39 Ibs/mt 24 375 Ibs 32,500 Ibs
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Oceanographic Research Vessel
Deck Safety

Danid S. Schwartz & George White
University of Washington

[Editor’sNote: Thefollowingisatranscription of Dan and Geor ge'soral presentation.]

MR. SUTHERLAND: We wanted to get some presentation on general deck operations and safety issues, from
both alarge ship operator and a small to medium ship operator. We fished around and got representatives from
the University of Washington to talk about large boats. We have Captain Dan Schwartz and George White,
both from the University of Washington, talking about oceanographic research vessd s and deck safety on large
ships.

CAPTAIN SCHWARTZ: Thanks, Woody. Before | dtart, | just want to acknowledge one other person from
our team. Bill Martin’s back in the corner there. He's head of our Marine Technician Group and, Bill, if you
could just wave your hand -- if anyone wantsto talk to him about our operation, too, you're welcometo
afterwards.

| think in order to have any credibility on asubject likethis, it would probably hdpif | just take a second and
George takes a second to talk alittle bit about our backgrounds before we begin.

I'vejust started, two months ago, at my fourth UNOL Singtitution in my career, joining ateam at UW. Over
thelast 20 years, I've spent most of that timein command of research vessds at sea, with ayear off to graduate
school at URI and another year and ahalf at Washington, D.C. So, needlessto say, |'ve seen the good, the bad,
and the ugly when it comes to deck safety and operations.

George, when he darts, I'll let him givealittle of his background.
I'll just start by outlining some aspects of the topic and then George will go into the details with hisdides.

Why are we even thinking about this here? These are some of the reasons why deck operations and safety on
research vessdsareimportant. And then, again, looking at it as Woody said, were going to sart from the large
ships. Obvioudy, the extended nature of our deployments, the fact that often the areas of the most scientific
interest are those farthest away from any sources of assistance or help or medical care; the necessity to operate
in al kinds of weather, which wasa drivein the design and sSzerange of the large agors (ph); as we've seen just
at thismorning's sesson, the size, shape, and weight, and bulkiness of the gear, occas onal need for using small
boats and divers, and the day-and-night issue gets into human factors, which I'll talk about in a moment in terms
of fatigue; and -- and then on top of all of that, we've all often encountered the fact that many of the people on
theresearch team, thisistheir first experience at sea. 1t'simportant for their careersthat they be good scientists
and, fitting in there, becoming good seamen, seawomen, is often not something that’s within the constraints of
their time. Sowehavetodoit for them.

Wearing one of my other hats, which isasan aviator, I've read innumerable NTSB accounts of aircraft
accidents, and there's a whol e science of aircraft accident investigation. And one of the things that the aviation
invegtigators have found out isthat in every accident, therés always a chain of circumstances, a number of
incidents, hazards present, judgment calls that were maybe poor judgment calls. But if you removed any single
one of those factors from it, the accident would not have occurred, even though al the other hazards and bad
decis ons and things might have been there.

They've dso found, of course, that the easiest linksin that chain of circumstancesto bresk are the human links,
the ones associated with human error. We can't control the westher. Often, we're confronted with pieces of
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equipment to history and congtruction and strength and metallurgy we don't know. So the thingswe haveto
concentrate on as technicians and ship operators are those concerned with the human factors.

This bulleted point of the shared responsibility, that gets back to the fact that, again, so often we see participants
in these expeditions who have never been on a ship before or have only occasionally been out -- maybe a month
or two every few years. Sothis becomesashared responshility of the ship’s crew and very often the technician
group onboard. And | say that because, often, aship’s crew is up on the bridge looking the other way or
watching a RADAR or holding station or monitoring DP equipment, and the people wherethetire meetsthe
road are the technicians out on deck. It's very important that the lead technician of an operation, for example,
putting in alarge coring -- piece of coring equipment -- is dearly in command of that operation and that he or
she makesthe calls, watches out for everybody, looks at the footprint of where there's hazards of equipment
bresking off or falling or snap back with wires, and that invol ves zooming out; in effect, not just concentrating
on pulling the set pins on a CTD rosette but actually, you know, 1ooking around for other hazards on deck.

Sothese are -- these are the respong bilities that we all share.

I'll make afinal point here before turning this over to George, and that’s that, again, why are we thinking about
this? Safety’s cost-effective. One of thethingsthat’s-- | guessthisisa sort of macabrething to find enjoyable,
but one of the things that’s really enjoyable about the RV OC mestings, which some of you goto, the Research
Vessd Operators Committee, isthat we often get into some fairly lengthy sea stories and land stories about
lawsuits, litigation, Jones Act cases from injuries onboard ships.

Dennis Nixon, who'sthe legal consultant to UNOLS, has lots of good stories about this. | think we all know
enough about the subject that these are very time-consuming. They cost our ingtitutionsalot of money.
Unfortunately, it's money that's wasted that could have goneto doing good science or buying better equipment.

Obvioudy, safety contributes, thus, to mission accomplishment. We've talked about the excellent statistics
Scripps keeps on, you know, loss of gear. Weall have smilar records. Some of it'sirreplaceable, especialy
when it's prototypes, new equipment.

So with that in mind, as| hand off to George here, again, we're not going to attempt to provide today an
exhaudtive inventory of what can go wrong on a ship and what risks are presented to the personnd. Rather,
we're just going to outline afew areas of recurring concern, areas that Sandy has mentioned he wantsto talk
about to, thinking in terms of when therestheseincredibly heavy pullson wire. 1t'snot just the wire but how
was that pad eye welded to the A-frame and how is the winch bolted to the deck, itemslike that, so these areall
-- these are dl areasthat | think we're going to have to concentrate on more in the future as the Sze and weight
of the gear goes on.

After Georgeisfinished, well come back with sometools that maybe we can take away from thistalk and
some beginning points at which we can generate a healthy discusson on.

So, George, with that, it'sal yours.

MR. WHITE: I'll haveto get the gear.

CAPTAIN SCHWARTZ: Yes

(Pause.)

MR. WHITE: Wel, I'm George White and I've been at the University sincethe early '80s. My backgroundis
civil engineering. And | went to work for amining company after finishing school and worked for
International Nicke in the early -- during the "70sin ocean mining. And oncethat cameto aclose, | ended up

at the Univerdty, and first worked as a supervisor for the technician group and then am the technical manager
for marine operations at the University of Washington.
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And, basically, today what I’'m going to go through is just give you some overviews and ships, large ships, the
deck layouts, and well sort of talk through thisas | go a ong about various safety items and issuesthat are
going to come up onboard avessd.

Asmog of usarefamiliar with research vessd s, therésalot of gear brought on and off the ship. We have
someresdua equipment -- winches, cranes, capstans, various handling gear -- pretty much permanent to the
ship. But in each operation, we see new equipment. And it al relatesto the mission that we areinvolved with,
which isthe sciences.

And the science missions are varied, and so the equipment is varied. And this happensto bea CTD operation.
| bdievethisisan SIO unit here, a Scripps unit. Y ou can see-- herésatrolley located. It's bringing the
package out onto the deck. Therésan overhead boom, and then the ability to put this unit back ingde for
sample-taking.

And you see alot more and more equipment like this coming onboard ships. Packages are getting heavier.
We're sarting to stretch some of the limits of our -- of our wire capability.

And also you'll natice through here -- and thisis kind of a good pi cture here because you have an operation
there and you also have peoplein the background. Mot of the big ships, they've got their multiple disciplinary
vessds You'redoing -- there are several groups onboard doing different things, and thisis one of the hasdes
for the marine technicians and for the ship’s crew, isthose people not invol ved in the over-the-side operation,
you've got to make sure these other people are out of harm’'sway. Because everybody likesto watch what's
going on but, alot of times, you've got heavy |oads, the westher isnat very benign, and you don't need alot of
bystanders duttering up the deck, getting in the way.

And here's another example of what you're going to see onboard a deck at times. Y ou've got these multi-
disciplined groups onboard that are doing a variety of experiments, and the deck -- | mean, there's sediment
traps, theresincubator. They'refilling your deck full of equipment. And so trying to make order out of this
and then also trying to keep control of which experiments are going on at what times and where people are
located, it's becoming -- it becomes a more and more difficult proposition.

These arejust some of thelowering equipment, CTDs, peopl e preparing them for over theside.

Herés another example of what we like to talk about on deck, isthat there's one person in control for any
operation on adeck. Y ou know, you'vegot -- usually, you've got a winch operator or a crane operator moving
some gear, having it -- lowering it or moving it. Y ou can't have a bunch of peopleall at the sametime giving
different directions. We usualy assgn oneindividual as the person on deck that's going to be doing the
directing.

And those can easily be done ahead of time. It's either one of the ship's crew, one of the mates. A lot of times
on our ship, we don't have boatswains. 1t's the chief mate or one of the techniciansthat’sin charge of the deck
at that particular time. And there are some groups, especialy doing moorings, there are groups -- Woods Hole,
Scripps -- other ingtitutions have groups of people who have donethisalot, and they many times will run their
own operation. And the ship’s crew, the technicians, well assst them. They will need the work to be done on
deck. But that'sall assgned ahead of time so you know who'sin charge on the deck.

Hereagain, thisisa Scripps CTD, just giving you someidea of some of the stuff that goes over theside.

Now, here's-- here again, you see, thisismore weight on the deck. | can tdl you -- see, and the westher’s bad
iswhy you see more of this, but hard hats and life jackets and proper cothing worn on board the ship is another
big problem. | don't know how many dides | had to go through before | could find one that might demonsirate
thefact that we do -- you know, people do use the proper eguipment.

(Laughter.)
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Most of you know that on any type of -- especialy in any kind of tropical westhers, you normally find the
safety thongs and shorts and T-shirtsis the common fare on the decks, and it's very hard to find anybody
wearing ahard hat. And -- but thisiswhat isincumbent on all of usnow. Wevegot to start dressing harder,
from -- both from shoreto the ship to start complying with the rules and regulations that are coming -- that are
being made more and more efficient.

Weveall known we should be doing these things, but it lacksin alot of cases, but with ISM and the ships

-- and IMO regulationsthat were al sarting to face -- and our community is just now, on the ship Sde, are
going to start having to deal wit this-- these regulations are going to start having more bite and teeth to them,
and were going to gart enforcing safety. And it'snot that it's abad idea, but it is something that we need to pay
more attention to in our community.

Hereagain, theyrelowering. But that'sthe other thing we naticein thisbusiness. It'snever thesame You're
not just doing onething at atime. Y ou know, we've aways donethis. Y ou're getting new things every time.
For the ship operators, especialy, and the technicians, every cruise thereé's something different. Scienceis
changing. Our missonsare changing. And so you're continually having to be -- be cognizant of the gear that
you're going to get onboard.

And alot of times, wetry -- | know the operatorstry and technicianstry to get all that information ahead of
time, but more than often, it will show up and hereitis. "Wel, we didn’t know we were going to havethis
piece of gear to deal with." Sothisiswhat takes placealot more

-- your pre-planning, even after the scientist shows up with histrailer loads of gesr, to get a plan made and

who's going to bein charge and how are we going to handle this Stuff.

And thefirg thing that arisesis deck layouts. Where are you going to put al this stuff and get it all secured
before you go to sea? That'susualy the first thing you've got to do -- iswhereisthis going to | ocate so we can
moveit oncewere at seg, if it does need to be moved, and what locations do they go into, and get it secured.

Here again, some more examples -- and you see some of the operations. The weather hereis not the greates,
but you've gat high abs,, A-framesinvol ved, moving equipment and gear on deck.

And during this operation -- thisisamooring -- so -- and any of you who have been familiar with those, there's
alot of things going on out there at once. Y ou've got peopl e back up here running winches, feeding out
equipment. Y ou've got people on the Sddines bringing equipment to be attached and stopping linesup. And
in thesekind of operations, fortunately for our community, the guys involved in this have been doing it along
timeand are very good t it, and they are the onesthat typically run these decks, and wefill in. Y ou know,

"Y ou run that winch."

"Okay." Or,"Youmovethis' or that. They'rethe onesusually directing traffic.

But as you can see, just from what you see through this picture, istheresalot of things going on and the
potential for something to go wrong. Y ou'regoing to havealot of troublein ahurry.

There again, therés moreweights. Y ou seedl thelinesacrossthe deck. And any of you who have been to seq,
I’'m sure-- | don't care how long you've been out there -- sooner or later, you've heard someone screaming at
you about getting out of the bite of aline, getting out from in between aline, and usually it's not very nice what
they say to you at thetime.

(Laughter.)

But thisiswhy. | mean, you can see. Y ou've got heavy loads under alot of tension, and it'snot Static. You're
on arolling ship that -- the large ships, they're 3,000 gross tons pumpin’ around in the ocean. And you've got
packages over the side, obvioudy, that weigh alot lessand that ship is moving.

And thesearejust -- I'm just giving you some sort of fed of part of the operation of deploying some of these

packages. Yeah, seedll thoselife jackets on and hard hats? Here again, they seized up streaming
out. And, again, thedeck, al thisequipment. It'sloaded onto the deck. It'sgot to be spotted. Y ou've got to
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have people who -- you know, in places. Y ou just can't have people knowing about the deck that aren't
involved in the operation.

And the other thing that comesup issmall boat ops. Many times, you haveto use small boats. There again, the
people have got to betrained. The ships crews aretrained to launch and retrieve these vehicles and get them
onboard and back but, again, the training again to people who are new to the ship or new to small boat ops. --
and small boat ops. are not taken lightly. | mean, you've essentially removed a few of your people from your
vessd. Communications are extremey important, and people knowing what -- and having the proper gear
onboard.

See, they're having fun out there; right?
Herethey're -- the westher is pretty lousy.

Now, this-- and that's the other thing I've noticed in my ten -- the last ten years, especially -- loads are getting
bigger and bigger. CTD packagesarebigger. Thishappensto be ROV boats, the Canadian ROV. It'sa
mongter. And it livesin agarage and it’s deployed from that garage on an umbilical, and these things are
garting to get real heavy. And, again, you've got ship’s crew and the team invol ved with the ROV itsdf trying
to launch and retrieve these vehicles.

And in good seas, you know, that's not so bad. But weather can change on you in ahurry and it can get pretty
nasty.

Herésapicture over thesde But, see, theSdesare-- now, that’s pretty flat calm out there, but they did try to
retrieve thisin 70-knot winds and lost that. They got the cage onboard, but the -- because of the heaving of the
ship, thelittle ROV couldn't get back into its garage, and so they brought it up intwo lifts. They got themain
garage onboard and had moved the ROV around to the Sde of the ship to try to pick it up with acrane, and 70-
knot winds and -- they're pulling in the umbilical, they short the umbilical to the point there. Thelittle ROV
weighs so much and the Thompson’s 3,000 tons, and it went one way and the vehicl e went the other and the
umbilical parted, but these are the kinds of things that happen -- big-time loads on -- and weather can change.

These vehicles are down for -- as we know in thisbusiness, oh, just alittlemore. Just alittlemore. Onemore
cas. Onemore. Oh, thewesather will hold. We can makeit.

There again, herés another example of deck -- thisis before things are getting settled out but, again, it'salot of
equipment on board.

Some of thisisfrom (indiscernible). | don't remember -- | think thiswas (indiscernible). But, you know, there
you have afull ship with maybe a dozen different scientists with different projectsthat they're doing, so they've
got al their gear onboard.

Now, thisispart of therowpost. Thisis-- they're bringing their own winch. They havetheir own winch for
their ROV. Thisis collecting some of these smokers off of the Pacific Northwest.

Now, thisis-- what I’'m going to get into here now is some of the things that we as operators and technicians
can look at, islook at better handling gear asfar as safety. Wetry and -- as you saw earlier from Peter Kalk on
the coring, where his core was -- you know, it’s outboard, because of his core cradle, and we've designed up at
UW onethat’'son hydrauliclifts. And I'll just -- so you can get an idea.

Thisisthe position that you saw where Peter had his corer. But we can now bring that inboard instead of
having people hanging over the outside, just bringing it -- getting it on -- get it inboard. And that’s something
that welve got to ook at, too, grestly incumbent on some of the funding agencies, islooking at -- you know,
when we're asking for deck handling equipment -- winches and air tuggers or hydraulic handling gear -- | don't
know about alot of you, but I'm getting older and | just am not asrobust and as cocky on the deck as| used to
be and not as strong ether. And alaot of thisgear is very heavy and one reason we use alot of guysto
manhandle this stuff around. Hydraulicsisavailable. Some of it, you know, you can reduce the number of
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peopleinvolved, which helps, and you've got a better capture system of it. Hydraulics on shipsis something
that isareally easy tool to use for mogt of thelarge vessds. They have the capacity. They certainly havethe
technology. It's-- and they do cost more, obvioudy, and a few more pounds of chain and some comesl ongs,
but they will make your lifealot easier.

Some of the other handling gear -- this happensto be aded that we useto movethe CTD. Y ou saw the one
before. Thisisthe onewe had built at the"U" and it primarily uses -- instead of a chain drive or cabledrive, it's
onawormgear. Thisisjust along worm drive herethat’s attached to the front of thisdidethat dragsit in and
out. And the one advantagetothat isit doesn't matter if you have a power failure or just amechanical failure.
Yourejust sopped. You haven't got something loose that's going to take off on you on arail. It'scaptured. It's
-- and even with afailure.

Here again, some more deployments, nets, and what have you.

Now, here's -- these are the things -- you know, in most of the operation plansthat you go through, there's,
"Thisishow weregoing todoit," and -- but -- and then they add on. Thisiswhat happens. It doesn't come
back quite the way you envisioned that it was going to. Thewiresand netstangle. Moorings-- and these are
the times when, you know, you really have to be on your toes asto what youredoing. Therésa-- theres
usually afrantic, "Oh, we've got to save my instrument. | haveto..." -- you know, "We've got to take care of
thisequipment.” But the thing you've got to take care of isthose four people standing out there first, and that’s
one of thethingsthat | guess some of us have learned along timeago. We can get new equipment, maybe.

Y ou know, maybe Santawill be good and give us some more equipment. But we can't get new people. And
so one of the things you always want to |ook at is you want to come back with the same number of people you
garted with and you want them to have the same number of digitsthat they | eft with when they get back, and
that's the overriding concern from the ship’s ops. and from thetechnicians. The science -- | mean, we all know
why were here -- it'sto support scientists and to make their mission successful -- but part of that is bringing
them back. And those are the things you just cannot emphasize enough onboard a ship, is-- isthe safety.

And the biggest part of all of that isthetraining. And the ships are being forced out. Crews haveto betrained.
Therés more requirements for them. And we're going to -- and that’s going to get passed on down. There's
never enough training, and especially with safety. Wetend totakeit for granted onboard a ship, but, | mean,
like the techsthemsdlves, you know, it's -- it's amazing how from one, you know, bolt drill to the next, you
know, welisten thefirst timeand it's sort of like getting on the airplane, you know, with the spid the
sewardesses give at the beginning. They're safety people. | bet half of usnever even ligentoit anymore. Still
readin’ books or --

But on a ship, the best safety devicethat's on thereisyou. Y ou know, that's the best safety device on those
ships, istheindividuals out there. And | can't overemphasizeit enough. And if anybody takes anything away
from these -- the day about safety, it isthat big. It's something you've got to pass along and you've got to
review it.

And for thetechs, | know onboard ships, it's-- it's-- next boat, you'll ask some of these guys, "Where was that
eyewash station?' Y ou know, ask them that question. Let them tell you whereitis. Then it will make them
dart to think, "Well, maybe I'd better pay attention because a guy's going to ask methisand embarrassmein
front of everyone.™

Somehow, we haveto get that acrass -- that the training and going over these thingsisimportant.

There again, there's another -- things don't go well.

But, again, that takes coordination on deck. And the most important thing, again, isthe people.

And that'sal | havefor right now.

(Applause)
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CAPTAIN SCHWARTZ: All right. Based on what we've looked at, what can we carry away from hereas
maybe a garting point for future discuss ons and thinking about? As George said, training isreally important.
I’'m sure everybody hastheir own procedures. On our ships, Bill or histechnicians often are -- actudly serve, in
addition, asthetraining officer for the oncoming scientists and then conduct training drills.

Thereis often an enhanced communication at that level rather than having a member of the crew reading
through a checklist to the oncoming scientists.

Wetalked a bit about communications, the important points of how directions are given for the handling of
heavy lift gear, common terms, hand signals, the importance of a chain of command, making sure the person on
the gpot wherethe grestest hazard isisin charge of that operation and hasthe authority to stop it and restart it.
All those pictures that we showed were taken in daylight but, as we know, an equal amount of work usually
goes on at night.

Bright lighting isimportant, so there's not shadow areas and dark areas, especially with all the hazards strewn
about the deck as we saw in those pictures -- cables and things.

Contrasting color on hazard points. Did you notice the moving machinery associated with that Canadian ROV
was very bright orange painted, things like that. 'Y ou want to keep people away from.

And then, finally, proper safety appare and protective gear and underline enforcement of that. I'm sureit's
bewildering to some of our guests from other countriesthe way the U.S. legal system works but, in the United
States, you are never respons ble for your own stupidity or mistakes. 1t's always somebody dsewhois
responsble

(Laughter.)

And so sincethat basi cally means us as operators of ships and the people that conduct science, somebody that
neglectsthe safety appard, makes the mistake of getting under the hazard zone of heavy lifts, will not be
responsiblefor their action, at least financially; we will be. Sowe mugt all enforce that and not del egate that to
someone d se and hope somebody ese will say it.

So, with that, that's a good point to start discussions. Woody, | don't know how you want to do this. 1 might

suggest if people want to add things -- | remember yesterday, we were saying your name and ingtitution so that,
in the course of recording, we can get where that'sfrom.

227



INMARTECH ’ 98 Proceedings

228



INMARTECH ’ 98 Proceedings

Small Research Vessdl
Deck Operations

Steve Hartz
University of Alaska

[Editor’sNote: Thefollowing isatranscription of Steve's oral presentation.]
MR. HARTZ: DowehaveaVCR -- | don't know if we have aVVCR hooked up here.

MR. SUTHERLAND: It appears Steve brought a videotape, and we didn't know. That wasasurpriseto me.
So we don't have video set up in thisroom. Tomorrow afternoon’s sesson ison CTD operations. By chance,
I’'m chairing that aswell. 1t'sgoing to beacombined sesson. And I'm going to continue the discussion sesson
on safety issue and deck operations following the CTD sesson. So well havethe forma presentations, and
then welll continue with safety and deck operationsin that sesson as well, so we can show the tape then.

MR. HARTZ: Okay. Small deck operations. Asyou can see, we haveasmall deck. Thisisthe AlphaHdix.
It was actually a Scripps vessd beforeit cameto the University of Alaska. Scripps used it as a multi-purpose
biological research vessd. And when it cameto Alaska, they converted it to a multi-purpose oceanographic
vessd. They added alarge oceanographic winch, and that's actually in the hull, and then they had a crane
center ship, extended thewings out. They used to have afly bridge out there. That was open to wesather, and
we of course enclosed that so the -- to keep the deck officers happy.

And they also added a winch house on the back because thefirst year it came back from the Arctic when they
wereusing it, the guys built this plywood shack so they didn't have to Sit outside running the controls on the
winch. Sol think Dolly Dieter at that time didn't like to see the wooden shack on her boat, so they built the
doghouse, and it's rightfully named.

The Hdix isbased in Seward, and that's actually our town, if you bdieveit or not. Heresthetown hereand it
runs aong actually the bulk of it. It'sabout 3,000 people, so Scrippsisalittle bit bigger than Seward, Alaska.

AndthisisAlaska And that’'s how it normally looks from theair. Thiswas done with a AVHRR that we
collected onboard the Helix. Thisisacomposite of three bands off the NOAA-12, | bdieve. It was bands one,
two, threein thevisual range. And Seward isactually located right here under the big sphincter. That's our
normal-looking weather.

And, unfortunately -- | did have some-- on the video, you will see some of the conditions we operate on, and
that will give you agood idea what the Helix isabout. Some people cdl it "The Ralph of Seasick.” I'veheard
it called "The Blue Canoe," many other names.

Probably the best thing | could start out with iscome back tothe ship. Wedo thingsalittle bit different. Oneis
our deployment. Wedo work in alot of rough water. And it'sasingle screw and it has an omnidirectional
bow-thruster, but the bow-thrugter isjust like alittle fire hose under there. It really doesn't do much when the
wind gtarts blowing. We've got about a 14-foot draft in a 30-foot house, soit'salot of sail on thevessel. But
we usethat to our advantage. And we actually back down into the season into a CTD deployment.

Now, that sounds kind of strange to most people, especialy if they have a mud-boat type design or anything
that -- whoopd! -- but you can seethey cdll it a Blue Canoe 2, and the stern isrounded in the aft end, soit’s-- it
actually rides quite well that way. They run it at about 20 percent pitch idle back on theprop. Andif it gets
away from them and they (indiscernible), we just westher cock and St redlly nicein the seas.

Problems with working on asmall vessd. | think some of them are space and maotion and so, with that,
especialy the mation, the big problem is complacency. Well be running downhill. With the seas on the sern,
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it might beaniceride. Peoplehaveal their signshere out not tied down, and the boat turnsto go on station
and, dl of asudden, it looks like a bomb goes off and the lab cameras are hitting yoursd f in the head and
peoplearelosing alot of money.

Actudly, we have a quite extensive briefing before the scientists go to sea so they're pretty good. We usually
don't have any problems because we drill it into their heads prior to the -- prior to going.

Right now, this boat, we do -- probably 20- to 30-degreerallsare normal. Soin any type of deployment, even
inflat calm, | think shell roll about ten degreestied to the dock here.

So-- sothat'sa-- and it'saquick -- sometimesit'sarea quick roll. It'susualy about eight seconds, | think,
from sideto sde, but it can all of asudden just dump on you and you're walking on the side of the boat.

I think we should incorporate some of the flick technol ogy from Scripps, but they didn't work that into the
AlphaHeix when they had the Alpha Helix designed. And it's actually the oldest research vessd in the flest.
Thiswas -- this picture here was taken this year in the spring, prior to thereal start of our season.

WEell give you alittle walk around the deck here. | don't have areal good picture. | have better footage on the
video of thedeck space. That'sour Alaska crane, and it's dightly off-centered in the deck. That's used
primarily for loading and offl cading and we useit for towing things on theside. Thisoneisahbioacoustics
package. It hasfour transducers. And we can tow that in conjunction with doing mock ness operations on the
deck. We've been doing quitealot of that lately -- running those two in tandem.

Wealso useit for shalow Van Veen grabs, asotows. It's quite versatile, nice crane.

Onething hereis-- probably into deck safety -- | do have ten years time on the Helix. So some people might
say | haveten years of experience. | think sometimes | have one year of experience ten times, but -- but I've
had all kinds of things happen, and things evolve.

Onetimein Hawaii, we were working pretty rough weather recovering the Galiath buoy, thisthing from Honce
(ph), this 30-foat long, which isour beam buoy with 300 pounds of weight on it. And -- actualy, it wasn't even
that. It wasin therecovery of the sediment traps undernegth that buoy. So we were using the working wireto
bring the spar buoy onboard, and then we would convert over and run the tether to the sediment trapson a
block underneath. Wel, what we should have done was probably take the headache ball off the crane prior to
running the -- running the dip through the -- through one of these blocks. Because they decided to ram out.
And part of the headache ball, which landed four feet from me -- without my hard hat, but | don't think it would
have done much to the hard hat. | think the headache ball weighed about 80 pounds. So the point being isthat,
you know, take the time to strip down and get the gear prepared. And, in that case, we didn't which, if | would
have been four feet over, it would have probably been pretty brutal.

So enough said there.

A little bit more of atour here. That'slooking forward, of course. Y ou can seethelarge sep here. Thisis--
thegern isramp down. We have alarge wash arearight here along the house, so that's what you havetogoin
and out of to get into the Helix. We had one chief engineer that was older than dirt onboard, and he could have
had a (indiscernible). So you'd ook for a different way to get out of the door when he wasin the doorway. It
might take him 15 minutesto throw that leg over.

On the davits here, we have two small craft that we can deploy, semi-rigid, which isactudly really nice-- ared
nice skiff and putsthe Boston whaler to shame for alot of overboard rough weather work. We did swamp a
skiff in Nome coming out of theriver with scientists onboard, and they were fairly lucky to get out of the
Stuation. And sincethat time, that's what prompted them to go to the semi-rigid, which would not shove a
wave like they did coming out of Nome, so --
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Herésoneof our CTDs. Thisisasmall rosatte system, and actually it'sno longer. On my last cruise, it went to
the bottom. So -- we had alat of rough wesather thisyear. | think this hopefully appeased the sea gods for at
least next year.

We areusing the PMI grip and the CTD was at the surface and, because we do have alot of motion and we do
deploy that by hand, we -- | don't weight it down as heavy as some people may, just because | wouldn't be able
to control it when it came back onboard. And so we have alittle bit of floating at the surface. And in the video,
you can watch how it will dap the cable, and soit pulled the PMI grip right out right at the surface, one of those
quick snap ralls, and | got back the wire and that wasit, so we did alittle bit of dragging for it. It wasnot the
best placetodrop. It wasright on an embankment.

So we actually were fortunate we were cl ose enough to Seward that we could run back and | rigged up an old
geo rosette and had abackup CTD, so we were ableto finish the cruise and the scientistss were able to get dl of
their data, and we weren't far away on (indiscernible), so it wasfortunate.

If anybody has any of these diatom blocks, we did have problems with that thisyear. We're working in 25- to
30-knot winds, which is pretty brutal tous. And we actually -- the seas were building and it was -- the seas
were -- the wind and the seas weren't even matching at that point, so we couldn’'t work the gears, so we pulled
the plug and we were cruising to ancother location.

The next morning, the chief came up smoking a cigarette on the deck and noticed the block wasn't there
anymore, and sol got acall. 1 wasin thedectronicslab. Sure enough, the block’s Stting on the deck. The--
we do check the hardware every year for ware, but we didn't -- this particular block hasa-- thisisan I-balt with
anut on it, hasaradl pin. Theroll pin was crushed insde and the nut backed off. So -- and you can't -- you
can't seethat on just a visual inspection so, from now on, well tear it down every year and check that. So,
again, wererocking and ralling and | had to go up there and get the block down and we got it repaired and back
upin -- were back in business.

Thisisour mock ness system. And oftentimes on asmall vessd, because of the motion, we come up with ways
totry to better handle the gear, at least be ableto get blocks on it to bring it onboard.

Here, we use -- actually, these are the -- you see these -- these are tag handles we put them on. They actualy
werethedoor handles for the skiff that | robbed off onetime because | couldn't get thelineintoit. So-- we
aso -- the cradle for the MOCNES we had built is probably the one reason that were able to provide this piece
of gear routindy without problems because thisreally protectsit and we shored up the sde here with a piece of
channd so that we could -- so it could set in the cradle. And we can work on the instrument packagesin this--
in this configuration, and we can also cock the netsin this configuration, soit's worked well. It preventsthe
keeter (ph) from being beat up. And, also, we stow it in this cradle, so we have forklift skids here and also we
havetags for abridleto pick it up off the deck.

We use a happy hooker -- | don't know if people are familiar. You'll be seeing it on the video -- to put aline
around those. And, actually, they've worked quite wdl. They'realittletricky. You haveto hold thelinein.
Theresalittle bit of an art. But I've been ableto put a-- passaline around an MK-3 box corer and actually tag
it in thewater, which iscrucid for us because we have so much swing. We had people -- we did aHOTS (ph)
program in Hawaii, and | don't think they've ever been on asmall vessd before, and they had al types of ideas
how you're supposed to bring a CTD in on asmall platform, and they were all wrong. And sothefirst time
they put the CTD on, thefirgt thing they did was they -- they sucked the CTD up to the center of the block, and
thisthing was up therelike a helicopter. And we had a bunch of guys with pipe pulls on there with hooks on
them that they're trying to hook, so it |ooked like some savage ritual dance underneath with these pipe pullsand
this swinging helicopter up top. It was quite comical.

And everybody | passed wastdling me, "We have to minimize the pendulum. Minimize the pendulum.” | was
ready to knock the next guy who told me about minimizing the pendulum. But, ultimately, they Started to tag
the CTD in the water, and then actually they came up with a-- | don't know if it wastheir idea, but they started
using a pendulum weight, and actually | use that now in my stern depl oyment on the large rosette to dampen
that type of swing.
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So onthelarge CTD, | had put a24-place CTD overboard with a pendulum weight with very, very few people
onboard and very -- you know, | don't need the big deck ape out there, 300 pounds on thetag line. | can -- it
saved mealoat of headaches. And we usethe hookersto passthelinesaround. Soif anybody hasn't seen them,
| -- mogt of the peopl e have probably seen them but, if you haven't seen them, | would recommend getting the
hookers.

Here's something you can do with avisual photo if you makeit look like awater color drawing. Actudly, it
looks better. Y ou can make pogters of it. Another view of MOCNES from the other side.

Wil, thiswas about video time. | don't have a video but I'm going to -- because of that, you're going to be
subjected to some other parts of the Helix that you didn't want to see.

Thisis-- we had sometalk about data acquisition systems.
PARTICIPANT: Sothat'sthe (indiscernible).

MR. HARTZ: That'sthe HP reverse Polish notation version.
(Laughter.)

And thisisacrude but this -- we use a program smilar to Daisy Lab to producethis, or Smilar to Lab View, so
it'sall modular and we just plug and chug. Actually, | programmed thisin transit time, going out to Dutch
Harbor, and soit's a very smple mock-up to make a data acquisition system with very little effort.

| don't -- my problem on the Helix was I'd had a programmer and then | had ancther programmer, and then
nobody likes the other programmer’s program, so you end up not having a program on the Hdlix. So | brought
it down sothat -- and, also, there was no way | could modify or update or add new equipment. Thisyesr, |
added a (indiscernible) to the instrument. It'sright here. That took melessthan day to plug in and actually to
mount the hardware and to get it up and going. So that’s one reason | would recommend anybody to looking
into amodular-type program if they're trying to build a data acquisition on the chief.

And, aso, you'vegot alat of flexibility. 1 can set up the screens however | want. Here, I'm just plotting
temperature, sdlinity, and chlorophyll. | printed this out while we were hiding from weather so, if it lookslike
werein the same water, it's because we were, soit doesn't look very good. The barometer isdtill falling. It's
997 there.

I'll giveyou alittlequick look at our dectronicslab. Thisisactualy aquite old picture. It'sgetting alot more
crowded. | havealot of monitors down there. We added severa -- several computersthis year and, right now,
I’'m looking at -- thinking about getting air conditioning back on the Helix just to keep thisroom cool. You
have to wear your lead underwear when you go in just from all the CRT radiation.

Well go back. Thisisthetype of real time contouring plotsthat people are doing on the Helix. And it's not --
thisisrough data, but they'rejust using it asan ideato -- thisisfrom our Auto. Analyzer and the CTD data, and
they'rejust going -- trying to figure out sampling techniques on the fly by having alittle bit of alook at what the
data looks like onboard.

Other than that, | think I'm done until -- until the video.

(Applause)
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Bottom Sampling Technigques and
Deck Operations And Onboard Safety
Discusson Session

MR. SUTHERLAND: Thank you, Steve. | think what I'd like to do now is -- we have someinvited pandigs,
and I'd like to bring them up, pull some chairs out here, and take a few questions from the audience. Let medo
theintroductions. We have Michad Markey from Markey Machinery. | think most of us know about his
winchesthat are on alot of the UNOL S vessds. John Hedrick from Ocean Instruments, that builds most of the
box corers, the multicorersthat werre using on the UNOLS vessdls. Isthereanyone dse? | think that'sit.

Soif anyone has any questions about the bottom sampling equipment or the winches that we can direct toward
these two gentlemen to begin with, and then well take general questions just on deck operations and safety.

Yes, Sandy?

MR. SHOR: There€'s one question. In addition to your pandists and the speakers, we a so have Greg Beers,
who's from Jamestown Marine here. He'sinvolved with all the UNOLS ship safety ingpections. And weve
gonethrough a series of discuss ons here about instrumentation which gets up at or above the safe working
loads and the bresking strength even of the cable, and there's no question that NSF research is proposing to us
in the programsto push for larger and larger, longer and longer piston corers, in particular. 1t'sflat out ascience
requirement. And | guessthe question | would throw out is: How can wedoit? In termsof condraints, weve
got breaking strengths up in the neighborhood of 20- or 30,000 pounds. How can we get 30-plus meter piston
corers of adequate diameter, the larger diameters, safdy? Isit awire problem, equipment problems, winch
problems, ship deck problems? What are the weskest links -- what are the most important problems with all of
this?

MR. HARTZ: | think Michad can talk about winch-reated i ssues.

MR. MARKEY: I'm Mike Markey from Sesttle, and | need to say that, oncein my life, it was athrill to see my
namelisted Dr. Michad Markey. My senior differential equations prof at Stanford would be laughing himsd f
into his next graveif he even considered issuing me anything beyond the first-leve exit ticket.

(Laughter.)

On the quedtion of getting more strength, 1've heard alot of discussion about Kevlar and its various commercial
put-togethers. And we have to recognize that Allied Fiber contralsthe supply of the basic Kevlar strands that
are made into ropes by people like Samson, Puget Sound Rope, et al.

And there seemsto be no shortage of it to make 800-foot lengths of 12-inch braid for the ship-ass s and escort
business. But when you're talking about making 6,000-meter lengths or 10,000-meter lengths, the way Donny
has built a pool of sandard wires, actual supply will mean that your sources are being -- your requests will be
qudified and people will question your usages, and you may find that whether it's Spectra or the 150 percent
stronger Plasma or its other commercial names, the sellers may be rductant to enter into supplying as much as
you folksneed. We'refairly doseto Puget Sound Rope, and that's one of the questions we had asked them.

If you do run into Kevlar, you're going to repesat the experience of the tugboat industry of the last five years,
where every finish, every turn that that rope runs over, had better be stainless and mirror-polished and -- if you
want any life out of it at all. Abrasion eatsit.

Therésanother fact that | can share -- although it's not ametal bender’s specidlty. The Kevlar lines-- Aranitz
(ph), Kevlar -- I'm not enough of ascientist to makethe digtinction. I'll leavethat to you and the people you
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work for, but those lines have an accumulative creep phenomenon. Every peak |oad induces alittle creep, and
itsnot ayidd like sted that comes back.

At ten percent of ultimate, the Kevlar lines may work for thousands of hours. At 20 percent of ultimate, they
may work for hundreds of hours. At 50 percent of ultimate, they may work for fives of hours. And sowhen
you'relooking at Kevlar as a hopeful replacement in the search for sronger linesthat I've heard alot about, you
maybe have to go bigger than you'd like to because of this creep accumulation that isbuilt in.

| think that'sall | haveto say on -- or offer on our side experience into the soft lines.
Would you like a few random thoughts that 1've picked out, or how would you like --
MR. SUTHERLAND: Sure. | have one more question.

MR. MARKEY: Yegh.

MR. SUTHERLAND: Let'ssay that we can get theKevlar line. Arethere any considerations for the winches
that we aready havein inventory to handle Kevlar rather than the wire rope that werre using now?

MR. MARKEY: All right. Arewetalking strength membersonly, like coring 3 x 19? Lord knowsall of us
winch builderswould love to see anything replacethe 3 x 19. Anything to get rid of that nightmareto awinch
maker would bewonderful. Areyou talking composite, wherethe Kevlar isthe strength and you've got EM
members? Or are you talking composites with fiber optics?

MR. SHOR: For the moment, | think were mogtly interested in just the flat out wire rope question wasthe one
| asked, but there certainly isinterest in both of those other questions.

MR. MARKEY: At the strength member point, there are athousand congructionsin the Kevlar. Every
supplier has hisown braids, with braid angles, with bulk, with lay angles, with rope lay, and you really haveto
gotoyour friendly local rope supplier with your own requirements. They are ill early intheir life. They're
custom-designed tenson member. And Phil Gibson, I'm sure, would back me up on that.

Soit'shard to generalize, but it would be equipment handling other than having to be smooth, glass smooth.
From the machinery viewpoint, we can spooal it. | think the Leba (ph) shell -- the bending radius remainsthe
issue and, of course, with a soft line, you could wrap it around your wrigt, theoretically.

But since fiber opticslurks, | think that any equipment consideration should leapfrog. And asyouretrying to
replace your 3-2-2 as an industry with something stronger and your 9/16ths 3 x 19 with something stronger, it
would make sense to meto try leapfrogging clear to the fiber optic horizon.

And some exigting winches can be lagged and remain hell for stout doing it right. Y ou don’t want 2 x 4swith
banding, please. Lebashdlsdon't St well on top of that. But adrum can be lagged if you can -- if you don't
need your 10,000 meters. And | heard some conversation last night wondering if the magic 10,000 metersis
something that your shipsal need. Soit might bethat alot of the present machinery could be lagged up on the
barrds. You'regoing to need larger sheaves on the level winders.

I know that the AGOR traction machineswere all set with 48-inch barrds, and the fiber optic fairlead(ph)
sheave and &l the outboard sheaves were at 48-inch to handle .681 fiber optic. And so that was |eapfrogged.

Bending radiusesiswhat we need to know. The other thing -- any machinery you build, you've got togotoa
breaking strength of whatever you could possibly put on it and haveit stay there.

| made anote, looking at the sheave of opportunity information here. 1t's-- | don’t know of any instances where
winches have flown off. | watched Max Silverman pull aheadache ball through an overboard Jframe on the
Argo (ph) about 35 years ago, one of my first and few experiences offshore, and he was quite embarrassed, but
he was very impressed with the high speed he could get coming up. And he was -- the water was clear and he
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could seeit, but hedidn't -- he could seeit down there and then it went back, and everybody was Startled. It
was a good thing Max’s hand was on the winch contral.

Let'ssee | did make some notes about the safety angle, and George is absolutey right. We all face vultures
from thelegal profession that we didn't used to haveto face. And it'snot only the Pl or the port captain or the
director of theingitution; there'sawhale chain, and they will al be on thelis of the subpoenas. And so safety
isan issuethat you have to address when the ship isthe gleam in the naval architect’s eye.

Y ou are probably the most ingenious group of people on the planet and you make thingswork where therésno
excuse for them towork. If you'll go hdl for stout to start, your liveswill be easier. | think that's a disguised
salespitch. I'll try to avoid that.

Machinery controls should be smple and asintuitive as possible. Weve seen some machinery controls, and
I'vetalked to a Coast Guard gentleman, where the control peopl e have gone berserk because the tools we have
now alow it.

Twenty years ago, we were all excited about a computer controlling the winch, where you could program a
profile, and we talked it up to our friends, provided it on a number of systems, and we don't think it's ever been
done.

So the“KISS’ theory and simplified controls, just because we can do all these magic things with touch screens,
therésa certain beauty to a big red E-stop button that even has a glow-at-night festureif you'rein adark shack
so that you don't have to hunt for an icon for the E-stop.

| wanted to make another safety point, Sncel seem to have thetag here. Watch out for Srangers. Sometimes
therewill be strangers who have accessto the ship, for one reason or another and are sort of accepted, and they
will do stupid things because they really don't -- even if they have built machinery, and designed it perhaps,
they really don't know its operation. They haven't had their hands on the controls onboard a ship.

And I'll close off with asmall story. It'stoolong ago -- | can't remember the ship -- but a piece of 3-2-2 was
over thegern -- it was atest -- and there were -- the winch was up on an 01. Down on the main deck under the
A-frame, there were about seven people. And | had aways wondered -- | was donejust watching -- and | had
always wondered if the stern's brake manual release button on an dectric winch actually would rdease. They
only rel ease about 85 percent, by the way. Y ou can burn the stern’s break with the pull -- the knob pulled all the
way up. Anyway, thewinch wasin the "off" position, and they were doing things down by therail, and likea
damn fool, | reached up to see what would happen if you pulled on the stern's brake that | had spec'd and
designed in. And all of asudden, I'm watching the drum gart to turn. W, | gart to freeze up my spine, and |
hit that button to push it back in, and it hadn't gained any momentum, and | don't think anybody on the after-
deck even saw the wire move, but it put out about four turns of the drum before| got through my "Oh, my
God" and reset the gern's brake.

So beware of strangers on your ships. And | hope to maybe have a few other comments tomorrow as we go.
Thank you.

(Applause)

MR. SUTHERLAND: Wéel, snce we have John herein the audience, one question that did come up from our
Norwegian friends was the bow effect of the tubein the multi-corer. And isthere another instrument or can
there be another instrument that will preserve that flocculent layer better than the multi-corer or --

MR. HEDRICK: Widl, if you have an ides, pleaselet me know. 1'd be more than happy to take it under
advisement. It seemsto methat multi-corers, as opposed to box corers or any other kind of equipment asit
comes down, | think it'samatter of landing and operation of a piece of equipment the way you can do it.

If it's 3,000 meters deep, it's pretty difficult todo. But | think with time and experience, people will become
more and more adept at landing this unit and catching more and more of the flocculance. If you've never seen a
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picture of the Soutar box corer or even aMark 111 or any of the other box corers, asit comes down, everything
just goeslikethis. Andit goesin, it shakesit dl up, it becomesaturbulent mess. And surdy after 3,000
meters, it comes up, it comes onboard, a scientist opensit up and says, "The water is absolutdy clear.”
Everything hasresettled again.

And asthe gentleman from Moss Landing said, that hopefully the sediment that you can see using amulti-corer
isactually what youre getting. There always will be bow wake, no matter what you do. Anything that comes
into the presence will push it away, but you should design something so that it's round, that it's open as much as
possibleto cut that bow wake down as much as you can.

PARTICIPANT: Just one point on that, isthat when you get to thisflocculent layer, you're then drawing the
digtinction between sediment and water. One of the thingsthat -- we modified one of the multi-corers, the
SOC, to useit for actually taking gastype samplesin the Black Sea. But one of the thingswe did was put a
single-- actualy, | think there were two NIO waterfalls on the frame which would st in that layer. It wasa
very ill-defined sediment interface. And so we were actually taking liquid samples as well astaking core
samplesin that. And that worked quitewell. | mean, that’s another way around it. You know, isit liquid? Isit
solid? They're just Single waterfallstriggered by the mechanism of the corer going into the sediment.

PARTICIPANT: Yeah. Wevedonethat also just asa double-check on that.

MR. SUTHERLAND: | just remembered one announcement | need to make. The shuttleswill be leaving here
and staying down at MarFac. If therésanyonethat needsto go to the hotd and not go to MarFac, then weve
got at least one shuttlethat will beleaving very soon, so you'll need to hurry down to the shuttle to pick up there
if you want to do that.

Yes?

PARTICIPANT: | (indiscernible). 1 understand that people around here haven't used Kevlar very much. On
our ship, we actually have 8,000 meters of 29-millimeter Kevlar which we've had to use for eight years, so
we've had a pretty | ot of experience with it. What | would liketo say is| don't agree fully with your comment
about the sheaves. They happen to be very dean sheaves. Clean isnat the overriding problem. The biggest
problem isactually getting reverse bands on the K. And we have a traction winch, a cock traction winch, and
that is a severe problem because it has many reverse bands. And what actually happensisthat theinner sheath
that haldsthe cable in fact separates from the outer PV C, thelittle plastic coating. What then happensis that
you actually get ripplesin that. It splitsaway. Y ou then get water ingde the cable, and then you get the salt
when it dries out actually cutting through the cable.

And we now have 6,000 meters of cable becauseit broke about seven or eight times. (Indiscernible). It's
readily available (indiscernible) quite readily. To give you someideg, | have 8,000 meters of 27-millimeter
cable It costs about $250,000.

PARTICIPANT: Isthat the same cablethat (indiscernible) or same vendor?

PARTICIPANT: Yesh.

PARTICIPANT: That'sthe Marion du Fresne. Isthat --

PARTICIPANT: Marion du Fresne

PARTICIPANT: -- du Fresneisthe ship they usethat on?

PARTICIPANT: What they -- we have traction winchesin the U.K. Weve got traction winches on the
(indiscernible), and they have proved totally a waste of space, and we arelooking at replacing them. What they
have on the Marion du Fresneis a band winch which comes from Clay, France, which isa (indiscernible). So

you, in fact, get traction on thewinch. But | would say to you if you go with it, a standard (indiscernible) winch
is probably the best for actually pulling cable.
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PARTICIPANT: We-- maybel might say something about getting cabl e because we are experience -- we
have experience from 1978. And | was just writing alittle bit about the list cable because what you said, that
it'snever very fad, that'strue. In 1989, we bought anew cable, 20 tons. In one yesr, it goes down to 12 tons.
The next year, it goesdown to ten tons. In 1991, it wasten tons. But now, in 1989 (sic), it'still ten tons. It
was decreasing fast and then it stopped. And we work now for about nine years with thiscable. We have lost
not one equipment. Wedid alot of piston coring, box coring, and | can say, and | mean it, it's much easier to
work with skiffer cable on the deep sea -- epecially on the deep sea -- than with sted cable.

My first experience, we were on the Mdville on Scripps Inditute. That was my first trip. 1t wasin 1977. And
| was wondering if you take a piston coring, wetake a box coring, thereare| think three or four people -- they
werein charge. People (indiscernible) pinger and all the things like that.

We dart one year later with the Kevlar cable. In our ingtitute, only one person isreally the whol e thing because
you are working with Kevlar cable. When you touch the bottom, the tension meter is completely down to zero.
It comesup. You can aimost set before it comes up how many -- what'sthe -- what'sthe -- what'sin it, what is
init, andit's-- | can say it'sworking very, very well. The only thing is-- okay -- can it be phased out?

But when you buy what you said, you haveto buy an oversize cable and then you have problems because when
you can work ten yearsthiscable, | think it'snot areal problem. It'sfairly expensive, but --

MR. SUTHERLAND: Yeah.

PARTICIPANT: -- | think you -- you're winning alot of ship time becauseit’s -- theresults by us, they are
better than with the sted cable.

PARTICIPANT: What kind of winch areyou usng? Isit a--

PARTICIPANT: We use bent winch. We use double-capsuled winch and they call it acablekiller. And
maybe that's the reason. But even the bent winch of Clay, France, it'snot sureif it's the sol ution because they
also havetroubles. It goesvery fast down and then it'smore or less stable, but it's very difficult to ask the
French how is now the cabl e because you have pulled to them for some information about that.
PARTICIPANT: Arethere maintenanceissueswith Kevlar cablesthat you don't deal with with asted cable?
PARTICIPANT: I'm sorry?

PARTICIPANT: Arethere maintenanceissues? Do you just leaveit out in the sun uncovered? Issalt --
PARTICIPANT: Yes. Yes

PARTICIPANT: -- washing, that sort of thing?

PARTICIPANT: Wehaveahbig problem with the jackets. We have high-tail jackets. And I think ten years
ago, there became gaps like thisinto -- it was broken and you had to gap it in the high-tail jacket. And we were
very afraid about that. We got in contact with the company, (indiscernible), in French (sic). They cometo look
and they said, Y eah, that’snot good. But you can't repair it. It wasimpossible.

But three years|ater, the gaps arealittle bit bigger, but that isins de the brake jacket and that's much more --
that's enough protection, and it doesn't have problems. Not at all.

MR. MARKEY:: I'd liketoimposeared semantic disciplinein the subject of Kevlar cable.

PARTICIPANT: Right.
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MR. MARKEY: Thereare hundreds of different kinds of cable using those fibers. And so please be specific
when you're asking those questions. Different answers apply to different -- the smoothnessis open, unjacketed
fiber on tugs around bits. Theréswhere you need --

PARTICIPANT: | wasgoing to object.

MR. MARKEY: | wanted to make one other statement about traction winches. Wereall waiting for the cable
people-- the Keviar EM and optic peopl e -- to do something where you won't need traction winches. The
bendsarekillers. But if the geometry of the whedlsis correct, you can put out any given number of metered --
thousands of meters without twig.

PARTICIPANT: Yeah. Unfortunately, our shipisamulti-rall ship where we have some -- we have aten-ton
and a 30-ton traction winch. Theten-ton isvery good, but the 30-ton, thereare problems. And what | would
say to you isthat as we have the wide range of cables -- you've actually got something like 15 different cables
on the ship -- it'sin fact ajob to try and put all those on traction winches and not have too many sheaves. So
what werre haveto do iswerefine them.
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Fundamental Components Of Shipboard
And Lowered ADCP Systems

EricFiring
Univerdty of Hawali

I will introduce the topic of Acoustic Doppler Current Profilers (ADCP) with a broad overview of aspects
common to two particular applications: lowered, in which a sdf-contained instrument islowered with aCTD
on awireto make ave ocity profile over the entire depth range of a CTD cagt; and shipboard, in which the
ingtrument is mounted permanently on the ship'shull. I'm going to go over some aspects of ADCP systemsin
the broad sense that are common to both of these two applications. Later, Martin Visbeck will talk more
pecifically about the lowered application and I'll talk about some shipboard issues.

It'simportant to view the ADCP system as a whale for both of these applications because each requires more

than theinstrument alone. The system components can be categorized as foll ows:
* The profiler itsef-the transducer and e ectronicsthat send out the sound pulses and processthe
returns.
* The data acquisition system (DAS), which can be amixture of software and firmware.
* The data processing software. The distinction between the DAS and the processing softwareis that
the DASisused in real timeor near redl time, whereas the data processing is something that’s done
maybe aday later, maybe a week later, maybe a year later. But we hopenot a year.
* |n addition to these software components, an important part of the system isthe platform: the ship
and transducer wdll, in the case of the shipboard system, and typically the rosette frame in the case of
the lowered.
* GPS navigation. Both lowered and shipboard systems require very accurate determinations of
platform velocity, either ingantaneoudy or in an averaged sense. Rather than just giving a general
category of navigation, | specify GPS because that’s what we all use. Theré's no reason to think much
about any other type. Notethat we are mainly interested not in the position at which a measurement
was made, but in the platform vel ocity, which we must add to the measured ve ocity of the water
relative to the platform to calculate what we really want to know: the vel ocity of the water rlative to
the earth.
* Attitude sensors. In addition to knowing the vel ocity of the platform, we have to know the
orientation of the profiler so that we know whether were measuring a north velocity or an east/west
velocity. We may also need to know thetilt, more critically for |owered than for shipboard systems.
So, thelast component of the ADCP system isthe suite of attitude sensors.  For shipboard systems,
that now means a gyrocompass and, whenever possible, a GPS attitude measuring sysem. For a
lowered system, the heading normally comes from a flux gate (magnetic) compass, and thetilt comes
from abubble or pendulum-typetilt sensor.

So those are the system components. Now, et us consder some of the criteriathat one might useto sdect a
profiler, thefirst part of this system, for either of the two particular applicationsthat wereinterested in.

Since weretrying to make vertical profiles, it is obviousthat aprimary criterion is vertical range. And that’s
equally true for the shipboard and the lowered application. Rangeisaways good; the more, the better.

We also want vertical resolution and, again, the more resol ution, the better. Of course, there can be a tradeoff
between range and resol ution and, in fact, there are tradeoffs among many of therdevant criteria; that's where
the difficulties comein.

Anacther good characterigtic isahigh sampling frequency. Sometimes the sampling frequency--the number of
pings per minute--is fundamentally limited by other aspects of the system. For example, you don’t want to be
hearing returns from two pingsin the water at the sametime. Y ou haveto wait until the return from one ping
dies out before you send out another ping. That's afundamental limitation; but actual systems are often limited
by their design so that they cannot achieve the theoretical maximum ping rate.
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Single-ping accuracy--again, accuracy isawaysagood thing. Wehaveto be careful in thinking about
accuracy, however, becauseit can't be characterized by a sngle number. The accuracy that mattersis not just
an ideslized single-ping, single-bin standard deviation. Inreal life accuracy, there can be random components,
which are often well-characterized by asmple sandard deviation, but there can also be biases. Especialy as
the sgnal-to-noise ratio goes down near thelimits of profiling range, the likelihood of a biasincreases. There
are many potential sources of biasin the ADCP system asawhole, not just in the profiler itsdf.

So, we have to digtinguish between short-term random errors and biases, and among different types of bias. For
example, isagiven biasidentical in al depth bins, or isit abiasin the deeper vel ocities rdative to the shallower
velocities? It makesabig difference. For the shipboard application, depth-independent biases tend to cause the
most trouble; the water vel ocity over the ground isthe small difference between the large ship's vel ocity over
the ground and the large ship’s vel ocity rdative to the water, so even asmall percentage error in the latter can
cause alarge error in the estimated current. Thelowered ADCP isnot quite as sensitive to range-independent
bias-the ve ocity of the water past the package is much less than the speed of a ship underway--but is
extremey sendtive to any range-dependent bias. Any tendency for the vel ocity estimate from deeper binsto be
biased relative to the estimate in shallower binsis devastating. The requirements of the | owered appli cation for
low biasin the vd ocity shear measurement are so stringent that | am always amazed the method works at al!

Wealso haveto consder real world conditions. Backscattering strength, for example, isnot uniform; layers of
strong and weak scattering areinterleaved. Strong scattering layers can introduce rather huge biasesin the
veocity estimates from shipboard ADCPs. The bias can come from either or both of two causes

1) Swimming: Sometimeswholelayersare moving reativeto the water , and yourestuck. The
best you can hopeto do is detect those cases and edit them out.

2) Beam width: A scattering layer can act almost like a hard reflector such asthe ocean bottom. The
outgoing sound beam hits the surface at arange of angles; first the part of the beam that ismore
nearly vertical, then the middle of the beam, and last the more nearly horizontal part of the beam.
The horizontal velocity of the ship rdative to the layer therefore causes a smaller Doppler shift
during thefirg part of the return from the layer than during the last part. Thisrange of Doppler
shifts causes the vel ocity to be biased low in the depth binsjust above the scattering layer (or
ocean bottom), and high in the bins just bel ow the bottom, causing a characterigtic"S' in the
veocity profile.

This second source of hias suggests that narrow beam widths should be preferred to wider widths, other things
being equal.

Anocther ADCP sdection criterion may be interference, so theinstrument can be used as much aspossiblein
conjunction with other acoustic instruments, neither interfering with them nor being subject to interference.
Thistendsto be more of a problem for shipboard than for lowered systems. Narrow bandwidth, both on the
receive and the tranamit Sde, helpsto reduceinterference. The ability to synchronize different instruments can
also help.

It'sdesirable to have a good backscattering measurement to maximize the usefulness of ADCP profiles for
biological studies. Both in shipboard and lowered ADCP data sats, we see all sorts of interesting geographical
and vertical structurein the distribution of scatterers. Therdation of this variability in scattering to
biogeochemical processes remains mostly unstudied, asfar as| know.

Anacther sdection criterion isinstrument Sze--smaller is better. Smaller instruments are easer to handle, easier
to mount. Ease of use and maintenance is another obvious criterion. We want insrumentsthat are as easy to
useaspossble Wewant reliability and long lifetime. That's certainly not atrivial requirement, by any means.
We want instrumentsthat are easy to fix when they break or when something goes wrong. So you want things
like fusesthat arelocated in asensible, easy-to-get-to spot. Y ou don't want to have to tear the whol e instrument
apart if afuse blows.

Cogt--you have to remember that it includes two components. Theréstheinitial cost, which of course hasto be
low so that you can afford the instrument in thefirst place; but then we also have to consider the annual codt,
and that's related to the rdiability and serviceability issues. For a shipboard system, for example, how often do
you haveto take the transducer out and haveit rebuilt? Theless often, the better.
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Now, let’s consder the basi ¢ types of profiler. Oneway to categorize ADCPs centers on the type of acoustic
pulsethat is used to esimate the Doppler shift, avery small difference between the frequency of the tranamitted
pulse and the frequency of the sound scattered back that is proportiona to the along-axis component of rdative
velocity between the transducer and the scatterers. Pul ses can be coded or uncoded. An uncoded pulseisjust a
gated Snusoid: the sound isturned on, it continues with constant amplitude, then it isturned off. Such apulse
has the narrowest possible band width for any switched signal of the same duration. A coded pulseistypicaly
generated by periodically reversing the phase of the signal, thereby broadening the bandwi dth and adding
gructure, or information, to the pulse. It would beincorrect to say that uncoded pul ses are good, coded are bad,
or to say that coded pulses are good and uncoded are bad. Each has its advantages and disadvantages, and
ether method can be implemented well or badly for a particular application.

The commercia instrumentsthat we've used the longest are so-call ed narrowband (NB) devi ces using uncoded
pulses. The uncoded pulse method is Smple and tends to be fairly robust and easy to set up--thereisnot alot
that can go wrong with it. Short-term accuracy ismoderate; it isnot ashigh asit could be with coded pulses.
Narrowband instruments tend to have the best possible range; because the signal bandwidth is narrow, the
recaver can use anarrow filter, which rejects more noise than a broad filter would. Hence the signal-to-noise
ratioishigher at a given range than would be the case with broader bandwidth. For uncoded pul ses, bandwidth
isinversdy proportional to pulse length.

The use of coded pulses, or broad bandwidth, in commercial ADCP systemsis more recent, although the
fundamental ideas were deve oped for radar along timeago. Coded pul ses add a problem that uncoded pulses
don't have: an inherent ambiguity. Where narrowband systems measure frequency, broadband systems
measure phase, and phase can only be known to within an integral multiple of 360 degrees, a ve ocity
corresponding to a phase difference of 190 degrees can't be distinguished from a vel ocity corresponding to -170
degrees, or from one corresponding to 550 degrees. Thereisatradeoff in the coded pul se systems: if you push
for higher short-term accuracy, then you will introduce an ambiguity corresponding to asmaller ve ocity
interval. Ve ocities greater than thisinterval, or lessthan its negative, will wrap around.

There are two ways of dealing with the problem. Oneisto avoid it by smply |etting that ambiguity interval be
larger than any range of vel ocitiesthat you expect to see. That'sthesmpleway. Thetricky way istotry touse
an algorithm or sequence of different types of pings to resolve the ambiguity. By using asmall ambiguity
interval, you can get very high accuracy, but you're laying yoursdf open to the possibility of making abig
mistake, getting that ambiguity wrong. That does happen in practice

In general, broader band width reducesrange. It turnsout to be difficult to empirically quantify the range loss
because we rardly have the opportunity to directly compare, under identical conditions, instrumentsthat differ
only or primarily in their pulse coding or lack thereof. Broader bandwidth also inherently increases interference
with other acoustic devices by occupying alarger part of the frequency spectrum.

In addition to pulse coding, thereis another fundamental way in which ADCPs may now differ: the type of
transducer. The basic types are monalithic, in which asingle ceramic disk (or an array of smaller diskswired to
act asasngle disk) generates a single beam, and phased array, in which awhole array of little ceramicsis
wired so that alternate rows and/or columns can be driven with different phases or time delays, thereby
generating two or four beams smultaneoudy.

For any transducer, the angular beam width variesinversdy with the product of the frequency and the
transducer width. At a given frequency, alarger transducer makes a narrower beam; and the lower the
frequency, thelarger the transducer you need for agiven beam size. Thisisone of the factorsthat limits our
ability to take advantage of low frequencies; the transducers get so large asto be unwieldy and expensive. The
phased array is an attempt to reduce that problem by generating two or four angled beams from asingle flat
transducer.

Aswith bandwidth, I'm certainly not going to say that one style of transducer is good, the other isbad. Either

can beimplemented well or badly, and each hasits advantages and disadvantages. The monalithic designis
smplest and cheapedt, and islikely to have the best beam pattern and efficiency for a given aperture (defined as

243



INMARTECH ’ 98 Proceedings

the diameter of the ceramic for amonalithic transducer, or asthe diameter of the projection of a phased array on
aplane perpendicular to agiven beam). In aphased array, any variations among the ceramic e ements will
degrade the beam pattern. The disadvantage of the monalithic transducer isits size and bulk, particularly at low
frequencies. Itisnot only wider than a phased array, because of its four separate d ements, but it is deeper,
because each dement hasto be mounted at the angle of its beam. Theflat pand of aphased array isamuch
nicer shape to mount on the bottom of a ship.

Changing now from the instrument itsalf to the platform: the first aspect to consider isits motion. There's often
not much you can do about it and, for the most part, both shipboard and lowered sysems are fairly robust
againg platform motion. The worst motion-related problem isthe wraparound in recorded vel ocity when a
maximum ve ocity magnitude in any beam is exceeded; both in shipboard and lowered systems, thisis often
triggered by the ship’s wave-induced transient mations, which tend to be larger in magnitude than the ocean
currents or the average platform speed. Asnoted above, broadband systems are much more susceptibleto this
problem than narrowband ones.

Anacther important e ement of an ADCP indallation is the protection it affords the transducer, especialy in
shipboard systems. Y ou would like to protect the transducer againg ice, barnacles, and so on. Protection
generally means putting the transducer behind an acoustic window and, unfortunately, acoustic windowsin
shipboard ADCP ingallations have had mixed success, a best. In many cases, they have not been very
satisfactory; they have reduced the profiling range and increased the ringing problem. A related shipboard
ingtallation design criterion isaccessibility. 'Y ou want to have easy access so that if something goes wrong with
thetransducer, it'seasy to pull it out and replaceit.

The overrriding acoudtic aspect of an indalation isitsnoiselevel. In the case of shipboard systems, the worst
routine noise sourceis propeller cavitation; sometimes reverberation, or ringing, isalso abig problem. A quick
fix when theringing problem ismild isto increase the blanking interval. This may be necessary sometimes
alsoin lowered systems, because of the very |ow backscattering signal encountered be ow 1000 m; even aweak
reverberation in theinstrument case or rosette frame may causeinterference at thetop of the profileif the
blanking isinsufficient.

An obviousingallation requirement isthat the acoustic beams have a clear path; apart from the difficulties with
acoudtic windows on shipboard systems, thisis mainly a problem with lowered profilersthat haveto fit in an
exiging rosette sampler frame. Because the transducer geometry of sef-contained (lowered) profilersis
convex, as opposed the thetypical concave geometry of shipboard transducers, lowered profilersrequire alarge
opening in the bottom (or top, if upward-looking) of the rosette frameif they areto have an unobstructed view.
Shifting our attention to other aspects of ADCP systems, we find that the attitude sensor isa key to both
shipboard and lowered applications. Until afew years ago, the single biggest, most common source of
uncertainty in currents measured by shipboard ADCPs was uncertainty in the true heading of the transducer.
That uncertainty was mainly brought about by gyrocompass uncertainty, and wereally didn’t know how large
or small itis It'svery hard to measure the absolute orientation of aship at sea. So until the advent of the GPS
array technology for attitude measurement, we really didn’t know just how big this heading problem was.

If aship isunderway at atypical speed of five meters per second , you get about eight centimeters per second
error in the cross-track vel ocity component per degree of heading error.  We are often looking for ocean signals
averaged over along distance that are much smaller than that, and thisheading-related error is one of those
ingdioustypesthat can show up asalong-term bias, even afraction of adegree of systematic heading error

can be devastating in a calculation of trangport across a section. Errorsthat fluctuate rapidly and cancd out on
average are much lessimportant.
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Once GPS attitude sensors became available, we
found out what sorts of heading errors we had
been living with. Herés an early example from
the Thompson. You can seethat there are short-
term fluctuations of +/- 1.5 degree or so, and
there are also long-term changes asthe ship
went south along the cruise track. Without the
GPS attitude sensor we would have been ableto
detect and correct some of the large-scaletrend,
but certainly not all of it; and we would have
had little idea of how wdl or badly we were
doing. Itishard to overemphasizethe
importance of GPS heading measurementsin
modern shipboard ADCP work.

Heading errors are also a source of vel ocity
measurement error in lowered systems, but
unfortunately thereis no magic bullet like the
GPS heading sensor. Weareat avery early
dagein detecting and dealing with LADCP
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heading errors. When particularly large and cons stent, asin arecent WHP cruisein the North Atlantic, they
can be evident asa sysematic biasin the difference between LADCP and SADCP ve ocity estimates on

station, and in such cases can be at |east partialy corrected.
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Routine Shipboard ADCP Operation: Benefits,
Problems, Methods

Shipboard ADCP systems are standard
equipment on most research ships, but they
are used to varying degrees. | believe that
on most ships, they should be operated
routinely as much as possible; the benefits
outweigh the costs and difficulties.

There are two main benefits of routine
operation: 1) With frequent monitoring of
system performance, problems can be
found and fixed early, so it is more likely
the system will be in top form on those
cruises for which it is a primary
instrument. 2) Interesting and scientifically
valuable observations can be made at low
marginal cost.

I will show some examples of the second
benefit; the first is obvious and self-
explanatory.

Thefirst example (Figure 1) is presently no
more than anice picture; | have not done
anything with it, other than show it to
people, but some day it may find its way
into astudy. It shows currentsin the
Agulhasretroflection region south of South
Africa. Theland at thetop of thefigureis
the very southernmost tip of South Africa
The observations were made from the
Nathaniel B. PAmer at the start of the
WHP $4 Indian Ocean sector line. The
three transects are all just trandts, not part
of the official $4 line; there are three
because the ship had to drop off a crew
member for health reasons shortly after the
start. Note the strong currents, approaching
2 m/s, and note the very sharp peaks of the
current maxima. | think these sharp pesks,
which | have seen in other measurements
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of strong eddying currents, are particularly interesting and will turn out to have dynamical significance. A
numerical model would need a very fine grid to resolve them well; indeed, few observation methods other

than the shipboard ADCP resolve them.

Figure 1. Currentsin the Agulhas retroflection region, south of South Africa, from the WHP $4
Indian Ocean sector cruise of the Nathaniel B. Palmer. The average from 75-125 mis shown.
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Now let's ook at adifferent sort of current survey that was entirely a byproduct of a geophysical cruise

(Figure 2). It was not planned to provide
data for physical oceanography, but it
turned out to give a unique and fascinating
picture, and the material for amajor chunk
of amaster'sthesis (Mao, Ming, 1997:
Analysis of three-dimensiona current

structures using ship-mounted ADCP. M.S.

Thesis, Department of Oceanography,
University of Hawaii.). Herewe see a
snapshot of the meandering and eddying
flow through the Woodlark Basin on its
way to Vitiaz Strait, after which some of
the water will cross the equator. At 100 m
depth (not shown), the eddies are more
pronounced, and surprisingly strong for
anticyclonic eddies at these low |atitudes.
Again, the current structureis uniquely
well resolved by the shipboard ADCP
observations.

Figure 2: Currentsat 20 m in the Woodlark Basin from a seafl oor mapping cruise of the R/V
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Moana Wave, superimposed on the ship'strack. The current field is extraordinarily well resolved.

Another geophysical survey resulted in a current map in Luzon Str

(Figure 3); this dataset was also used by
Ming Mao in histhesis. The picturel am
showing here differs from the previous
onein that it shows not theraw current
measurements, but theresult of a de-
tiding analysis. Theraw measurements
(not shown) look like a mess, but it
turned out that, because of the dense grid
of observations, it was possible to figure
out the tidal contribution as a function of
position (horizontal and vertical) and
time. The dataset ended up providing
two products: a unique 3D map of the
Kuroshio and nearby flows in thisregion,
and asimilarly unique picture of the
complex combination of barotropic and
baroclinic tides.
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Figure 3: Filtered mean current pattern at 20 m depth in the Luzon Strait, south of Taiwan. Very
energetic and complex tidal currents have been estimated and removed.
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Tropical sorms can generate strong transient
currents, but because the stormsare
unpredictable, these currents have been
observed more often by accident than by
design. Hereisan example (Figure 4): near-
surface currents approaching 1 m/sin the
wake of Tropical Cyclone Ofain 1990
(Firing, E., R.-C. Lien, and P. Muller, 1997:
Observations of strong inertial oscillations
after the passage of Tropical Cyclone Ofa. J.
Geophys. Res., 102, 3317-3322). Again,
these observations were made on a
geophysics cruise asaresult of our policy of
running the shipboard ADCP system on the
R/V Moana Wave whenever possible. | have
another example (Figure 5): the NOAA Ship
Kalimimoana, which also keepsits ADCP
system running routinely, crossed the wake
of ahurricanein the eastern Pacific in 1997,
and recorded currents exceeding 1 m/s.

Figure 4. (ofa_figl.eps) Currents averaged
from 25-75 m as observed from the R/V
Moana Wave in February 1990, shortly after
Cyclone Ofa (thick line) passed.

Figure 5: Currents averaged from 20-
40 m observed by the NOAA Ship
Kaimimoana, showing strong near-inertial
oscillations in the wake of a hurricane.

Routine current observations can be valuable
individually, asin the examples above, or in
aggregate, to provide a climatol ogical
picture. The shipboard ADCPin this sense
is something like amodern version of the old
set-and-drift method of estimating current,
on which most of our large-scale picture of
ocean surface currentsis based. Of course,
the shipboard ADCP adds information in the
depth dimension while vastly improving
accuracy and resolution in comparison to set-
and-drift estimates.
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The climatological shipboard ADCP dataset plays a central role in arecent study by Dail Rowe, Greg
Johnson, and me (Rowe, G. D., E. Firing, and G. C. Johnson, 1999: The velocity, transport, and potential
vorticity of the Pacific Equatorial Subsurface Countercurrents. J. Phys. Oceanogr., in press). The subject of

the study is afascinating pair of currents
with typically cumbersome names: North
and South Subsurface Countercurrents,
also known as NSCC and SSCC, or the
SCCsfor short. Another name for themis
Tsuchiya Jets, because they were
discovered and extensvely described many
years ago by Mizuki Tsuchiya. The SCCs
are narrow eastward currents found 2-6
degrees on ether side of the equator and at
depths of 100-500 m, just below the
tropical thermocline. They flow most of
the way across the Pacific, and they are
quite consistent; look at a velocity section
that crosses the equator, and you will
almost always see them, regardless of
season or of phasein the El Nino/La Nina
cycle. Here is one example of a section that
shows them, on 140W (Figure 6): they are
regions of eastward flow (yellow in the top
panel) centered at about 250 m, 4 degrees
N and S. Although they may not |ook
impressivein this picture, they transport
quitea bit of water in their density class, so
they area significant part of the genera
circulation. What makes them even more
interesting isthat until very recently they
did not show up in numerical models at all,
and there has never been any satisfactory
theory of why they exist.
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Figure 6: Contoured section of currents along 140W measured with a 150-kHz narrowband profiler
on the NOAA Ship Kaimimoanain October 1997. The Tsuchiya jets are the regions of eastward flow (top
panel) centered at about 250 m depth, 4 degrees on either side of the equator.
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Dail Rowe gathered all the shipboard ADCP sections crossing the equator from the NODC/UH Joint
Archive for Shipboard ADCP (http://ilikai.soest.hawaii.edu/sadcp), and started looking in detail at the
three-dimensional velocity structure of the SCCs and the neighboring flow. The sections came from 44
cruises, on most of which the ADCP was run routinely rather than as a primary scientific tool. They

included 93 crossings of the NSCC and 77 i el
of the SSCC. A plot of current core B i ' - E T
positions gives an idea of the data Bl g e @ e B9 B0 O !
coverage, aswell asa picture of how the g eof..
coresriseand divergefromtheequator as &, o> y#L 8 o B g
they flow east (Figure 7). The point | DA N ST j° Bi O e
would like to emphasizeisthat this g A - - .
extensive data coverage, with high- e e ' aiE
resolution velocity measurements, could %[ | = eguatonvar ssed PR -

) ) ] E 200 L] palewal a B o B
never have been obtained deliberately; we = . L e Bo o8z T,
could not have gotten funded to make these Bt a® ?‘n g o ﬁ ® " Q . g ’
cruises for the purpose of these ADCP i & )
measurements. But the dataset has been e i : = =
very valuable for the study of the SCCs; it 23 R T
isstill growing, and asit grows we will b o ° ", @, o' @
learn more and more about them, and about =~ 28 & 8 & 7 :
other aspects of the equatorial velocity = 8 o " u 2k
field. Theeffort to acquireand processthe =sf  »°  w i .
ADCP data from all these cruises, s we e dww  jww W oW

regardless of the main purpose of the
cruise, is paying off scientifically.

Figure 7: Tsuchiyajet velocity core positions from all available ADCP sections. Thetop pand
shows the core latitudes, the middle panel shows the depths, and the bottom pand shows the dendties.

The SCC study brings us to the question of what are the most important characteristics in a shipboard
ADCP system for routine use. Note that the core depths of the SCCsin the western Pacific are generally
bel ow 250 m, and the bottoms of the currents are much deeper than that--so the depth range of the
instrument can be critical. The differencebetween broadband and narrowband instruments is noticeable.
For example, one may compare two section on 140W made by the Kaimimoana, the first in September
1996 with a BB-150 using mode 7 for maximum range (Figure 8), and the second about a year later with a
NB-150 (Figure 6), both made by RD Instruments. Therangeis generally 50-100 m better with the
narrowband instrument. Although it is dangerous to make such comparisons based on non-simultaneous
measurements, sincerange is strongly affected by sea conditions, we have data from three Kaimimoana
cruises with the BB-150, and from many with the NB-150; the particular comparison shown hereis
reasonably typical. Datafrom all cruises can be viewed at http://currents.soest.hawaii.edu/kaimi/. It should
be noted that the effective range after data logging and processing is not the same as the raw range of a
single ping. The BB-150 effective rangeis reduced in our plots by requiring 4-beam solutions and by using
ahigher percent-good threshold than we use for the narrowband instrument. These editing choices are
made to minimize contamination by the erroneous ambiguity resolution that we have observed with mode
7, and to compensate for the lack of areference-layer-based averaging mode in the Transect data
acquisition program used for the broadband.
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Figure 8: Currentsaong 140W

measured with a 150-kHz Broadband gt
profiler on the NOAA Ship Kaimimoana
in September 1996. Compare the depth a0
rangeto that in Figure 6.
&0

Now | would like to briefly note some
other desirable characteristics of a a0
shipboard ADCP system for routine use;
thisis not intended to be an exhaustive list. il

20

* |t should be simpleto set up and
to monitor. A glance at the screen of the
main data acquisition system display
should be adequate to determine whether
the system is functional, or whether there
may be a problem with any of itsmain
components.

* There should be little need to
change settings based on ambient
conditions. Ideally,any instrument
configuration changes should be
automated. For example, it would be good
if the system could use the amplitude
profiles from the water track pingsto
determine whether the bottom isin range . s
and bottom tracking should be turned on, if S
a separate bottom tracking ping really is

1 Data collectecdaboand NOAA Ship Ka‘lmimoana and processed at the LUinlversity of Hawall.
required. P P i

I
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* The system should not interfere with any other ingrument systems. For example, it may be
necessary to synchronize the ADCP with other sonars so that either their pings are interleaved at adequate
intervals, or they ping simultaneously.

The insrument system isin some ways the smplest and most tractabl e problem of routine shipboard
ADCP operation. After all, it isjust amatter of engineering and technology, and technology generally
improves with time--although commercial shipboard ADCPs have been an exception during the last
decade. Other problems of routine operation may be categorized loosely as diplomatic, procedural, and
financial.

The diplomatic problem results from a huge flaw in the United Nations Convention on the Law of the Sea
(UNCLOS), which gives each country jurisdiction over Marine Science Research (MSR) within its
Exclusive Economic Zone (EEZ). Although the US has not ratified the UNCLOS, and does not claim this
jurisdiction, official US policy isto comply with the research clearance requirements of the countries that
do claim jurisdiction. Each country seems to have established a bureaucracy to handle these clearance
requests with as much fuss, delay, and annoyance as possible, regardless of how innocuous a particul ar type
of measurement may be. But not all measurements at sea are covered--for example, routine meteorol ogical
observations and set-and-drift surface current estimates can be made and archived without clearance.
Instrument testing and calibration do not require clearance. The defining characteristic of MSR seems to be
the intent to use the result for scientific research; if routine met obs are used in an operational weather
forecasting system, they don’t require clearance, even though they may also be used eventudly in a
research mode as part of a climatological dataset. But if the primary purpose of running the shipboard
ADCP isto provide information for scientific study, then clearance isrequired. | think thisisagrey area,
and | have argued that routine shipboard ADCP observations should be treated as ssimply a technol ogical
update of the old set-and-drift current estimates, but so far my opinion hasnot prevailed. In many cases,
therefore, fully routine operation of the shipboard ADCP (with logging turned on) may require additional
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effort to obtain foreign clearance beyond that which would be required for the primary activities of a given
cruise.

What | mean by the procedural aspect of routine ADCP operation is, Who isresponsible for carrying it out?
And how big aburden isit? The answer to the "Who"" question is generally the shipboard technical
support groups--and they certainly have many tasksto juggle asit is, so the question about the size of the
burden isimportant. Ideally, the burden should be small: turn the system on at the start of the cruise, ook
at it occasionally to make sure everything is working, turn it off at the end of the cruise, copy the datato a
transfer medium, and transfer it to someone who will process, archive, and distribute it. Whether these
tasksare as easy as | would like to make them sound depends largely on the characteristics of the entire
ADCP system. All present systems benefit from the additional tasks of turning bottom tracking on in
shallow water and off at the start of long periods in deep water. When atypical narrowband system, with
the old DAS 2.48 supplemented by the ued user exit program, isrunning normally, it is capable of running
for an entire cruise with no adjustment other than turning bottom tracking on and off; it can be monitored
with an occasional glance at the screen, and/or via a speed log data stream into the ship's main navigation
system, and/or viatransmission of all data over aserial lineto another computer whereit can be logged
independently; and the data logging rate istypically about 0.5 Mbyte per day, so the data transfer at the end
of the cruise need not be onerous. Although such asystem is far from ideal, it can be used routindy, and
has been on several ships. Thelarger burden isfixing whatever problems arise, such astransducer failure;
but thisisa cost of having the system ingtalled and used at all, and is not increased by routine as opposed to
occasional use.

To whom should the routinely acquired data--that which isnot claimed by theparticipants of a particular
cruise--be given? This raises the question of organizing and financing the routine processing, archiving,
and dissemination of shipboard ADCP data. The US NODC now archives and distributes such data
(http://ilikai.soest.hawaii.edw/sadcp), but understandably does not have the resources or the mandate to
process everything that might comein. | have at times had explicit funding for some such processing, and
some can be done under the umbrella of related projects. In general, however, the funding problem
remains open; the oceanography funding system is geared primarily towards focussed short-term projects,
not toward routine data collection. To minimize the funding problem, we need to minimize the cost/benefit
ratio. The formulaissimple: agood instrument system plus good data acquisition proceduresyields a
clean data set; a clean data set plus good processing software yields the best possible product at the lowest
possible cost.
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Lowered Acoustic Doppler Current Profiler:
From an Experimental Instrument to a Standard
Hydrographic Tool

By Martin Visbeck
LDEO Columbia University, NY

During the last decade lowered acoustic Doppler current profiler (LADCPs) have matured from an
experimental instrument to an almost off-the-shelf standard tool for deep hydrographic programs such as
WOCE (Firing, 1998). Thefirs LADCP profile was taken in 1989 at a site near Hawaii by Firing and
Gordon (1990). The way the LADCP system worksisthat it relies on the fact that short current profiles
can be 'pieced together’ to obtain afull ocean depth velocity profile (Fig. 1). Theinitial results were not too
encouraging since systematic errors of the order of 10 cm/s were expected, much too large to be used for
guantitative purposes such astop to bottom transport calculations. However, proof of concept was given
and some first steps towards a useful processing algorithms wererealized. A year later in 1990, Fischer
and Visbeck (1993) used a smilar system during a cruisein the equatorial Atlantic. They had the
advantage of simultaneous LADCP and Pegasus velocity profiles. The Pegasusis an acoustically tracked
free-falling float that can be used to accurately measure top to bottom ocean transports; however, it requires
bottom mounted and navigated acoustic beacons. Consequently, each gtation takes several hours of extra
ship time plus the expense of a pair of acoustic beacons to obtain one Pegasus velocity profile. In
comparison, the LADCP is much more attractive: no extra ship timeisrequired and the running costs per
station are minimal. However, when care was taken during the data processing of the LADCP system both
vel ocity estimates agreed. In particular the close comparison allowed us to devel op a method to compute
the barotropic mean flow given accurate GPS ship navigation.

During those first years self-contained ADCPs, typically used for moored applications, were mounted on
the CTD/rosette frame. Most of the early designs replaced two bottles in favor of the large ADCPS. In
particular the narrow band 150 kHz full ocean depth system was very difficult to mount and handle due to
itsweight of app. 140 pounds.

The next generation of broad band technology ADCPs promised much increased single ping accuracy,
however, the range of useful data was reduced despite an effort to boost the power level of the transducers.
The instruments themsel ves were more compact and easier to handle, however, the power requirements
increased by almost an order of magnitude. Consequently a rechargeable battery pack hat to be added to
the system in order to run an intense hydrographic program without unmounting and opening the ADCP
every few days. Better rosette designs emerged that were able to accommodate the new ADCPs in the
center of the package. Such configurations were used throughout the WOCE and provided a wealth of
useful top to bottom vel ocity profiles.

The latest generation of ADCPs ismuch smaller instruments with afrequency of either 300 kHz. The new
instruments have no internal batteries and hence are extremely compact with adimension of only 9x8
inches and aweight of 30 pounds. Moreover, the price dropped dramatically and one can now purchase
two transducer heads for the price of one of the traditional 150 kHz BB systems. In order to make up for
the reduced range of the higher frequency systems we have recently started to mount two heads on one
CTD frame, one looking upward and one looking downward. This LADCP2 system has several other
advantages (Visbeck, 1998): no complete loss of datawhen the CTD is close to the bottom, view of sea
surface for an improved initial depth estimate and some built in redundancy. While mounting an upward
looking system is not always easy to do, the small sze and much reduced power requirements make the
new LADCP system very adaptable to small CTD frames and towed vessdls. Today there are two
commercial vendorswho both have promised to sell complete LADCP2 systems in the near future.
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Over the years the community has learned how to process the data and we are beginning to understand how
instrumental and system errors affecting the final velocity profiles. We have discovered regionsin the
world’s ocean with dramatically reduced instrument range due to low abundance of acoustic scatters. One
of the surprises on the way was what initially seemed to be the hardest problem, i.e. to obtain the vertical
mean velocity, turned out to be a very robust estimate for reasonably deep (long) CTD stations. We have
learned how to use the ‘water' bins for acceptable bottom tracking (Visbeck, 1998). We still have not fully
understood why sometimes the up and down cast velocity profiles differ dramatically, which ADCP beam
angles are most versatile and what the tradeoff between accuracy and rangeis.

We envision that in the very near future the LADCP system will be available on most hydrographic vessels.
In conjunction with an easy to use processing software this will allow even the inexperienced user to obtain
full ocean depth velocity profiles at every CTD station.

PRODUCTS from the LADCP system:
full ocean depth relative vel ocity profile
with GPS full ocean depth absolute vel ocity profile
accurate absol ute velocity profiles within 300m of the ocean floor
profiles of acoustic back scatter
pitch, roll and heading of CTD/rosette
absolute positionin X, Y and Z of CTD/rosette
measure distance of CTD/rosette off the bottom
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ADCP DISCUSSION SESSION |

PARTICIPANT: Yes. What do you do about -- do you stop when you encounter problems, or do you fix on
therun, or --

MR. VISBECK: No. We can stop -- the LADCP doesn't require you to move. Y ou can wait a while and trip
your bottle and then continue to hydrocast.

PARTICIPANT: That doesn't interfere with the --

MR. VISBECK: It doesn't interfere with it at al. No. That's no problem for us. | was looking for a figure
where you can seeit, but we usually -- so this cagt, for example, whoopd -- hereit is. Y ou go down -- you go
down, here's the bottom, and then you stop one bottle, two -- here your bottle gops. No. It'snot abig problem
for us.

The -- if you wereto just stop at the bottom and not at the top, then what you're losing a bit is the cancelation
effect | was talking about earlier. The sheer profile has some arrows to it and, in order to complete a very
accurate top-to-bottom ve ocity estimate, you want those arrows to cancel.

And, formally, you can show -- if you spend the same amount of time in the lower part of the water column as
you do in the upper part, this cancdlation’s pretty good. 1f you happen to spend alot moretime at the bottom as
you do at the surface, that doesn't help you then dl that much anymore, but that's a secondary effect. Primarily,
there's no congtraints on what you do with your CTD as you go.

Therés one -- there actualy is one. When you are close to the bottom, we don't like to spend much time down
there, the reason being is, you know, we don't see much of the ocean. With the double system, we have more

success. We actually see -- the upper-looking gets some data but, in general, we don't like to spend 20 minutes
very closeto the bottom.

Soin an operationa point of view, | encourage my guys, Wdl, tilt your bottom bottle quick and then come up
and wait there.

PARTICIPANT: Wedon't liketo spend alot of time on the boat.

MR. VISBECK: Wdl, | know that, but scientigts -- | know. | know on the other sde of -- there's a lot of
interesting physics going on close to the bottom, and people like to measure oxygen precisdy, and one
thermometer isthe adjustment.

PARTICIPANT: Have you conddered using a USPO transponder or the CTD packageto fix its position?

MR. VISBECK: Yeah. We conddered that, and | think Eric did much more research on that than | did. It
turns out that the accuracy you're getting out of these systems out of, you know, three-kilometer depths, is not
sufficient to what we want -- what we need to know, although one could useit.

We -- we looked into it a little bit. The off-the-craft systems are just not accurate enough to do the job, what
needs to be done here. Y ou need to know -- in order to get the velocities right, and you want to maybe get it
right over ten minutes, you need to have an accuracy of a few meters, which they redly don't deliver. But, yes,
we thought about that.

PARTICIPANT: Our sample-- (indiscernible). | wasjust going totdl you that. Never mind.

MR. VISBECK: All right.

PARTICIPANT: I'm not familiar with sdf-contained ADCPs.
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MR. VISBECK: All right.

PARTICIPANT: Isthe flux gate compass actualy built into the --

MR. VISBECK: Yes. Theflux gate compassisinsde of the unit.

PARTICIPANT: Andisthereany sort of external input to it that you prefer, an external instrument?
MR. VISBECK: Y ou mean, could we use an external compass?

PARTICIPANT: Could you use, for instance, one of these gyro-based references?

MR. VISBECK: Yes. Yes and I'vethought about that. And if you have some experience, | would liketo talk
to you afterwards. I'mtrying --

PARTICIPANT: But it's something which werre ableto get out for another project and, --
MR. VISBECK: Yes
PARTICIPANT: -- you know, there are these nice sdlf-contained things, which are very small.

MR. VISBECK: Yes. I'mlooking -- I'm trying to find somebody who actually owns a gyro that | could put in
apressure case, because | do want to do at least a couple of casts to see how bad the problem redlly is. Right
now | know there's a deviation problem, some of which hasto do that there are magnetic parts on a CTD frame,
you know, as this pinger is and therés all sorts of other things there. Not all CTDs are non-magnetic, so we
have a problem right there. And I think if there was a system out there for -- let's put a number out here, let’s
say 20K -- that you had a self-contained gyro, we could use it; no problem. We don't need to use the internal
flux gate compass.

Soif you had a separate time series of heading of the CTD package, it would be just fine.

PARTICIPANT: Wédl, the system | -- or the form -- reference system | looked at recently was about $5,000,
though, obvioudy, that's not in a pressure case.

MR. VISBECK: Right. And then there's a question of how much current it draws. Some of these are pretty
power-hungry. But | think -- I'd like to look into this because it happensto be one of the problems.

Anacther problem that came up, some folks | work with are actually interested in lowered ADCP profiles right
on top of the Salzman-Eddy pole (ph). Wdl, so far | told them, Wdl, good luck. | mean, | can't help you. So
there's a desire for many reasons to get a better estimate, and a sdf-contained gyro would be great for this
application.

MR. FINDLEY: Yesh. Rich Findley from the University of Miami. I'm currently the chairman of the
UNOL S Wire Committee. Werelooking at anew wire for the CTD wire. We'relooking at possibly asingle --
changing from the three-conductor, which is really a leftover from trying to operate the rosettes and the CTD
smultaneoudy, and were looking at a single-conductor cable and fiber optics for the data transmission, so that
would alow probably a lot more current through that single-conductor if you didn't have to worry about data
transmission.

So | guessthat would go very well with data communi cations down to the -- mix everything down thereand --

MR. VISBECK: Yeah. | think this -- the sysems are certainly set up for this. They -- even the off-the-shdf
systems you buy have -- spit al the data out a serial port if you'd liketo.

MR. FINDLEY: Sure,
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MR. VISBECK: So evenif you had a-- haveamodern CTD that hasa modem to it, you could actually do that
readily but, in particular, if you had afiber optic table, you could probably transmit al the data off the wire.

MR. FINDLEY: Sure. That'swhat | was getting at. 1f we could do that and combine that with the CTD and
thewhole--

MR. VISBECK: Right. Andnow if -- and, also, if you can supply a significant amount of currents down -- and
the new system is actualy not that bad anymore -- we -- I'm running my double system on an akaline battery
pack and | can get two and a half days continuous operation out of it.

MR. FINDLEY: | mean, like how many wattsisit drawing, or amps? What volts?

MR. VISBECK: Wdl -- | knew those numbers. | haveto look them up again. | can give them later to you. |
was using a400-amp hour. That'sapackage. And | can do the math for you.

MR. FINDLEY: Probably running an amp --

MR. VISBECK: Right.

MR. FINDLEY:: -- at 24 volts or something.

MR. VISBECK: Something likethat.

MR. FINDLEY:: It shouldn't be a problem to step down.

MR. VISBECK: Yesh. But right now it's--

MR. FINDLEY: The problem’'s always when you've got the signa coupled to it, you've got all these D-
coupling transformers --

MR. VISBECK: Exactly.

MR. FINDLEY': -- that can't take the current through them --

MR. VISBECK: Right.

MR. FINDLEY': -- and passthesgnal at the sametime, so --

MR. VISBECK: Right. I think thiscould be easily done nowadays. Soit would make this even easer because
it's one piece of equipment less to worry about; i.e, battery pack. And then youre really closer just setting a
sensor there

But the sdf-contained operation so far has been pretty workable. Weve done a lot of data and, typicaly,
anywhere between ten and 25 minutes depending on how deep the cast is. Soit’s not too bad, but it's certainly

niceif you haveit on thered time.

MR. FINDLEY: Wadl, | remember we were doing tow op- -- we were actually towing a lower ADCP, fill
gallons-- it'sgot to beten, 12 years ago.

MR. VISBECK: Right.

MR. FINDLEY: And we get it down and we were profiling -- we kept it bottom track all the time, just doing
spillovers over shelves.

MR. VISBECK: Right. Right. Yesh. Well, then --
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MR. FINDLEY: That would have been niceif we -- it was always try to configure the thing, get it down there,
and say, Hmm, | guess we've got to adjust some parameters, bring it up, adjust some more things, and send it
down. It would have been much easier to dedl withitinrea time

MR. VISBECK: Exactly. So certainly this would be the way to go. The reason why | haven't -- it's -- what |
found out -- and this -- you know, I've been working with probably about now seven different ships, and they're
al so different in the whole setup. I'm almost pretty glad | come with my sdf-contained system here. | just
say, you know, Tdl mewhere| can put it on your rosette and then I'm okay. Y ou know, | don't have to bother
about all the wiring.

But, on the other hand, for UNOLS perspective, if you have a certain -- setting up certain systems on the
UNOL Sflest, thiswould probably be the way to go. Then you'd just interface it once and forever.

MR. FINDLEY: Yesh.

MR. VISBECK: But for university setting, where you hop ships al the time and you're on foreign boats and
Russian ships and whatnot, | mean, sometimesit’s actually kind of nice to have a sdf-contained unit. But | hear
you. | mean, thiswould be a nice way forward.

PARTICIPANT: | haveaquegtion for Eric. The notion of recording data, we have several ADCPs that the P.I.
is often not interested in. Some of them are narrow band, yield narrow band. The ping data piles are very
smal. We have no trouble recording and archiving that data. The broad bands, we have not ever gotten a
satisfactory answer about how do you want to report this data, so we just report raw data, which istypically 30,
40 megabytes aday, and throw it away because we don't know what to do with it.

Do you have any suggestions on how we might record broad band data in areasonable manner?

MR. FIRING: Wadll, the best hope for that might bein Helen'stalk -- | don't know -- because the usual Transect
softwareis-- wel,

PARTICIPANT: We know that, Eric. Everybody knowsit. It's very bad. And thereis -- there smply is no
equivalent good way to st it up, especially with an Ashtech data stream included that allows you to record the
compact sorts of data filesthat you have.

MR. FIRING: So, no, | don't have any solution to that, short of a complete replacement for Transect, and
presumably, Helen, for example --

MS. BEGGS: | have a question about that. Has anyone talked to RDI and said, Look, it's really important to
us. Can you fix the bugsin your system?

MR. FIRING: RDI has certainly known for many yearsthat | had detested Transect, and I've been completdy
unable to understand why they haven't been able to do any better in al that time, why it was a step backwards
from ther previous task, things that they knew how to do correctly in the previous one and then forgot in
Transect.

PARTICIPANT: Let me make acomment on that. | Ieft RDI a few months ago, and one of the reasons that --
let's say one of the sources of conflict was software.  You know, I've taught over software for a decade
Transect was written to measure discharge in rivers, and it was given to people to run broad band systems
becausethey didn't have anything ese. And then it Started to try and do both, and it didn't do either one of them
very well.

So, you know, that's why we -- that's why Eric doesn't like it. | mean, it wasn't written to fit the software
programs of an oceanographer. And why does -- why do the owners of RDI not want to invest in software to
run their broad band (indiscernible€) systems? Y ou know --

MR. VISBECK: Yes?
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MR. AMOS. Tony Amos, University of Texas. | have a question for Eric. In running this continuous data,
have you ever run into a problem of getting permisson from countries when you're running in their territorial
waters of whether you can usethat information or not?

MR. FIRING: That -- wdl, that is a problem and, in fact, | have a transparency about that, and | talked
yesterday morning to Tom Cock at the State Department about exactly that. It's -- the problem is a potentia
conflict between common sense and law, bureaucrats, letters, and so on.

The common-sense position would bethat the collecting -- the routine collecting and scientific use of shipboard
ADCP information within EEZ poses absolutely no threst whatsoever to any country’s valid interests and,
therefore, there should be no objection toit.

But the reality seems to be that the law of the sea has given jurisdiction for an undefined something called
marine scientific research to the countries -- to the coagtal dtates for that work in their EEZs. And so the way --
now, one of the interesting things about that, of course, is that the United States has not ratified the law of the
city, and the United States does not claim this jurisdiction for themseves.

So any foreign ship is entitled to go into U.S. EEZ waters and collect shipboard ADCP or just about anything
ese, except maybe fish -- maybe even fish. | don't know -- without requesting clearance.

But the State Department seemsto be taking the relatively conservative view that we need to get clearance from
countries -- from all the countries in whose waters we work and so, rather than try to push the interpretation,
they would rather say, Wdl, if therés any intent whatsoever that the observations be used for science, then
plessetry to get clearance firs.

If the observations are for calibration -- so, for example, if you need bottom tracking over a shalow section in
order to determine the orientation of the transducer, that would not be covered under the law of the sea because
that’s not research; that's just checking out your instruments.

But taking the most conservative viewpoint, if the information is something that you would later want to usein
the compilation of statistics for currentsin an area, then that clearance should be obtained in advance.

So, yeah, it'saproblem. | don't havea solution.
MR. VISBECK: And sometimesit'stricky becauseit's actually an acoustic device.
MR. FIRING: Yes.

MR. VISBECK: And some countries are concerned about, This looks like an echo sounder or even a sediment
penetration device, and they really are concerned about these.

MR. FIRING: Thereisoneway you can get around it. If you make an expendable device, if you -- you know,
say, floats and drifters and things can -- they can go anywhere, send the stuff back up by satdlite, and that
doesn't seem to be covered.

So, you know, 1 guess well just have to make expendabl e research ships and send them off.

PARTICIPANT: Tough luck.

(Laughter.)

PARTICIPANT: A lot of these same countries may well have required that the ships have Doppler ve ocity
logs. Doppler velocity -- they don't sound any different than profilers.

MR. FIRING: In talking with -- yeah. Intalking
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-- what | was hoping to be able to get Tom Cock to say -- | didn't succeed -- was that if -- say, if the ADCPis
used as a speed |og, which on the one wave, it always has been. It has been the ship speed log -- that we can
consder it asanavigational device, that the measurement that were getting is Smply an update of the old sat-
and-drift observations, and that -- or set-and-drift navigation, a smple speed |og that's sandard, routine is not a
problem, but | couldn’t get him to say that.

PARTICIPANT: Wédl, surdly then when you publish, that'swhen they will cry foul, the peoplethat you --

MR. FHRING: Wdl, | think, in practice, mogt of thetimeit's not actually going to be a problem because | don't
think that the lawyers and the bureaucratsin the countries concerned are very busy, yet anyway, poring through
theliteraturefor infractions. | think they're too busy just processing the applications six monthsin advance and
taking Sx monthsto doiit.

PARTICIPANT: Given that you admittedly hate the Transect software, --

MR. FHRING: Yes.

PARTICIPANT: --isthere dtill abest set of settingsthat you could provide us? | mean, you know, other than
saying, "l hateit,” could you --

MR. FIRING: Wédl, okay.
PARTICIPANT: | mean, | think we talked about this sometime ago, --
MR. FIRING: Yesh.

PARTICIPANT: -- about providing a -- maybe alittle short paper that could be -- or ingtruction manual on all
the UNOL S ships on how to set up for routine data collection when thereisno scientist --

MR. FIRING: Right.
PARTICIPANT: --that'ssaying, "l want it set up thisway" and maybe even providethe --

MR. FIRING: Yeah. Okay. For the -- certainly for the narrow band, the answer is usudly, Yes, use UE-4.
And, yes, any time| can give an example (indiscernible) as I've done many times on many ships.

For Transect, | have used that -- | have worked with that from the Kaimi Moana. I've seen some from other
places. And it’s-- you know, | can come up with something, but it'sreally hard. | can't come up with anything
decent that includes Ashtech information and is compact because the problem is that, to use the Ashtech
information correctly, you need to, as nearly as possble, on a ping-by-ping bas's, be comparing the Ashtech
heading to the gyrocompass heading.

And so, wdll, to redly do that with Transect, you haveto record every ping, to do that ping-by-ping comparison
with Transect.

So -- okay. You back off from that alittle bit. So maybe you average -- over 30-second intervals, you get
average heading over that period -- you can credit an average Ashtech -- if the Ashtech data coverage is
reasonably good, then those averages will compare fairly well and you're not in such bad shape.

PARTICIPANT: But that’s just worrying about the amount of data. | mean, I'm not concerned about the
volume,

MR. FIRING: Yesh. If youre not concerned about the amount of data, then the issues are the other aspects of

the setup. And that has been an area of great confuson on RDI's part and, to some extent, correspondingly
therefore, on everyone dses part, including mine.
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MS. BEGGS: Yes

MR. FIRING: And so what the upshot of that seems to be coming down to is that if you want routine,
reasonably robust operations under a wide range of conditions, the -- what you're |eft with is mode one, band
width zero; in other words, broadest band width, mode one, and a WB of 600 or something like that, and then,
you know, probably something like the generic eight-meter bings and whatnat.

Because everything fancier that triesto push for alittle better performance seemsto go haywire sooner or later.

PARTICIPANT: | mean, basically, you talk about monitoring, but there's -- really nobody’s going to be paying
that much attention to it, soit needsto be as generic aspossble.

MR. FIRING: Yesh.

PARTICIPANT: | mean, you can get somebody to watch and make sure that you haven't run out of storage
space, but --

MR. FIRING: Yeah. Right. But | think that on aroutine basis, those voluminous data sets are rarely actually
going to be used because they are -- they're just more expensive to handle, much more -- they're more difficult
tohandle

PARTICIPANT: | mean, | wouldn't mind tdlling -- we wouldn't want to do anything on them, but we could
send them to you. 'Y ou don't want them either; right?

MR. FIRING: | don't want 'em. No. | don't have the resources to ded with that, especialy, | mean, since |
have essentially now no funding officially for working with -- for acquiring processing these data sets. | till try
to get some, but | have to be fairly sdective and try to get the ones that ook to me the most interesting for a
given amount of effort that it will take to work with them, and so that immediately rules out broad band data
sets for me at the moment, because of lack of funding.

PARTICIPANT: How about phase -- | mean, the phase (indiscernible). s the software coming out of RDI for
that going to be --

MR. FIRING: Wadl, | don't know what it's going to be because, for many years, about once a year, | talk to
somebody at RDI and they say, "Oh, yeah. In six to nine months, well have a new data acquisition system. It
will be modular as code. You can put in your own pieces. It will do this, that, and the other thing,” as I've
always requested, and I've yet to see anything emerge from that pipdine.

PARTICIPANT: And that's supposed to drop back actually and handle the old -- handle the broad bands, too, |
thought.

MR. FIRING: It always has been supposed to be probably. | don't know. But, again, | -- therésno point in my
trying to comment on --

PARTICIPANT: Vaporware.

MR. FIRING: -- that vaporware, right, which it's always been. Some day it may not be and, at that time, you
know, we can talk about it.

PARTICIPANT: Okay.
MR. FIRING: But no point until then. Heen?

PARTICIPANT: Goahead. Goahead. Sorry.
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MS. BEGGS: Yes. Quitealot of theseI'll bedealing with in my talk, so I'd like to come back to the discusson
on settings for broad band eddies and things after --

MR. FIRING: Right.

MS. BEGGS: Thisis-- but I've got a question for Eric. | don't understand why you need to compare the gyro
compass -- the gyro heading to the 3DF heading in real time. Wedon't. And | just take the 3DF heading and |
usethat. What do you mean by

MR. FIRING: Thereason that | never use the 3DF headingsin real time as the heading for vector averaging is
that once you vector-averaged, you can't go back.

MS. BEGGS. Yes.

MR. FIRING: Okay? Soit's crucia to have something reliable.

MS. BEGGS: Right. Yes. Yes

MR. FIRING: And | have seen awide variety of behavior in 3DF systems, from very unrdiable, al kinds of
problems, to very rdiable. The very best systems I've ever seen have gill never been a hundred percent. They
gill have had their periods of dropouts.

MS. BEGGS:. Yes.

MR. FIRING: Or maybe occasionally actually went haywirein the readings.

MS. BEGGS. Yes Yes

MR. HRING: And soif you weretrying to useit in real time or near real time, you would -- you could do it
with suitable -- | mean, | could write software that would do that.

MS. BEGGS: Y egh.

MR. FIRING: But what it would have to do is collect an ensemble and then not only do some editing of the
vedocities, which past other commercial software has not done very well, but also do some editing and checking
with the headings, and only use the headings that pass sometests.

MS. BEGGS: We--

MR. FIRING: Soif you do that, then that's --

MS. BEGGS: Yes Wel, | choseto go down that route.

MR. FRING: Uh-huh.

MS. BEGGS. However, | aso callect the raw data just in case, so | can get the gyro heading at the same time
asthe Ashtech heading --

MR. FIRING: Right.

MS. BEGGS:. -- sothat later on, if there's a problem, | can do something about it. But because we've only just
garted to do this over the last 12 months, you know, | haven't seen the problems except on the Southern
Surveyor, about twice a cruise suddenly some redlly stupid data was being set by the 3DF, and well actually
take account and tell uswhy that is. And the other way to stop it isto power it down and power it back up; then
it seemsto be okay.
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MR. FIRING: Wdll, -
MS. BEGGS: So apart from that, it has been pretty reliable.

MR. FIRING: So -- well, okay. Let's-- we can return to that and other things after your talk, which should be
after the break becauseit’'stimefor a-- | bdieveit'stime for abresk.

MR. FIRING: Okay. It lookslikewereall set for the remainder of the sesson. We have onemore -- one
more spesker and, following that, well continue with questions. But with the dight changein format that any --
as| said at the beginning, any industry representatives, including if there's a defender from RDI who is present,
be invited to come up here and ask and answer questions.
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ACQUISITION OF VESSEL-MOUNTED
NARROWBAND AND BROADBAND ADCP
DATA USING A SUN LOGGING SYSTEM

Helen Beggs,
CSIRO Marine Research

Abstract

In early 1998 an RD Instruments BroadBand Acoustic Doppler Current Profiler (BBADCP) and Ashtech
3DF ADU2 GPS were indalled on CSIRO Marine Research’s FRV Southern Surveyor. The existing RDI
NarrowBand ADCP (NBADCP) acquisition software from the ORV Franklin Data Collection System
(FDCYS), written in C for a Sun, was modified for a BroadBand ADCP and ingtalled on the FRV Southern
Surveyor Sun computers. The RDI BBADCP data acquisition code (Transect v. 2.80) wasinstalled on a
PC and used for testing the BBADCP.

The Sun-based ADCP data acquisition system is described and its advantages outlined. The quality of data
and performance of the BroadBand ADCP on the FRV Southern Surveyor is compared with the
NarrowBand ADCPs on the ORV Franklin and RSV Aurora Australis.

Franklin Data Collection System

On ORV Franklin, FRV Southern Surveyor and RSV Aurora Audralis, CSIRO' s Franklin Data Collection
System (FDCS) operates on Sun SPARC dtations running Solaris 2.5.1. FDCS has two components, the data
acquisition and operational code and the user analysisand display utilities. The FDCS acquisition system is
primarily written in C, with the analys s software written in amixture of C, Fortran 77 and MatLab.

The acquisition system logs data to file and publishes instrument data to the FDCS Shared Memory System
(sms), to makeit available to other processes on the master logging Sun or on Suns running as FDCS “daves’.
Shared Memory System data can be used for generating event logs, driving real time displays or passed on to
other data acquistion programs. Data acquisition is controlled and monitored from the X-windows based, Unix
user interface program (ui) (seefigure 1(a)). Theui can also be used to modify the configuration of some
instruments.

All instrumentswith serial output areinterfacedtothe = FDCS Control
network via Micro Annex terminal servers. They are Conralv) Logging...) Window v) Dedce v) ~
Controlled us ng |nput Controlla‘s programs Wh'Ch \BBAD Broadband Acoustic Doppler Profiler L 10:54:00 Unknown q
. i BBAD_DSP BBADCP Display Program L 10:54:00 Unkncwn |
control and log data from an instrument and/or the BBAD_GPS Collates GPS for BBADCP L 10:54:00 Unknown
H COLLATE 1 mi hot D 10:54:00 Unk
FDCS gns A” the InpUt ContrOI I as (@ GPS! cTD Co:éici?\a/?iyoTZmperature Depth L 10:54:00 nggxg
Gyrocompass, ADCP) regularly publish their current o 55 datataker D 10:54:00 Unknoun
. EK5S EK500 Eche Sounder L 10:54:00 Unkncwn
datain the sms. GPS Global Position — Nawtrak L 10:54:00 Unknown
CRACLE  QOracle data L 10:54:00 Unknown
SSGPA Ashtech 3DF ADU2 CPS L 10:54:00 Unknown
15 Thermosalinograph L 10:54:00 Unkncwn
VOY-LCC  Veoyage log generator L 10:54:00 Unkncwn
Figure 1(a). The FDCS user interface control window -
on FRV Southern Surveyor, which controls the overall

| In menu_window_data_update()

operation of each input controller, including starting
and stopping data logging.
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ADCP Data Acquisition using FDCS

The original code for logging RDI NarrowBand ADCP (NBADCP) data on ORV Franklin was written for
CSIRO in 1985 by Len Zede and rewritten in C for the Sun-based FDCS system by Jeff Dunn in 1992. In
1994, Jeff Dunn modified the software to operate a NBADCP using the FDCS aboard RSV Aurora
Australis. In early 1998, the NBADCP acquisition code was modified by the author to operate the RDI
BroadBand ADCP (BBADCP), newly ingalled on FRV Southern Surveyor.

The ADCP logging system collects pings into 1 to 3 minute
averages (ensembles). At the sametime, GPS datais collected
and processed into mean position and ship’svelocity. The
ships's attitude (heading, pitch and roll) and navigational data
are stored in the FDCS shared memory system and after each
ADCP ping the most recent of these attitude data are used for
calculating water velocities, in addition to being stored with the
raw and ensemble ADCP data. The full resolution GPS and

EK 500 acoustic depth recorder data are seperately logged, and
potentially used in processing the ADCP data.

Figure 1(b). The “BBADCP Main Menu” window, which is
accessed from the “FDCS Control” window and used to modify
the configuration of the BroadBand ADCP either before or
during dataacquisition.

Figure 1(c). The“Water Profiling Commands’ window
is one of the windows which may be accessed via the
“BBADCP Main Menu”. The window may be used for
changing the BBADCP water profiling configuration
parameters.
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K Corrections
) . . Pasgward:
Figure 1(d). The“Corrections’ window, rom |
the “BBADCP Main Menu” is password protected and Pitch/Roll correction orr | on
us;ed to alter, among other parameters, the transducer X Temp offset degs/100 0, a7
misalignment angle. One can also store the current -
configuration to a new defaults file. X rotation milliradians 528 [2[2
Transducer depth, cm 700 (24
Salinity parts/100,000 3500 (2]
3 beam solutions CFF oM
Make new defaults fils )
Ok ) Cancel )

ADCP Data Acquisition using RDI’s Transect

During thetesting of the new BBADCP on the FRV Southern Surveyor, we experienced several problems
with RDI’ s Transect software. Although Transect is excellent for use with moored ADCPsit has several
limitations for use with vessel-mounted ADCPs (VM-ADCPs), where navigation and attitude readings are
required and large amounts of data are gathered.

Fast Microprocessors: Transect will not at present run on fast microprocessors such as a Pentium 11
because the Borland Pascal compiler isnot compatible with Pentium microprocessors.

Backing up of data: Transect isreliably run only in DOS mode on apc. To back up data, acquisition hasto
stop.

Reliability of settings: Although the user may elect to use a particular configuration file, that file may be
up-dated by Transect without the user’ s knowledge. The list of direct commands may be truncated, with
potentially unreliable results. Operators using Transect for data acquisition should check the configuration
file after making any changes to it from within Transect.

Stability and memory problems: The software will crash when there are too many filesin a directory that
Transect isaccessing. A Transect crash may corrupt the configuration file

Rigid data stream inputs. An Ashtech 3DF GPS can feed all the data required for navigation and attitude in
asingle stream. These data must, however, be sent through two separate comms ports on the PC.

Rigid data formats. The options for feeding navigation and attitude data stresmsinto Transect are
somewhat limited. Transect will accept only pitch, roll and heading in that order. Therefore, a second PC
isrequired to re-format the attitude data string from an Ashtech 3DF GPS and feed it to the Transect PC.

Advantagesin using FDCS
The advantages we experienced in using the FDCS software for logging ADCP data were;

Hardware and software reliability: The Sun computing system on the Franklin has been very reliable, with
no hardware failures and very few software crashesin the 5 years since it was ingalled.
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Ease of operation: It isreatively simpleto change logging parametersin the ui either before or during data
acquisition, and these changes may be stored as defaults.

Integration: ADCP data acquisition is integrated with the other instrument logging on the vessel, which
simplifies both acquisition and post-processing.

Flexibility: All codeiswritten in Cin amodular style and is flexible and relativel y easy to modify, with al
constants stored in header files.

Understanding: Developing our own code means we know exactly how the data is manipul ated.

Backing up data: On ORV Franklin and FRV Southern Surveyor all dataisautomatically backed up hourly
to the other networked Suns. Backups may also be performed manually at any time to exabyte tape without
ceasing data acquisition.

Differencesin performance between RDI’s NarrowBand and BroadBand ADCPs

Therange of an ADCP system is affected by the concentration of scatterersin the water, the absorption in the
water (which changes with temperature), the energy transmitted into the water (which varies with bin size), and
the background environmental noise (including sea state and speed of vessd through the water) (Symonds,
1998).

In aBBADCP, profiling rangeis sacrificed in favour of greater single ping accuracy, alowing higher accuracy
in shorter averaging times. Thisis because the BBADCP has awider bandwidth that causes the signal-to-noise
ratio to be lower than that for the NBADCP (Gordon, 1996). For example, the 150 kHz BBADCP will
generally have about 2 cm/s standard deviation for a Single ping compared with 13 cm/s for the 150 kHz
NBADCP (pers. Com., Darryl Symonds, RD Instruments).

Unlikethe NBADCP, the BBADCP implements a variety of transmission modes with varying time-lags
and pulse forms. Some water-profiling modes are more robust for use in turbulent water, while other
modes produce hightly precise measurements but will not work in rapid or turbulent flow (RDI Application
Note FSA-003, 1997). The following three BBADCP profiling modes may be used in vessel -mounted
applications.

Mode 1 (WM1): Thisisthe most robust profiling mode and will work in all environments, including from a
vessd. TheMode 1 profiling range can be increased through the WB command, which sdects the operational
bandwidth of the syssem. However, anarrower bandwidth increases the standard deviation in the measured
water vel ocities and reduces the maximum ambiguity vel ocity.

Mode4 (WM4): Thismode hasthelowest standard deviation of any mode but will not work on vessds
moving fagter than 5 knots, or in water which isturbulent or has high shears, low backscatter, or high noise
floors.

Mode 7 (WM7): This"extended range mode’ provides a sandard deviation about three timesthat of the
equivalent Mode 4 setting. It will only work in calm to moderate seas where the vessdl ismoving at lessthan 3
knots.

In order to compare the performance of vessel-mounted RDI ADCPs, Wilson et al. (1997) logged 150 kHz
BBADCP and 150 kHz NBADCP data in atime-interleaved fashion aboard the RV Seward Johnson. It
was found that in generally calm seas, with a constant ship speed of 6 knots, the profiling range of the
BBADCP in water profiling mode 7 was equal to that of the NBADCP. In broadband modes 4 and 1,
profiling ranges averaged 78% and 75% of narrowband ranges respectively.
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Table 1 summarises the differences between the ADCPs mounted on vessels used by CSIRO Marine
Research. ORV Franklin and FRV Southern Surveyor are owned and operated by CSIRO Marine
Research, whereas RSV Aurora Audtralisis chartered and operated by the Australian Antarctic Division. It
isimportant to note that on all three vessels the ADCP transducer is mounted with beam 3 at approximately
45° to the bow (“transducer misalignment”) to reduce as much as possible the effects of pitch and roll on
the data quality. In the case of the BBADCP, the maximum permissable ambiguity vel ocity (Gordon,
1996) is optimised when the transducer misalignment angle is 45°.

ORV Franklin RSV AuroraAugralis | FRV Southern Surveyor

ADCP type 150 kHz RDI 150 kHz RDI 150 kHz RDI

narrow-band narrow-band broad-band
Purchased 1985 1994 1998
Mounted moonwell - flush with behind acoustic window moonwell -

hull 1.5 m below hull
Beam Angle 30° 30° 20°
Navigation Ashtech differential GPS Ashtech 3DF GPS Ashtech 3DF GPS
Attitude Sensor gyrocompass Ashtech 3DF GPS Ashtech 3DF GPS
Pitch/Roll Sensor none Ashtech 3DF GPS Ashtech 3DF GPS
Synchronised? no yes yes
Interference none interferes with echo interference from fish
sounders sonar

Typical long-term error per 0.6-11cm/s 1.0cm/s 1.0cm/s

m/s of ship speed

Table 1. The differences between ADCPs on vessels used by CSIRO.

The 20 minute averaged ADCP profile data from three recent voyages of the ORV Franklin, RSV Aurora
Australisand FRV Southern Surveyor were compared for data quality and profiling range (Table 2).
Profiling range was determined as the point where percent good pings dropped to 30. It should be noted
that the Franklin cruise was over a different region of the ocean and at a different time of year to the other
two cruises, athough the values for profiling range were typical for this vessd.

ADCP profiling range on all three vessels was reduced when the ship was underway, possibly due to
bubbles underneath the hull inhibiting the transmission of sound (Gordon, 1996). When stationary, the
Southern Surveyor BBADCP (set to Profiling Mode 1, medium-band) had 87-89% of the profiling range of
the Aurora Australis NBADCP, and 100-156% of the profiling range when both vessels were steaming at
around 10 knots. In calm seas, the Southern Surveyor BBADCP set to Profiling Mode 7 matched or
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exceeded the range of the Aurora AustralisNBADCP. RDI expects that in similar sea conditions and on
the same vessdl, that a 150 kHz BBADCP set to Profiling Mode 1, medium-band, with a beam angle of 20°,
would have the same profiling range as a 150 kHz NBADCP with a beam angle of 30° (pers. Com., Darryl
Symonds, RD Instruments). It is therefore surprising that the profiling range of the Southern Surveyor
BBADCP was consistently less than that of the Aurora Australis NBADCP when both ships were
stationary, especially considering that the NBADCP is mounted behind an acoustic window. Bubbling
underneath the hull is obviously more of a problem for ADCP profiling range on the Aurora Augtralisthan
on the Southern Surveyor when both vessels are cruising at 10 knots. The Aurora AustralisNBADCP had
a smaller profiling range than the Franklin NBADCP both when the ship was steaming (42-90%) and when
it was stationary (68-100%), most likely due to the acoustic window over the Aurora Australis transducer
and bubbling underneath the hull.

ORYV Franklin
NBADCP
30 Nov — 6 Dec 1997
36-44°S, 143-150°E

RSV Aurora Australis
NBADCP
14-20 Mar 1998
48-54°S, 141-142°E

FRV Southern Surveyor
BBADCP
14-20 Mar 1998
49-52°S, 140-143°E

Rough seas
ship speed 10 kn
ship stationary

Moderate seas
ship speed 10 kn
ship stationary

Calm seas
ship speed 10 kn
ship stationary

Calm seas
ship speed 10 kn
ship stationary

Calm seas
ship speed 10 kn
ship stationary

200m
290-400m

280m
330 m

310-360m
400 m

180 m
270 m

135m
335m

150 m
325m

180 m (WM1, WB1)
240 m (WM1, WB1)

210 m (WM1, WB1)
290 m (WM1, WB1)

220 m (WM1, WB1)
290 m (WM1, WB1)

N/A
340 m (WM?7)

N/A
360 m (WM1, WB2)

Table 2. Profiling range of the vessel-mounted ADCPs, with the BroadBand ADCP st to various profiling
modes (WM1 - profiling mode 1, WM7 - profiling mode 7, WB1 - medium-band, WB2 - narrow-band)

(See RDI’s Application note FSA-003 - Broadband ADCP Water-profiling modes.)
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Summary

The advantagesin using the FDCS for logging vessel-mounted ADCP data include reliability, ease of
operation and processing, flexibility and a clear understanding of how the data is manipulated.

ADCP profiling range on ORV Franklin, FRV Southern Surveyor and RSV Aurora Australisis reduced
when the ship is underway, possibly due to bubbles underneath the hull. The ORV Franklin NarrowBand
ADCP gives the greatest profiling range in any sea state, does not experience interference from other
acoustic devices on the ship, and the data quality suffers least in rough weather. The FRV Southern
Surveyor BroadBand ADCP appearsto have close to the same profiling range asthe RSV Aurora Australis
NarrowBand ADCP.

At this stage, improvementsin single ping accuracy for vessal-mounted ADCPs are less important to
CSIRO stientists than optimising profiling range in avariety of sea states.
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ADCP DISCUSSION SESSION 2

MR. FHRING: It'sgetting alittlelate. In fact, | obvioudy mismanaged thetime here. It dipped away from me,
and | apologize to the indugtry people who areleft with extremely littletime. I'm very sorry. | did screw it up.

But with what time remains, if each of you would start with a brief introduction to everyone so that those who
don't you can find out who you are, who you represent, and what sol utions to our problems you can thereby
provide. Well gart with Jm Christensen.

MR. CHRISTENSEN: My name's Jm Christensen. | represent Sunwest Technologies. I'venoticed
throughout this meeting that one would get the impression that the only current profiler company in theworld is
RDI. I'm hereto dispute that perception. We make aline of shipboard-mounted Doppler current profilers
which have been mainly sold in Asaand Japan, Koreg, and placeslikethat. They're produced and their
frequency rangeis from 300 kil ohertz through 75 kilohertz. And they are narrow band instruments.

Our 75-kilohertz system, which we recently tested, did achieve 700 metersrange. And | guessthat’s about it.
Move on to the next one.

MR. WARD: Yeah. I'm ChrisWard. I'm with Sontek herein San Diego. Some of you may recognize my
name because | formerly worked for DDO Acoustics out of Salt Lake City when they wereinvolvedin a
current profiling program, which | think they're now pretty much out of. I've been herein San Diego for about
six months.

Sontek isa company that manufactures current profiling ingrumentsaswell, and I'll probably defer to Jerry
talking about instruments and things.

MR. MULLISON: Thanks. Yeah. My nameis Jerry Mullison. I'm also at Sontek. And for anybody who's
curious, it'sactually colder up herethan it isdown there. We do make profilers. Our profilersare strictly
narrow band. We haven't goneinto the full vessd-mount-type systemsthat have been discussed here. Wedo --
we are going into the lower profiling sysems. And were hoping to put together compl ete-type packages, as
Eric and Martin have been talking about, systemsthat are ready to go onto the CTDs and be lowered and come
back out and use data processing that will actually come from Eric or Martin.

MR. GORDON: My namésLee Gordon. I'm gtarting up alittle company herein San Diego with afriend of
minein Norway called Nortek USA. And we make neither long-range scientific profilers nor lowered ADCPs.
But | waswith RD Ingtruments for 13 years, until just a few months ago, so maybe | can -- | may be ableto
answer aquestion or two on RDI stuff.

MR. FIRING: Okay. Thank you. So questions? Frank?

MR. DELAHOYDE: A genera quegtion that | thought (indiscernible) by -- regarding shipboard ADCPs. | use
the narrow bands maostly, but -- | use the 75 kil ohertz and the 300 kil ohertz broad band usually. In both cases, |
just found the profilesto be, in general, more noisy than narrow band, and I'd like to heer -- we have two
columns. Perhapsthen there are athers (indiscernible). With broad bands apparently taking over, at least asfar
asRDI is concerned, will thisbeaproblem or am | just using the wrong settings for my broad bands?

MR. CHRISTENSEN: | have not sudied standard deviationsin great detail, but | have done a cursory survey,
obvioudy, and it seemed to methat one of the major factors affecting the standard deviation of Doppler datais
thefact that these ingruments al assume that the flow fidd isidentical on al four beams.

And, of course, it'snot. And as you go deeper, the patia distance between the sample volumeincreases. And
I’'m surethat the flow field deviation increases a so.

Sothegudies| did, comparing broad band to narrow band, showed, at best, broad band was only like 50
percent better than narrow band.
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MR. DELAHOYDE: Wadll, | find it'snot better and not only having a smaller range, but it'sless-- itsmore
noisy.

MR. CHRISTENSEN: It'smorenaisy.

MR. FIRING: Frank, there aretwo thingsthat can come from but, first, what profiling mode were you using?
MR. DELAHOYDE: Modtly one

MR. FIRING: With what band width?

MR. DELAHOYDE: | don't know. Default.

MR. FIRING: AndWV. Okay. Therearetwo waysthat -- yeah, the default doesn't work. That’s one point.
PARTICIPANT: Default band width.

MR. FIRING: Oh, default band width would be zero. Okay. There are acouple of ways that it can be-- it can
very easly benoisier. Oneisif youre getting wraparound. And the noise that you're talking about is probably
in some sort of averages.

MR. DELAHOYDE: Right.

MR. FIRING: Right? Soif you're getting wraparound errors, that will show up as noise-- as obvious noisein
cases where you're having -- you're averaging pings with different depth extents. So you have one ping that
gets deep and haswraparound error one way, and another onethat doesn't have wraparound and it's shallow,
and you average them together and you get a profilethat looks likethat. | have a sample here of that.

Another isthat Transect does not do areference layer sort of calculation in its averaging and, so for somewhat
smilar reasons, but even without wraparounds, you can have noiser averages not because of broad band but
becauseit's Transect.

MR. GORDON: | would suspect that that's more than likdy the reason for the noise. Given mode one, | think
that'smorelikely. Mode one, zero band width default, | think that'samorelikely reason.

MR. FIRING: Yeah. Depending on how the WV isset.

MR. GORDON: Yesh. That'sagood point. You know, if you have your -- if you have your ambiguity
velocity set at a number you think is okay, one of the things that happensif -- you know, you may not be
thinking of isthe fact that you get asizeable vl ocity from the heave of the ship.

MR. FIRING: Right.
MR. GORDON: And that can cause you aSzeableerror.

MR. FIRING: Yegh. In fact, the setting with -- the maximum setting with the mode one, band width one, that
intermediate band width -- well, okay. TheInstrument Fied Service Bulletin 109, or whatever it was, isnot
quite correct and quite mideading. It turnsout that if you set WV-330, that does not actually give you the
maximum that it can handle. Y ou haveto go alittle bit over 330 to get -- to do that.

Second, for reasons that they never quite explained, there's some bug that if you set it -- it's

said that if you set it at more than 425, you get garbage. I’'m not sureif that'strue or not. The businessthat it
wouldn’t go over, effectively, about 330 is something that was actually pointed out to them about two years ago,
and it took them until September, | guess, for it to register and -- to the point where they sent out this somewhat
mideading field service bulletin.
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If you set between, say, 350 and 425, things seem to work. The value of 330, however, | think isa dangerous
one for many shipboard sysems. | think that it gives a significant danger of wraparound occurring asthe
westher getsrough, for exactly the reasonsthat we gave -- that the regulabl e vel ocity component isgoing to be
dominated by the heave of the transducer associated with the heave of the ship, to the hull and with the
pitching.

So depending on whereit isand what the sea stateis, you could very easily be hitting wraparound, | think, with
330 when the ship isgoing fast and bouncing around.

Tom?

PARTICIPANT: Yes. Therésacoupleof things. We can give ahistory to anybody that doesn't know where
I’'m coming from. Weve had at Marine Sciences Stoneybrook University an experience with both broad and
narrow band machines over a number of years, and we have anumber of years honed a broad band. Wedid the
inter-comparison study in Barbados.

From a blue water perspective, certainly the narrow band has advantagesin terms of being more robust in bad
sea conditions and giving greet profiling range when you'rein deep water.

From -- | would say that those are -- that those particular advantages are somewhat less -- should be weighted
less when you'relooking at operations on the continental shelf and certainly operationsin estrian environments
where you're trying to run very complicated tracks and you're running in shallow water where the range of the
insrument really isn't afactor. You'rerunning in 50 or 60 or 70 meters of water, and theres an awful lot of
oceanography that goes on in those areas.

By the way, the inter-comparison we did, we were ableto run the instrument on mode four and mode seven at
sx knats, in relativdy calm waters, but this was -- you know, this was open water, 500 meters of water off
Barbados, so not entirdly -- not entirely mill pond ether.

And if anybody wants some suggestions on broad band settings, please get in touch with me.

MR. FIRING: A quick comment on mode four. Mode four, if it thinksit's running into problems -- tothe
extent that it thinks -- it drops back to mode one. And with whatever WV happensto be -- command happens
to be sitting around. And | think the only way to find out whether it's donethat would beif the raw data are
recorded -- | don't know how the averaging was done. Y ou might find in the raw data files, by looking at the
lag and the mode, maybe you'd find whether it actually had gotten back or not. I'm not sure. Not even that?
Okay.

MR. GORDON: Sorry.

MR. FIRING: So mode four -- yeah -- maybe under ideal conditions may be fine but, boy, it's hard to know
what you're getting.

MR. GORDON: RDI may have included some way of teling you within the last year or so, but --
MR. FIRING: Highly unlikely -- if it wasn't in before. Highly unlikdly that’s been changed.
Arethere other questions, comments? Frank?

MR. DELAHOYDE: Yeah. A falow-up. Y ou showed these great pictures of having alot of (indiscernible)
from cruises where thereis not really an operator (indiscernible).

MR. FIRING: Wadll, actually, let me darify onething. That was acombination of everything we had, some of

which were FIO cruises, and therésawhole variety of thingsinthere. Soit'snot al opportunity data, but it's
being used in adimatol ogical sense for one of the first times, | think.
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PARTICIPANT: Explaining the comment -- | had alot more luck with getting data from narrow band without
babysitting it than from abroad band. And it soundsto me like the broad band data that | had problems with
could have been better with better settings. So henceforth, if we have more ships now that do have broad
bands, perhapswe can have some sort of, | don't know, library or better exchange of what the good settings are,
because | get asked by people, "When you go out and when you use the broad band, what are good settings,”
and, obvioudy, I'm not giving them theright advice.

Isit just such abigger pool of possibilitiesthat that isnot possible, or what? | --

MR. FIRING: No. I thinkitis, but | think it all just boils down to just kissrange goodbye and s&t it to WM-1,
WB-0, WV-600, e ght-meter bins, and whatever blanking you need to take care of however much ringing
problem you have.

MS. BEGGS: Soyou il think that WB-1 is a bad idea because of the ambiguity?

MR. FIRING: | would not useit unless| knew because of the characteristics of the ship, or the operating
region or whatever, that the regulable vel ocities really were not going to exceed that threshold.

Now, thisisanother area, though, whereif you have contral, as you do over the processing software, you could
-- you may beableto put in -- if you'relooking at thingsin ensemble all thetime, you could put in some
reasonabl eness checks. And soif you were getting an occasional wraparound, you might be able to detect it
and knock that out of the average. 1t's not necessarily trivial to doit; it can berather tricky to detect, but at least
you have a chance of doing that, which we don't have with something like Transect.

MS. BEGGS: Yes But wouldn't that just be a spike? | mean, wouldn't you just seethat as--
MR. FIRING: Not necessarily.
MS. BEGGS: -- abad bin?

MR. FHRING: Theexamplethat | have buried in here somewhere of a wraparound occurring with mode seven,
it'sshowing up in the vertical velocity component, not on the horizontal components. And the reason isthat if
it's caused by vertical velocity excursonsand you wrap all four beams at the sametime, that doesn't give you a
spikein U or V, in the horizontal vel ocity, but it doesin W. Sothat’s -- you know, the wraparound is not
always easy to detect.

Yes?

PARTICIPANT: Yeagh. Oneadditional comment about recording data. We record an average dataand we,
frankly record raw data just to back ourseves up because, you know, frankly, disk spaceis cheap. For us, it
runs about 50 megs a day but, in today’s world, that's ten percent of atwo-Doppler CDR, soit'sreally -- luckily,
because of the advance of storage technology -- it’s -- recording and saving the raw datais not that big adedl; |
don't think it is -- and will becomeless so astime goes on.

MR. CHRISTENSEN: I'm kind of confused. | hear al thisagony and problems over the broad band, and I've
been hearing it for years. Y e, asl say, we make a narrow band system based on an FFT, which meansthat
werelooking at the whol e spectrum and making an estimate of where we think thereal frequency redlly is. Yet
it'svirtually impossi ble to convince anybody that they should go narrow band, in spite of the fact that we get
maximum depth -- as| said, 700 metersat 75 kilohertz, and we get 500 metersat 115 kilohertz. 1t'savery
robust system.

So what happened to narrow band? | mean, wheredid it go?
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MR. FIRING: Jm, if | could comment on that. | think the -- well, people are il trying to go with narrow
band and, in fact, RDI’'s arm has been twisted various ways to keep building some of their ancient, cresky, old
but ill functional original designs.

With respect to the Sunwest system, one of the concernsthat Kerry Dreskin (ph) and | had with the -- using the
FFT algorithm istheissue of the amount of -- the number of samplesthat get edited out.

So what kind of an actual profile do you have ping by ping to average together? And our -- because -- we have
aproblem of sampling a very time-variable ocean fidd, given the super-position of wave motion, ship’s motion,
and whatever dseisgoing on. And so having lots of samples and having uniform sampling isacriteria

And our impression wasthat that was a problem, but that may not bethe case. Please addressthat.

MR. CHRISTENSEN: Waéll, onething -- our code -- you know, we have digital Signal processors. Thecodein
the DSPis of coursewrittenin C. It'sfairly smple. The codein thehost iswritten in Pascal. Everybody said,
"Ooh, Pascal," but Pascal isvery nice and isvery heavily typecast, soit'shard to makeamistake. Y ou can't
just fredy interchange images and words.

And it'savailabletothe user. If the user doesn't like what the Pascal isdoing, changeit. Makeit what you
want. If you don't like the editing that it's doing, make a change.

Wedo -- we, of course -- we build what we think is the most robust system that we can and the most highly
accurate system but, obvioudy, our whole environment is 12 miles off the San Diego coast, plus whatever
information might filter back from the Orient. So we do make oursdves -- were available, and | would think
that would be an advantage.

MR. FIRING: That isahuge advantage. That'savery commendablething. One of the big problems with
Transect and with the firmwarein the RDI systemsisthat they've both demonstrated themsd vesto be bug-
ridden and typically not very well-understood by -- even by RDI. Witness the amount of timeit’s taken them to
find thebugs. And the frustration has been that since we haven't had the source code, we haven't been ableto
find them oursd ves and find out just what on earth the sysemsarereally doing.

Arethere questions or comments?1 think were beyond our time allocation, dightly.
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RD Instruments Response To The Proceedings
From The 1998 INMARTECH Symposium

Darryl R. Symonds & Harry Maxfield
RD Instruments

[Editor’s Note: RD Instrumentswas presented the ADCP Session document and given the
oppor tunity for comment since they did not participate in the INMARTECH Symposium.]

In response to the issues concerning RD Instruments (RDI) products and software discussed during the
1998 INMARTECH Symposium, RDI felt clarification and input of relevant information would be
beneficial to all parties. Unfortunately, the saff transition at the time of Symposium did not alow usthe
opportunity to participate directly. RDI acknowledges that this symposium was an excellent opportunity
for usersto share experiences. It isthese types of functions that have given RDI valuable input and has
contributed much to the development of our productsin the past and will continue to do so for future RDI
products.

RDI values all input from our customers and has made significant strides to include the end-usersin the
product development process. During our development process RDI incorporated changes to software,
firmware, and hardware to implement requests from our users such as improved accuracy, better software
graphical representation of the current data, more flexible data formats, and easier setup routines.

A few examples of what we have incorporated are as follows:

Dr. Firing’ sinput was instrumental in providing the feature of reference layer averaging in the original
NarrowBand Data Acquisition Software (NB DAS).

Usersinput stating that both the ADCP' s raw data output and the NBDAS pingdata file format were
difficult to access was the impetus for RDI to create a new data file format which isincorporated into the
BroadBand, WorkHorse, and OceanSurveyor series ADCPs.

Usersinput on the need for contour plotting and shiptrack plotting were incorporated into the TRANSECT
program.

Usersinput on the need for flexible schemes to input NMEA devices were incorporated into the
NAVSOFT and TRANSECT programs.

Usersinput on the need for simpler user setup interface were incorporate in the TRANSECT program.

RDI acknowledges the ability to incorporate all of these features in the initial release of one product or one
product family isnot an easy task. We further acknowledge that the initial BroadBand ADCP systems and
software did not incorporate nor duplicate all of the features previoudy available in the NarrowBand
systems and its software.

It should be noted that the RDI product development process for products, such as BroadBand, Workhorse,
Ocean Surveyor, WinRiver and VMDAS arein conjunction with the end-users. Thegoal of these
development processes is to provide acoustic Doppler technology for amuch broader spectrum of the
research community. Theincreased hardware and software capabilities of these products have provided
the coastal and inland water research and commercial communities as well as the open ocean research and
commercial communities with valuable tools for their research and survey requirements.
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RDI hasreceived a great deal of positive input on the advantages that the broad bandwidth processing
added to ADCP systems. RDI has also received some customer feedback concerning the lacking of some
features that are considered either mandatory, or basicin nature. RDI has been and will continue be open
to any and all comments.

RDI has incorporated this customer-generated input in the devel opment of the latest ADCP seriesthe
Ocean Surveyor. The Ocean Surveyor ADCP provides the capability of both narrow bandwidth and broad
bandwidth processing features that are avail able separately within the NarrowBand and the BroadBand
ADCP products. The Ocean Surveyor utilizes a WINDOWS based data acquistion software package.
This software package incorporates al of the core functions that were omitted in the TRANSECT program
(such as user-exit software capability, and reference layer averaging) as well asthe featuresthat were
incorporated in the TRANSECT program (such as shiptrack plotting, independent averaging, recording,
and display intervals, and NMEA interfacing). This WINDOWS package also incorporates screening
capability and 2 independent averaging intervals allowing the user the most flexibility of any RDI software
packageto date.

The research community worldwide has employed the Ocean Surveyor product line for the past 2 years
(mid-1997-2000). All of the features that have been mentioned above are now field-test proven. Even
gtill, customer input, remains a big part of improving our products. Features are being added now and will
continue to be added as our users needs, requirements, and expectations are assimilated in the product
development process. We value our customers, they' re input, and intend to continue to use their input as a
major part of our development process.
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Data Collection and Distribution

Barrie B. Walden
Woods Hole Oceanographic Ingtitution (WHOI)

This presentation isactually alead-in to the five that follow; it’ salong-winded introduction. 1’m going to
talk about the some of the things which precede data collecting, logging, transmission around the world and
E-mailing your friends for help when there are problems. | have recently been able to design and, to alarge
extent indall, a Science Information System (SIS) on anew vessd, the Alvin support ship Atlantis. This
proved to be more challenging than | expected because a design existed and was well on its way to
installation before | becameinvolved. Actually, there was little wrong with what was done - it simply
didn’t go far enough and it completely ignored some of the more practical aspects of how a shipboard
installation needs to work.

Before becoming involved with Atlantis | had done similar installations on WHOI's other two ship’s, first
Knorr and then Oceanus. Thiswas areal advantage because even though thisis not rocket science, it is
very difficult to get it right the first time, or the second. | haven’t even done it correctly the third time so
my presentation today is not intended to be of the “here’ show to do it" variety. Instead, | am simply going
to talk about how we have done things at WHOI and what considerations went into our decisions. Our
system has worked extremely well; it's both versatile and reliable. Best of all, it has proven to make the job
of an onboard technician much easier.

Today there are a number of choices available for ship-board data transmission which were not even
considered just afew yearsago. Fortunately, shipsare not the only place where data needs to be moved
around so the data system component vendors have had plenty of incentive to stay abreast of advancing
technology. Thisis both good and bad - we can enjoy the benefits of technological improvements and we
get to sharein the pain of their learning curves. One of thefirst lessons | learned was not to go along with
the adage “out with the old, in with thenew”. Even if | wanted to, there arealot of vendors making
essential instrumentation and struggling to keep up with advances. Using ther equipment in the most
reliable manner frequently means using it in the way they originally intended rather than trying to force it
to perform in conjunction with the latest data handling technol ogical advance.

One of thefirg things | did for the Atlantisinstallation was make alist of the interconnection requirements
for some of the instrumentation | knew | would be dealing with. | could see that the ship would be ready
for retirement before | could say thislist was complete but it was quickly obvious that there was a good
case for needing practically all the commonly used data transmission schemes. Figure 1 provides a limited
example of what thislist looked like. The requirement for RS232, RS422, R$485, and Ethernet is probably
not surprising to anyone but Ethernet is rapidly becoming the communications method of choice and many
peopl e believe we have reached the point whereit can replace all the others. Perhapsit can, but for alot of
the existing instrumentation that would be the hard, expensive way to do things.
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Figure 1
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The most important thing | gained from my “interconnection list” was clearer ideafor how open ended it
really was. | expected thereto be arequirement for dealing with new equipment in the future but | was
surprised by how difficult it was to obtain the necessary information for the equipment planned for
installation during construction. Not only wasiit hard to obtain details for the equipment itself but in many
cases | couldn’t even learn where the equi pment was going to be located. There was also alot of confusion
about who had the responsibility to meet some of the interconnection requirements. In anumber of cases |
found instruments appeared to require a data input which could only be obtained from the system | was
installing but the shipyard seemed to have total responsibility and planned to be finished long before | was.
As one would expect, the lesson here isto make the installed interconnection system as flexible as possible.
Minimize the number of special purpose wires and add all the redundancy you can reasonably afford.

| decided upon a standard pair of cables to be run between all “suspected equipment locations’. One cable
contained 15 twisted shielded pairs for “clean” signals and the other had 8 twisted shielded pairsfor more
abusive applications. My “interconnection list” aso provided away to identify cable termination points.
Again, after putting down the locations for everything | knew about, it was necessary to go back and add
moreto allow for future expansion and compensate for lack of knowledge.

The next step was to decide on acablerun topology. | selected a“star” for three important reasons: it
appearsto provide the greatest flexibility, it facilitates trouble shooting, and it's what I’ ve used in the past.
There are some down sides: it probably requires more cable than many of the aternatives, some of the
interconnection runs are much longer than necessary, and the central hub ends up with an incredible
number of wires which need to be terminated in an organized manner. These negatives are not trivial but |
fedl the central hub provides over-riding benefits.

Further consideration of my “interconnection list” showed that for the most part the equipment locations
could be divided into a small number of categories. Some were “heavy use’ areas where additional cables
of the standard type were likely to be needed, some had a special purpose requiring additional cables of a
different type, and a very small number proved to have technical reasons which demanded point-to-point
wiring. Theinitial tendency was to agonize over the number and type of cablesto pull to each location but
the requirement differences turn out to be small. | ended up pulling almost the same set of cablesto all
termination points. Some exceptions were extra 15 pair cables to the major laboratories and extra coax
cablesto locations | knew were likely to generate a substantial amount of baseband video - the ROV
control room location for example. The end result of this effort was a cable list specifying a minimum of
three coax, one 15 TSP and one 8 TSP cables to be run from the ship’s computer/electronics laboratory to
approximately forty other locations on the ship. Thiswouldn’t have been hard to do except the work
wasn't started until after the ship’s joiner work had been completed. The central hub was a challenge
because of the number of cables but we managed to get them into asingle large junction box where each
wireendson aterminal strip. Thefar ends of each cable set are terminated in smaller “standard” junction
boxes, each having the same internal terminal strip arrangement and wire log-out.

So far | haven't mentioned Ethernet runs. The original ship design specified afiber optic Ethernet
installation with a central hub in the computer/electronics laboratory. The specified drops were limited to
places you would expect to find a computer five years ago; they did not include sensor locations. Fiber
optic cable had been specified for both bandwidth and electrical noise immunity. Atlantisisan electric
drive ship and major SCR related noise problems were anticipated. Knorr has the same type of drive
system and has both fiber optic and twisted pair Ethernet runs ingalled. Thetwisted pair installation has
worked so well that we have never activated the fiber. Because of this experience, | ran an entirely new set
of twisted pair Ethernet cables on Atlantis duplicating the existing runs and expanding the system to
include spaces | thought had been overlooked. These included the mgjority of my standard cable drop
locations and al of the ship’s crew staterooms. The hub isin the originally intended | ocation which turns
out to be right next to the hub for the conventional cables. Theinstallation has been certified to 100
mbits/sec and tested to 300 mbits/sec. We have not found the need to activate the fiber which | suspect has
saved us alot of trouble and money.
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At this point we have cables running all
about the ship - how do we use them.

Thisis where the star topology flexibility
comesin. Almost all datarouting can be MAN ME\ 2"“57 Mt
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pair of wires go out from thehubto a CENTRAL "y~ ;

sensor |ocation terminal Jbox where they
are jumpered to a second pair which
returnsto the hub. Jumpersin the hub
interconnect these pairs so that the whole
installation is continuous. The data
collection and logging computers are

attached to the two ends of thisloop ememt
using 232 to 485 converters. One of

these machinesis doing al the work
while the second is monitoring s

performance sinceit can “see” al of the ™

loop traffic. In theory the second machine could provide some “watchdog” intelligence but we haven't
gotten that far with our programming.

RS232
_U; ‘]ﬁ R‘S?l?l
l PC #2 ETHERNET

Thisisa case where the star topology has undoubtedly made the length of 485 cable unnecessarily long but
thereisarea maintenance and troubleshooting advantage. Instead of simple jumpersin the main Jbox we
have used isolation switches to interconnect loop segments. When a technician notices problems with the
485 | oop data he can use the second computer to quickly determineif the problem iswithin the primary
computer or is being caused by loop and/or sensor hardware. If it's aloop problem, he can determine
which segment is causing the problem by using the isolation switches. Frequently loop problems of this
nature are caused by a sensor which needsto bereset. We have made the technicianslife alittle easier in
this regard by powering most sensors from a 12 volt supply located at the main Jbox. Thisallows all
sensors to be reset with one switch in a central location.

Beyond this you start getting into requirements specific to particular instruments and sensors. Again, the
central hub frequently simplifies the interconnection process but it still turns out to be a complicated mess.
The only advice | have to offer hereisin the area of documentation. We all know it's needed and we
probably won't haveit if it's not done in conjunction with theinstallation. | have discovered that thereisno
single correct form for this documentation - what you need always depends upon what you're trying to do.
For our system we have found three document types to be extremely helpful: 1) an overall interconnection
diagram [Figure 3], 2) signal routing diagrams or documents [Figures 4 and 5] and 3) junction box
terminal strip definitions [Figure 6]. Thereare others but thisisa good start.

As | mentioned originally, our system isnot the only good way to provide shipboard instrumentation
interconnections. What we have done works well and if | had to do it again, | would do it the same way.
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Figure 3
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Figure 4
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Figure 5

OCEANUS Wire Assignments
OCWIREWPD Rev. 07/01/98

Standard Assignments. (Mn Lab, Mn Lab Rack "J', Wet Lab, 01 Vans, 01 CTD, Chart Rm)

Red/Black 12vdc JBox DB25's
White/Black Power (Not active) Blue - pin 2
Orange/Black 485 outgoing White - pin 3
Y ellow/Black 485 incoming Black - pin 7
(Green)/Black Signd ground* (Green is unused)

Blue/Black Gyro RS232

Brown/Black GPSNMEA, TxD/Gnd (Aft DB25sin Main Lab)

(Port DB25in Top Lab)
* Athenal/O, Ashtech, DB25'spin 7

Standard Assignmentsfor Main Lab & Vansonly:

Yellow/Blue Athena I/O (GTEK?)
Brown/Blue Athena I/O (GTEK®), Forward DB25 (pins 3/2)*

01 Fwd DB25's
Port:  Red (2)
Purple (3)
Black (7)
Mid:  Orange
White
Brown
Stbd:  Ydlow
Gray
Green

* Mid DB25's are frequently used for Wyse terminal data displays. Pin 2 should only be connected for

single terminal having a keybd available for station annotation input.

Pair s available at most locations:

Yellow/Red (Except Bosun’s Locker & Radio Room)
Green/Red (Except Radio Rm)
Blue/Red (Except Radio Rm)

Pairsavailablein Main Lab & Vansonly:

White/Green Orange/Green
Y ellow/Green Blue/Green
Orange/Blue Yellow/Blue

01 Rack Spares Red/Black, White/Black

Cable #1; Orange/Y elow/Green/Blue/Viol et/Gray/White/Black

Cable #2; Brown[Red/Orange/Y ellow/Green/Blue/Viol et/ Gray/White/Black
Note - Cable#2 isnot terminated in main J box
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Figure 6
COMPUTER LAB J BOX
15 - PAIR 6 - PAIR
DISTRIBUTED PAIRS POWER PAIRS
BRM ] RS485 DATA + RED T | RS485 LOOP PWR +12VDC
BLK _ RS485 DATA - BLEK RS485 LOOP PWR GROUND
RED 7 RS485 DATA + WHT GEN PURPOSE PWR +12VDC
BLK | RS485 DATA — BLK GEN PURPOSE PWR GROUND
ORM 7 —
BLK 4 — GENERAL PURPOSE PAIRS
YEL 7 — BRN 7 INJOUT +24Y FROM DK 80X (BRN)
BLK J — BLK _ INJOUT GRMD FROM DK BOX (RED)
GRN T — YEL 7 IN/OUT TRANSMIT FROM DK BOX [YEL)
BLK J - BLK J IN/OUT RECEIVE FROM DK BOX (ORN)
BLUT - GRM 7 IM/OUT GRMD FROM DK BOX {BLU}
BLK U — BLK J IN/OUT =
BLU 7 INJOUT =
POINT—-TO—POINT WIRES BLK J IN/OUT =
BRN 7] TRACTION WINCH DATA + WHT 7
RED ! TRACTION WINGH DATA — GRN ! gz?n i NOTES:
1
ORN 7] HYDRO WINCH DATA + RED | RPTR) SEE PROPULSION ROOM WIRING
RED _ HYDRO WINCH DATA — BLK | FOR PIGTAIL COLORS TO FANTAIL
YEL "} RM YOUNG WIND RS232 TRANSMIT
RED 4 RM YOUNG WIND RS232 GROUND
GRN 7 GYRO RS422 < {TOP LAB RPTR TO
RED & GYRD RS422 _ ELECTICAL LAB RPTR)
BLU 7 MARKEY DISPLAY SERIAL DATA XMIT 7 (TQO MAIN
RED 2 MARKEY DISPLAY SERIAL DATA GRMD E!D:(:I
WHT 7 —
RED J —
DATA BREOADCAST WIRES
BLU 7 GPS P—CODE RS232 SIGMAL T ({TO MEAR SAT-B
GRM J GPS P—CODE RS232 GRND 4 via RS232 JACK)
WHT 7} GYRO HEADING RS232 SIGNAL 7} (SOURCE FROM
GRN ! GYRO HEADING RS232 GRND 4 REPEATER)
WHT 1 ATHENA DISPLAY QUTPUT
BLK | ATHENA DISPLAY QUTPUT
NOTES: i
FROM MAIN LAB —GRN | oy [ ERN 10
SCIENCE J BOX RED | RED () OVHD [pyp g | FWD
SCU J [y J WHT 1 |GYRO
BLE (] BOX [mk 2 | RFTR
RS-

BEFSEY DOMERTY  gote: 10520,/90
fie: Complonwirriint raw =

ATLAN TS

294




INMARTECH ’ 98 Proceedings

SEANET — Extending The Internet To
Oceanographic Research Platforms

Andrew Maffel & Steve Lerner
Woods Hole Oceanographic Ingtitution

[Editor’sNote: Thefollowingisatranscription of Andy’soral presentation.]

I’'m Andy Maffd. | work at the Woods Hole Oceanographic. | work with Steve Lerner. Steveand | are both
giving thistalk, although I'm the one that’stalking. I'm going to talk about the SeaNet Project, which isa
project designed to begin bringing internet-type capabilities-- shoresde internet capabilities out to ships.

There arefive organizations that are the SeaNet partners. I1t'sfunded by an ONR National Ocean Partnership
Program grant for two years, sarting back in August -- last Augugt -- '97. The five partners are the Joint
Oceanographic Ingtitutions who are handling the administration of the funds and then a so acting asliai son with
the various agencies and the other ship operators -- academic research fleet operators. Ellen Kappd isat JOI.

Seve Lerner, mysdf and Cindy Sdllersare working at the oceanographic to devel op what we call the SeaNet
communications node, which ends up being the building block for building our SeaNet network. It's a piece of
softwarethat I'll talk alittle bit more about.

Lamont-Doherty Earth Observatory with Dale Chayes and Dick Perry -- some of you may have seen Daleat
the RV Tech medting where he gave alittle bit different presentation about SeaNet. But Dale and Dick are
responsible for ingtalling systems on board the five ships that have been funded to have systems.

The Naval Postgraduate School -- Rex Buddenberg -- Rex istheliaison with the Navy fleet. Hedoesthe
forward planning for new wire esstechnologies-- forward-looking, really. And healso hasatest bed there
with abunch of graduate students that can run little projects on it.

And Omnet, Incorporated isthe commercial entity that is playing therole of internet service provider for
SeaNet, and also looking at commercial opportunities. Theidea behind SeaNet isthat we would likeit to
become sdf-sustaining at some point.

Thishaskind of been the ongoing vision for SeaNet; the idea that you could have AUV's, buoys, shipsand
shoredll tied together with internet links where you could get easly to these different platforms. The SeaNet
project -- theidea was envisioned back at WHOI back in 1990, actually, when | was doing some work with
Ken Stewart where we just ran a 9600 baud link out to a barge. It's progressed through a pilot program where
weingdalled the SeaNet system on the Thompson, and then on the ocean drilling ship. And then most recently,
back in August of '97, we got the NOP funds, and we've been working the last year on getting the systems
ready, and just beginning to get them deployed now.

Current gatus -- the five UNOLS vessd s have been identified. We currently have a beta system running on the
Atlantis. We're gathering statistics on the satellite syssem. COMSAT has been hepful in doing some freetime
for some of the system testing. We can thank Carol Olson for that. Wereasoin the process of ingtalling the
other systems -- doing the planning of getting the NERA INMARSAT-B systemsingalled, and were hoping to
be operationa by the end of January "99.
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ThisisaSeaNet communicationsnode. It handles-- its functions are to handle -- where did that -- Bob Elder --
well, I'll havetolook for my pointer. Oh, hereitis. All right. Soit doesthewirdesslink management. Thisis
thefirst time I've used one of these[laser pointerg]. It'skind of fun. -- providetools for cost-efficient use of the
link. 1 know they're banning them from school s these days because kids are blinding each other. 1t also does
the accounting. One of the major parts of the SeaNet -- all of you have dealt with INMARSAT accounting and
such -- but being able to provide someinformation back to users about how thelink is being used, by which
invegigators. It'sdesigned for modularity. Theidea behind the SeaNet project isthat we wanted a system that
others could add to.

Were hoping that after theinitid infrastructureistherethat it also -- the SeaNet communications node will
provide the foundation for future science applications. I'll talk alittle bit about that, but not much.

Asfar aswhat's delivered to the ship, therés a UPS, which is part of the system, a SeaNet communications
node, which isa PC running LINUX, and also with our web-based software built in Pearl actually, a Sisco (ph)
router, and then these are the wird ess communication devicesthat are part of the SeaNet project right now -- a
NERA INMARSAT-B high gpeed data system, an AMSC unit which runs at 4800 baud -- thisruns at 64
kilobit -- and then a cdll phoneinterface. Theideaisthat you should be able to do the same functions no matter
which of these interfaces youreusing. And we're hoping to expand that.

PARTICIPANT: Can you just tdl me what AMSC issothat | know?

MR. MAFFEI: What isAMSC? American Mobile Satdlite Corporation. It'sasatdlite vendor that sdlstime
on a geosynchronous-- yeah, sellstime on a geosynchronous--

PARTICIPANT: Soit'sINMARSAT compatible?
MR. MAFFEL: It'scontinental U.S,, soit only goes 200 nautical miles out of -- it's for coastal applications.

Now, the SCN, onethink you realize early on isyou're paying all thismoney for thisinternet link, and you're
not going to be doing awholelot of browsing onit. So there are three different modes that this SeaNet
communications node, this box that sits on the ship, provides.

Oneisabatch transfer mode, something we call "data pipes.” Theideaisthat you identify a source directory
and adestination directory. Thaose sources and destinations can either be on the shipboard LAN or on the shore,
and you match them up. And you can have severa of these. Theidea behind thelink isthat you configureit at
the beginning of a cruise so you've got these directories matched. When it comestimeto do atransfer -- the
system on the ship -- you initiate it from the ship -- the system on the ship gatherstogether dl of the
information from the source directories, packagesit all up together, compressesit, bringsthelink up, and
transfersit back to shoreto another system sitting on shore. And then it terminatesthelink. And then that
system on the shore redistributes the data out to the internet, because you don't want to take -- affected by the
internet latencies. And the same thing happensin thereverse direction, aswell.

WebMirror isan ideawhere you can, if you had a shipboard web site, that you could mirror it back on shore so
that folks back on shore can take alook at a web ste, and they don't have to actually connect to the ship in order
to seethe web dte. And again, the same thing can happen from the ship back to the shore. So that's ancther
mode.

And the other one, thethird one, istheinteractive IP. And then we just rated these in terms of cogt-efficiency.
It's best if you package everything up, ship it over fast. It's somewhat worse, but better than thisto dothe
WebMirror, and the interactive IPistheworst in terms of cogt. In terms of convenience, it'sthe opposite.

Thisisan example of the data pipes, just identifying the sources and destinations-- how it would be s&t up on
the ship -- and then the link would come up and transfer the files between the two.
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Thisisan example of the SeaNet operations screen. This upper corner iswherethemain menuis. When you
touch on these buttons -- it's all web-based -- then you get the secondary menus down here, and then these are
your two operations screens. Thisis showing a queue of filesthat have to be sent out, and this shows the output
asthosefiles are being transferred back to shore. But that’s alittle bit complicated for normal operations.

So normally when you're doing a batch transfer or an interactive 1P session, you're using one of these smpler
screens where you get some feedback in terms of what link youre using, the VHSD -- it's stateis up -- telling
you how much money you've spent so far. The datarates are actually wrong. Dataratestend to run for the
INMARSAT-B somewhere between 55 -- 55 kil ohits, something like that -- 55 to 60 kil obits per second when
you figurein the overhead. Soin normal operations, you're using one of these screensto do your daily
operations.

One of thethings we're particularly excited about, and I'll be ableto show you someinformation on it, isweve
set up some benchmark tests-- some standard-size files and pings that get done so that every oncein awhile
you can run abenchmark test on your system. In fact, that can be done automatically, so you can gather your
satisticsregularly. So that’s something that came out of a workshop that we held a while back, and that seems
to be working quite well.

In terms of wirdesslinks, these are the three that we'reimplementing as part of SealNet right now -- the NERA
INMARSAT-B. American Mobile Satdlite -- thereé's a Canadian company called MSAT (ph) that providesa
smilar service-- cdlular telephone -- these are two -- the 915 megahertz spread spectrum technol ogies that
we're doing in other projects, particularly for coagtal -- short-range coastal applications.

And these are thingsthat we'reinterested in, aswdl. I'm particularly interested in finding out if there's some
way someday for usto find a shared use satellite channe where oceanography could have asingle channd that
could be shared among many ships. We're il looking to find that, but once these SCNs are on board, you
have a common platform that you can begin implementing that sort of thing on.

Thisisthe NERA systemsthat areingtalled -- the above-deck equipment and bel ow-deck equipment.

Thisis-- we've had the system running out on the Atlantisfor the last month or so. We've been collecting
satdlite Satistics every 15 minutes, and then two or three transmissions a day sending the information back to
shore, and then gathering it in a system that we've devel oped to analyze some of that data.

So thistop plot has Sgnal-to-noise here, and has time and days across here. What it shows -- thetop one-- is
thesgnal-to-noiseratio. Soit starts out very high, drops down low, and then it ramps up. And then you begin
to get this chaotic action here.

PARTICIPANT: Do those figures on the scope refer to the ones you get on NIMOS (ph) -- on the NERA
handset?

MR. MAFFEI: That'sright. The output from the handsat, or in this case, were ableto doiit through the data
port -- get theinformation out of there,

And theif you take alook at heading -- thisisaplot of heading. We're sending back heading information, as
well. Thereareanumber of parametersthat are getting sent back regularly. Y ou can seeit stayslow, and gets
pretty stable up in here, and then it goes chactic here. And thisis, in fact, showing the effect of obstructionson
board the deck. What we're beginning to do is gather the statistics. And what you're seeing is -- you know, as
you get obstructions, then your signal-to-noi se goesto crap, and then -- you know, that’s what happens here.

But the more interesting char- -- see, because thisramp up -- and we were wondering what that was all about.
What we did was we plotted -- in this package we have we were ableto plot the signal-to-noiseon a TUTI plat.
And what you seeisthe signal-to-noise seadily gets better asit getstowardsthe reds and oranges. It's higher
sgnal-to-noise. And what it's doing is heading towardsthe equator. And asit headsto the equator, the

el evation raises, and you have | ess atmosphere between you and the satellite, and your signal isimproved.
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So that was kind of reassuring to seethat -- that were getting some cons stency out of thedata. And the
particularly exciting thing for usisto think about having five ships. Thisisjust one month’'sworth of data. But
if we get sysemsingtalled on five shipsand we begin to gather statigtics, for example, on filetransfer ratesand
such and can easily plot them, then welll begin to get an idea of what the performance on some of these
satdlites are and what type of -- you know, and how that's all working.

Now, in terms of future possihilities for SeaNet, there are someideas we've had. Asl said, one of themain
ideasisthat were going to create thisinfrastructure that people can use and begin to do these things pretty
regularly. What weld like to begin to do isto begin moving science applications over to some of the-- Barrie
was talking about his data coll ections systems-- the Athena system, and such -- getting those types of data
sysemsintegrated, aswell, so that data can be regularly transferred back and we can begin to get ashore-side
presence of what'’s happening on the ships -- more from the science sde-- | know -- there have been alot of
projectsrecently, for example, where newd etters have been put together and you get an ideafor what's going
oninwords. Butit'd be niceto get some of the data representation back on shore, aswell.

Wed dso liketo investigate the possibility of a shared access communication satdlite. Wereaso quite
interested in identifying more cogst-effective wird ess options as they become available.

| mentioned the science applications. In other projectsthat welve worked on, we've been working on thingslike
adatalogger, an event logger, and adatalogger (3c). Thesetools put out the data in the same way that we're
collecting our sgnal-to-noise dataand all that -- other things. So you can usethe sametoolsto plot it and to
accessthat information. Weld like to see ourse ves and cthers deve oping these same sorts of tools so that they
can add to these shipboard web Site typeidess.

This dide shows what the -- at Omnet, which isacting as our network information center -- that's a key to the
project, aswell, istheidea of having 24-by-seven coverage there being a network operation center, soit’s
someoneto call when thingsgo wrong. They'll have someone on cal al thetime. They providethe shore-side
internet connection. They also -- the way the billing worksisthat any callsthat are made from the satdllite, in
the case of the NERA, any callsthat are made from the NERA unit back to the SeaNet Ste get billed to Omnet.
Then Omnet does the detailed billing out to ether investigators or to indtitutions. Any callsthat aren’t madeto
that SealNet site get hilled directly back to the ingtitution itsdlf.

As| mentioned before, Omnet isalso looking at SeaNet expansion, finding commercial entitiesthat areinteres,
also other agenciesthat areinterested in Smilar systems, Smilar capabilities. And for more information, there's
the web site, which iswww.seanet.int. 'Y ou can also contact Susan Covaney (ph).

And therés an internet at ssamailing ligt that we just started up. Thereare actualy severa internet at sea
programs. | know NOAA hasone. Dennis Shiddsishere. Hes been involved in that. The Navy hasan
ADNS (ph) program. It'sinteresting to share information with those folks. So were putting that list together,
aswdll.

Sothat'sit.

MR. WALDEN: AsAndy said, SteveLerner isalso here. Steve, would you stand up so that people can take a
look at you. If you have any questions during the break, for instance, you can talk to Steve just as easily as
Andy.

MR. MAFFEI: Thetalk fedsalittle bit dry, too, after having given it, too. Thecther thingisthat if thereare
folksthat areinterested in seeing the front end and seeing how it works, we do have a working system on a
notebook. If people wanted to take alook at it this afternoon or something, perhapswe could find sometimeto
get together with afew of you. So jud talk to ether Steve or mysdf. Weld be glad to do that.
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The National Oceanographic And
Atmospheric Administration (NOAA)
Scientific Computer System (SCS)

Dennis Shidds & David Benigni
Office of NOAA Corps Operations

[Editor’sNote: Followingisatranscription of Dennis oral presentation, with submitted graphics]

My nameis Dennis Shidds. | work for NOAA, for the office of NOAA Corps. I've been in the data
acquisition business probably for about 15 to 20 years working for NOAA, building sysems for them, gtarting
on PDP-11s and working through our current generation, which isin Windows NT.

What I'd like to talk to you today about is a system we call the scientific computer system that hasits origins
back in 1989 when we put the first system on the NOAA ship Researcher based on aMicroVax computer. The
objective of that system was to design a system that would be flexible enough so that, without writing any
additional software, we could interface sensors on any given ship, bring the sysem up, and have it function, and
be able to propagate that system to dl of the NOAA vessds out there.

So we garted this process back in 1989 using aMicroVax. And astime went on, we've kind of improved it and
changed the way it looks and fed's, specifically trying to makeit alot more user friendly.

Again, the objectiveis basically to be able to acquire data from al of the ship sensors -- the standard suit of
sensors, if you will, that exist on avessd. Thisincludes the meteorol ogical navigation and oceanographic-style
sensorsthat are available

Thisisabadsc overview of what the
sysem triestodo. Herésthebasic

: SCS Overview
will, and the various kinds of sensors. We ; : - i

computer center, at the acquigtion, if you

usethis system alot on fisheries vessdls, as ‘
V_Ve”- _SO we havealqt of traWIm_g and Oceanographic Real-Time Y Time Series |
fisheries sensorsthat interfacetoit. All : Sensors _ Displays . Blots o

bascally are acquired by the primary :
system, and then from there, the sysem
provides red-time displays, time series Drini
plots, track lines. Obvioudy, it logsthe

datain avariety of different ways and does

real-time quality monitoring of the datato TrawlingFish (S, B Daa
look for range and delta-check kind of Sensors | Logging

problems, or time-outs where a sensor goes '

out to lunch, and then produces finally data Ship’s Navigation Data Quality
products for theuser. Sothat'skind of an Sensors Products L Monitoring
overview of what SCStriesto accomplish.

Its primary function isto acquirereal-timedata. The acquisition processis based on the concept of what we
call the sensor configuration file. When the system is brought to a new vessd, you accumulate all of the
various kinds of sensors you want to install, and you build this configuration file, which I'll show you later,
telling it what port the data's going to comein on, what itsnameis, how you want the primary message broken
down into components, or "children,” aswe call them. And then after you've built this configuration file, when
you bring the system up, it basically self-configures and is able to acquire data.

Meteorological
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Welog datato the system in -- welve kind of changed the method we've done that over time. Originaly, we
would accumulate data from a whole bunch of different sensors of atype, like anavigation type, and log it. But
we've goneto asmpler system now where every parent sensor, if you will, the data that's recelved from that
sensor isacquired, and time-stamped, and placed in asinglefile. Thefilesaccumulate over timewith time
stamps for when the system starts.

So at the end of the cruise, you end up with maybe five or Six different files of your tuned out (ph) GPS
navigation systemsand agyrofile. We found that thisisa smpler way to organize the data over along term as
you acquire the data for awhole cruise

The real-time displays and graphs, basically, have been around since the beginning. That's the concept that --
and at some point on the vessd, wherever you're working -- thelabs, or on the bridge, or wherever -- to be able
to bring up a customized display of the information you'reinterested in watching or being ableto glance at
while operations are underway. So every component in SCSis basically broken down into what we call a
sensor ID. Latitude, for example, would bean ID -- longitude or seatemperature. And so the user can
customize what pieces hed liketo ook at at any onetime and on any display.

The same concept is used for the graphics -- to be able to track over timetime-series of data to compare
multiple temperatures or wind parametersor air temperatures, what have you, thetime seriesare used for that.

We have akind of aunique-- or at least it'skind of new to us-- method of logging data we call event logging.
This came about with alot of brainstorming we did with our northeast fisheriesfolks up in Woods Hole. In
terms of -- the data sats that they were interested in sometimes dealt with particular timesduring acruise. They
really weren't interested in data for awhole 30-day cruise, but they wanted to have a very active datalogging
process underway when, say, a net went in the water, when atow was underway. And then when the tow came
out of the water, they wanted to stop the data coll ection.

Aswd| as getting the automatic data for that event, they wanted to be ableto log information that dealt with --
the net went in the water, the tow began, it'sat depth, it tore, it twisted -- to be ableto track everything that
occurred during an event. And so we built this system, and I'll try to show you that later on in the presentation,
wherea scientigt or the manager of the system can basically configure an event from scratch, tracking certain
metadata information about the sensors he'sinterested in, aswell as building live buttons that allow you to
trigger time stamps and put information in to track an event asit's underway.

Of coursg, after you've corrected all this data, other people want it. One of the methods that we provide the data
to peoplein real timeiswe bas cally feed information back out to them with serial ports. SoaPC, or aMac, or
a Sun System can badcally just have a seria hose where we -- they tell us what information they want usto
send, and we go and send that information to them.

At the end of our day of logging, we want to do some QA processing. Typically, it'sbascally to do some--
what we call "newspaper plots.” On adaily bass, wetry to plot out the time series for the given day or for the
whole cruise, and have them typically ready in the morning so people can view them and seethat the systemis
functioning and &l the datais being collected correctly.

And then, of course, at the end of the cruise, PCs makethingsalot easer, and the technology’s changed. We
try to be ableto put data out on writeable CDs, so a scientist can walk away with one or two CDsthat would
haveall itsdata on it, possibly aZIP drive or aJAZ driveisalso supported. That’skind of the basi ¢ things that
ittriesto do.
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The current hardware platform wereusng
isbasically adual configuration of Dell SCS Hardware
Power Age 4200 servers. These are 300

megahertz serversthat have arate
controller in them with about 27 gigabytes
of disk space. Weactually had acruise ¢ New Platform

wherea sdientist at the University of — DELL PowerEdge 4200 Server
Washington didn't have enough disk space
even with the 27 gigabytes, which was
amazing. — Optional Second Processor

) ) — 4 9GB SCSI disk drives in RAID-5 config
Sowereusing that server asthe primary _ 20-40GB DLT Tape Drive
acquisition sysem. We have a second .
system identically configured similar to — CD-ROM Writer
Barrig's so that, if one system goes down,
the other system isavailable thereto be
abletouseasahat sare.

— 256 MB memory

We haven't ingtalled the second processor yet because wereally don't need it. The acquisition system takes
about five or seven percent of the CPU when it's fully running.

Weusethe DLT tape drive as a backup method to be able to pull the data off the system on adaily or weekly
basis so that we can capture the data and ahve it someplace safe. That's basi cally the hardware configuration.

The minimum platform that you can run on is -- | designed the system on a 166 megahertz Pentium, with 64
megs of memory, and enough disk spaceto be able to store the information, and asmple serial port device of
sometype. Asyoull seein afew minutes, we have two kinds of devices we usg, either aport server which
hangs on the network like aterminal server, or directly connected instruments. So that would be about the
minimum configuration. | wasthinking on theway in when | was setting up that actually this Ddll 266 portable
and port server that hung on the network would effectivey be an entire system. Y ou really wouldn't haveto
have too much, aslong as you could get alarge enough disk drivein hereto be ableto callect the data.

The operating system of choice-- we :
started back in 1989 with VMS and SCS Software/Operating System
Digital, and we moved through to

X-Windows and Matif, and we've finaly
made the port over to Windows NT. We're e New System
;Jsin%;?ewcilndowcglg?eric ;A‘kP' V‘;'r:h --the - 0/S =>Windows NT 4.0 Server
oundation class calls for making the :
windows happen. We use a package called — GUI => Windows API, MFC
the Olectra Chart, which is made by — Graphics => Olectra Chart Graphics Package
K&H -- K&L7?-- K&H indudtries, which
basically runson NT and allows usto get
our graphicsup and running alittle faster
than doing it from scratch. All thecodeis
based in C and C-plus-plus.

—Code =>C, C++
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The system architectureis basically a
dient-server architecture, where what we S CS Systeln Architectllre
try to do is have the data acquisition

system be acquiring thedata. Intheold

days, on the VMSworld, everything * New System

occur_red on one box. The worry there — Client/Server Architecture

was, if you had an ambitious user of — Primary apps run on server (ACQ, Logger, Event
some type who brought up ten or 12 o)

times series plots and was doing alot of o , _

things on the system, you could affect — User access via PCs running NT 4.0/98

the acquidition processitsdf over time. — Remotely-run apps use own resources(memory,
Y ou really wanted to get away from that. CPU, etc...)

So dlient-server seemed to bethe way to
go.

In the current configuration, the
acquisition system basically acquiresall
thedata. It hastheahilitytodoall of the
display functions and rendering of graphs, but instead of having it be the primary source, it provides a thing we
call thedataserver. The data server is available to anyone on the network who sets up his PC, essentialy
makes a pipeinto the data server, and has the data automatically sent out to him. So all the applications run out
on thePCs. What we find that way isif you go to crash amachine, it's going to be some dient PC, and it'snot
going to be the onethat's doing the real work. So that's been a big thing.

I'll look at that again in a different way with the acquisition system. Y ou can seethe configuration filethat’s
critical to describe how these sensors are going to beinterfaced. Thelogging occurs, and the quality checking
occurs off of alog file. Sowerenot just looking at dataasit comesin; we want to make surethe datais
actually on thedisk. So we havethisprocessthat kind of follows behind acquisition, reads the data files, and
determines whether or not the dataiisthereand isvalid or not.

And then thereal-time display -- the real-time memory shareis basically where dl the dataisdumped. The
dient-server -- the data server basically provides all these applications out on the network on somebody’s PC.

We use two kinds of serid interface

devices, if you will, to acquire the data. SCS Data Collection
Thefirgt isthe Digi port server. These

are both made by Digi Data, or Digi e Dioi Port Servers
International, | guess, isits new name. 2

The port server basically hangs on the — Data passed on to acquisition workstation via network
network. It hasa TCPIP address. — Can place anywhere on ship where there is a network
Therésapiece of software you ingall in — 16 RJ45 ports per Server
NT, and then it hasits own protocol o Dio: 1 (s
o - p o
between that and the port server. Tothe Digi Acceleport PCI Serial Card
programmer or the coder, it basically — Data collected directly into ACQ workstation
looks like 16 COM ports, and you redly — Expandable to 64 RJ45 ports
don't know where they are on the net, but — Simple to set up

they're out there. — No known failures to date

— Disadv -> May require sensor rewirir

It has some inherent advantagesin that, if
you don't have alot of ability torun
wiring, you can just plug one of these
serversin there where your sensorsare -- plug them in and go. We have a so been doing the termina server
business asamethod of interfacing since 1989. Over the years, we've found, though, that if you put your entire
system out on the network, then the network becomes part of the complexity of the system, and then over time
that complexity will eventually bite you. It won't happen thefirst month or the second. It may not happen on a
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given ship. But with five or 9x ships out there, if you have everything dependent on the network, sometimes
you can get hit.

So the other method we useisthedirect connection method. And here you see what we call the black boxes,
which are basically 16 port interface devicesthat plug into the card directly insde the machine, and then werun
all of our sensor information directly into that. Soit diminates the network as a possble source of failure. But
both methods are available, and certainly in a small configuration, one port server and asmall PC get you up
and running.

Heré€'s just an example of that where, if you were on avessd that had anetwork connection to the bridge but it
didn't have any real wiring, and you didn’t want to run a 15-pair cable from the bridge down to the computer
room, you could plusthe port server in, interface whatever sensors you had there, maybe drop ancther port
server down in lab area, and then connect your computer on the network, and you'd be up and running. The
preferred method, like | said, isto put -- for permanent ingtallation -- isto put as many of the connectionsin
directly aspossible It limitsthe amount of complexity.

Our overall objectives of what wetry to do 4 <
with SCS is e of Usa. Over tho yeers, Overall ntSCS Advantages

we've condantly tried to makeit easer.

The graphicsinterface helped alot. And Easier to use

Windows NT, weve found, has been .

incredibly successful, and that usersthat Easier to manage

come out, they pop onto a PC, they log Easier to configure

onto Windows NT, and all of a sudden

they'reat home. They're familiar with a More stable

PC and its environment and how to make Easier user access to data

thingswork. Sowehavealot more .

interest in using this system because it's not Standard data end products (i.e. CD-ROM,
aforeign platform to them. Sothat’s been floppy, ZIP, JAZ, etc...)

agood thing.

Critical sensor data kept off the LAN

It'seasier to manage with NT in theway
we've configured the data sets. Thisability
here to be ableto interface new sensors without any code -- we've had people call usup and say, hey, | have
thislight sensor I'd liketo interface. | hear we can doit on your vessd. | would ask them questions-- basic
questions-- about what type of dataisit? They would say serial or NEMA. And I'd say, well, you should just
be ableto interfaceit. Wherésthe sensor now? We can check it for you. Well, it's on a barge heading to
Alaska. It'll betheretwo days before the system is-- the ship leaves. We've been successful with that, where
sensors arrive the day the ship leaves, be able to plusthem in, and actually be able to acquire the data from
them for thewhole cruise.

Stahility. The system’s been running now operationally for a year on the Ron Brown. We have had no failures
of ether hardware or software out there. It seemsto work well. Currently, we haveit on six vessds, and we
plan to put it on four more.

The user accessto the datais bascally through Microsoft Share. Soit's a PC-based system. But we also have
the ahility to usethe NFS capahilities, so UNIX boxes can map to those shares and be able to pull the data over.
All thedatais ASCII, soit transitions from system to system without any kind of problem. And then theend
products, I've aready mentioned, are CD ROMs.

Wetry to keep abackup of the critical data after it's been acquired. So we usethat backup system asa-- every
day we move the data from the primary acquisition system to the secondary, and we allow the users accessto
that data set as a Sandard way of getting tothedata. That way, there's a ways two backups on the system at a
time. You can tell I'm kind of paranoid about data.
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Thered-time plots bascally comein three varieties -- time series plots, where you can plot up to four sensor
valuesat atime. Thetrack line program, which can -- you can run your track line, aswdl as your coastline, as
well asyour satdliteinformation. We have two kinds of track line programs-- the one that’s built into the
system, and then we're also using ARC View and building it -- we have a Gl Strack line where -- we're just
garting in that world with the GIS, but we can upload and overlay satellite images, or if you've had some
contours of the bottom and you can get them into the right kind of file, you can upload the contours and

basi cally have your track linerun acrossthose layers. So we view the GI S as a growth area where more and
more of the data can be displayed and the GI'S environment become a good management tool and a good
information tool.

The event logger I'll show you when we do thelittle demo. This program hereiscalled the"send SCS
message.” It'sbagicaly the onethat allows you to send data out to other PCs. That can bedonein ether an
automatic method where it's updated -- you ask them to send you data or every second -- or polled, where
you've written an application to whereit'll go out and request data at a certain time during your -- whatever
acquisition you're doing on your PC or your box. So you would send acommand in to the sysem. The system
would then respond where the data was coll ected -- effectivey, a poor-man’s network; if you will, of sharing
information.

These arethe NOAA vessd sthat the SCS system is on. Some of them have been in the system since 1989/90
timeframe. Miller Freeman's on the SCS system from way back. A couple of our new vessds, the Gordon
Gunter and the Ronald H. Brown, are also running the WindowsNT. Y ou can seeit'samix of both
oceanography and fisheries vessdls, and vesselsthat do both.

NOAA Vessels with SCS

MILLER FREEMAN Fisheries (NE Pacitic/Alaska)

DAVID STAR JORDAN Fisheries and Oceanography (West Coast /
Tropical Pacific)

TOWNSEND CROMWELL Fisheries Mid-Pacific (Hawaiian Chain)

McARTHUR Fisheries and Oceanography (West Coast, U.S.)

KA'IMI MOANA Oceanography (Whole Pacific)

RONALD H. BROWN Oceanography (World’s Oceans)

ALBATROSS IV Fisheries (East Coast, U.S.)

DELAWARE II Fisheries (East Coast, U.S.)

OREGON 11 Fisheries (Gulf of Mexico/SE U.S)

GORDON GUNTER Fisheries (Gulf of Mexico/SE U.S

SCS is also installed in a van for rapid deployment on a charter vessel.

304



INMARTECH ’ 98 Proceedings

Because of the portability of it, we've also been abletoingall itin avan. NOAA getsinvolved in charters
where -- pretty rapid staging to go out for avessd and (unintdligible) pop the SCS system in and at least be
ableto collect afew sensor at atime.

| kind of madeit -- that part of the presentation pretty fast, and probably talked pretty fad, too -- theidea being
that I'd maybe give you a few examples of what the system lookslike. Thisiswhere Murphy may srike. This
islarge software, soit'shardtotell.

The program I'm bringing up now is called a configuration file editor. That's basicaly the program that -- well,
let me sop talking for aminute so | can concentrate.

That's basi cally the program that configures all the sensorsin the sysiem. Thisisanew program written by one
of my co-workers, Tom Stepka. It's object-oriented, and it uses all thelatest bells and whistlesin NT.

Y ou can seethere that the sensors are -- the ones with the plus Sgns are what we call "parent sensors.” Soa
Trimble GPS, you'd be describing what you wanted in the GGA message, and then you would maybe extract
out those particular pieces of information that you wanted to track separately in either logging separately or
being ableto display them separatdy. For the parent, you would fill in information dealing with
communications, what COM port it was on, its parity, how long the record was going to be, how it was
terminated, and what the sentence labd was. And SCS basically can handle any NEMA 183 format quite
eadly, or anything that even looks likea NEMA 183 by using this sentence labd to discriminate between

messages.

And then the amount of samplesyou want to keep in memory, which we call "history d ements,” the logging
rate -- we built some support files, aswell asthe primary parent files, one of these being thelab file. A labfile
isbasically, hey, | need aquick and dirty filethat | can plot easily to look at some of my data without waiting
ten minutesfor Windows NT to load in the megabytes of information. So we havethe ability to say, well, |
want you to decimate that by 30 so that it'sa smaller data set so | can get aquick look at the data.

We also have some other log data files that we call "compressed” which take critical pieces of information -- |
guessI'll move over here. 'Y ou would pick a piece of information you wanted and include it in the compressed
file. And then these small ASCII comma-delimited files would be available to the user right away. All that
information is sharable on the net so that you can look at the data effectively asit's being collected.

Sothe NEMA information isonetype. Theseare actually the large sensorsingtalled on the Miller Freeman
right now -- | just pulled itsfile up -- a variety of different kinds of sensors-- Ashtech 3DF (ph), EK500, depth
Sensors, gyros, barometers, thermosalinographs.

Intermsof CTD, in the early days of SCS, we used to actually have interfaces directly to SeaBird. Sowe
would do the same work that SeaSave isdoing in terms of acquiring the data. And we decided over timethat it
was much better to let subsystems do their thing, because subsystems work better, and they're supported by the
manufacturer directly. But we fet it was useful to everyone on the vessd to be ableto get sub-samples of that
information. Soin the case of CTD, we use one of those extra seria ports on the back, and we pull out asub-
sample every second, acquirethat data, and then, of course, that's available for display in graphics around the
vessd. It'sused alot when you're towing CTDs and you want to get them close to the bottom. Y ou can be
tracking on atime series two or three depth sensors on the bottom, and then watch your CTD come dosetothe
bottom, and then go back up.

In theworld of nets, when we were firg testing this technology, we'd watch the MOCNES net drag right
through asmall littlerisein the bathymetry. Wed draft it out, ran down to the fantail to find out, and sure
enough, everyone was unhappy because they tore the nets. But we were ecstati ¢ because we had proved that
they were going to tear thendt.

They weren't real happy with usthat day.
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So for sub-samples ADCP, we basically try to take the NEMA messagesthat areout. In the old days, we used
to work with getting the ensemble messagesin from the narrow bands, and building structures, and using them
in that way. But wevekind of fallen back from that, and fdlt that subsystems are appropriate and leave the data
on the subsystems and collect everything else. There's certainly enough available.

PARTICIPANT: How doesit work when you've got to interrogate an instrument in order to (indiscernible)?

MR. SHIELDS: A polled sensor? Yeah. Let'ssee. | have one of those here. They're becoming less frequent,
but they -- basically, theré's a sensor-type -- that’sa NEMA -- but basically theres a sensor type we call "palled
st serid." Oneof theitemsin the polled seria was the window down here called " command prompt.” You
plug in the command prompt and how often you want the data to be output, and then it shootsit out and getsthe
databack. That'scalled "polled serid."

PARTICIPANT: So how do you placeto analog -- things you analog -- outputs? Do you use something like
in-pattern (ph) module, or --

MR. SHIELDS: Right. We useadevicethat convertsit from analog to serial. It'seither apall device where
you would actualy go and request the information when you wanted it, or it would be onethat would just
gream information to you. Weaso cheat. R85 -- we use converters. BCD -- welll use convertersinto kind
of apall thing usng akinetic box or something. Wetry to keep everything in the serial world.

When wefirg started, we had A-to-D cards and dl those other things -- synchro cardsinsde the system. And
over time, werealized that smplicity isgood. It keepsthe system from breaking -- hardware and software. So
that's the configuration file.

We usethe stlandard menu. Soif thiswasaPC on the vessd, everyone on the vessd would basically get this
menu. And the menu would have-- is bas cally controlled with password controls. Soif you were just the
sandard user that wanted to look at some displays or times series, certain items on the menu would be blocked
out to you and you couldn't get to. If you were the manager, then you can go in and enter the appropriate
password, and the system would then be availableto do things like starting acquisition or stopping it.

We added voiceto this so that -- what typically happensisthis sysem runsall thetime. If you have an error
that would occur in one of the windows, you may not ook at it because you're not -- you know, theresalot of
other things going on on thevessd. Y ou'renot really paying attention to your seatemperaturesall thetime. So
when an error occurs or when the system detects a decoding problem, it would make a sound for you. Of
course, we havethese original sounds-- "Warning: Please have the EQ look at thisinformation. There may be
aproblem.” And what happensis, snce we madethem little audio files, peopleimmediatdy change those files
out, becausethey don't want those. They want thingslike, "Bud-weis-er."

So you get somereally unique sounds. But you St at the computer doing something, and all of a sudden the
computer gartstalking to you. Maybe you've had some rough westher, and your GPSisnot quite coming in as
well asit’s supposed to, and you'll get the computer start talking to you. Y ou can redlly freak people out if you
don't tell them about that until the error occurs.

So we've donethat, and we haven't added it or propagated it to alot of our other software, but werre hoping that
our data monitoring software will alsotalk. And it was quite smpleto do using threadsin NT. You could just
say, well, just launch that thread and go say some sounds, and leave me alone because I'm doing real work.

The acquisition system comes up and bad cally shows you what logging datais being acquired. These arethe
raw datafilesthat | mentioned. For each kind of sensor, therés a datafile that's creasted with atime samp. Any
messages would occur here.

Thisisour -- what we call our logger control. Basically, it liststhe raw data that’s being logged to the system.
I’m running this using a built-in sSmulation so that | don't have to have any sensors attached. 1t's one of the
tracesin the configuration. But the red lights mean I've never received data from this sensor. So I've never
really touched a file and logged anything. So that’s obvioudy a concern.
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The ydlow meansthat | have received data at some point, but in the last second, | didn’t receive any data from
the sensor. So things are probably okay, but make surethat | turn green at some point. And, of course, green
meansthat I'm a data-hungry sensor, and I’'m logging once a second, and I'm always acquiring data.

Therecord sze and the total number of bytes acquired islisted there, the free disk space, which doesn't look
quite like aright number, but is supposed to belisted up there so you can kind of monitor what'sgoing on in the
system asit acquires data.

So these are your bad ¢ displays that come up when acquisition starts. These are errorsthat occur because |
don't have any COM portsattached. I'll get rid of those. So abasic redl-timedisplay -- if | wantedtogoin

and -- | wasanew user but | wanted to track individual pieces of information, | could pick the -- you know,
latitude, longitude, maybe both lat-longs, the wind direction, sheer wind speed, pop 'em over into window, save
it as UNOLS, and then pop up to display, and find UNOL S, and up would comethe display. And of course
you could look at any pieces of information in the sysem. If they have an ID number, they can be displayed,
and you can customize these screens any way you want.

Thewhole system tries to use the samelook and fed that | just went through where you basically get alist of all
the 1D numbers, you sd ect the information you want, pop it over to theright, and then saveit asafile, and it
becomes a configuration file.

One of our programmers did something that we thought was really cool and decided to build gaugesinto the
system so that you now had the ability to look at gauges. It's just another way of rendering the information. It
comes basicaly in two types. It lookslike-- | don't know if that's atemperature sensor or not -- yeah. Soit’s
possibleto now build like & ectronic instrument panels, if you will, of some of the information you want.
Instead of looking at anumber -- you may not have time-- you can just look up and say, yeah, that's where the
wind's coming from, and makeit aslarge as you want.

The time series Suff is pretty sandard. It'sall using this Olectra Chart Graphics asthetool that we used to
buildit. Il just try to show you onereal quick if | can get onetowork. | think "demo” works. I'll givethat a
shot.

It'sgoing to plot two GPS sensors on the single curve. I'mtrying to go fast so | don't mess up on thetime here.

Let mego over and show you alittle bit about event logging, becausein some ways | find that that’s one of the
moreinteresting areas. Thisiscalled an event builder. So you come on the vessd, you go to do somekind of
experiment. You could be wanting to do -- you want to track that experiment whileit's underway. So you go
inand -- I'll pull one up that already exists. Y ou decidethat, | want to track this header information. So you
add information in there -- I'd like to know the serial number of the TSG, the CTD number. | want to beableto
track who the captain is, what the crew's 1D is, what kind of GPS sensors | have on board. And you plug all
thisinformation in the header, and when the event isrun, the user sees a presentation of this and has the ability
to either fill it in or verify that it's correct, depending whether you've madeit -- you'vefilled it in up front asa
default.

In addition, you can plug in these buttons. I'll go ahead and add a button called "helo." Y ou can makethe
button a modifiable repeating, meaning that -- you know, maybe you want to allow the user to only hit this
button onetime, or maybeit's an event that'll occur multipletime.

Then, of course, you log data. I'll just show you kind of what they look like. Similar to the same-- hours,
minutes and seconds, the amount of data that’s going to be logged, the name of thefile. And now you're events-
ready, basically. So you go off and run the event and be able to make these statements.

Well go ahead and savethis. No, can't think of any reason why | shouldn't. Still waiting for Murphy to strike.
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Okay. Sotheevent logger -- well go ahead and gart it. What you see are dl the eventsthat have been built
that are dready availableto you. And therés way too many here. It'sall the demaos and testing we've done.
We've been working with Brookhaven.

So go ahead and initialize the event. And thefirst thing you seeisthe presentation of the header. Now,
typically, you would go in and you would put al the information you could right up front at the beginning of
the cruise and haveit available, and you would seeit in a greyed-out fashion. But you'd also have the ahility to
modify it if you wanted to. It comesin both alist and ayes/no and atext-box thing. And you may have more
than 50 items. Thisparticular event isrun for usthat sends datato NODC at the end of every cruise. Sothat’'sa
Sparse data set that goesto NODC. Then NODC hasjust recently built the ingestion routine so that, as NOAA
vessd sfinish ther cruises, you'll be ableto start seeing small data sets on the web directly from NODC. There
won't be the whol e data set, but they'lll be small.

And then you hit START. And when you hit START, up comesthe event. All the metadata information is
written to afilesothat it'savailableto you. You can seel’'m likeanormal scientist. | ignore the metadata and
don't put anything in. Then the IDs -- the actua formats of the data files are listed so that you know what datal's
going to bein what file. And then asnapshot at the beginning -- all the data you decideto log is snapshots of
thefile. And now the event isrunning for 27 seconds, and | can goin and say, "Hdlo."

And theresthe default message | have. | could changethat messageif | wanted to. When | push the button, it
also getswritten to the file. So now I'm tracking whatever that event was. And that's kind of how the event
logger works. So I'll go ahead and d ose the event down. When you stop the event, the event stops, but you
have the ahility to go back and look at the information you plugged in, and you can still make an annotation
into thefile, but the event is effectively sopped.

Thered, green, yelow lightsarethe same. So when you're managing your events, you can see which one's
running.

The events can berun on the dient. So you don't haveto run down to the computer room, find the acquisition
machine, and run event logger. Y ou can run that out on your own PC. In order to grab the data for running
SCS on aPC that you bring on avessd, you smply drag in the SCS menu -- executable -- and map to a couple
of shares, and you're up and running, and everything runs off the client server. So you don't haveto have
anything polluting your system that you don't really need.

So | covered acquisition. Of course, therés an input manual data capability sothat, if all you want to doistype
some information into the system, it'll time-stamp it for you and log it to afile.

Under digplays, we've covered everything. We have the ability to do remote displays to small little VT
terminalsin various parts of the vessd if were not into PCs.

The quality processing was mogtly the plotting, as | mentioned, and the monitoring errors deal s with minding
theerrors.

Heresa program, again, that would just render you thelist of information so you can look at what information
you'relogging on thisvessd.

And that’s probably the fastest SCStalk I've ever given.
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E-Mail On WHOI Ships

James Akens
Woods Hole Oceanographic Ingitution

Widl, John Frietag gave atalk on the general sate of ship’s email sysemsin an earlier sesson on Monday. It
convinced meto change the focus of my talk today, becauseit appearsthat email adminidrationisarea sore
spot with most people. In fact, it's something that we don't even think about. | think we've got a good sol ution.
So I'm going to concentrate alittle bit more on that leve.

Thisisasmpleblock diagram (Figure 1). It'satotaly symmetrical system, based on RFC 822 UNIX mail,
operating on LINUX platforms. | started out on Solaris platforms, and ran it on Solarisfor alittle while, but |
had alot of minor problems, and so | abandoned Solaristotally asan email platform.

The only real difference between the ship and the shore ingtallations are the SendMail configurations. Were
using the sandard SendMail 8.85. Were up to 8.87 on shorenow. The ship Sde hasa special problem in that
therésno DNS, at least worldwide DNS-- domain name server -- system available on the ship. Sowehad to
get ahacked verson of SendMail. That, along with the SendMail configuration file, basically says, if the mail
isnot addressed to alocal host, ahost or auser on the ship, just passit off to our Cmail package. Other than
that, it'sreally sandard SendMail.

Weve defined anew mail agent on both ends, which istotally within the rules with SendMail. SendMail, if it
finds mail that it doesn't know how to dedl with, just passesit off to our Cmail package. Theentiresysemis
set up asabunch of queues. Each stage pushes mail along alittlefarther. Onceastageis completed, it then

de etesfilesfrom the queue. But rdiability wasabig issue, and so we don't ddete any files from any queues
until we've verified that the mail has arrived at the next step. That resultsin very occas onally duplicating mail,
but we don't lose mail. That's obvioudy more important.

When we actualy do amail exchange, al that happensisthat we exchange the contents of the outgoing queues.
This can happen with any method that we choose. We only uselow speed data on our ships. Wearenot yet
using high speed Inmarsat B. But the whole point isthat, from one system to the other, mail goes from the
outgoing queue to theincoming queue, and vice versa.
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Figurel
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This dovetails nicdy into SeaNet, and its notion of data pipes. When SeaNet is up and running, we actualy
expect toturn this part over to SeaNet. Well just gtick our dataiin adata pipe and be done with it. Easly the
biggest headaches of this system for usarethe COMSAT COMs. We often operateit in moderately high
latitudes, often 50 degrees north or more, where there's such alow horizon angle that we waste alot of time just
trying to get the mail through that one step. Everything eseworkswel. Soif we can turn that over toamore
automated process, well save alat of technician time.

Whoi Cmail user interfaces

synopsis.call [striker] [landlin€] [landlinel-4]
[sssg1] [comsat] [comsatl,2,b]
[sssg5] [cell] [cell1-3]
[remacc] [ptt] [ptt1-2]

[ip]
[-v] [-d] [-1] [-p alternate.pin.number]

Synopsis. collector[-v] [-d] Normally run ascron job
Synopsis. cmailfilter [-V] [-d] Called by collector
Synopsis. checknewdb [-V] [-d] Called by cmailfilter
Synopsis. deliver [-v] [-d] Called by call

Synopsis. newfilter [-V] [-d] Operator

Synopsis. mq [-a] Diagnostic called by operator
Synopsis: chill [-N [-9] Bill reporting program
Synopsis. msg Show status of hold directory
Synopsis. msghbill Client; show message stats

Synopsis: mailbill Client; show projected bill

Synopsis: td tail —f /var/log/debug
Synopsis: tm tail —f /var/log/maillog

Thisis, from an operator's point of view, such asmple system that therésno point in buildinga GUI. Thered
really be one button, and that'sit. The buttonis"call" -- thetop word here. Normally, the syntax is such that
you can just execute call , although we have four different hoststhat you can call. The principal host is Striker,
and that'swhere the mail normally lives. That's also where DNSdirectsall mail bound for the ships.

Therearefour different hoststo call but therés a default, usually striker. There are also four different waysto
call each hogt, but the default isusually comsat. The configuration file has all these options set up in advance,
and they're normally never touched. Y ou set them up when you s&t up aship, and that'sit. You set up the
default land line. You set up the default host. Soin fact, the operator, al hedoesistypecall." That'sredly
good.

If one of the modems go down, he might type "call SSSG1," or "call SSSG5." Thoseareal just different

machines that have modems. "Remacc” isthe WHOI modem pool. But they're actually on another campus. So
we're separated by an ethernet link there, aswell. We useremacc asalast resort.
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I'll get into billing later.
Collector isrun asacron job. The operator normally never seesthat.
"Cmailfilter" isthe actual filtering part of the process, and I'll talk about that more.

"Checknewdb" -- these are thingsthat are never run from the command line. "Ddiver" -- same way.
Checknewdb looks at cmail’ smail to seeif anew filter database hasarrived. Ddiver isrun at the end of each
mail transfer.

"Newfilter" isrun once a cruise. Thewhole mail system is based on the cycle of thesinglecruiseleg. It'shard
to know whereto start talking abouit it, so I'm going to Start at the end.

"MQ" isthe other diagnogtic that isused alot. It's somewhat analogousto the UNIX command "mailg,” which
shows you what'sin the normal SendMail queue. But "mq" shows you what's Sitting around in cmail's queue.
That onel usealot becausethat |ets you see how much mail you've got Sitting around waiting to go out. In
some cases, that'sthe criteriafor doing amail transfer, which are always initiated manually. Onceweget a
mail queue sizelarger than 50K or so, it'stimeto start thinking about doing amail transfer, because that
trandatesto several minutes of satdllite time. We have trouble maintaining a data connection much longer than
that reliably on areally consstent basis at high latitudes. Most of thetimeit works fine, but it doesn't always.

"Chill" isthe program that isrun at the end of the cruise cycle. It just tabulates dl the billing and mails a copy
to Barbara Martineau, where she hasto deal with thereal mess. "Chill" isalso used asthe bass for two
utilities, "mailbill" and "msghill," which are availableto al the users. Any user can type "mailbill" and see
what their current chargesare. They can type "msghill” and see aligt of time and length of all the messages that
have comein or out to them in casetheres ever any squabbles. In fact, there never have been so it hasn't been
an isue

I've got my lap-top, which | will usefor ademo to show you what happens. At the beginning of the cruise, the
root operator hasto run autility called "newcruise” 1t basically putsin motion all the steps for archiving that
particular cruisgsdata. This moves datato the archive directories and it cleans out the science accounts. That's
avery critical part of thisas far ascmail is concerned, and ultimately billing and accounting.

The most important thing isthat it zeras out the names for all the science accounts. One of the things about
filtering isthe way the filters are built automatically. But an entry isnot built if therés no namein the name
fidd of the password file. It'savery smpletrick. The reason that accounting works, is becausetherearealot
of slly trickslikethisthat, if you exploit them, you don't haveto think about things much.

I've got four different terminal screens. Oneisaroot operator, which | actually won't use. Oneis mysdlf,
Akens. That'sthetypica interfacethat a user would seetothe sysem. Oneiscmail, which isthe operator that
actually does the processng on the ship. And the other oneis Atlantis, which is meant to smulate what's going
on on shore.

So here we are sitting at the mail operator's console. Well execute"'mq”. "mq"* showsthetime. Thisiswhat
weliketo see. The queueisabsolutdy empty.

I'm going to run thefirst utility. Let's pretend thisisthe start of acruise. Well just run "newfilter." Sothisjust
greps through the password file. Thiswill create thefilethat will be sent to the remote machineto determine
whether or not anybody can get mail onto the ship. What it doesis go through the password file and look for
the users who satisfy certain criteriain the password file. 1t excludes everything with a user 1D be ow about 15,
which aredl the adminigrative accounts. There are afew othersthat are sdected or actually just chopped out
by hand because | know they'reinvalid.

Thefirg column isthe user name. The second column isthe diasthat's congtructed automatically. Aliasesare
kind of abig part of this. Thisisthestyleweuseat WHOI. An aiassisalways consructed with thefirst
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initial and last name of the user. What this meansisthat user Akens can get mail addressed to ether
"akens@atlantiswhoi.edu” or "jakens@atlantiswhoi.edu".

I’m going to stop for asecond. | forgot to mention that the other big part of thisthing is getting domain name
serving working. Thisisaproblem no matter what kind of mail system you have. But you've got to get it
working. Inour case, | choseto just usetheidea of the ship namein front of our ingtitutional name. That's
worked out well. Thewholegoal isthat if you know someone's name and you know the ship they're on, you
can very easly make up an addressthat will get mail to them. Becausel got tired of answering the phone and
saying, What's this person’s email address?

Sothisisapretty small filter. Thiskicksyou into VI. Everything, by the way, with the one exception of the
mail agent, iswrittenin Perl 5. Themail agent iswritten in C just because couldn’t quite figure out how to do
it in Perl three years ago when we didn't know much about Perl. Now it'd be easy to changeit, but therésno
point toiit.

So what happens here? Again, | ran thisdiagnostic called "newfilter.” Thisiswhat happens. For the operator’s
benefit, thisfilter will be written and mailed unlessyou interrupt it. 1 aso construct two aliases for the ship’s
purpose only, smply crew and science-- based on some very Smple criteria o that you can send mail to
"crew@atlantiswhoi.edu” or "science’ and so forth, and get it to them.

| built two separate alias data base called "dliases™ 1t'sin cmail’'s home directory --/user/local/cmail -- separate
from thenormal adiasfile The"diasescmail” isvery dynamic. It changes every time you run newfilter. The
other aliasfileisthe onethat you build on a sysem-wide levd, and that we don’t want to touch. That'sthe
reason | madetwo aiasfiles.

So now that thing has been presumably mailed off. If | type"mq,” what | seeare-- now in the "msgout”
subdirectory, therearetwo files. Thisis, again, sandard UNIX mail stuff. Every mail message has a contral
fileand adatafile I think of them as "cf" and "df" files. I'm not sureif "df* means"datafile" but that'sthe
way | think of it. The contrd fileisthe onethat’s actually used throughout the mail system. The onethat you
read isthedatafile Soit doesn't matter what the "df* says, it'swhat'sin the"cf" that counts. Thisisone of the
waysthat mail isspoofed. Y ou dter the"cf" and nobody ever seesthat. The"df" saysit came from someplace.
What the real mail message says has nothing to do with where the mail really came from.

Okay. I'm going to now pop over to ancother screen. Thisisthe screen for user Akens. What | should've shown
you earlier isthat, in thefilter, there was a number after the nameand theaias. That'sthe szethat you're
allowed to send per message. That defaultsto 10,000 characters. Everything, induding all these defaullts, are
st in agingle configuration file that onceingtalled on the ship, are never touched. So anormal user can send
10,000 bytes without any trouble.

I’'m going to just invoke alittle shortcut. So | just sent amail message off the ship, which was this 23,000-byte
file. 1f | comeup hereto cmail’ s screen, and again typein "mq’”, it shows thefilethat | just sent. It hasn't been
processed yet. Normally, what happens hereistherésa cron job that sweepsthesethings up every five
minutes. | disabled that just so it wouldn't surpriseme. So I'm going to run that program with the verbose
switch -- it'sextremey verbose -- and well see what happens.

Thelong and short of it hereisthe sender was okay. Akenswas on thelist, but the message wastoo big. What
happens over here, on akensscreen if | dolook at my mail, | get alittle message saying, "Try again.”
Essentialy, if you've got somemail that really hasto go through, all you haveto doisgo talk tothe tech and he
can edit the filter, and the mail will go through. | won't go through that. Just take my word for it that it'sredly
that smple.

At this point, even though | don't have a phoneline, | cantry to makeacall. Redlly dl I'm going to try to show
you hereisthat this system takes care of itsdlf. | don't have a phone plugged in, soit'sgoing to figure that out
herein aminute. Thispauseisjus so that the operator can verify the call destination before actually arting
thecall.
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Okay, it didn't get the "okay" string it expected from sending an initialization command to the modem. It just
quit -- the connect time, as cal culated by this program, was two seconds. Nothing was|ost however.

Therésthis busness of fudge factors. Our accounting isall based on two files, called "calls.dat”" and
"messages.dat.” Welog every call and every message, basically add it up and divideit at the end of acruise,
apportion to each user, and that'sthe bill. Theonly real problem in thisisthat thereisno real smpleway that |
know of to actually determinethe call time. All we can do is measure the time between when you Sarted the
call and when you finished thecall. But, in fact, asfar as COMSAT is concerned, there's 30 or 40 seconds
there-- you're not charged until the remote phone picks up. And there's no way to get that smply. Sol
invented thisthing called "fudge factors," which you cal culate by comparing connect times with cal culated
times. Thesefactorsarethen part of the configuration. Theresafudge factor for each type of call.

Let'sjust go down here. I'll show you -- now, thisis-- suddenly, we've jumped back tothe shore. Thisisan
account on theshore. | ran"mq" -- and "mq" here shows|ots of stuff which isnot good. All this"message
hold" suff are files that have been trapped by thefilter. We save them for aperiod of time, typically a week.
Theideathereisthat we natify the sender immediatdy, in asimilar fashion to the way we natified the user on
the ship, sothat if they've got some hig filethat they fed isredlly important, they can take some action. The
typical action isto send a short message to the ship saying, "Do something about this."

Cmail isdesigned to be adminigtered totally from the ship. It can be tweaked from shore, but in fact, | had no
interest in doing this. So the operator on the ship really has complete contral of it. And thiscontrol isall in the
filefilterdb, thefilter file. The shore side congtantly looks for anew filter.

We have anather little loopholein the system that allows any message less than a thousand bytesto go through
unchallenged. Thisisaway to establish communication of some sort, even if you've got the user nameall
wrong.

Any message that’s been trapped by thefilter shows up in the msghold directory, and you'll seethe last message
thereisamegabyte and ahalf. That's somebody trying to send a megabyte and a haf as an e-mail message.
That would cost many hundreds of dollars.

Thesmall onesthat you'll see, likethat 2345-byte, arefor auser that doesn't exist, or more often than naot, the
name's misspdled, or they were on a previous cruise, or something like that.

| will say that thisfiltering has made all the differencein theworld as far as keeping our cogtsin line. | initially
ressed theidea. Whenwedid it, | wasreally surprised to see how smoothly it makes things operate.

Soin the outgoing queuethereisafile. Thecollector processtakesthe "cf" and "df's" it tarsthem and ZIPs
them, or compresses them, and makesasingle file out of it. So each mail transfer isjust an exchange of a
snglefile unlessthe process hasfailed somewhere along theline. We just sweep the directories clean when
wedoamail transfer.

Sincel can't doareal mail transfer, I'm going to fakeit. All | did iscopy an old cmail fileinto theincoming
queue. Now if I type"mg," we should seethat filein theincoming queue. SoI'm going to run "ddiver,”
which isthe program that normally is executed aspart of acall. It'sthelast thing that is executed by the
program call.

Thisisarea mail file. | just pulled it out of thearchives. But in fact, al of themail in thisfileisaddressed to
userson the Atlantis. So every single one of these mail messagesisgoingtofail. | picked it for that reason, to
show you how the system works.

Normally, these programs run in the background and generate no output. All these programs have interactive
or averbose options so that you can see what’s going on if you chooseto run them manually.

Okay. Thevery fird messagefails, and theyreall going to fail. Thiswas addressed, in fact, to our tech, Dave
Simsat Atlantis. And what we have are three options here -- to view the message, postpone ddivery, or just
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ddeteit. That'sreally theway it works. I'm not going to bore you with this. We could go through the whole
list, but I'm just going to quit now.

Now, I'll show you ancther thing. If | run "mq" now, it's very unhappy. There's, in fact, enough information
thereto say that something’s probably really screwy. Well, what happened was| stopped the delivery process
inthemiddle. | can tart it up. The beauty of dl thisstuff is| can run "ddiver” again and it will pick up where
it left off for the very smple reason that the whol e structure of this programisto just deal with filesin a
subdirectory. Anything that'sin this subdirectory, thisiswhat happensto it.

It's proven to be pretty bulletproof. Y ou can interrupt virtually any processin the middle, which isnot
untypical on a ship, and the next time around, it'll realign itsdlf.

That'sredlly it as far asthe ddivery suff is concerned. 1'm going to again cheat and copy of pair of accounting
files: Theaccounting files here are basically empty. The fact that there have been no successful calls, it'sa
divide-by-zero problem at this point.

Soin order to show you what really happens, I'm going to copy apair of filesthat arered filesfrom acruise
that | was on about ayear ago so | can demondratethis. | was on the cruise; therefore, | show up in the data
base.

So now | will run the command mailbill; normally, thisisquick, but thisisatired old lap-top. Okay. | had 183
messages, 381,000 bytes, for acost of $63.71. The next command | will runis "msghill". Thefirst column
showsthe user id; the second column shows the user id number. Thethird column is UNIX time, which is
about asusdessas you can get if you'relooking at it. The fourth column shows whether the message camein
or out. Thefifth fiddisUNIX timetrandated to readabletime.

Thesefilesare usualy only read by the accounting programs, so | don't really worry about making them pretty.
Sothat'sit from the user'sside.

At this point, I'm going to run this chill program. This showsthat were down to an average cost of about 8,000
bytes per dollarsnow. Thisisthebill that goesto Barbara. And thisisthe breakout that she gets. Essentialy,
these 43-cent ones are not really worth collecting. In fact, | think perhapsthe threshold is somewhere around
$20 or more. If thehill isnot at least that big, it'snot worth callecting.

Sothat'shilling for us. Thisall happensin the background as part of the program newcruise.  Wetypicaly
send acopy of thishill to the captain and the SSSG tech so they can kind of keep an eye on what’s going on,
but without having to worry abouit it too much.

Thank you.

PARTICIPANT: | just wanted to know how much operator time was involved in sending the message in?
MR. AKENS: I'm sorry?

MR. WALDEN: She'sasking how much operator timeisinvolved in sending the messagein. By "operator
time," do you mean technician time?

PARTICIPANT: Yes, per day.

MR. AKENS: Oh, maybe a haf hour on the bigger ships where we tend to do about four transfers a day.
PARTICIPANT: Total, even with thelaunching?

MR. AKENS: Yeah. | mean, you'd St there -- we had very explicitly chosen not to make this an animated

process because of some horror stories we heard about satdllite -- you know, not logging off the satdlite
properly. Intheend of my call program, | verify three different waysthat were, in fact, logged off, and yet |
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ill don't trust it, becauseif you lose once, you're out $10,000 or more. Soit's just not worth trying to automate
it.

It's become something of asocial event, aswell, when the mail comesin. So thetechnician -- we aso print out
alist of mail mess- -- or recipients for the last 24 hours and post that afew placesaround the ship. Soit'salittle
ritual that the technician runs the mail, and then walks around the ship pogsting the messagein -- you know,
sometimes somebody hastold them, boy, I'd really -- you know, I'm expecting some mail, and | haven't gotten
it. Andif they get it, you can go find them, and that sort of thing.

PARTICIPANT: Sodll the connectsareinitiated from the ship?
MR. AKENS: Absolutely.
PARTICIPANT: And typically how many do you do aday?

MR. AKENS: Four. It'salso-- therésagreat economy in kegping the number of connections down, because
therés almost 45 secondstypically at the beginning of each call just to all ow the modemsto negotiate.

| can't wait until we go to high-gpeed B-data. We'revery close. | should've said that. | expect the cost to drop
at least by afactor of two as soon as we can get onto high speed B-data.

PARTICIPANT: Do you bill both ways?
MR. AKENS: Oh, absolutdy. We make no digtinction.
PARTICIPANT: Can you also send formatted files? Can you send like an Excd file or something?

MR. AKENS: Oh, yeah. Wedoit al thetime. Wejust doit asmail attachments. MIM is perfect for that. In
fact, that'sreally gotten to be the bulk of our traffic. The earlier meeting, John was saying he thought alot of
mail was personal. 1'd say the message count, that’s il true, that most of the number of messages are personal
mail. Butin fact, asfar asbyte-count is concerned, they're absolutely in the noise leved, because so many
peopl e are sending spreadshedts, executable files, you nameit. In fact, our port office has started to use thison
aregular basisto exchangetheir NTC -- their ship'sinventory and control program. Thosearebig filesand
they go every day. At thispoint, I'm very comfortable with thefact that all that Suff isreally subsidizing the
personal mail, and you can't even detect it on the map really.

PARTICIPANT: A couple of questions about the big file and how to deal with big files. Can you -- if
someone comes on the ship and says, you know, I'm going to be getting 150K JPGs every day, can you set their
user name so that it will allow those through?

MR. AKENS: Oh, certainly. Wecan. And what | didn't show you istheres an agterisk option in the number
column of the data base. They'realowed unlimited --

PARTICIPANT: In asdtuation where, for example, | send abig file, it gets bounced, and then | send alittle
message that says, "Please | et that big file go through,” the shipboard guy can -- seeing that queue on the land-
based machine, the shipboard guy can point at it and say, "Bring that over next time."

MR. AKENS: It'snot even that hard. You run newfilter again, sick an asterisk in that user’s column, do a mail
transfers so the newfilter getsto the shore-- | should'vetalked alittle bit about how the -- that’s done totally
automatically as part of the-- every timea cal isreceived, you look to seeif therésanew database. Andwe
do that with afew key wordsin the data base. So we scan, for instance, "user Atlantis” Atlantisnor Oceanis
arejust another user asfar asthat particular machineis concerned. Theyreadomain asfar asDNSis
concerned. But they're just auser asfar asthemail machine. Soif user Atlantis gets some new mail, welook,
if thetwo key words arein thefile, that's a new data base, and you useit, the mail goesout. So again, | said,
I’'m not interested in lifting afinger from the shore. And that --
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PARTICIPANT: And you get a-- and thereisalig of al the messages that have been rgjected and hed in
queue until thisship --

MR. AKENS: It'snot alist per se. It'sjust that it showsup in that thing "mq". And therésancther -- thereare
acouple of other utilities| run asweekly -- or daily chron jobs. You deeeal themail in the mail hold queue
that's longer than seven -- it'savariable, but we set it to seven days. Weaso, for reasons of privacy, we keep
copies of theincoming and outgoing tar files. But therésa chron job that runsthat ddetesthem after theyrea
week old. Wereredlly only interested in keeping them in case there was some screw-up somewhere aong the
line so we can resend them.

PARTICIPANT: Soyou do havealisting of the shore-based whole directory. So you could look at that on the
ship and say, "Hey, wait aminute."

MR. AKENS: No. The ship does not seethat.

PARTICIPANT: Okay.

MR. AKENS: Barbara

MS. MARTINEAU: In the case of the big filetransfers, though, before the cruise, generaly, well know who --
someoneis going to want to downl oad westher satdlite pictures (indiscernible) or something likethat. You
could be sure the accountant wants to know who's going to pay for it. And generally, thetech will email me
and say, So-and-so said they're going to downl oad this stuff every day. Have they made arrangementsfor
paying for this? Because we've had some chronic 3-, $4,000 users.

(Laughter.)

PARTICIPANT: When yourein range of the Canadian AMSET (ph), can you usethat rather than going
through INMARSAT?

MR. AKENS: Wejug don't have the hardware. Wed liketo, particularly on the OCEANUS, which ismostly
acoada ship, within the footprint of AMSAT, weld liketo get the hardware.

PARTICIPANT: It'sabout atenth as much -- it'sonly alittle over adadllar, little under adadllar; isn't it?
MR. AKENS: Yeah, | know. Wejust haven't gotten there yet.
MR. FINDLEY: Our INMARSAT ratesaren't ten dollars. They're considerably lower.

MR. AKENS: Yeah. Were getting them as much as -- through PTT, ancther carrier, | guess, isthe proper
term -- getting it for about $3.30 aminute &t this point.
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Direct Connection Network
Sensor I nterfaces

Richard Findley
University of Miami

[Editor’ sNote: Followingisatranscription of Rich’soral presentation.]

Wedl, I'm giving atalk on acouplethings. | really didn't know what | wastalking about until earlier when it
was described to me what | was giving my talk on. So I've been sort of editing it along the way. So it might be
alittlestrangein some places. But well sart it off and see what happens.

When youreinterfacing sensors-- analog sensors and things like that -- you really need to digitize right at the
source. RFisgoing to get in there and trash thingsup. Y ou're also going to have -- which means, actualy,
distributed measurement system. Y ou've got voltage dropsin RF.

Y ou want the system to be modular, because you don't want to have to shut the system down to replace
anything. Sometimes for your really highest accuracy, you want to calibrate the interface, which isgoing to
take the anal og sensor, and digitize it, and do them both together so that they're sort of aset. That's just sort of
like Dave Hosom was talking about, the original IMET concept whereit was a-- grab the whole thing and go
with it at once

Other requirements are high accuracy, high resolution, easy configured, and al the other sandard ones, like
reliable, year 2000 -- dun-dun-dun -- they're just -- | don't think we need to go into those. Everybody dse has
stated that we've got those sort of things.

Lovethose touch pads. Okay. Some of you from RV Tech might remember thistalk, because | gave sort of a
revised verson of it from last year. | got the same phone call that almost everybody e sedid from our friend
back in the UNOLS office and said, How about giving a presentation on something? | liked that one before, so
weredoing it again. Soif it seemsrepstitive, it is.

Wefound -- these little modules are called SmartLink. Some of these dides are from some of their advertising.
So they might seem alittle overbearing in someways. It was easy to usethem. | don't get anything out of it.
I’'m not a salesperson for them, but they're anicelittle module.

To maketheir graphicsline up with the way the modul€slaid out, it's sort of laid out backwards from right to
left. But you have your sensors, and signals coming in can handle things -- microvolts, femtoamps --
da-da-da -- you can read them aswell as| can. Thoseweredl signalsthat are brought in through some signal
conditioning, isolation. Then thereslocal processing for alimit, scaling, logging.

And then therésanetwork interface. Varioustypesareavailable. Thisisredly talking about usng RS232 --
I’'m sorry -- ethernet, and in particular, werrereally big on fiber optic ethernet.

Again, thisisthelist of the different typesavailable. The stuff that are grey aren't quite available yet, but | think
everything dseisavailable

So what'stypically done on the ship are these type of things. Everybody's mentioned them. Theresthe Keithly
Metrabyte (ph) modules out there, an Omega, or maybe IMET -- | would be alittle careful about saying low
accuracy dow speed there, but some variations on thistheme.

And you can read the vendor’s advertising on it there. Other things you'll see, thereés amultiplexer board in the

PC, or maybe some signal conditioning out there, and then ancther multiplexer back on the computer. Those
aretypically -- thislittle converter box at the top typically take the sensor signal and convert it to-- what isit?--
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four-to-20-milliamp current loop stuff. Again, all thewonderful reasons why you should use these sensors as
opposed to the.....

Our next solution isthe datalogger. Theseare pretty expensive. | don't think you see these too many times on
the ships, but maybe.

The nice thing about these modules, they're scalable. | mean, you can go ahead and hook it up to a port, which
| haveright here. Actudly, | hooked to an RS232 port because | sheered off my ethernet connection dangle
yesterday. That wasa-- don't you love dangles on laptops?

Anyway, so the next level up ishook it to an ethernet with asingle computer or internal LAN and interrogate
multi-ones (ph). But really what's most exciting for a shipboard application isthefinal one. Maybe you could
call that intranet -- wider. If Andy Maffel and the boys get their way, maybe it does mean internet-wide.

But if you could think about the top computer there being sort of your datalogger computer that's collecting the
dataand logging you on aregular basislike we aways do, and then think of the other computers as other
instruments needing the information on the ship, like ADCP or -- | don't know, whatever you want to pick --
that needsto know one of these other sensor inputs, it can interrogate it directly. Y ou're doing this at ethernet
gpead, so these things don't really bang into each other too often. Sothisisreally one of the main advantages of
these type of sensors.

Theréslike an example application. Theseare solar radiometers. Y ou put those up on thetop of your magt,
and you typically run the copper wiresright down by the radars and the radio -- thousand-watt linear radio
antennas, and proceed to measure those signals much more than you do these little microvolt signals coming
out of those

We put the interface in awaterproof box, run fiber right up toit, and some power, and interface them right up
thereat the sensors. 1t makesamajor differencein sgnal cal.

Thisisatypical sensor. ThisisaDC volt one. Theré'sothers. Y ou can sort of read through that. | don't know
that there's any reason for meto read it to you.

Again, some more specifications on these. They draw about five watts, and that’s in the ethernet modul es,
because what they have on them istherésan AUI interface on dl of them -- all the ethernet versions. Then you
plug alittle converter on it if you want twisted pair, fiber optic, or whichever. And it comes with the converter
when you order it.

Noaticethey are-- | don't know if it's here or on the other page-- but it'sa20-bit A-to-D. They can have various
configurations of the channdls. It'll do four-wire resistance, two-wire resstance, single-ended. And the number
of channes obvioudy varies as you gtart using up the number of pinsoniit.

Thisissort of ablock diagram of the system -- input multiplexers, some protection circuitry, a voltage
generation for driving -- for measuring resistance, some ranging A-to-D into the CPU, where dl kinds of things
aredonetoit, and then therésthe configurable network interface. And up on thetop, you'll seetherésalocal
interface, which isthe RS232, for configuring. And that’s the one I'm currently running on. It'sgot some status
LEDs. Down on the lower |eft there, you'll seetherésadigital output. There's two pins coming out for
controlling stuff.

Thisisthe specs on the accuracy. Four-wireresistance -- | don't know how you do 24-hour accuracy. | mean,
by thetime you get it in and out of the box or something, it'sdead. But it's pretty good right out of the box. |
think if you calibrateit asasensor, likeif you look at the four-wire resistance, you'll seeit’s 24 hours, .019
degreesC, or .13infiveyears. | mean, in our calibration schedule, weretypically doing onceayear. Sol
think we can hang in close to that 24-hour when we calibrate them together.
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These are the other modules available. Some of them are high-speed, likethefirst oneisahigh-speed bridge
modulethat runsat 33 kilohertz. 1t hasalittlelessbits. All themodulesarelikean 11 -- thefirst oneisan 11
and atwo. The 11 meansit'sasingle-channd unit, and the 12 meansit's a multiple-channd unit.

There's high-speed DC valts, precision DC valts, which is primarily what we're using, which isa 16- or 20-bit,
iso-precison isolateit, which can provide alittle more decoupling between signals, high-speed dynamic, which
provides power for accd erometers and thingslikethat -- onethat is particularly dedicated to platinum probes,
or onethat'sfor thermocouples, or ones for thermistors, and then therésalso a-- onethat hasabuilt in
temperature and humidity sensor. These are sort of what the layouts of thoselook like. I1t'sall the same
package. | just changed the softwarein them, really.

Thisisadynamic -- applications support it. | mean, you got a sensor, you got to get it somehow into your
computer. They supply driversand thingsfor programs like TestPoint, LabView, Lab Tech Notebook. You
can just work them with an RS232 -- terminal program if you're running through aterminal port. NEDAC --
you can do DDE linksto things like Excd, run them on visual Basic, and your standard programming language
for those that want to venture,

Thisisnot meant to be areadable dide, but it'll give you an idea of the type of the command structure and the
number of commands you can givetoit. I'll breek down into some more detail in the....

Thisthe syntax -- typical types of things you can choose. May not need the argument. Y ou can choose from
A, Bor C. Therésanorma response, avalid command, invalid command, command in process. They have
the ability to store-- if you need to do a burst on something, you can go ahead and store a couple-- depends
upon how many bits you want and how much other stuff you want to record -- a couple hundred or tens of
thousands of samples-- and then you can pull that average back out, or you can pull them all back out as
individuals.

Themogt important oneismeasure. Y ou say which channels you want to read and the number of readings you
want from them. If you do-- if you put a question mark after most of the commands, it'lll spit back al the
optionsfor it. Soit'sobvioudy afairly inteligent sensor out there all on its own.

Configurations -- some of these arelike -- theré's -- the first one€sfor an acceerometer. There's dewpoint
digital inputs, digital outputs, horsepower, humidity. The stuff in the lighter is supposed to come out in alater
revison. Some of that’s actually been done already.

Y ou can see for temperature down low in there, theréds RTD -- therés the 385 versions and the 3916 versions.

More configuration. Well run through these pretty -- you can filter with amoving average so that all these--
likethelast five or ten or 15 readings. Y ou can apply scaling in two different forms-- dope and offsst, and
gpans and zeros, use both at the sametime. Y ou can really confuse yourself sometimes.

You can st limits. You can tiethose limitsto the digital outputsif you want to sound a buzzer from them
directly. Y ou can pick up the minimum and the maximum out of a set of readings.

Scan -- you can go out there and gtart a scan, and store it to memory, and then pop them back out. Y ou can do
it alot faster if you storeit as hits, and then you can read it back out as callibrated data later. These provide
fully calibrated data with the information behind them. Throw aflow diagram on them, bring readingsin, you
measure and average them, then filter them.

Abovethat, the auto-calibration and the super M and super B arethe factory ingtalled dopeand biasonit. You
can cal them yoursdf. And then we go through some linearization and scaling to units. And then there's non-
linear for thermocoupl es and platinum probes, filtering, more scaling, limits checking, and finally some
gatistics on them. And then you can see where they can come back and go into memory and loop back and be
rescaled if they -- just in memory as binary data
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This hasto do with all the memory things. We don't need to go through this. I'm just sort of -- kind of give you
an idea of therichness of the....

Price. Thereyou go. They're obvioudy not cheap. When you get out in the ethernet end, they're a couple
thousand dollars. Now, if you're looking at multi-channd one and you're putting eight sgnalsinto that, you can
seethe price per channd isnot much different than we're paying for the current single input Metrabyte 485
Sensor -- sensor interface, | should say.

Livedemo. Let metdl you, alot of these things -- thisthing's running 98, and I'd never run some of these
thingson it. | started doing this on the plane over and in the room, and some of thishas not gone aswdl as one
would hope. But what the heck. So a program called Net Acquisition, which shipswith it -- you'vegot a
smple operation, you can usethisall by itsdf.

Sdect adevice or add anew device. Call it "test.” Sincel snapped off my connector, weredoing thisin
RS232, COM 1, 9600. It'll time-out after five seconds, and it'll try threetimes. It goes out, talksto the device,
and down hereisthe confirmation, and it’s pulled back all the serial numbers and things like that -- firmware.

Now I'm going to try to configure some of the channds. It went out and read what the channdsare -- are
available. Thislist will vary and the options on it will vary according to the module.

On channd one, | happen to have a two-wire platinum probe where | measure temperature. All that changed as
it read what the capability -- it'sa platinum probe-- 200 -- and it's a single-ended measurement. We could have
single-ended zero-compensated where it goes back and every oncein awhilere-zerositsdf -- four-wire -- four-
wires zero-compensated.

And you can seethat, as|'ve changed those, it'sall updated here. And well call this-- oh, let’s pretend it's
something real -- SSTEMP -- soit's sea-surface temperature. And it's -- changeit here, and you can seethat has
been configured, that channdl.

| didn’t want that one.

Thisisfor setting thetimeand date. If | goin there, hit that -- boom, it'll go back -- and if | wereto pull that
modul e up again -- the time's different because that wasthelast it read it becauseit just went through. But as
you can see now, thisis the computer cock running in the dear window, and the grey oneiswhat it read out
when | went back to look at thetime again. You can globally set all of them on the ethernet to the sametime.

Datafidds. When you ask for ameasurement, thisiswhat you can ask for it to put out in asingle messure-
ment -- just the reading with the units, the channel number, the channd tag, time, date. Soit will time samp
every measurement by itsef. So you can go out and s&t the c ocks once an hour, globally, and pull back al the
data, calibrateit, and time-stamp it.

Theseare units. Jugt to give you an idea -- temperature -- we can set thething so that it reports back in
something that makes sensein your world -- in degrees C, degree F or calvin.

This has to do with averaging readings across the whol e unit. Y ou can do that across the unit or you can doit in
an individual channd.

Thisisplotting filtersto each individual channd, setting up limits. Last timel clicked thisone, it crashed.
Look at that. Thisisfor setting up things like the number of digitsit reports for each of these things and the
functionsformats.

Thisisif you want to talk to thething directly. And you can seethat it read back thetemperature. Thisis
prized asredlly atroubleshooting tool or something likethat if you want to useit, but it does have some-- if we
wanted to read that channd -- ten times, 1'd say -- when it's connected to ethernet, thisisalittle snappier. And
then just for a-- makethat alittle down and dirty -- it has a plotting temperature on a pretty expanded scale. So
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it'sjust air temperature fluctuations out of that temperature sensor -- well, it adds five millidegrees between
divisons. Dropinacup of water, it'd settle out alittle bit, but ...

Sothat'sa pretty basic little tool you can use at any timeto configure one of themodules. That one hasn't
crashed too often on me.

ThisoneisaDDE server. Thisbascally goes out and places the -- requestsinformation from the modul e,
makesit available to other programs-- DDE clients -- direct data exchange dients-- on the computer. Therée's
also network versons of this. And thisisjust oneway of dealing with this. Thisisnot to say the only way for
sure

So we'regoing to call this"test" and the topic name isthe -- what the sensor will bereferred to asa DDE dient
later. Wehave our COM portsand everything sdected. That'svery nice. I'vegot it being polled twice. If |
don't crash it with this, I'll beimpressed.

| don't see how to get rid of a sensor, but okay, well see what happens next. Thereyou go. Now, heresthe
magic part when it always crashes. Boom. Okay. Got that far.

So now we're going to copy a DDE link to the clipboard. 1f you look at it, you'll see at the top there "MMagic,”
which isthe program running -- Measure Magic, the topic name, which isthe sensor itsdf at this point, and the
parlance of this Stuff is"tes," and theitem number nameis "measure,” and we want channel one. Notethat this
has someintelligence of what’s out there on that sensor, because it can measure -- take a measurement --
minimum, maximum, output, capture, time, beat (ph), and then -- you can get all kinds of different things out of
It.

So we're just going to take channel oneto kegp thissmple. Then well just open up Microsoft Excd. Well
pastitin thereasalivelink. You can see we're now putting it with an Excel spreadsheet in real time, and it’s
updating -- that's text, because | |eft the degree C attached toit. But if | pulled that off, | could'veputitin asa
number.

Another thing we can do iswe can bring up LabView. I'll just pick an example program they have, and well do
it dynamic data exchange. | had anice little demo on using tcpip and going to the sensor directly, but again,
oops. And thisisall on graphical user inter- -- graphical program. I'll show you how that works alittle bit, too.

So weve said, Pull things from the DDE client -- I'm sorry -- DDE server, Measure Magic. We want "test,”
which we've assigned to that sensor. And we want to measure channd one. And it hasn't blown up on us.
Let'ssee. Wevegot to change the temperature scal e alittle bit, and there we are, running, bringing that into a
dataacquisition program. And | can show you some of the-- how thisthing is congtructed.

Theseareall just littleicons you drag off of these pall ettes over here and plot them down. Y ou can therewas
the service, thetopic, theitem. Thesearejud littletext strings. Some of these are carried through because they
relate to everything.

So this opensthe DDE dient, requeststhe data for it, and doesit a close on it, some error checking, thislittle
wave chart. Youjust drop it right intothere. Thesearedl fairly smplethingsto do.

So you basically congtruct an entire shipboard datalogging system out of thesethings. That's our current --
were currently doing that on most of our ships. The hardest thing to deal with in these programs, oddly
enough, isthings like the GPS, where you have all these different strings coming out where they don't repest.
Like GLL (ph) will come out, and something e se, then something dse, and then a fourth item will come out
every ten minutes or something likethat. And people changing the number of digits of precision and
everything up on the bridge throws you every oncein awhile.

So actudly, it lookslike | got through al thoselivedemaos. Look. See? | got down to the bottom of that ligt.
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So the next thing is about fiber optics and why we use them on our ships. Floridaisarguably thelightning
capital of the world -- well, maybe-- but in Florida, lightning strikes down there are -- I'vejust sat therein the
shipin port and just watched lightning hit atree, hit a power pole, and strike the ground next to the ship within
15 minutes. So you redlly start thinking about thingslike, gee, I've got this GPS antenna sticking up way higher
on thismagt, and it's got this copper cable coming down, and it'shooked to the GPS. And then you've got this
RS232 copper cable coming from there, going into aserver, and then it's connected by copper to your computer
network. And you say, this could bereal exciting. Threedaysbeforeacruise, or three hours beforeacruise--
doesn't matter -- you'rejust -- everything will probably goif you redlly get a-- you know, if it hits you right.

So redlizing that glassfiber doesn't carry dectricity, we have sort of |eaned very heavily towards fiber optics for
our ships. The Seward Johnson (ph), which was one of the first ones we did start using fiber on had cad five
copper through it and fiber. We have just recently sarted putting instrumentation on the Edwin Link, ancther
Harbor Branch Oceanographic Ingtitute ship. That onewe did not run any copper networking at al. We
looked at what we could with fiber these days and said, forget it, it's not worth the aggravation. Well learn to
usefiber and do it for just about everything.

Obvioudy you can't avoid a couplethings. Moving asynchro signal around on fiber isalittletough. You
could probably digitizeit and undigitizeit, but | don't think that’swhat we want to do.

Thisisthefiber optic. Werealso doing a-- were working on a cruise ship where we're doing somethings.
Thisisthe network fiber map for that ship. Weve got two pieces of copper you can there between the
transducer pod and the oceanographic lab, and those are ADCP cables only. And theres some from one of the
magsthat wejugt didn't think it was worth thetrouble. That'sall the way up on the bow, and it was only about
al15-foot run. Sowedecided to just |eave some copper up there.

Thisisathousand-foot ship. You can't run thingsthisfar on copper. So you actualy haveto start worrying
about if you can run it thisfar on fiber. But you can seethe high fiber counts. These are 24 pairsto the oceano-
graphic lab, 24 pair tothe bridge. Thesearejust not networked. Thisiswhat, when were talking to the
shipyard, they didn't understand it. 1t's about $50,000 -- | mean, half amillion dollars worth of fiber in that
ship -- not thefiber itsdf, but [abor aone.

So | went through this -- the one module -- and these are cther things we were running on fiber optic things, and
I'll gointo alittle more detail on those.

Port servers. A couple of people have talked about port servers. Samething, except most of them have an
unshielded twisted pair interface. We just convert that to fiber, run it into the ship's network, goes down to the
data collection CPU.

GPSdigribution. Thisonegetsalittle strange, but we bring the GPS into a NEMA to RS232 converter.
They'refairly inexpensve. NEMA doesn't put out alegitimate RS232 signal. Every oncein awhile, werun
into aproblem with it. Wejust convert it to RS232 and forget it.

We convert that with an RS232 to fiber optic converter and shove that into the ship's fiber optic network. That
doesn't -- when | say "network” there, it'safiber network, but it isnot necessarily like an ethernet network. Itis
just afiber pair, or in this case, snce we're only going one way with the communications, we're only using a
singlefiber, the transmit fiber.

That jJumpsinto the network, comes back out into another converter, and it gets actually converted back to
copper again, whereit'sreally just plugged into an RS232 splitter. That's an eight-channd splitter. We convert
all those back. Thisisagain the star -- thingsthat were being talked about whereit all comesto a central place
and goes back out. Thisisactually repesated about four times. | think there's four GPSs on the ship. Typically,
one-- istherea pointer? Who had those pointers? Who was the magic guy with the pointers?

| keep pointing at the screen, and I'm -- it'salot clearer to me.
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So it comesin here, it comes back out this splitter, jumps back into the ship’s network, and then goes out to all
these dients. Soif we have four -- typically, well have four GPSs. Therestwo differential GPSs, theresthe
3-D GPS, and then sometimes therés a P-code on board. So &l those come down and get to -- are brought into
agplitter. Sowe havearack of four splitters, plus one spare, and in fact one of them were doubl e-splitting
because we need more than eight outputs.

So if somebody says, | need this GPS, or one of those GPSs dies, all we haveto do is change this connection
right here, or actually changeit back here, and we redistribute through the whol e ship again.

And then these are-- typically, when we say GPS dlients, there's the ones were normally using, and then some

scientist always comes along and says, | need GPS. Wedo it with one of these RS232 converters. They're sdf-
powered, run off the port, and there's never really much question about why his computer blew up -- you know,
like, Y ou connected that wire to my computer, and it doesn't work anymore. Again, it'shard to destroy a piece

of equipment through a piece of glass. | mean, maybeif -- apowerful enough laser a the other end, you might

doit, but | don't think weregonna. Sothisisarea argument-ender.

Thereisnointerference. Y ou don't have anything trashing up your sgnals.

ADCP over fiber. Again, it'sadeck unit -- 232-to-fiber converter, in and out of the network, back to copper,
and that convert is plugged into the CPU. Typically, well locate the deck units -- the ADCP deck unit very
closeto the transducers and convert. Well throw a network connection down there also and run a SmartLink
modul e down there measuring temperature, because bioscattering -- you need atemperature measured off of
that deck unit also.

The second version of this, if you're running one of those with a488. There are 488-to-fiber optic converters.
There are SCS-to-fiber optic converters. Y ou can put your disk drives down in the nicest place on the ship and
run SCSl out of your computer anywhere on the ship and hook up to those drives.

Web cameras. Therésacompany called Axisthat makesacamera. It'sablack and white one. It hasatwisted

pair output. Convert that to fiber, jump it in the network, and it has an http address. Y ou just put that into your

browser and you get a picture of what's on that camera. Y ou can have aweb server interrogate that on aregular
basisand build up little videos out of that thing.

Web camerastwo. Theresancther onethat’sa-- hasafour-input, and it can handle external cameras, color or
black and white, and again, the same -- well, that'swrong. That's UTP-to-fiber in the same sort of arrangement.

The other thing you can do hereisactually take a-- |et's say you have a computer up on the bridge, and you
want to get the diplay from that computer down to somebody’s stateroom. Let'ssayit'saradar. You could
convert the 15-pin cablein the back, put a splitter on that, send it in to the same sort of box that people use for
these presentations, and convert it into video, plug the video into here. That hasan IP address. Somebody can
be down in there room with a browser, and asthat updates, he can set the browser to update that. They can take
snapshoats of theradar on the bridge. Somebody can walk in and say, | want to do thisin 15 minutes from now,
and you can accomplish this-- most of thetime.

Obvioudy, wetaked about SmartLink sensors. That wasthe beginning of thetalk. That ishow they fit into
thewhalething.

That'sall I'vegot.

PARTICIPANT: SmartLink, doesit expose a tcpip socket so you can actually get to the sensor and read it over
the network, or --

MR. FINDLEY: It'san IP address.

PARTICIPANT: Okay. But, | mean, how do you actually get to the actual sensor? Do you use a socket?-- a
send/receive socket?
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MR. FINDLEY: Yesh.

PARTICIPANT: Okay. Soyou don't haveto use one of those applicationsto --
MR. FINDLEY: Nope.

PARTICIPANT: Okay.

MR. FINDLEY: Anybody else?

PARTICIPANT: Splicing. Since wereall familiar with soldering, what tools do you use for plicing when
you get breaks?

MR. FINDLEY: Bresk? It doesn't break.
(Laughter.)

I mean, you don't splice-- well, typically, you don't splicefiber optic. 1 mean, it doesn't break -- | mean, if it's
ingtalled properly in the ship, you know, it runsfrom point A to point B. Somebody may drive a screw through
it or something like --

PARTICIPANT: No, I'm not -- not theend -- or let’'s say you have to make a break somewhere at onetime.
Can you bresk off your (indiscernible) connector?

MR. FINDLEY: Basicaly, youterminateit and put abarrd in it -- isthe easiest way to fidd-dedl with that
type of problem. Y ou can splicethem, but that's not -- | mean, you just put a connector on there-- on it -- put a
connector on the other half, and run them together. Y ou can put atermination on the end of afiber in about an
hour. It's not something you want to do on aregular basis. Say you want to lay 50 percent fiber isdark (s¢).
All of us have run wiresthrough the ship, and you sit there and say, Oh, I'll never useal these. And later,
you're running ancther 50 pair. Y ou know, it's the same sort of thing.
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WOCE Style CTD Operations

Frank Delahoyde
Scripps Institution of Oceanography

[Editor’s Note: Thefollowing isa transcription of Frank’soral presentation.]

Hello. My nameis Frank Delahoyde, and | work for the Oceanographic Data Facility hereat Scripps. The
Oceanographic Data Facility is sometimes known as ODF, and it isin the business of making hydrographic
measurements.

I'd liketo talk to you today about ODF's involvement with the World Ocean Circulation Experiment, which
we will shorten to WOCE, and about our CTD data collection and processing methodology. This talk will
probably contain alot of acronyms.

Thispictureisa salinity section from CTD data collected during one of the WOCE sections. You'll notice
that the cruise name has been obliterated because the data, at thistime, was still proprietary, and thereisno
dataon it either. But thisisa deep section, and it covers approximately 70 stations or so of our final data
product. Thisisgenerated shipboard, and thisisindicative of the level and quality of data that we routinely
produce on a shipboard basis for WOCE expeditions.

The World Ocean Circulation Experiment, or WOCE, includes the WOCE Hydrographic Program, or
WHP, aglobal hydrographic survey that map the world ocean at unprecedented sampling densities. This
program isinternational in scope and includes about 22 participating countries, including the U.S. and the
United Kingdom and New Zealand and Australia. The WHP surveys ran from 1990 to 1998. The data
center and office of the WHP is still very much active and is here at Scripps.

The major goa of the WHP is to construct a global high resolution CTD hydrographic and tracer data set of
uniform composition and highest quality. To this end, the WHP have had to ensure that the data collected
by different groups and at different times were comparable, and that all measurements are consistently of
the highest achievable standards.

Thishas been done by setting standards for the overall precision and accuracy of hydrographic
measurements by recommending standard methods and techniques to be used for data collection,
processing and recording, and by requiring complete documentation of the work actually performed.

ODF has participated in some 28 WOCE cruises. Our responsibilities have usually included providing,
operating and maintaining the water sampling and CTD hardware, providing equipment and techniquesto
make salinity, dissolved oxygen and nutrient measurements, and providing equipment and technicians for
data processing.

The WOCE requirements for CTD data accuracy and precision include three decibar accuracy and haf a
decibar precision for pressure, two millidegree accuracy and half a millidegree precision for temperature,
.002 practical salinity units accuracy, and .001 practical salinity units precision for salinity, and one percent
of full scale reproducability and precision for dissolved oxygen, which typically means about .05 milliliters
per liter.

Achieving thislevel of data quality requires careful attention to detail. Any aspect of the seagoing data
collection operation that affects the traceability of instrument response to calibration standards affects the
measurement accuracy. Maintaining thislevel of data quality requires careful planning and adequate
backup instrumentation. Shipboard data processing is essential to quickly diagnosing and resolving
problems that affect data quality.
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Sustaining this capahility requires techniques and methodol ogies that encompass both shipboard data
collection and processing operations, and shore-based support. Some of the key technical issues that
should be addressed include:

Selection of CTD ingtrumentation and appropriate calibration and maintenance procedures: It’s essential
that you know how the sensorsrespond and how to keep them operating that way.

Sampler system deployment and maintenance methods: Check samples are necessary for calibrating CTD
salinity and dissolved oxygen. Good check samples and CTD comparison data are required.

Provision for appropriate levels of system redundancy and backup capability: If equipment islost or
damaged, it is essentia to quickly get back to the program.

CTD data acquisition and processing methodol ogies and shipboard data processing and quality control: It
isessential that the CTD data quality be assessed as the data are collected. Data problems can't be allowed
to go unresolved.

ODF uses Neil Brown Mark I11 CTDs for WOCE operations. This has been a pragmatic choice based on
our experience with the instrument and sensors. And we also have used SeaBird and FSI CTDs, but haven't
had as much experience with these instruments.

We maintain our own calibration facility for pressure and temperature sensors. The CTD pressure and
temperature sensors that we use are sufficiently stable that we calibrate a CTD immediately before and
after acruise. Pressure sensors are calibrated to a Ruska piston gauge pressure reference in atemperature-
controlled bath. Temperature sensors are calibrated to an NBIS -- that's a Neil Brown Instruments --
resistance bridge with a Rosemount standard PRT.

Actually, I'm not sureif we're fill using the NBI S resistance bridge for temperature.
ODF STAFF MEMBER: Weare.
MR. DELAHOYDE: Arewe? Okay, we are.

Conductivity sensors are not as stable as pressure or temperature sensors and are a so subject to fouling and
contamination problems. For these reasons, CTD conductivity is calibrated to salinity check samples taken
during the CTD upcast. The precision and accuracy of the CTD salinity data depend on the precision and
accuracy of these check sample data

Dissolved oxygen sensors are also not very stable and are calibrated to check samples. Again, check
sample precision and accuracy determinesthe CTD dissolved oxygen data precision and accuracy.

We deploy two temperature sensors on an instrument for reliability, and most recently have had redundant
conductivity sensors, aswell. We have used various temperature transfer standards as cross-checks, and
currently use a SeaBird SBE35 temperature reference. This device isinternally recording and connects
directly to the pylon on the underwater package. It records the temperature each timea bottleis closed. So
this gives us three temperatures on the underwater package that we can use for cross-calibration purposes,
ensuring that temperature, if it has changed, hopefully all three don't changein different ways at the same
time.

We have made some modificationsto our CTDs. We've revised the pressure and salt oxygen sensor
mounts. The pressure sensor isinsulated and not directly connected to the end cap to reduce dynamic
thermal response effects. The pressure sensor temperature signal has been disabled. We have a separate
sensor holder for dissolved oxygen so that sensors are more easily replaced. We a so designed our own
sensor interface for dissolved oxygen. We provide an e apsed time channel and power supply voltages so
that some operational characteristics of the instrument can be monitored better.
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Standard CTD maintenance procedures at sea include soaking the conductivity and dissolved oxygen
sensorsin distilled water or saltwater when there's danger of freezing sensors between casts, and protecting
the CTD from exposure to direct sunlight or wind to maintain and equilibrated internal temperature. Any
extraordinary maintenance to an instrument is documented.

ODF designed and built a 36-sample, ten-liter rosette system for WOCE. A SeaBird SBE32 pylon
currently serves for tripping samples. The CTD and auxiliary sensors arelocated at the bottom of the
rosette. This packageis deployed from a.322 inch conducting wire, providing for real-time CTD data
acquisition and interactive sampling. An atimeter on the package typically provides distance above the
bottom in a CTD data stream. A pinger isalso used in conjunction with the shipboard 12-kilohertz PDR as
an additional safeguard. This packageisroutinely used to sample within ten meters of the bottom.

The shipboard deployment and retrieval of this package requires a coordinated deck team. Air tuggersare
typically used to stabilize the package during recovery. A complete examination of the sampler precedes
and follows every cast. Bottles on the rosette are maintained daily to ensure proper closure and sealing.
O-rings are changed as necessary, and valves are inspected for leaks. Any problems discovered during
these regular inspections or during water sampling are documented.

On WOCE cruises, we attempt to provide redundant backup for all key systems. Thisincludes complete
duplication of the underwater package, rosette system, CTD, and underwater electronics. We also provide
spares for key shipboard systems, sampler electronics, CTD deck unit, CTD data acquisition computer, and
andytical equipment such as salinometers.

ODF CTD data collection and processing methodol ogy attempts to perform as much processing as possible
at sea. Although CTD data cannot be considered final until post-cruise sensor calibrations have been
examined, near-final data can routinely be made available at seawith some confidence limits placed on
how stable the sensors have been.

Thereisapragmatic Sde to ODF's methodology. Our CTD processors are also seagoing technicians.
Much of the business of CTD processing is bookkeeping and documentation. If this happens at sea when
the problems occur, much time and effort are saved. More attention can be given to data quality
assessment.

ODF's CTD data acquisition and processing system runs on Sun computer workstations. The CTD and
hydrographic data processing software that we use at seaisidentical to what we use on shore. Our shore-
based systems simply have more disk space and memory. We normally use two or three shipboard systems
that are networked together. One of these systems serves as the CTD dataacquisition console, and is also
used for interactively closing bottles on therosette. Another of these systems serves as ahydrographic data
management system. The data are transparently available on al of the systems.

A VCR is used to make an analog backup of the CTD signal, a secondary backup that must bereplayed in
red timein the unlikely event that it must be used. One or more color inkjet printers are provided on the
network for a color hard copy from any workstation.

Thereal-time CTD data acquisition system is also the processing system. Calibration data, sensor response
models and filters are applied during the cast, and the data are filtered to atwo-hertz time series. These
data are available for interactive and hard-copy plots and displays during the cast. Both the raw and the
processed time series CTD dataare stored on disk. Bottle tripsareinitiated by the console operator,
confirmed by the underwater package, and detected by the acquisition software.

At the end of the deployment, various calibration and consistency checks are performed. The CTD data
associated with each sample trip are entered into the hydrographic database. Standard hard copy reports
and plots are generated to serve asareference and as an additional data quality check. A two-decibar
pressure series of the downcast is created, which is subsequently used for the shipboard datareports, plots
and data distribution.
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Since CTD conductivity and dissolved oxygen are calibrated to check samples, variability and errorsin the
bottle data must be identified and not allowed to bias comparisons. Large gradients exist in the thermocline
and can result in large differences between the CTD and check sample. Good techniques and
documentation for every bottle analysisis an essentia tool for accurate CTD calibration.

The CTD conductivity sensor calibration involves fitting conductivity differences to conductivity from one
or more rosette cast to determine a calibration correction, then to determine when or if the calibration has
changed. The stability of CTD conductivity sensors varies from sensor to sensor and can be affected by
environmental factors such as freezing conditions or extreme heat.

The CTD conductivity calibration processisiterative and isrefined by examining potential temperature
salinity overlays from successive CTD casts and by comparisonswith historical data. The CTD dissolved
oxygen sensor calibration is somewhat simpler than the conductivity calibration in that the sensor isless
stable and mugt, therefore, be fit cast-by-cast to check samples.

There are a number of problems with the response characteristics of this sensor, the major ones being a
secondary thermal response and sensitivity to profiling velocity. Since we don't control the flow across the
sensor by pumping, we can't directly calibrate the sensor check sample data. Instead, downcast CTD
dissolved oxygen data are derived by matching the upcast bottle trips along isopycnal surfaces.

Differences between CTD dissolved oxygen modeled from these derived values and check samples are then
minimized using anon-linear least squares fitting procedure. The differences can be selectively weighted,
and are normally conversaly weighted by maximum pressure.

Additiona filtering is occasionally required for CTD data, particularly conductivity and dissolved oxygen,
as both sensors are subject to fouling. Any filtering that is performed on a data set is carefully documented.
WOCE CTD data sets have quality flags identifying filtered values for every level.

The WOCE rosette, because of its size and lack of streamlining, has a noticeable wake that can affect the
CTD data. We mount the CTD on the bottom of the rosette for thisreason. Normally, the ship’s motion
transmitted to the package breaks up thiswake. But under certain conditions, such as deploymentsin the
ice, the effect issignificant. At bottle stops, the weight catches up with the package, resulting in anomal ous
CTD temperatures and conductivitiesin high gradient regions. This effect is minimized by carefully
examining the CTD temperature for stability at each stop before closing the bottle.

Thistop illusration isa CTD downcast and upcast. Thisistimeseriesdata. Thered is the downcast; the
blueis the upcast. These bottom two points are bottle stops. The bottom illustration is the same data, the
bottom two bottle stops, blown up and thought of as a function of elapsed time. The black line on this plot
ispressure. So you can see when the pressure becomes constant, the bottle stop is occurring. And you can
see the variability occurring over the temperature channel and contaminating the CTD data until the
package begins being raised once again.

The final CTD data processing stepsinclude calibrated data checks and comparisons, aswell as comparison
to other historical data sets. Thisisjust a sample shipboard blowup of calibrated CTD salinity for a series
of stationsthat are delineated at the side of the plot. If you notice the scale at the bottom, thisis afairly
extreme blowup.

We routinely provide complete documentation describing all methods and procedures used on a cruise,
together with the prdiminary CTD data, at the end of a cruiseleg. Thisincludes a shipboard CTD data
processing summary and calibration reports on CTD conductivity and dissol ved oxygen.

Thisisan excerpt from one of our reports. At thetop ispart of the calibration summary on CTD dissolved

oxygen. At the bottom isa description of our numerical methods associated with our model for converted
CTD dissolved oxygen to engineering units.
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ODF CTD data collection and processing methodol ogy continues to evolve as better ingruments,
equipment and processing a gorithms become available. Key to our success with WOCE has been putting
our resources to work at seain integrated CTD and hydrographic data processing with data collection. The
result has been an improved data product.

Thank you.
(Applause.)

MR. SUTHERLAND: We have time for one question if anyone wants to ask about WOCE in specific.
MR. DELAHOYDE: Sure.
MR. AMOS: When you do pre- and post-calibration of your conductivity sensor, for example --

MR. DELAHOYDE: Okay. Wedon't. With the Neil Brown, we do a pre- and post-cruise temperature and
pressure calibration.

MR. AMOS: | see.

MR. DELAHOYDE: But theinternd field three-centimeter cell on the Neil Brown isnot really stable
enough to warrant a pre- and post-cruise calibration with any hope of sustaining that calibration over the
course of time of a WOCE leg.

MR. AMOS: Weéll, then | could direct my question to, say, temperature.

MR. DELAHOYDE: Sure.

MR. AMOS: Do you then -- after you've done all this on-board processing, do you then -- when you've got
to a post-cruise calibration, do you then take these to endpoints and apply some linear or non-linear --

MR. DELAHOYDE: We may. Generally, we have enough information. Certainly, we have typically
three temperature sensors on therosette. Assuming that we have a stable conductivity calibration, we know
the pressure hasn't changed. So, typically, we don't have to go through and attempt to interpolate either
pressure or temperature corrections over the course of the cruise. If thereisacalibration shift, it's usually
quite apparent in the data exactly when and whereit's taken place, and we're able to adjust for it.
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Sea-Bird 911 CTD Operations

Krigin Sanborn
Scripps Ingtitution of Oceanography

[Editor’s Note: Thefollowing isa transcription of Kristin’soral presentation.]

MR. SUTHERLAND: A couple of year ago, when the Navy Oceanographic Office decided to use UNOLS
vessels to start doing some coastal surveys across the U.S., they came to ODF because of its excellent track
record in doing CTD, and in particular WOCE operations, and asked us to become involved in the data
processing of the CTD data that was collected on those NAV-O cruises.

The next presenter is going to be Kristen Sanborn. She'sgoing to tell about the trials and tribulations we
had gaining experience with Sea-Bird CTD data collection and processing.

MS. SANBORN: Like Woody said, I'm part of the Shipboard Technical Support group here at Scripps
Ingtitution of Oceanography. We have been contracted to help out on the processing of the NAV-O CTD
data. We started this -- or the NAV-O started thisin the beginning of 1997, and we have acquired 3500 --
approximately 3500 -- CTD dationsto date. The data was collected on four ships. Three of them were on
the East Coast -- Cape Henlopen, Cape Hatteras, Pelican, and here on the West Coast, the New Horizon.

The data acquisition included pressure, temperature, conductivity and light transmissivity. The sampling
was to -- and alot of the waters was no deeper than ten meters. The maximum sampling was no further
than 1,000 meters.

For our group, thiswas very different. Wefelt that this was a great opportunity for our group to gain
experience with the Sea-Bird data. We had visited the web page. We had CTDs of our own that we loaned
out to the oceanographic community; however, we were always told that they didn’t need a data processor.
Everything was easy enough they could take care of it themselves.

As Frank has suggested, we have gone out on expeditions with Mark I11s, with the FSIs, with the Sea-
Birds, but we'd never really made afinal result on which instrument we would liketo go with. Our boss
decided that we were going to start learning about Sea-Bird CTDs. Wetook on this project and are having
agreat timewith it. Really. Honest.

(Laughter.)

Itis. It'sreally nice.

However, with the Sea-Birds, there were some things that Sea-Bird was saying that we didn’'t completely
agree with. They had claimed that calibrations didn’t need to be done pre- and post-cruise. We took our
experience with Neil Browns and we decided we want to see a pre- and a post-cruise calibration on
everything that we go out with. We have a calibration facility in our department. We've picked up many
sensors from alot of different organizations all over the world and have seen theresults. We have seen
how people treat their sensors. And we felt that, if this calibration were done, depending on the reports that
we heard about Sea-Bird and the dealings that we had with them, that if there was any problem with the
sensors, Sea-Bird would let the people know they had a problem, and they'd fix the sensors. So our people
would return with data that we were fairly confident was -- we were able to get good numbers out of.

Salinity check samples. We also, based on our experience with the deep ocean water, we felt that check
samples -- salinity check samples -- would also help with coming up with agood data set. Again, keep in
mind thisis coastal water. They're on the beach. They're on the beach. These guys are on the beach,
especially compared to someone that’s used to deep ocean water.
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The changesthat -- another change that we had made to Sea-Bird's method of data acquisitions, that we
decided that we would like the data acquisition to start on deck. With the Neil Browns, we wanted to see
when the sensor went into the water, if there was any kind of a pressure effect. So we decided that thisis
what we want to do with the Sea-Birds, too. It was our experience with the Neil Browns, so we're going to
takeit into the Sea-Birds.

We found alot of reluctance from alot of people to do this because thiswasn't in the Sea-Bird’'s manual to
do it thisway; however, we were able to review the offsets in the pressure. We also had information on on-
deck readings which were necessary for calibration of the transmissometer data. We also ran into alot of
trouble because of starting the acquisition on deck, because we were not rewriting any of the Sea-Bird
programs. We were using exactly what came with their package.

The data acquisition on deck was not easily removed through the Sea-Bird software. There isan option for
it to start -- to keep the -- to convert the original dataand eliminate these on-deck readings or anything else
that you want from the beginning of the cast, but it was kind of a difficult endeavor. What we started out
with was using the program and scanning through the data looking for a pump status, which is just another
variable in their programs. And we then also had to watch for the conductivity when it went from zero,
which iswhat you get before the water is pumped through the cell. And we had to also look at this tabular
data when the cast actualy started down, because what we found, these --

By the way, if you're not familiar with these ships, they're also kind of small. They're 20 to 51 meters and
closetowaters. They're kind of rough, kind of bouncy. Some of our more seasoned technicians made their
reports back and said to make sure to take your dramamine with you.

So in the deployment, the people on deck were taking the CTD and the package further down the water
column -- five meters, and they're aimost to the bottom. So thisalso caused a problem in the programs --
not all the time, but sometimes -- because the technicians sarted the data acquisition -- they went down to
the five meters, and then they came back up to the surface, and we found that the program that takes out
roll -- the ship’srole -- was eliminating not only coming down to the five meters where they stopped to wait
for the pumps to come on, but as they went back up, it took out all of that and then back down. | mean, in
five meters, you know, evidently thiswas -- the software was looking for that kind of roll in the ship, and
thisis where we're starting the pumps to come on.

So we have a -- there’'s a support staff at our facility. One of our e ectronic technicians wrote a program for
us to pick out that beginning scan number. It took us a whileto come out with the correct equationsin
order to do that, because the data acquisition wasn't always started at the same place. We also found that, if
we found a problem in the data, that, yes, it would, in fact, show up in modulo air counts.

| hope all of you are kind of familiar with the Sea-Bird data acquisition. If you're not, they have a
wonderful web site. They have great documentation. | don't want to tell al of you that they have aterific
support team, because then if | need help, Andy -- Andy Hurd from Sea-Bird -- may be on the phone with
you. But they do. They are very cooperative. They are very receptive to any of our questions, any of our
suggestions. | just think the world of Sea-Bird. | think that in itself isrealy good for us.

The tabulation of the modulo word errors, thisisreally -- we found thisto be very helpful, and as a matter
of fact, the gentleman that wrote this program passed this on to Sea-Bird. It givesyou alot of information
about each and every cast. Thismodulo word error usually is an indication in the Sea-Bird data that you've
had some kind of a problem. Now, the problems that can occur are usually because of telemetry -- you
have some kind of dip-ring problem, there’'s some kind of noise from your winch, the interface from your
deck unit to your computer -- you have a problem there. The problem is diagnosed in this modulo word
error. It's great.

We also had in place some tabulation of bottle data versusthe CTD conductivity differences. And as| said,
we have a program that gets this beginning scan number for us. So we've now eliminated all of the
problems for the Sea-Bird software that we caused by starting our data acquisition on deck. We found that
that has given usalot of information. Then along with the programs that were written to find this
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beginning of the cast, we have programs that now take that information and set up configuration files, so
we can just run through all of the programs very easily.

If | can back up hereaminute. | have some sea stories for you guys, but this -- that's what | was told you
liketo hear. But first of al, thisissomething that | thought you might find real interesting. Thisisa
bottle -- the top oneis a bottle conductivity minusthe CTD salinity. In this shallow water, it'salso very
hard to get a salinity check samplein awell-mixed area. But when we first looked at thisinformation here,
even though it'salittle bit sparse -- it's certainly a lot sparser than what we would do on the WOCE data -- |
thought that at first what we had was a dight offset at the beginning of our cruise.

Then at the end, there was some kind of jump in the data. And we went back and looked and tried to figure
out if anything had happened between any of these stations here. Then one of our technicians decided,
wdll, she'd just go ahead and apply the pre- and post-cruise calibration information. We've spent enough
timeon this. Let's see what’s going to happen. And once that happened, we found that, on the bottom plot,
that we had avery good fit. This, in my opinion, also shows another reason for a pre- and a post-cruise
calibration. If you have any questions, to us, it was now obviously answered, where before that, we had
spent a coupl e of weeks trying to figure out what was going on.

PARTICIPANT: Wasthe bottom dide done with the post-cruise calibration data?

MS. SANBORN: Yes. Sea-Bird recommendsthat what you do is that you use their pre-cruise coefficients.
If from the post-cruise information they give you a slope on the conductivity -- and they have an equation
in there -- documentation to correct the data from your pre-cruise calibration to your post-cruise. Does that
answer your question?

And again, alot of the methods that we are trying to employ here for the Sea-Bird CTD processing we
picked up from what we had done -- what our group had done over the years with the WOCE data.
Documentation is absolutely amust. A lot of our technicians that went out and collected the data are also
now processing the data; however, there are cruises where thisisn't always possible. Notes and the way the
equipment is set up is so useful to a data processor. Sometimes being on both ends, acquiring data and
processing data -- | also realize how difficult it isto say exactly what it wasthat you did out there. You
think you're going to remember. Okay, I'll just jot thislittle note down. When it comesto, later on,
someone el se, or even yourself, looking over the data, the notes that you keep are the most valuable.

So now to tell you that | think alot of the Sea-Bird software -- their documentation, again, isrealy gresat.
Some of it isalittle bit hard to understand. But as| said, any time we question anything, that the next
release of software or the documentation, our questions are usually resolved in the next manual.

We have talked about deployment of the package, what the proper thing to dois. In thetraining session
that Sea-Bird would give you if you went to their class, they tell you if you see any noisein the data, it'sin
your slip rings or your -- you have some kind of electrical noise -- they give you a path to follow if you
have a problem.

However, inreal life, thisiskind of some of the things that we get: Someone started data acquisition and
the pumps weren't on. So this being the start of the downcast, over here is where the pumps came on.
Water started flowing through it, and we finally got some saltwater in here, and then we started getting
some kind of aredistic trace.

| expected more of areaction than that.
(Laughter.)

PARTICIPANT: Weveall doneit too many times.
(Laughter.)
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MS. SANBORN: And | told one of our technicians, "Don't worry about cringing when | show these,
because | think alot of peopleare.” It'snot uncommon. Like | say, we've seen 3500 expeditions, and these
people are very talented people. They know what they're doing. Things like this happen.

Thisis data that’s been run through the Sea-Bird software programs -- al of them. What happened here
was that they hit the bottom. However, if you notice, you're -- well, my scales are kind of -- yeah -- never
mind. Never mind. But our transmissometer data never did recover on thisone.

(Laughter.)

The spiking that you seein the salinity -- | was going to point out in temperature that it didn't ook so bad,
but | now seethat | have 20 degrees here. But there is some spiking, and this did happen on the upcast.
But we can till recover from this.

But when you start data processing, when you start looking at the data, thisiswhat you're going to see. It's
going to happen. Asl said, thisisn't al on Scripps ships. Even though our group, our technicians, are
fairly new with the use of the Sea-Birds, there's still alot of experience behind al of this.

Thisoneison the up-trace. Thisisactually on the up-trace where we see these spikes, dips. The
technician didn't really think this was too much of a problem. It was at the surface, almost onto deck -- you
know, what they thought, okay, a few spikes may be coming up. There was some kind of e ectrical noise.
However, what we found wasthat, if you see anything like this, anything small like this, then you do have
some kind of electrical problem, and that it can -- | guess what I'm trying to say hereisthat it can be taken
care of before you get too far into your data collection, because your data shows you what’s going on.

Here, another -- thisactually is the same expedition -- afew little glitchesin it. And thisishappening on
the upcast. So perhaps they were just watching it on the down and, okay, let the winch man bring it on up.

Here's some more data. 1t really looks pretty good, except this cast is only to 10,008 decibars. So what we
have down at the bottom here is some kind of electrical noise.

Onething that isreally nice about thisis that we could find out from our technician what was going on with
this.
(Laughter.)

Thisisthe same data as the other where in your down-trace it didn’t show, but in the up-trace, it started
having problems. This could be alot of different things. It could just be -- it could’ve been from your
winch. It could’ve been your termination. Y ou know, because as thisis coming up, you have alot of
weight on your wire. But we don't think that was what it was. There was another piece of equipment for
another part of a program, and they didn’t have the right connector. It fit, but it wasn't real tight. Then after
many examinations -- probably right after this station -- they took it apart and found that the plugs on it
were corroded and that when the package sat on deck and there was no movement, they didn't see anything,
but once they started through the water column and back up, that the connection kind of wiggled, and we
got saltwater in there,

Okay. I'm done.
(Applause.)

MR. MULLER: Rich Muller, Moss Landing Marine Labs. How does Scripps mount their temperature
conductivity sensors? -- vertically, horizontally? And if you do mount them horizontally, do you bother
doing the ten-meter dip anymore, or what?

MS. SANBORN: We do ourshorizontally. Ten-meter dip? I'm sorry, | don't know what that is.

MR. MULLER: Andy'll tell you. Well, we would normally -- like you said, you go down five meters
before the pumps come on.
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MS. SANBORN: No. We start acquisition on deck, and we just take -- we take the CTD to a safe point,
wherever the on-deck technician feels that it's low enough in the water not to come out on aroll, and not to
cause any kind of problems hitting the ship or anything like that.

MR. MULLER: Okay. And the second part of the question was, do you -- in the post-processing, when
you're looking at WOCE quality, do you routindly find any shed wake or bow wake problemsin the
temperature?

MS. SANBORN: In the what?

MR. MULLER: Temperature data or conductivity data?

MS. SANBORN: Oh, yes. Yes, wedo. | didn't show you thisplot. Yes, wedo, and --

MR. MULLER: How do you deal with it?

MS. SANBORN: How do we deal with it? We use the Sea-Bird software, and we go through the
processing steps that way, yes.

MR. MULLER: All right.
MS. SANBORN: Yes. Yes.

MR. MULLER: What | really meant was, even after you use the software, (indiscernible) and all that, do
you still see a shed wake problem, and how do you deal with it?

MS. SANBORN: Thisisn't WOCE quality. Werenot doing that. We're not handling it that way. Most of
the Sea-Bird software takes care of that problem, and especially in these coastal waters. Does that make
Sense?

MR. MULLER: Yesh. We do the same thing.
MS. SANBORN: Okay.

ODF STAFF MEMBER: Kristen, you might want to mention on the first question that we mark the wire
above the rosette, so no matter if you do a ten-meter dip, or afive-meter dip, or whatever, when you bring
the rosette back to the surface to start the cast, and you always start it at the same point, it'simportant with
the processing to have arelative pressure figure. So we mark the wire, say, exactly three meters above the
pressure sensor, and we note that in the log that the rosette -- the cast starts always with the pressure sensor
three meters below the surface. So we put a mark on the wire so the cast starts at the same point every
singletime.
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CTD Data Quality Issues

James Swift
Scripps Institution of Oceanography

[Editor’s Note: Thefollowing isa transcription of Jim'soral presentation, edited by himself.]

"My perspective on this topic comes from observations during 25 years of experience as a seagoing
oceanographer. Data quality control isthe key to my scientific work. And that means sorting out the real
from what isn't real. 1t'snot always easy to tell. Doing this, I've learned alot from working with ODF, and
that’s what I'll bring to you today.

"Much of my own work has been with bottle data, and | apologize for that emphasis. But | will bring CTD
datainto the discussion.

"I came up with what | call the three cardinal principles of data quality evaluation.

1. documentation
2. documentation
3. documentation

"This arises from my own experience where | cannot actualy separate the activities of data quality
evaluation from the preparation and examination of the documentation that should accompany the data
themselves. It's difficult to evaluate a data set cold —i.e., as some remote person take the data, and do a
meaningful job of data evaluation -- except for noting various outliersin the data, or differences with other
data. But someor all of those outliers or differences could bereal. How do you know? It'sthe
documentation which enables one to determine the cause of a problem and to solve the problem.

"To think about data quality evaluation it's best to arrange to think about documentation in the same sort of
hierarchy we use to organize our data. Thisisn't any profound point, except that it's very useful to think of
your record keeping to match the way that you carry out your other activities. That way, you'll have
records of all your activities. Thismeans, for example, at the system level, you would have information
such as your CTD configurations -- what sensors are on which CTDs, the calibration histories of your
different sensors, your oxygen flask volumes, whatever else.

"For each cruise, you'll have some of station cast descriptions, like positions, times, and depths. You'll
have various log sheets that you accumulate, information about the ship, the winches, the wire used, which
instruments were actually taken to sea. You'll generate directories for the raw data and for the processed
data, and you'll start devel oping what | call a doubtful data directory, which isacruise level directory of
data problems and observations. At the station or cast level, you'll have the files for the raw and processed
data, and perhaps you'll have additional data quality information at that level of the documentation
hierarchy.

"The general principlesinvolved in record-keeping and the data quality control areintertwined. These
include generating complete records at sea, beginning your data evaluation at sea, correcting repetitive
problems at sea before they can further mess up your data, using appropriate and consistent standards for
the techniques at sea and for quality control both, identification of suspect data values with the probable
cause, and correction of data problems. That's how you would intend to do it anyway. But you haveto
start thinking of how you organize your work, and then the documentation will naturally organize itself.
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"Most important, you must document your evaluation of the data quality. You haveto writeit down. It's
not just an activity -- a secondary activity, but it'san integral part of the data acquisition and processing
stream. It must be documented, just as you document any other part of your work at sea.

"These days, a data report doesn’'t mean what it used to mean when | started out. We don't print our datain
data reports very often anymore. We just digribute them electronically. But thisin no way reduces the
need for a data report, whether it's printed or electronic. And so | mean that the datareport isthe
documentation that’s required to understand the origin, nature and condition of the data.

"The elements of the data report are cruise information, methodol ogy, summaries, data quality information,
and away to contact the investigators. This data report or these elements must be included with your data
in aform that can be downloaded or otherwise available at any time, or you're not meeting your obligations
to your program, your funding agencies, or your scientists. Again, you all know this. But you have to keep
thisin mind as you structure your own record-keeping.

"Keeping complete recordsis not really all that hard, so long as you recognize what are your most critical
elementsin your information tree, and have redundancy in that. Y ou recognizethe errorsin your
documentation and in your data are going to be everywhere. You all know that, that we make mistakes all
thetime. And so do the mistakes show up in the el ectronic semi-automatic records also. And you haveto
have enforceabl e procedures that are consistent throughout your cruise, throughout your group, so you have
something to fall back on when you need records.

"I'll give you a couple of quick examples of the kind of information we're talking about. The CTD operator
should keep track of the header date, such asthe station, cast position and time. We all do that, but | mean
writing it down in addition to some electronic recording. Y ou should record information, including time
and winch information, every time you try to close arosette bottle, whether it's successful or not, for every
attempt. This can become very important later on in processing. I’'m emphasizing the fact that time data
are necessary with CTD data acquisition and processing because it's a time series you're dealing with, not a
pressure series.

"One of the most important log sheets that | use in my work isthe -- for bottle data work -- isthe sample
log sheet. Thisiswhere all the sample serial numbers are written down. They're matched to the bottle IDs.
All problems with the rosette bottles are noted. And we designate a sample cop here at ODF to see that all
bottles are sampled in the order specified and with the properties specified, and to write down all of the
observations of unusual problems.

"When you're armed with all thisinformation, plusthe data, it makes data assessment much easier. Now,
what do | mean by "data assessment”? There are four basic questions. Have the appropriate standards been
met by the bulk of the data? By this| mean that you follow the paper and file trail for each parameter. You
see if the methodology was followed. And you see if the standards were applied correctly.

"Another question you ask is: Which data are suspect overall? You'relooking for -- are there big groups of
suspect phosphate data? -- something like that. Can this problem be corrected? And then for individual
data values for each parameter, what are the apparent outliers and the cause for each outlier? That'saredly
tricky issue because many data outliers are incorrectly plotted due to some other problem. For example, a
bottle salt could look bad when you plot it against pressure, but it could be the pressure that’swrong. You
thought that it actually was a correct analysis, but from a different depth than your records indicated. So
that’s not a bad salt; that’s a bad bottle depth. We find that that sort of problem in the older 24-place GO
pylons. That'slargely gone away, but we have still seen pylon problems with all pylon models.

"Some of the biggest headaches later on come from problems in the header data. In other words, we want
to look for dataentry errorsand omissions. Errorsin station positions you can see on station position plots.
A vertica section with amark for each bottle will help show you gaps in the data and maybe show you
where it's something you should look to. So alittle timeto get the station numbers, dates and cast times
correct isworthwhile.
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"I guessthisiswhat | meant where some of the big problems come in, and that's identifying the sampling
level with the samplelID. That’s as opposed to the one you thought you were sampling, like the one you
wrote in your log sheet. The actual sampling depth at which a bottle closed must be verified by the data
collection and processing group and examined by the person assessing the data. The sample ID isnot
automatic -- even if we think of it asautomatically assigned to the sample depth. But if you look through
the process involved, you'll see that there's places where mistakes can be made.

"Y ou never want to index bottle data by their depth. Y ou use only some other unique identifier. Thisis
very important but widely overlooked. Pressureisameasured value for rosette data. Pylons may not
actually release alanyard when you think they did, despite what the deck unit tellsyou. The computer
printout of P, T and Sand bottle trip time may not, then, actual match the real time that the bottle lid
closed. Even NODC makes thismistake. In fact, we recently pointed this out that their new master data
base indexes water samples by depth, and they're now busily correcting that. That'sreally my main point of
thewholetak: please do not index bottle data by depth.

"After that, many problems with bottle data are actually related to problems with the water in the bottle, not
necessarily with the analysis. And you're familiar with most of these -- warming, air leaks, water leaks,
contamination from the bottle itself, aerosols or precipitation -- if you're sampling in therain, it can mess
up the salinity sample, and there can be contamination from the salinity bottles themselves.

"The depth log and the sample log sheet provide alot of cluesin this. Werethelidstight, air vents closed?
Wasit raining? Whatever -- like that.

"I said | wouldn't talk much about the data quality control methods for individual parameters, such as salt,
oxygen and nutrients, but there are a few things to note about CTD data that may not be so obvious. These
arerelated to CTD data errors which may not be generated by the CTD, but instead by the methods that you
used to process the data.

"For instance, pressure reversals -- if the pressure reversals dueto ship roll are handled by a technique
which includes averaging of up and down scans, thiswill introduce fal se data and ingtabilities into your
record. The spiking is of great interest to CTD data processors. They're always taking out the spikes one
way or another. But the method must follow the physics of the sensor. Any technique which includes
averaging, or aternatively, interpolating through spikes, will produce problems. In general, it's better to
leave a data gap or use a bad quality flag than to interpolate through a spike.

"Aswe all know, the station grouping that’s used for CTD conductivity corrections must match the changes
of the conductivity sensor or you'll get errorsthere. More secondarily, the order in which you do your CTD
processing steps can change the data, and the means used to correct surface pressure can introduce a
constant error in the whole data set even with the highest accuracy sensor.

"The techniques of data quality assessment, then, are smply to assembl e the records and files from the
expedition, to generate a data report if one isn't provided, to review the records of the expedition, to
examine the standardizations and the CTD bottle comparison. The data assessor reads through all this
documentation, putsit together, and gets a picture of what's going on.

"Next you plot theindividual station data against pressure, maybe plot againg historical data, but that's
dangerous, so you have to be careful. Y ou want to plot your vertical profiles or other property-property
plots. Tolook for consistency, you ought to plot and examine vertical sections of the various parameters.
Unusual featuresin any of this should be checked out in the original data and in the original calculations.

"Finally, you must write areport which includes a summary, discussion of problems, and suggestions or
actions on corrections, and you must archive the report.
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"Ideally, the primary data quality assessment work should be done by the data originators, and as much as
possible, a sea. As everybody has mentioned and we all know, much more can be accomplished at sea
than ashore, especially 'way after the cruise by a data quality examiner not involved at sea. If there'sno
probable cause for an error or an odd value, it's often best to |eave the value unflagged, but with discussion
of that odd value in your data analyst report.

"Two things to remember: Firgt, the data you are examining are interdependent. And so what looks like an
error in one parameter might actually be an error in adifferent parameter. And second, some anomalies,
including some very puzzling ones, arereal features of the ocean. There'salot of sea stories about real
data that have been thrown out.

"This makes data assessment areal puzzle, and it also makesit alot of fun. Onerather obvious point isthat
it'seasier to identify problem data when there's only a few problems. Remember that excessive noise and
errorsindicate a failure in your methodol ogy somewhere along the line and call for a careful examination

of al relevant events and procedures, and possibly for changesin training, or even personnel assignments.
"Finaly, | remind you to never again index water sample data by depth.

"Thanks."
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Marine Instrument Calibration:
“You Know It Makes Sense”

Paul Ridout
Ocean Scientific Internationd, Ltd.

[Editor’sNote: Followingisatranscription of Paul’s oral presentation, including submitted graphics]

MR. RIDOUT: Good afternoon, ladies and gentlemen. | hope | don't regret this step into high technol ogy
presentation. Asyou can seg, it's taken usmost of the teabreak to sort it out. It struck me this morning
with the talk on the Woods Hole management of sensor data from the ship, which | thought was most
impressive, particularly the recreation of dials and meters, but now on a computer screen instead of the real
thing. The only thing | felt that was missing thereisthat -- apart from the lovely addition of WAV files,
and sound, and these lovely meters, isthat were going to need alittle icon that you can move with amouse
that has a finger that comes a ong and taps on these dials to make them move.

(Laughter.)

And then we know we've made it.

Just to give you some background while we get this up, my name is Paul Ridout. I'm director of Ocean
Scientific International. My background is | started my career as aresearch technician with Imperial
College in London doing mainly chemical analysis, and moved to the Institute of Oceanographic Sciences
in Wormley in 1977 where | spent the next 12 years doing alot of work which included sediment coring,
animal trapping -- midwater trawls mainly, and water sampling -- al cruises of which were from the RRS
Discovery in her older, shorter form.

In 1989, we set up Ocean Scientific International to take over the operation of the IAPSO Standard
Seawater Service, which | was managing on a day-to-day basis with Fred Culkin (ph) in those days.

Since 1989, welve expanded our activities, particularly in the field of standards and calibration -- now
developed nutrient sandards kits, which isa combination of nutrient concentrates in low-nutrient seawater.
We also operate a CTD calibration facility which operates commercially and is a so contracted to
Southampton Oceanography Center. For the last three years, we've been doing the U.K. WOCE
calibrations. Now that the WOCE field program is finished, we're now contracted again by SOC to do the
high precision calibrations for the Physical Oceanography Group -- the James Reynold (ph) Division.

It won't be long now. I'll have to go down to jokes soon because I'm going to run out of introduction.
(Laughter.)

Some of our other activitiesinvolve doing commercial calibrations for customersall over Europe. So we
get involved -- we're not a CTD manufacturer, so we get -- were sort of independent in that respect, and we
get to see awholeload of different makes, and we do all the ones that you will commonly know. We
particularly do alot of work calibrating the O'Brien CTDs, which are still commonly used in the WOCE
program, of course, and the SOC. But we do Sea-Birds, and we do Applied Microsystems, and Chelsea
Instruments, and any other -- FSI, and most of the commonly used CTDs. So the guysin our ca lab have
to learn all theintricacies of the different software types. And | must say, the earlier talks about the
helpfulness of Sea-Bird and so on is that we would support that, too. And the other manufacturers, too, are
very helpful in giving us information to allow usto do the calibrations for customersin Europe.

And Microsoft, a very important company, 1'd liketo --
(Laughter.)

But not as quick asyou'd like them to be.
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What I'm going to do isrun through fairly quickly what we do in our calibration lab. As other people have
said before, it isn't the only way to do things. Itis, | hope, one of the right ways to do things. I'll just
explain the fundamental features of how we do CTD calibrationsin our facility in the U.K.

Firg of all, the basic principle -- oh, | B

should point out here that | took another = ~_
radica step. | thought, I'll do some slides ; ; LN . .
on blue because everybody in Basic Principle-of Calibration

oceanography, and myself included, that
have always done a presentation, and it'sin
blue. So there's no blue on these slides. ® Primary Standard - national or
I'll probably find out that the type won't
show later on.

® Transfer Standard - recognised met
® [nstrument for Calibration - functional
The basic principle of caibration isthat ® (Ancillary equipment to maintain stable
you have a primary standard. The primary conditions)

standard has to have some national or

international status -- the whole point of it

being we all want to be able to compare

our datain terms of time and in terms of Ocean Sefensifc Intemationsl. 1998
geography. So recognized sandards are

absolutely fundamental to any calibration. But you need to be able to transfer the information from the
primary standard to the working instrument, and that is where the transfer standard comesin, which hasto
be linked with arecognized method. If you have a transfer standard which is approved, but then don't use it
properly, then it's still awaste of time.

Other things which we look at during the cal lab, which isafairly fundamental thing, isthat the instrument
that you're calibrating has to be functional in terms of operating properly. We get sent insruments quite
often where it has just been sent for a calibration, and in fact when we start to do the calibration, it doesn’t
work, or it certainly doesn't work properly. And then, of course, we have to go back and inform the client
that -- asto what action to take.

One or two, amazingly, say just do the calibration. We only need the certificate, which --
(Laughter.)

That'strue. | say that’s not normally oceanographic ingtitutes. It's survey companies who are having to
fulfill some documentary requirement. It'sabit alarming. Trust me, I'm abiologist, isanother onethat’s
come up quite often.

(Laughter.)

| am a biologist originaly, so | can say ACEU‘F&C)/
that. h

We've all seen the WOCE requirements. ® WOCE requirements for C

It's been up many times. We work to the
WOCE standard, but many of our
instruments, particularly the server o
instruments, the WOCE standard is better ® Salinity 0.002 (PSS78)
or more demanding than needs be. It's ® Pressure 3dBar

very difficult to downgrade acal lab.

Y ou have the equipment there -- the

water baths, the transfer sandards and so

on -- it'svery difficult to say, well, I've Ocean Scientific Intemational 1995

got a cheap water bath that | use for the

lessinstruments. We use the same stuff for all of them. Soif it'sa.l degree accuracy or a.001 degree,

® Temperature 0.002 degrees C
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actually, we use the same equipment. The difference we make ishow we interpret the datain that we will
accept bigger errorsin acdibration fit, obvioudly, for aless accurate instrument. But we don’'t have alot of
different equipment for different standards of instrument.

So I’'m going to run through each parameter s
fairly quickly. Temperature -- the primary —
standard istriple point cell. Some cal labs . . .
keep their own triple point cells. Other cal Tempe rature\Qalibratlon
labs rely on some central laboratory -- for ~

instance, in the U.K., it'sthe National
Physical Laboratory -- keep awholerange
of triple point cells. So you can have your
transfer gandards calibrated there and sent
back.

We keep triple point cellsin our lab when ¥l SIATCACRESISToR

we do them ourselves. Thethree that we
use -- gallium, water and mercury.

Ocean Scientific International 1998

A transfer standard is normally the
platinum resistance thermometer, which is
coupleto, in our case, an AC resistance bridge -- aDC resistance bridge can be used -- and a standard
resistor which isused really, in effect, to calibrate the bridge.

Measurements that are made for temperature according to the International Temperature Scale of 1990.
Thisisarevision of the temperature scale -- previous one being the IPTS-68 -- International Practical
Temperature Scale of 1968 -- which ITS-90 actually brought in afew changes that had aready been
happening during the period after IPTS-68, but formalized them. One or two other points, particularly at
high temperature, were revised.

Having said that, it did have an effect, and certainly if you're calibrating in laboratories at room
temperature, the difference between IPTS-68 and 1TS-90 roughly is about five millidegrees. When you're
doing measurements at sea surface -- I'm

sorry -- the sea bed, around about four -- T

three or four degrees is actually no \\\\

difference, or no measurable difference.

Those are the three triple points that we Measu?ements
use.

® Temperature is measured accordi

And the no-extrapolation rule which I've International Temperature Scale

put at the bottom is actually an ITS-90 ® Oceanographic range Primary Standa

stipulation, and that is that you can't -- if ® Mercury : -38.8344
you strictly follow therule of 1TS-90, you

can't extrapolate beyond the triple points ® Water : 0.010
that you use. So thetheory of that isthat if @ Gallium : 29.7646

you want to do calibrations below zero,
you should have amercury triple point cell.
Y ou should cdibrate your PRT on a
mercury cell aswell asthe water one.

@ No extrapolation

Ocean Scientific International 1998

It gets a bit more difficult, though, because some of us do make measurements above 29.8. That'sthe
biologist coming out in me, by the way, calling it 29.8.

PARTICIPANT: At least you didn't call it 30.
(Laughter.)
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MR. RIDOUT: If | were an engineer, I'd say, to be on the safe side, welll call it 35.
(Laughter.)

We do have to make measurements above 30. The next point -- | can't remember -- it'salong way. It'sin
the hundreds. And so we have to make that exception.

To carry out atemperature caibration, we
have a stable fluid bath, and they're all 7
shapes and sizes. |'ve been to many cal ' .
labs around the world. There are some of Temperature\ ‘Q\a“bratlon
them which are as big as the swimming \t

pool at our hotel. Some of them are, well, e T e Fluid Bai}
as small asthe sink in my bathroom in the
hotdl.

® 2 x prt
@ Bridge
@ Std. Resistor

® Temperature
controlled laboratory

They each have benefits and each have
disadvantages. Obvioudly, very big baths,
you have problems of controlling the
temperature and keeping it stable. Because
if you'redoing a calibration to three
decimal places of temperature, you need to
have some stahility over the period that
you make the time -- the period that you
make the measurements.

Ocean Scientific International 1998

We always run two PRTs. Werun high precision PRT which is used to make the calibration, and werun a
second high precision PRT as a redundant probe to make sure that, if something did happen during the
calibration, we'd at least have some check on that. We have an AC bridge and a standard resistor, and it's
in atemperature controlled room. If you're trying to maintain a bath, you need to maintain the environment
too.

The data we record for temperature, then, S
istheresiganceratio, or whatever -- some Data Re rding
PRT bridges will give you temperature.
They'll do the cal culations and put the ) ) )
coefficientsin, and so thw’re easier to use. @ PRT resistance ratio (Wlth Std.
We require the nomina temperature of the ® Nominal temperature of bath
bath. The temperature of the standard
resistor that we use, which isthe balancing
resistor -- in some -- again, in some @ Laboratory temperature
bric_jg@, you wi I_I hav_ean internal resistor @ Instrument data

which is maintained in the temperature

® Std. Resistor temperature

bath, which you then calibrate against an ® Serial nos., date, analyst, comments, etc.
externa resistor. But theresistanceis

temperature dependent. So we keep ours Ocean Scientific International 1998

in a nice stable bath and record the

temperature.

Then going in tune with other comments today and yesterday about documentation, keep notes. And it's
the little notes that usually make the difference, like, "Dropped something in the bath during the
calibration.” It'sthelittle things that might even seem insignificant that sometimes can make the difference
between -- well, at least salvaging a calibration.

348



INMARTECH ' 98 Proceedings

And then the ca culations that we makeis T

that we measure the temperature from the e
resistance, and we do a polynomia fit of .
the instrument data to the standard data, Calculations
and then the first thing we look at arethe N\
error bars, assuming we've used the fit ® Temperature from resistance u

that's recommended for that particular calibrations from prt and std. Res
instrument to see whether we think the deviation functions for ITS90

calibration is within our specification. i
® Polynomial fit of instrument data to

And in line with something that Jim standard data
mentioned about real data, real effects
being missed sometimesin thefield, | don't
know what it is about calibrations, but if
you get a bad calibration, you always
blame yoursdlf first. So you aways say,
oh, | must've done something wrong with
this, or -- so our cal manager will spend all this -- if he gets a bad cal, helll spend most of histime then
checking out all the equipment that he's used, what he did, and he'll probably do it all again. If he gets
almost exactly the same bad cal, then he startsto think it might be the instrument. And sometimesit is, of
course.

Ocean Scientific International 1998

Certainly, though, the big differences in the way modern instrumentation operate and -- how did | do that?
Oh, "end show," that looks like a good one.
(Laughter.)

I'll just go down there and click -- see what happens.

Different instruments have different degrees of fit. | think -- and I might be wrong here, because I'm sort of
up in the thick carpet bit upstairsnow, so | don't get down into the cal lab asmuch as | used to -- isthat
something like a Neil Brown is probably a second degree -- a quadratic fit for the polynomial, or even
linear fits we get for anumber of instruments. Some instruments have very complex fitting programs and
the software is used to give a good working range for the instrument, in which case, that's where the
dialogue between alab like ours and the insrument manufacturer is essential. We must be kept up to date
with the latest developments in their software and cal cul ations.

For pressure -- we use a dead-weight
tester to generate changes in pressure, .
and then we use a paroscientific quartz T . )
sensor as our transfer standard. The Pressure Gahbl’athﬂ
primary standard is -- well, it's very )
easily waved away as being something
from the National Physical Laboratory
because it’s based on standard piston
areas and so on -- complex issue which |
can't pretend to understand. So we send
our primary standard to NPL and they
calibrate from the primary. But we use
the quartz sensor, which isthe one on the
|eft at thetop, as our transfer standard,
and that gives us better accuracy than

usi nga-- wdl ,weusea Bedenberg (ph) Ocean Scientific International 1998
dead-weight tester.

® Primar?‘ dard is

from NPL §
@ Transfer standard is
quartz sensor

@® Dead weight tester
(DWT)

More recently, which is the box below, and it'sthe top of what essentially looks like alarge filing cabinet,
is a Theta Systems (ph) automatic pressure calibrator. We actually run that -- we can run pressures
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overnight in that it increments the piston
system through a pre-program. We use
LabView. Our cal manager’s written a
program in LabView to generateit. So
we do a pre-program pressure cal. And
you can do up and down pressure cals
and so on automatically overnight.

Being a commercid laboratory, in that
respect, we're always trying to save time
but not lose quality. So one of the things
we'retrying to do, certainly with the mid-
range calibrations, the sort of .01
instruments as we call them, isto run
things overnight using programmable
equi pment.

Okay. Some of the measurements we

Measurements
@ Pressure using dead weight tes
quartz standard

® Temperature
@ Atmospheric pressure

® Relative heights of standards and
instrument

Ocean Scientific International 1998

make: We measure pressure from the quartz sensor temperature, and we need to know the atmospheric
pressure because atmospheric pressure obviously has an effect on the pressure. We also need to know the
relative heights of the instruments that we're measuring to make a calculation to alow for that to get an

absolute measure.

I've already explained that now. So
there'san example. That's the dead-
weight tester that we use. Weincrement
the pressure with that.

One or two little things we do iswe
always give them maximum pressure at
the start to -- sometime you get sticky
pressure sensors. So we sort of whack it
a couple of timesto make sureit'sall
going to respond properly when we start
a calibration, making sure that we've
checked, firg of al, what the maximum
operating pressureis.

(Laughter.)

One of those areas of -- hot on the back of

the neck when you read it after you've just

pumped it up to 10,000 psi and you realize
it'sacoastal ingrument.

(Laughter.)

We do thingslike increasing and
decreasing pressure cals, of course. For
WOCE particularly we've been doing
experiments and carrying out pressure cals
by looking at particularly the Neil Browns,
changes with temperature, how it affects
the temperature calibration, and dynamic
temperature changes like plunging the unit
in from room temperature into five degrees
and looking at the effects on the pressure
cals.

Pressuré”caQbration

® Max pressure

® Quartz sensor valig

¢ @ Increasing/decreast

“ @ Changes with
temperature

® Barometer

® Height adjustments

Data recarding

® Standard pressure

® Atmospheric pressure

® Height of instruments

® Temperature

® Instrument data

@ Serial nos., analyst, notes, etc

Ocean Scientific International 1998
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And these are the things that we record -- ST
standard pressure, atmospheric pressure, \\
height of the instruments, and so on. Calcllations
And in the same way as temperature, we
then have to make calculaions, the
adjustments for atmospheric pressure and ® Adjustments for atmospheric p
height, and then another polynomial fit. e Adjustments for height

® Polynomial fit of instrument data to
standard data

QOcean Scientific International 1998

Conductivity. Thisiswhat | probably know the most about because I've been running the standard
seawater service for so long now at 10S and at Ocean Scientific -- that's rather adark picture. For
conductivity calibrations, the primary standard is potassium chloride solution, as defined by the practical
salinity scale 1978 -- PSA-78. Thisismy opportunity yet again to remind you all that you all, of course,
know there are unitsfor salinity, not even a PSU -- which | think Woods Hole invented it because I'm here
in Scripps. And when I’'min Woods Hole, | say you invented it.

(Laughter.)

Thereareno units. The practical salinity scaleisascale, and it was introduced in 1978 based on a series of
experiments that were carried out at various laboratories around the world. It'slikethe pH scale. That'sthe
only analogy | can draw there. You don't say normally it has pH -- you know, pH is 14, seven -- when it'sa
scale, it'snot -- it's very difficult with salinity because it used to have a concentration. It's obviously
difficult. Evennow | haveto say it's the same asthree and a half percent salt. But no units.

So the primary standard’s the KClI, but o
the transfer standard is |APSO standard \#

seawater. 1'm often asked the question, i i i
why don't we have KCl as atransfer Conductivi TQa libration
standard so we can all use the primary A
standard? There are anumber of reasons,
but the main reasons for that is that KCI
has a completdly different temperature
coefficient to that of seawater.

a recognised, \
traceable standard
@ Salinity primary
standard is KCl
@ Transfer standard is
IAPSO Standard
Seawater

And of course it's always better to
standardize on the same matrix in most
measurements, and particularly chemical
measurements. It's much better to
measure on the same matrix that you're -- Ocean Scienific Interational 1998
calibrate on the same matrix that you're

measuring on. And there's obvioudly a

very long historic link with the Standard Seawater Service, which is coming up for its centenary soon. So
well probably have to do a special colored batch or something for that.

(Laughter.)
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So the measurements we make -- we
measure -- when we're doing a
conductivity calibration of a CTD, we
measure salinity and we measure
temperature. We measure salinity by
having a salinometer next to the water ® Salinity - using salinometer to
bath, and we measure temperature in the
same way as the temperature cal, using a
PRT and abridge. But we measure

Meaéi]‘i‘em\ents

® Temperature -using prt according

temperature on 1TS-90, and the definition * Calculate IPTS68 temperature from IT.
of salinity is ill related to IPTS-68. So o
on low and deep water measurements, it * Calculate conductivity from the

doesn’t make any redl difference. It does salinity(PSS78) & temperature (IPTS68)
make a difference in the lab, because you
do most of your calibrations at 21 -- well,
in lab temperatures -- or above zero

anyway.

Ocean Scientific International 1998

And so you have to convert your 1TS-90 temperatures to | PTS-68 when you make the calcul ation from
salinity to conductivity. Your salinometers (unintelligible; mumbling) conductivity.

That may change, and in fact | had a meeting while I've been here thisweek. Fred Culkin and Joris Gieskes
, who were involved with the original JPOTS committee that defined the last definition of salinity,
discussing now how we're going to deal with perhaps bringing ITS-90 to become the standard for the
salinity measurement. So something may come out, | hope, in the next 20 years or so.

In our laboratory, we have two ways of
doing conductivity cals. For the mid-
range instruments, the .01 instruments, Conductivity by temperature change
we use the quicker method, which isto ~
use a seawater bath, and we get changes
in conductivity by changing the
temperature. So we use the same
seawater, and we use it in the
temperature controlled bath. We
obvioudly monitor the salinity because
therewill be alittle bit of evaporation.
So we'reinterested in the salinity
changes. But the big changesin
conductivity take place because we run
the bath from zero to 30, something in Ocean Seientific Inernational 1998
that range.

The speed advantage of that, of course, isyou can do temperature and conductivity cals at exactly the same
time. For all the mid-rangeinstruments, | think that's a perfectly valid way of doing it.

To get aredly big range of conductivity, you really need two bathsto have -- to get up into the higher end
and the lower end. You need sort of like one bath at salinity 35 and perhaps one down at about 20 --
something that order to give you anice range.

All the equipment, then, istemperature controlled -- seawater bath, platinum thermometer, salinometer
pump -- I'll mention in aminute -- and some software, and the standards, of course.

352



INMARTECH ' 98 Proceedings

The other way to do it is by changing the e
salinity, which isthe way we were doing it e
for WOCE. We've got awhole series of PP T

baths -- seawater baths -- which contain CondUCtMty by S%I.I\mty Change
natural seawater. Natural seawater isthe »

best way to do it, again for temperature
coefficient reasons. We have arange of
baths at all different salinities, and we just
lift the CTD up and drop it in, oneinto
each bath, and the salinometer isthere
monitoring the salinity accurately to three
places, along with the PRT for the
temperature.

@ Salinometer

@ Platinum
thermometer

@ Salinometer pump

® Lab Assistant
software

® JAPSO Std. Seawater

The principle'sthe same. Theré'salot
more moving around. We get slightly
better cals that way.

Ocean Scientific International 1998

You'vegot to beabit careful. Therearelittle, little thingsto do, like always go from high salinity to low,

or low to high, but don’t jump around, because that way the flushing of the sal is constant. Y ou obviously
have to take care to make sure the whole thing's equilibrated. And these baths, although they look fairly
simple, there's quite alot of work that had to go in, one, to make sure that the way we pump the water in the
bath that we get completely even circulation; two, we didn't want the temperature of the bath to change
dramatically during the period of the calibration measurements. So we used magnetically coupled pumps
where the blades of the pump are along way from the motor, so we don't get alot of heat being put in from
the circulating motor. We keep the baths clean.

Some places welll filter the water, or even poison the water, which | don't like because it changesits
chemistry. We're bringing in thousands and thousands of gallons of seawater all the time for the standard
seawater service, and so we just keep throwing it away, and clean the tubs out, and put fresh in all thetime.

One of the things that we have done that’s e
made a huge difference to our calibrations, .

but it also makes a big difference in the Salinometer pump
lab, aswell, isthat we came up with this .

little pump idea to go on the Guildline
Autosal or Portasal, either salinometer.

Y ou know, the Guildline salinometers are
sort of an industry standard now for
laboratory salinities -- very nice and stable,
been around along time. They're well
characterized.

® Direct feed fro
tanks

@ Variable flow rate
@ 12V supply

@ No seal required on
salinometer bung

But they have a few weaknesses. Theone
weakness that we found difficult to cope
with was the pumping system. They've got
these little -- got little aguarium pumpsin
therethat are laboring away to just about get asamplein if al thetubes are on tight. We've found that slow
and inefficient, and of course with ampules, it's even more difficult to get agood seal, or you shred the
bungs and so on.

Ocean Scientific International 1998

So quite afew years ago now -- four or five years ago -- we came up with thislittle pump, and we put it in
awater-tight housing, made it -- designed it so it would fit on the platform, which isthe other weaknessin
the salinometer isthat platform keeps -- you can sort of put holesin the back of the thing trying to use the
same position. So once we've put it up, it staysthere.
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Now you don't have to make a seal anymore. So you've just got a tube coming out the bottom of the pump,
and you break the top off the ampule and put it straight in, and it just draws it out as a positive peristaltic
action. And what are the lasers (ph) to do of courseisto pump water straight from a cal tank straight into
the salinometer. So we don’t mess around with siphoning water into bottles and then transferring them and
all theerror -- potential errorsthat can come into that part of the calibration.

| produced one of these myself five years ago because | thought -- | fed up with these pumps. And then, of
course, the inevitable happened. These people came, oh, I'd like one of those. 1'd like one of those. So we
started manufacturing them. We started manufacturing them, and | did sort of calculate that we might
break even if we sold 20. So | thought, well, well work on that basis. And we've sold 200. But it'snot --
they're not that expensive, so I'm not driving a Ferrari or anything on it.

(Laughter.)

PARTICIPANT: Not yet.
MR. RIDOUT: Not yet, no. There'snot many more salinometers|eft, unfortunately.

Datarecording. Then we record the
salinometer salinity or the conductivity oy .
ratio, the temperature in the bath, the Data RGGQ»Fd INg
instrument conductivity and laboratory N
temperature. And then, again, we take
detailed notes. Who did theanalysisis

@ Salinometer salinity/conductiVT“

dways agood one. And then we ® PRT temperature Of bath
calculate IPTS-68 temperature from @ Instrument conductivity
ITS-90. Specific conductance, which | o Tiborator lenerihe
think is actually the proper term for what ry. P

we call CTD conductivity -- millisemens @ Atmospheric pressure
(ph) per centimeter -- hastobe @ Serial numbers
calculated, and then the polynomial curve

fit. ® Date, analyst, remarks

Ocean Scientific International 1998

So that's a brief overview of how we
calibrate CTDsin our laboratory. I've got afew papers here which you're welcome to take away. One of
them was an article that was published in International Ocean Systems Design last month, which perhaps
(unintelligible) little bit more detail, but it's a summary of what we do in our laboratory. And there's a copy
of our newsletter if anybody’s interested.

Perhaps more interesting for some people
who are doing salinity work is we've
recently published a paper in Journal of
Atmospheric and Ocean Technology on .
the stability of standard seawater. It'san ® IPTS68 temperature from ITS
age-old question. What isthe shelf life
of standard seawater? And anumber of
papers, two or three particularly good

Calculations

salinity or conductivity ratio (Rt) and

ones, from Arnold Mantyla here, but a temperature (IPTS68)
number of subsequent workers also have ® Use polynomial curve fitting program to
written papers on so-called offsets -- compare standard readings with

differences in salinity ageing properties

of standard seawater. instrument data

Ocean Scientific International 1998

It's quite an important subject, and it's
one not to get too confused over, and one
that worries Fred Culkin and | some of the time, which is one of the reasons why we've published this
paper, isthat you have to be very careful when you make assessments on the changes in standard seawater.
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What do you use as areference? A number of papers have come out where they've taken the latest standard
asthereference. We know there are changes in standard seawater after it's bottled. And we know they're
small. Certainly in thefirst 12 monthsthey're very small, within the noise of the measurement normally.

But if you then, two years on, take a standard reference and then compare other bottles with that, you may
actually be looking at changesin the standard that you're using -- the reference point that you're using --
rather than the changes in the more recent standards. | certain have seen work where claims have been
made that so-and-so batch has gone off, or whatever that means. And in fact what it isisthat thereference
that they've used is much older than the standards that are being measured now. Soit’s probably the other
one that’s changed. Were talking very small changes, and so you have to be very careful on how you
interpret so-called offsets in standard seawater.

Our paper isnot the same necessarily asthese other papers. It'sadifferent approach. It doesn't invalidate
anybody else'swork. But what we do when we calibrate |APSO standard seawater, we calibrateit against
the KCI, which is adefined solution of 32.4356 grams of KCI per kilogram of water. And so that’san

absol ute reference point, or asnear asyou can get with achemical standard. So we use that as our
reference point when we look at offsets. And every time we calibrate a new batch of standard seawater, we
run two or three or four of previous batches, some of which can be up to 18 months old by that time. So
that gives us an indication of changes. Admittedly, we're only doing small numbers of ampules, so you
would not describeit as a definitive experiment in that respect. But it's quite important data, and so we felt
that we would publish that to give an idea.

| haveto say, of course, that it's between -- | think 96 weeks was the longest period that we showed, and
many of the other ampulesthat we tested were alot younger than that, and the differences have been
extremely small, less than .001 in salinity in all cases, which is another important factor. Y ou know, we've
got batches that go right back to 1901. We've got the original ampulesthat Martin Knudson (ph) made,
hand-signed by him, with "Please return the ampule" on the label, which shows how things have changed.

Weve gone back, and you can look at previous batches 30, 40, 50 years old. And they will be different.
They will have changed. Y ou get interactions between the water and the glass, and you get microbial
action.

But with some of these more recent studies, you've got to be very careful, because three years on, you
might see an offset of, say, 001, or even 002 in salinity. But was that offset there when you used it? You
know, you might've used that batch when it was 12 months old, or six monthsold. And the chances are
that those changes, which are very slow process changes, have been taking place.

There are afew copies of that for anybody who's interested. If they run out, or if anybody wantsto talk to
us about how we do things, we run training coursesin CTD calibration. We're quite happy to give free
advice to anybody that asks. By all means use my e-mail, or you can access us through the web site.

Thank you.
(Applause.)

MR. SUTHERLAND: We have time for one or two questions for Paul. Anyone?
PARTICIPANT: Do you have a plot of the difference between IPTS-68 and I TS-90?
MR. RIDOUT: | do.

PARTICIPANT: Isit up --

PARTICIPANT: It's pretty boring.
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MR. RIDOUT: Not on my machine, but I've got it in a book. Happily, you can photocopy it if you wish.
The National Physical Laboratory produced avery nice paper on the subject summarizing the stuff that we
really need to know, the practical aspects of it.

| got off lightly.
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Insitu Pressure CalibrationsOn WOCE-Levd

Sven Ober
Netherlands I nstitute for Sea Resear ch

Introduction

The NIOZ-CTD systems are based on Seabird CTD’s. A lot of time and money is spent to calibrate the
sensors properly. Thisis done mainly for 2 reasons. Thefirst isquality assurance. Good science starts with
high quality data. The second reason is perhaps a bit unexpected. It isan economical oneand it iscalled
speed. A few years ago it took monthsto process a CTD data-set up to WOCE-level and that isvery
expensive in terms of labor. Main reason was doubt about the calibrations. They were carried out as good
as possible, but the remaining uncertainty was still too big. In order to tackle this problem it was decided to
invest in better calibration-equipment as soon asit appears on the market. The first big jump forward we
made was the use of one of the first reference thermometers of Seabird: the SBE-35. During Inmartech
1996 in Southhampton these results were presented. All doubts and discussions about temperature-
calibrations were killed in one single action. With an Autosal Salinometer it was already possible to
calibrate the conductivity-sensor easily and onboard, but for the calibration of the pressure-sensor it was
necessary to rely on the pre- and post-cruise laboratory calibrations. In principle thisis good enough,
because the Paroscientific pressure isavery good and very stable sensor, but the wish to have an
independent calibration (independent from Seabird, Paroscientific or NOAA) on board during our cruises
remained. We used ERPM’ s manufactured by SIS from Germany, but the accuracy of these instruments
was too low for aproper calibration. It monitors the Paroscientific sensor for malfunctioning only.

It was pleasant to hear from SISthat they were devel oping a new generation ERPM’ s with a much higher
accuray. Perhapsit was possible to calibrate from now on all CTD-sensors in situ so during the cruise on
WOCE-level. That isthe ultimate speed goa: CTD-measurements database-ready on board.

Pressure-sensors

The WOCE-requirement for pressure measurementsis 0.02% of the reading. Thisfigure originates from
the WHP-manual, but in terms of metrology it is poor defined. Not stated iswhether thisisbased on 1, 2 or
3s

Insde of most Seahird CTD’s (SBE-9) a Paroscientific pressuresensor is mounted. This sensor has an
uncertainty of 0.02% of thereading. So it meets the WOCE-requirement. Thisfigure is based on personal
communication with Seabird and is conservative. In earlier days the Paroscientific pressure-sensors were
calibrated at NOAA, but due to budget-cuts the NOAA calibration facility was closed. Seabird is
developing a pressure calibration facility now and it is almost ready. The expected uncertainty by then is
about 0.01% so twice as good as today.

Mentioned above is the use of eectronic reversing pressuremeters for “checking” purposes and the hope
that the new generation of pressuremeters could be of use for real calibrations. The accuracy specifications
of both types are;

RPM-6000 (traditional type) 0.3% of full scale
RPM-6000 X (new generation) 0.1% of full scale

Earlier experiences with the traditional ERPM’ s learned that 0.3% was very conservative. Theinstruments
appeared to be better then specified. The expectancy was that the 0.1% of the new ones was too pessimistic

357



INMARTECH ’ 98 Proceedings

aswell. There was a small concern about the pressurecalibration-facility from SIS. It was devel oped to
calibrate the traditional type so it may be not good enough for the new generation ERPM’s. Therefore it
was necessary to devel op a calibration-method for these new ERPM’s. Two problems had to be solved. The
first problem was a proper pressure standard: a socalled dead weight tester. Dead weight testers are very
expensive both to buy them and to keep them OK. The Dutch laboratory of standards, the Nmi, was able to
solve this problem. They had (and sill have) a pressure calibration facility with an uncertainty (based on 2
s) of 0.008% available for areasonable price. The second problem was how to attach an ERPM to the dead
weight tester and how to initiate a measurement. Thiswas solved by devel oping a pressure-container that
can be reversed exactly like arack mounted on awatersampler.

Facility and procedurefor thecalibration of ERPM’s

Figure #1 isadrawing of this container. Stde-view Figure #1 Front-view
It can take 5 ERPM’s. The calibration

procedure is straightforward. Load the .

container with armed ERPM’s. Fill the
container with water, close it with thelid
%

and de-air it with the (small) de-air valve.

Increase the pressure with the dead Copllair to Pressure -

weight tester. Enforce an overshoot to dead ueloht tester | bomb for
simulate an upcast so a calibration point e Ny (
is always reached from the high end. o - ]

Turn the container upside down and wait
for aminute. Turn it back and
depressuriseit. Open the container and
read the values from the displays of the
ERPM'’s. With the same dead weight
tester the Paroscientific pressure sensor
of the CTD was (re)calibrated, because ~ Meuntino~frome
of the lower uncertainty of the Nmi- ' ' ' '
facility.

] -

Calibration and field results

In figure #2 to #4 field results obtained during a cruise in the Bay of Biscay in August 1998 are presented
in 3 different ways using the original factory-calibrations and the Nmi/NIOZ calibrations. Presented are
ALL the measurements, there was not asinglergection. In figure #2 the “raw” results show a systematic
difference between the sensors of about 2.5 dbar at high values. Figure #3 shows the contribution to the
quality by the Nmi/N1OZ-calibrations of the ERPM. In figure #4 the combined result is presented: a
difference between “standard” and “sensor” of far lessthen 1 dbar for ALL in situ calibrations. Thisresult
is obtained onboard, meaning during the cruise.
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Figure #2
(Psis,p6538 factorycal. - Pctd, factorycal.) vs. pressure
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Figure #4
(Psis,p6538 NMi corr. - Pctd, NMI-corr.) vs. pressure
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Conclusions

- Both the Paroscientific pressure sensor and the RPM-6000 X meet their specifications.

- With a careful calibration it ispossible to increase the performance of both sensors.

- It ispossible to meet the WOCE-requirements already onboard during a cruise.
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INMARTECH 98
Wrap-Up Discussion Session

MR. SUTHERLAND: Anissue that was brought to my attention during the week is-- Helen Beggs from
Audrdiaisinterested in anyonethat’s doing work with current meters. I'll let her speak up and seeif therée's
anyonethat can answer her questions.

MS. BEGGS: Yes I've been asking around -- Scripps anyway -- and it seemsthat Scripps doesn't usethem
anymore. Perhapsthey'retoo old-fashioned or something. But unfortunatdly, we still have Pdandra (ph) type
four, five, seven and eight current meters, plus Dietman (ph) current meters and Nell Brown acoustic current
meters. Werereally desperate for some good processing software, because the suff I've got isjust terrible. |
don't redlly have the time to St down and write the new software at the moment.

So | was wondering if anyone knows of anything at all.

MR. FINDLEY: There are people at the University of Miami usng ANDRES (ph). | don't know what they're
doing with it.

MR. SUTHERLAND: Sowhy don't weleaveit if you have any contacts, then go ahead and talk to Helen
ether after thisbresk or at dinner, or ether get her email address or somehow get the two connected.

MS. BEGGS: I'dredly appreciateit.

MR. SUTHERLAND: Okay. | want to go back to thisissue about the future CTD package being just a
telemetry module. Thissort of has come during the Indian Ocean WOCE Project that ODF was concerned
with.

MR. FINDLEY: I'd rephrasethat.

MR. SUTHERLAND: What'sthat?

MR. FINDLEY: | wouldn't call the CTD thetedemetry package.

MR. SUTHERLAND: Wi, the center of it. Okay.

MR. FINDLEY: Think of it asa sensor attached (unintdligible). It doesn’t make sensetotiea sensor toa
telemetry. | mean, that'sa dassic problem with CTDsfor years has been that you'd make an advancein
telemetry that then would allow you to make an advance in the sensors, or vice versa, and for too long we've
tied those together. | think the next biggest advancein CTDsis get -- take all the tdemetry out of them and
make them just sensorsthat go to something dse. A SmartLink CTD-type thing would be so much smpler
than having it dedl with dl thetelemetry.

MR. SUTHERLAND: | stand corrected.

MR. FINDLEY: Wédl, not correct -- re-opinioned.
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MR. SUTHERLAND: During the WOCE project, we had 36 ten-liter bottles on theframe, the CTD -- often a
Separate conductivity temperature pair, which really doesn't matter -- but we did have transmissometers, alarge
lowered ADCP, and the packages got bigger and bigger and heavier and heavier, and were ill working with
the 322 cable. | forgot what thetiming was, but | remember -- if my memory’s correct -- that in the middle of
the WOCE project, Rochester |owered the safe working load on the .322 wire-- just sort of under thetablein
the back cornersand said, oh, yeah, well, that wire€s not built to work at that |oad.

After weinvestigated, the reason wasis becauise we were seeing conductor failuresinsdethe wire, and not
necessarily the strength -- the breaking strength of the wire was going down or was being lowered, but they
didn’t want to have to mess with the lighility issues of the conductors going bad insde the wire.

So at that time or shortly thereafter, the U.S. contingency of the technicians started talking about, well, maybe
we need to invedtigate a new standard for the EM cable, some sort of e ectrical/mechanical cableto take these
bigger packages. One of themajor concernsisgoing to bethe cost. We aready have al the ships outfitted
with winches, and LEBA(ph) shdls, and levd windsfor a.322 EM cable. And if wegoto adifferent sze
cable, then were going to haveto change al that at alarge expense.

DR. SHOR: Woody, that isassuming -- thisis Sandy Shor -- that .68 istoo big.

MR. SUTHERLAND: Right.

DR. SHOR: And .68isnottoo big. They'real outfitted with that, aswell -- or not all, that’s certainly true--
but alarge number of them. | would liketo hear whether you're going to be pushing that sandard in awhile
with CTDsor similar. Certainly thereisabig financial impact in reconfiguring afleet for adifferent size of an
EM cablefor CTDsif it's not the sep to the larger one were using now.

MR. SUTHERLAND: Buit I think thefirgt question | have to the audience, which hasn't come up yet, to my
knowl edge, the .322 wire we're using now hasthreeinternal conductors-- and whether anyoneisusing each
one of those three conductorsindividually so that we will need to maintain that number of conductors, or if we
can goto asmaller number of conductors as we're thinking about new cable,

MR. FINDLEY: Wél, sncel’'m likethe chair on that new UNOL S committee-- or reformed committee-- |
mean, that's the next issue I'm going to be starting to deal with.

MR. SUTHERLAND: Whileweve got quite afew people here, | wanted to hear who'susing -- who'susing
more than one conductor in that cable, essentially?

MR. FINDLEY: Or not tying them together.

MR. SUTHERLAND: Yesh. Yeah. What are you using the other conductors for.
UNIDENTIFIED FEMALE SPEAKER: Optics package-- AC-9 (ph).

MR. SUTHERLAND: Okay.

MR. FINDLEY: And that'sjus afailure of not having enough bandwidth in the single conductor.

UNIDENTIFIED FEMALE SPEAKER: Right. Or you -- | mean, bypass that and go with the low-depths (ph)
(indiscernible).

MR. FINDLEY: That'sa500 (unintelligible) long cable
UNIDENTIFIED FEMALE SPEAKER: Right.

UNIDENTIFIED MALE SPEAKER: That'sa 500 meter wire.
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MR. SUTHERLAND: Y ou'relimited by the res sance of the wire, too, so you haveto use a short wire.

MR. FINDLEY: | mean, herésthe part of the discussion on thiscable, too, isif you go to, quote, the core of
the problem and the core of the cable. Where Woody, | assume, is heading, if we go to single conductor, we
can reduce theinner core.

MR. SUTHERLAND: Right.
MR. FINDLEY: And then by doing that --

UNIDENTIFIED MALE SPEAKER: Getting more sted.
(Multiple smultaneous speakers, indiscernible.)

MR. FINDLEY: Wdl, what we can then doisactually put two inner lays (ph), because the current wireis not
torque balance, and not being torque balanced, what happensisthe outer layer unlays, and theinner one
dretches. Yourenat really carrying equally on each half, so your strength is way down because of that factor.
If you just could get them balanced and not even increase the cross-section of the sted, the cable would be
much stronger. But if you go to two inner laysin the same direction, you might be able to balance it against an
outer lay. You can't just reduce the strandsin the outer lay, because then you gtart to have too small a strand
that will then wear and break, and then you have flying strands, and they get real ugly fast when they ball upin
ablock.

Sothat'skind of thebasicidea. 1f we reduce the number of conductorsin the center, and one of the thoughts
wasusing -- to carry it even further -- would be use possibly a stainless tube in the center asthe conductor,
copper plateit, and usethat asa power conductor, and then run fibersin that tube for high speed
communications. And then if you wanted the cheap verson of that cable, you'd |eave the fibers out and put
maybe just aregular conductor. But you could pump alot of power down that center and not worry even if
leakage became a problem, because (unintelligible) you would never put any signal through it.

UNIDENTIFIED MALE SPEAKER: Isn't that center part going to be shorted to theinner sted?

MR. FINDLEY: Wél, no. There would be an insulator over that. | mean, it would be-- | mean, these tubes
aresmall. | mean, they look like wires.

UNIDENTIFIED MALE SPEAKER: No, I've never seen that.

MR. FINDLEY: And then there would be an insulation over that, and then the -- that islike one of my firgt
approachesto the problem. Maybe somebody e se has got some cther ideas who's been using it.

MR. SUTHERLAND: Wél, asatake-home message -- the take-home messageto Rich in his postion asthe
chair of the committee, it soundslike no one, in thisaudience at least, would be -- would have heartburn over
theidea of going to a single conductor EM cablethat has higher bandwidth so that you can get more
throughput; isthat correct? Would anyone--

MR. WOODROFFE: Can | just ask, just for my own information, because I'm not familiar with the equipment
you use over here. | just wondered why you have multi-colored cables and what instruments you have that
have such high bandwidth that you require things like fiber optics for the CTD cable

MR. SUTHERLAND: If | remember -- | think | can answer thefirst one. If | remember correctly, when we
garted with the CTDs, we needed separate conductors-- oneto go to the pylon and oneto the CTD.

MR. FINDLEY: It wasactualy for the old Plessy (ph) 9040 STDs and the -- wherever you cameinto the
higtory of it, Plessy or Tetratech (ph) -- STD and the original General Oceanicsrosettes, they actually
reversed -- on asingle conductor, they reversed the polarity and shut the STD down, which, you know, there
was all the gahility in the sensorsgone. So originally, the additional conductors were added so that you could
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run the STD and the rosette on a separate conductor. So that was two conductors, and to makeit around
package, you added the third conductor.

MR. WOODROFFE: But you've stuck with that over the years, because, | mean --

MR. FINDLEY: Yesh. Wdl, that was-- thiswas sort of adouble check on that. Wed assumed everybody
had donethat, but it wasn't positive.

MR. SUTHERLAND: At least everyone has here--
DR. SHOR: For those--
MR. SUTHERLAND: -- and they're theimportant people. So--

DR. SHOR: For those nat from the U.S. and maybe not familiar with how we do things -- thisis Sandy SHOR
again -- another reason isthat, in the U.S,, the 28 ships, plus or minus over the years, we have determined that
it'salot cheaper and alat better to buy about four types of cable, period, for the whole flegt, and buy thosein
bulk, and through a separate wire pool. So we pretty much force commonality on the ships throughout the fleet
with very few exceptionsin what we buy. So theré'sa momentum that remainsin the system long after the
requirements may change and the sandards.

MR. WOODROFFE: And what about the bandwidth issue?

MR. SUTHERLAND: And in buying in bulk, it meansthat you buy a wholelot, and so you have to wait until
you useit al up before you get to go to something ese.

DR. SHOR: That'sonly a couple yearslag.
MR. SUTHERLAND: Y ou want to answer the bandwidth, Rich.

MR. FINDLEY: | mean, the bandwidth is-- people want to put things like video systems down there, ADCPs
at theend of that cable. Therée's very bandwidth instrumentation that could possibly go down there, but we can't
accommodateit. Right now, everything istried to be channded through the CTD, and why makethat do it?

There's no reason why you can't have ethernet at the end of that cable. And once you have ethernet at theend
of the cable, then you can do tons of things. Y ou know, you can put alittle PC down there and communicate
with it, have an X-Windows terminal on thetop running it, or PC Anywhererunningit. Y ou could have these
network portsthat people have been using. Y ou can have an RS232 connector down there, and you can run
multiplethingsin, and avideo camera. Soall of that kind of -- things you can do at the end.

It makes interfacing Smple because then you can run up the instrument connected to a network in the lab and
testit. You don't haveto build any telemetry. It'sal -- oncethe tdemetry’'s established, that's a non-problem
anymore. And no matter how much bandwidth we build, in ten years, then somebody’ll say, gee, thisisnot
enough bandwidth. So data aways growsto fill the bandwidth.
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UNIDENTIFIED MALE SPEAKER: It goes back to Mike Mark Markey's point yesterday afternoon. If
you're going to make ajump, make abig one so you aren't making small jumpsall thetime. Another point is
thereis no technical reason why we all haveto buy new LIVA shdvesand leve lines. I1t'smerdy a challenge
to the wire manufacturersto say, within thisform factor, what can you do? It's highly impractical at this point,
now that almost every ship has been standardized on this sze wire, to go in and spend millions of dollarsto
refit all those winches again.

MR. FINDLEY: Weamog have just gotten there. Wejust got a brand new Markey just ingtaled -- you
know, the perfect (indiscernible). But thereisanother question -- isthat -- in the sameline-- we keep buying
these 10,000-meter reds. Do we need 10,0007 Would 8,000 be-- | mean, welop off piecesdl thetime, but do
weredly lop -- how much do we actually put in the water, 7,000 at most? Anybody have afed for that?
Woody?

MR. SUTHERLAND: We have 8500 oui.

MR. FINDLEY: Y ou do get 85007 Bad wire angles.

MR. SUTHERLAND: No. Deep, deep water.

MR. FINDLEY: | mean, the CTD won't go that deep, will it?

MR. SUTHERLAND: Yegh, it will.

MR. WOODROFFE: It hasadifferent shape when it comes back, but it's--
(Laughter.)

MR. SUTHERLAND: Who was on Nan's WOCE trip? How far did we go?
UNIDENTIFIED MALE SPEAKER: Y ou can do a 6800 meter cast and have 8,000 meters of line out.
MR. FINDLEY: Wédl, | know you can doit.

MR. SUTHERLAND: We went deeper than we were supposed to.
(Laughter.)

For thelast cadt, yeah. We decided to see what it looked like down there. Wetook off everything that was
essential.

MR. FINDLEY: Wdl, | mean, it might be possiblethat you only have to change the gear ratio on theleve line
and put anew shell on. And, yes, therésacog with that, but that's like 10- or 20,000, not a quarter of amillion
dollarsawinch. So-- and if you could give up ten percent of your length, drop to 9,000 meters, that might be
something else we havetolook a. And then retirethewiresthat areno longer for the degpest ocean at 9,000,
and send them down to the intermediate ships, and then send them down to the --

MR. SUTHERLAND: Yeah. That'd be pdliticaly correct.

MR. FINDLEY: Wedoit within our own ingtitution where we have a variety of sizes of ships.

DR. SHOR: Woody, it might be useful to get some ideas on the standards that are used in Europe --
(Multiple smultaneous speskers; indiscernible))

UNIDENTIFIED MALE SPEAKER: | wasgoing to ask, what isthe breaking strain in your eight millimeter
CTD cable?

MR. FINDLEY: Somebody just did the math. It's 11,000 pounds?
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MR. SUTHERLAND: The.322?

MR. FINDLEY: Yesh.

MR. SUTHERLAND: | didn't think it wasthat high.

MR. FINDLEY: Ten-five?

UNIDENTIFIED MALE SPEAKER: What did you say it was, Scott?
UNIDENTIFIED MALE SPEAKER: Ten thousand.

MR. SUTHERLAND: Y egh, that'swhat | thought.
(Multiple smultaneous speakers, indiscernible.)

UNIDENTIFIED MALE SPEAKER: Weuse-- inthe U.K., on theresearch vessd services ships, we useten
millimeter Rochester CTD cables-- the sixterna (ph) 5.95 ton breaking strength, which is obvioudy more than
what you were using.

MR. SUTHERLAND: What did you say it was? I'm sorry.

UNIDENTIFIED MALE SPEAKER: 5.95 -- ten metric tons.

UNIDENTIFIED MALE SPEAKER: Ten metric tons.

UNIDENTIFIED MALE SPEAKER: But you're using eight mil; we're using ten mil, | think.
UNIDENTIFIED MALE SPEAKER: I'd haveto get acalculator.

UNIDENTIFIED MALE SPEAKER: So we'veaready got a high breaking strain than yoursdves. The cables
we use are also single conducting core. Welve actually surpassed the limits of these cables. Werein trouble
with thesecablesasitis. Soif you'rethinking of trying to improve the breaking strain of your cables-- | mean,
the gentleman next to you suggested that, if you're going to make ajump, make a proper jump. I'm

wondering -- | mean, theten-millimeter cablesthat we're usng currently aretoo small. Scientists want to use
increased weight packages, bigger packages. Weredlizethat the cableswere using have afinitelife Were
aready introuble. So I'm thinking that the jump that you're looking at may haveto be bigger than what you
think.

MR. FINDLEY: That'sancther -- yeah. The question is, what can we --
(Multiple smultaneous speakers, indiscernible.)

UNIDENTIFIED MALE SPEAKER: -- materials we'relooking .

MR. FINDLEY: The problemisthat therés 20 -- | don't know -- they don't all have these large winches on
them -- the winch for those -- but there's probably 15 of those winchesin the fleet, and most of them were
bought within the last seven years, and are a quarter of amillion dollarseach. So--

UNIDENTIFIED MALE SPEAKER: If you look at aternative materias such askevlar (ph) (indiscernible)
very early stage of development. | mean, these could give us vastly more loading capability. But they'rein
very, very early development sage. They don't work --

MR. FINDLEY: Wewent through -- we had -- two years ago at one of our RV Tech meetings, we had what's
probably considered one of the biggest expertsin tension member technol ogy, which happensto be the name of
their company -- isn't it?

UNIDENTIFIED MALE SPEAKER: Phil Gibson.
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MR. FINDLEY: Phil Gibson. And he pretty much said, at the current time, that all these arramed (ph) fiber-
typetechnologies wereredlly not very suitable for --

UNIDENTIFIED MALE SPEAKER: Theyrenot there yet.
MR. FINDLEY: No. We could always use the Japanese one. | think they've got atitanium wire.

UNIDENTIFIED MALE SPEAKER: They did onedrop (indiscernible) Mariana's Trench (indiscernible) been
there. (Indiscernible). We operate on the RRS Discovery -- we have a subrum amay (ph) cabl e that we use for
giant piston core operation. (Indiscernible) And it works. How long (unintdligible). But it'sahdl of athing
to operate with. | mean, it'svery, very expendive (indiscernible) and all sorts of troubles of trying to ook after
thecable. | mean, it'sactually come off the drum now to be-- if we have the skin repaired and theend
parended (ph).

UNIDENTIFIED MALE SPEAKER: | wasinterested in this gentleman’s commentsthe other day in thewire
workshop. He wastaking about reduced loading levels of the cable. These new materialsarein avery early
development stage. | wonder whether therésalot of peoplethat are going to have this same problem over the
next half a decade or so with scientists wanting to increase the large-already packages. | mean, alot of pressure
could be brought to bear on these manufacturersto let them know that the next generation are going to be
significantly higher gpec. than what werre working with now.

MR. FINDLEY: Sandy's--
(Multiple smultaneous speakers, indiscernible.)

UNIDENTIFIED MALE SPEAKER: -- materials were using sted isactually coming to the end of itslife.

MR. FINDLEY: Sandy's point about, well, gee, we're aready -- alot of the boats are already carrying .680
wire, which is-- you know, maybe that's --

UNIDENTIFIED MALE SPEAKER: But thething is, increasing the size of the wireis not necessarily going
to betheanswer. Thewirewill reach its factor of safety by virtue of its own weight in the depths we're
working to. Soit doesn't matter. Y ou could chuck yoursdf a20-millimeter wire over the sde and you're only
going to gain yoursdf a few hundred meters. The bottom lineisthis materia is actualy the fundamental
governing problem -- it appears at the moment, in my experience anyway. And I'm not sure whether increasing
the szeis going to be (indiscernibl€) is going to solve the problem.

MR. SUTHERLAND: | want to make surethat we limit our discussions now to the smaller diameter EM
cable, because we're going to jump to the piston core and learn the strength numbers later.

Michad, did you --

UNIDENTIFIED MALE SPEAKER: To hammer on the obvious, holding onto the .322 OD is very appesling,
and theidea of a gtainless tube up the middle of a single conductor -- if you can useit, great. But don't forget
bending radius. That eatsto your existing winches as much as does diameter.

MR. SUTHERLAND: Yes?

UNIDENTIFIED MALE SPEAKER: Wejust bought akepla (ph) cable-- anamred (ph) cable with a
conducting wirein it. Wearein the processin rebuilding our winchesin order to have the larger diameter
whedsin order to (indiscernible). So we bought the cable, but we are-- not used it yet on our winch system.
But we're experimenting with it.

MR. FINDLEY: Asaquick question to Mike Markey back there. What would happen if we put that keviar on
theexiding -- let’s say it was exactly the .322 cable (indiscernible)? Do we have drum-crush problems?
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MR. MARKEY: No. Not on aMarkey, a any rate.
(Laughter.)

MR. SUTHERLAND: I'vegot a couple quesionshere. Oneisjust aclarification. IntheU.K., they're already
using alarger diameter single conductor wire, and all it'sgiving you isadightly larger breaking strength; is that
what | hear?-- or working load?

UNIDENTIFIED MALE SPEAKER: (Indiscernible) from Research Vessd Services. | want CTD cables at
ten mil -- standard ten -- Rochester cables, which | (indiscernible) 5.9 -- call it Sx -- metric ton breaking
srength. Wetried to keep that cable somewhere down around the 2.2 metric ton loading to protect the

internal -- the dectrical coreinit. Increasing -- | mean, the point I'm making isthat we're already having
trouble with -- loading troubles. We have-- the sandard CTD we operateis 800 kilogramsin air. The safe
working loads-- we liketo significantly reduce the safe working loads of the cableto do 6,000-meter CTDs. If
scientistsrequire that that package increases by 200 kilograms, we'rein redl trouble. | mean, thiswireisgoing
to wear out very quickly or theintegrity of the dectrical (indiscernible) eectrical coreisgoing to be under
severedrain.

So I'm wondering -- you know, you'relooking at improving the effectiveness of the eight-mil cable, and the
point I'm making iswere using the ten mil, and we arein troubl e already.

MR. FINDLEY: Isthat afully torque-balanced cable?
UNIDENTIFIED MALE SPEAKER: Yes, | believeitis. It'satwo skin contraone

MR. FINDLEY: | mean, that'stheway oursis, but it rotates like crazy. Therésarotation spec on oursthat'll
tel you how much it'll rotate per pound.

UNIDENTIFIED MALE SPEAKER: I'm not redlly sure. | believeitis. It'sthe standard onethe baths also
use. (Indiscernible). | bdieveitis, but | wouldn't put my life on it.

MR. WOODROFFE: It certainly doesn't rotate (indiscernible) or do anything like that, except the one we've
had at the moment which got damaged anyway.

MR. SUTHERLAND: Does your standard package have any just weight on it to keep it from sailing, so you
could replace the weight with instrumentation, or --

UNIDENTIFIED MALE SPEAKER: W, yes, it does. But thisisanother sort of area of discusson. | mean,
the people who are desailing (ph) these packages were not necessarily the peopl e invol ved in the depl oyment
and recovery of these packages. They're not (loud coughing; indiscernible) significantly moreinteraction
between the two parties. Aswe're reaching the limits -- the operating limits -- a (indiscernible) some of these
pieces of equipment, it’s bloody important that we have much more interaction between the people who actualy
chuck 'em into the water and bring 'em back and the people who want them chucked in the water and brought
back.

Simple answer to your question, yes, thereare weights on it. But the reason isthat you need the weights
because the package -- one package particularly I'm thinking of -- is so draggy if you deploy anything over a
three. | mean, you can have your sandwiches while you're waiting for it to sink thefirst ten meters. It just
floats (laughter; indiscernible).

MR. GROENEWEGER: Rich Groeneweber at Netherlands Ingtitute of Sea Research. Wetoo have a pre-
weighing on our CTD frame of about 300 kilograms. So afull package bringing back 24 bottles of water will
weigh about 800 kilograms, too, just like your system. And we are using an even smaller cable, 7.4
millimeters, and werre not experiencing any difficultiesin using that. That is because we'retrying to streamline
the CTD package, becausedrag isamajor issue. Asyou aready pointed out, it'snot very useful to goto larger
diameters. It will just mean you need larger drums, stronger winches, or € sethe next payl oad won't increase
very much. If you make a curve of what the cables can do for you, you will seethat it is-- it ralls off to be
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rather flat above a certain diameter, and | believethat’s around ten millimeters. 1t's not very useful to go any
higher.

MR. SUTHERLAND: Y ou're not getting much conductor failurein your packages? Doesit just have one
conductor?

MR. FINDLEY: How deep arethey going? | mean, most of our problem’sthe weight of the wire.
UNIDENTIFIED MALE SPEAKER: If you're going to 6,000 meters with our package, you're up over two
metrictons. Thepoaint is, the mechanical integrity of the cableisno problem. It's safe as houses (ph). You
have to ask the question about the wear and tear of the eectrical core. But thereisanother magjor question here
which should be consdered, iswhat issafe? | mean, what factors of safety do people operatetheir wiresat? |
mean, we don't haveto international waters. We can get away with murder.

UNIDENTIFIED MALE SPEAKER: It probably will bethat.

UNIDENTIFIED MALE SPEAKER: That isthe exact point.

UNIDENTIFIED MALE SPEAKER: Within theinternationa safety management code --
(Multiple s multaneous speskers; indiscernible))

MR. FINDLEY: How deep are you going?

MR. GROENEWEGER: We very rardy goto 6,000 meters. Just over fiveis-- but rardy seethat.
UNIDENTIFIED MALE SPEAKER: But you're sill up to two metric tonsthere with that package.
MR. GROENEWEGER: Yes WAdl, wego to 40 percent of the bresking drain.

UNIDENTIFIED MALE SPEAKER: (Indiscernible) two and ahalf. Yes.

MR. GROENEWEGER: Werardy go abovethat.

UNIDENTIFIED MALE SPEAKER: | mean, | think it'sregularly run in the UNOL S fleet -- wererunning at
sometimes 50, 60, even as high as 70 percent of break.

UNIDENTIFIED MALE SPEAKER: It'syidding (ph). | mean, thewiresareyidding, obvioudy.
UNIDENTIFIED MALE SPEAKER: We do have a wave motion compensati on -- wave compensator in the
system, and that's aways atrade-off. 1f you have awave compensator, you have many more flections which
wear out your cable.

UNIDENTIFIED MALE SPEAKER: Right. Right.

UNIDENTIFIED MALE SPEAKER: But on the other hand, you avoid the snapping -- high forcesin the
cable. With this system, we-- in rough seas, we see at the max number about oneton load variance dueto
ship'smation. Sothat gives you an idea of the drag of the system.

UNIDENTIFIED MALE SPEAKER: So can | just ask, on the American ships, what sort of winchesare you
using? Just drum winches?

UNIDENTIFIED MALE SPEAKER: Yes.

UNIDENTIFIED MALE SPEAKER: Mostly drum winches.
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MR. SUTHERLAND: Yegh. For theCTDsit's-- | don't know anybody that's using anything other than a
single drum winch.

UNIDENTIFIED MALE SPEAKER: We haveatrack (ph) also.
MR. SUTHERLAND: OntheCTDs?

UNIDENTIFIED MALE SPEAKER: Yep.

MR. SUTHERLAND: That sze?

UNIDENTIFIED MALE SPEAKER: Werun atrack --
(Multiple smultaneous speakers, indiscernible.)

UNIDENTIFIED MALE SPEAKER: -- traction rangeon aCTD?

MR. FINDLEY: We have one of each -- or a couple-- well, we have a couple -- lots of drum winches and one
track unit.

MR. WOODROFFE: We useatraction winch in the U.K. -- on the (uninteligible).

MR. SUTHERLAND: OntheCTD gtes. Yesh.

Scott.

UNIDENTIFIED MALE SPEAKER: Woody, | wasjust going to ask about heave compensation. Isthat a
dead technology or what? We useit on our polar sern (ph) acouple yearsago. They had aredl nice heave
compensation, and it made so much difference. Thewirewasa .49 inch diameter, alittle bit bigger than .322.
We weredoing routindy 4-, 5-, 6,000 meter cagts. It made so much difference. Wedidn't haveto reterminate
(ph) theentirecruise. 1t saved our terminations. It saved so much wear and tear on thewire. But | don't see
any of these ships with heave compensation units --

MR. SUTHERLAND: It'ssort of comeand gone. Y ou know, there's passive systems and active systems,
and --

Do you have any experience or comments on heave compensators and --

UNIDENTIFIED MALE SPEAKER: Wédl, if you're asking me, you cannat dither a single-drum winch, much
lessatraction winch, with -- and do it with the winch benesath an active piston-type heave compensator asa
separate piece of machinery. People who build those would be delighted to hear -- comeup --

MR. FINDLEY: | mean, --

UNIDENTIFIED MALE SPEAKER: -- and talk to you.

MR. FINDLEY: Theyremade. | mean, they usethem for launching -- I've seen somethingswhere they use
them for launching lifeboats and stuff, and redly nasty -- or escape vessdsand platforms. They're around.

MR. SUTHERLAND: Sotherésanew category for your Dick West hat.
MR. FINDLEY: Compensation?
MR. SUTHERLAND: Yes.

MR. WOODROFFE: The point | was hoping to make earlier when we were talking about your complicated
cable with the fiber was, there must be some economic point that you reach where, depending on the number of
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ordinary -- what | cal ordinary CTD work -- the amount of ordinary CTD work you do compared to the stuff
where you've got video cameras and things. There must be some point where it's not that economical to have
this super-duper cable for that job, because knowing the amount of wear and tear and damageit's possibleto do
toaCTD cableon adaily basis. If you'rejust doing alot of cruiseswith alot of just fairly smple CTDs, you
don't want to haveto be using this Rolls Royce cable, and then chopping it, and throwing bits away, and re-
terminating it dl thetime.

MR. FINDLEY: | guessthepart | left off isthat you would have two versions of the cable, one with thefibers
in the tube and one without, so that it would be pretty much interchangesbl e on the winches.

MR. SUTHERLAND: Okay. | think we need to move on. Y esterday, we had a session on bottom sampling
devices and deck operations and safety. One of theissues, again, as cable limitationsisthe 9/16ths wire that we
use asagtandard on the UNOL S vessdls. Doing piston cores-- isPete Calk here ill? In doing piston cores, at
all times, we're reaching the bresking strength, leaving the cores on the bottom, dragging the cable, and
bringing it back. Samething with dredgesif we hang up.

The scientigs are dlammoring for even longer and larger diameter piston core sysems. Soit looks like were
going to have to go to something e se to accommodate those packages. The scientigts are saying, well, you
know, theréskevlar cable out there. Why don't you just usethat? One of theissuesis cogt, but the other isjust
the upkeep and maintenance of the kevlar and what it really can do. There was acomment yesterday about the
kevlar -- from experience, the breaking strength of it reduces drastically over thefirst 12 months or so, and then
you reach sort of astableleve. So what you haveto do is over-compensate on your purchase when you useit,
and keep using it until you reach whereit can -- you know, so that it breaks beyond your working needs.

| think I’d like to hear from any of our international community that's using the synthetic fiber cables, and what
experiencethey havein its upkeep and maintenance and its bresking strength history.
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UNIDENTIFIED MALE SPEAKER: W, | can guess what people said yesterday -- I'm sure Colin managed
to say something else -- that used the 27 millimeter Kuzan-Faray (ph) cable. The problem with it isthat, asa
congtruction, you have an outer deeve, and then you havetheinner fibers. Thereisdippage-- and there can be
dippage between in theinner and the outer. The greater problem iswhen you have reverse bends, asweve
found on sheaths (ph), and then you get -- you can get bunching of the actual cable. And you'll get movement
between the outer and theinner. And eventually -- | think this has happened to RVS, aswell -- you actually get
the outer splitting. That then givesthe problem whereby you get sdltsin thewater causing the fibersto be cut,
weakening the cable. We have had -- we have logt packages on the ocean floor.

Now, Kuzan-Faray -- and | think RVS -- | haven't spoke to them -- said that they can re-shesth the cable. What
it actually meansistaking 8,000 meters of cable, putting aknife along it, and stripping the whol e of the outer
and putting anew one on. The cost of doing that isamost the same as making anew cable. They'vea so,
because the actual concentricity of the cableisnat very uniform, thereisaso arisk that when you actually dice
it, you may actually cut thefibers, aswell.

| think asafacility these are very good, and when we have used it, it's been an excellent cable. Butitisnot a
robust cablein the same way -- the Dutch may have other experience -- asusing a piece of sted. You haveto
be just alot much more careful with. Welearned by experience that when wefirgt useit, we didn't actually
leaveit in thewater staff (ph) with the recommendation which was devel oped since we've used it isthat you --
in fact, when you first deploy it, you actually deploy the whol e [ength in the water without any weight on the
bottom, or nominal weight just to get it all down. Y ou then do two or three deployments with increasing
weights. That enablesthe cableto actually stabilize. But we didn't do that, and that also acced erated the
problems.

But | haveto say, it’s on our ship, and we useit when thereisaneed for it. 1t's okay.
UNIDENTIFIED MALE SPEAKER: Could | ask, does your one-inch jacketed kevlar stay round?
UNIDENTIFIED MALE SPEAKER: No. That istheproblem. It does squash.

UNIDENTIFIED MALE SPEAKER: It ovals, doesn't it?

UNIDENTIFIED MALE SPEAKER: It ovalsand concentricitiesis not very good.
UNIDENTIFIED MALE SPEAKER: And thelebus pitch (ph) becomesa challenge.

UNIDENTIFIED MALE SPEAKER: Cdlin (indiscernible) from RVSagain. Weve experienced the same
problem. Basically, when you're winding the cable onto a drum, it doesn't squash, it flows. It actually flows. It
totally changesits profile, and it can beavery difficult wireto spool. We use atraction winch smilar to bass
(ph), so we store on the low tension (ph) somewherein the region of aten onto the drum, and the cables are all
chop (ph). It's(indiscernible) but it's very difficult to get it to actualy behaveitsdf. It'saninteresting cableto
work with. It'sinteresting (indiscernible).

UNIDENTIFIED MALE SPEAKER: Anocther thing istermination. We have to devel op the techniques
(indiscernible) certainly Kusan-Faray, if you go to the factory, and we've sent out boatswains over thereto have
a(indiscernible). They show -- you just weaveit in and it’s (indiscernibl€) and it fits together quitewell. It's
not as easy as actually putting a shackle or something around the cables or terminate it with a piece of sted. It
doestake alot moretechnique and isalot more difficult toterminate. It doeswork, and it actually solvesthe
problem. It'sjug it'snot -- | think the main point, again, it crosses-- it'snot asrobust asa sted wire, but its
works.
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UNIDENTIFIED MALE SPEAKER: But you said theend termination. It'saso possibleto dothat by
nicopress (ph) deeves. You can doit that way, and then it'svery smple. It takes about ten minutes, and you
have a new end termination. Y ou have the equipment to take it with you, but then you can very easily make an
end termination on it. What we do, we find out you can make a hundred percent end termination. Welook for
it and we have said, okay, we want to use the cable for onethird of the breaking strength. And we did some
tests, and we make now an end termination that it's dip out by onethird of the bresking strength. That works
for our -- what | said yesterday. That worked for ten years very well. | think the problem you can find out
another way, and then it'snot --

(Multiple smultaneous speakers, indiscernible.)

UNIDENTIFIED MALE SPEAKER: | know the splice of Kuzan-Faray. Y ou haveto beareal expert to make
it, and it takes you about one day to makeit. Now on thisway it takes you about ten minutesisall -- let me say
ahalf hour --

UNIDENTIFIED MALE SPEAKER: | haveto say, asamatter of interest from a scientific point of view, were
getting lessand less use of cores. We're going much moreto drilling in the U.K. (indiscernible). 1t'samos as
though coring islosing its attractiveness. That iswhy we haven't actually used the cable as much over the last
three or four years as we have when we first got it.

DR. SHOR: Sandy SHOR again from NSF. I'll say that we've gone through that valley and were climbing the
other sde now. We've been through arather long period of low acquisition of large cores on the ships. But
werre now in aboom cydein which we're seeing aminimum of two or threelong cruises asking for 30-meter
cores, and were buying time on the Marian Dufrein (ph). That'sagrowth cyclein what we call the MESH --
the Marine Earth Sciences Higtory.

UNIDENTIFIED MALE SPEAKER: Jug to follow on what the gentleman from (indiscernible) from RVS.
We usethis subarmey (ph) cable for giant piston coring. And it does work. 1t's been on the ship for severd
years. And it doeswork, and it does providethe goods. The experience and the knowl edge and the longevity
of the operation of thistype of cableis not with usyet. | mean, in Europe, you've got the French
(indiscernible), you've got the British Antarctic survey in the U.K., and you've got the Research Vessd Services
at the Southampton Oceanographic Center. | think experienceis quietly being built there with the operation of
these cables, but it's very early days. The more pressurethat could be put on manufacturers and devel opment
organizationsto look at these new materials, the better it'sgoing to be for usin thelong-run. Because, | mean, |
fed ingtictively that higher loads are going to be called for for oceanographic operations wire work over the
next -- over the coming years. Sted isgoing to be, unless something very interesting occurs that I'm unaware
of, they're going to beleft begging. Therésgoing to beagap. And were sesing this gap actualy starting to
open up now between what we can get away with in sted, closing down the safe working loads, and starting to
work in areasthat are quite spooky, actudly. | mean, told -- what?-- 70 percent? That's wicked.

MR. SUTHERLAND: Would you recommend --
(Multiple smultaneous speakers, indiscernible.)

UNIDENTIFIED MALE SPEAKER: Taking into account that the offshore industry has a safety factor load of
four.

UNIDENTIFIED MALE SPEAKER: Of course.
UNIDENTIFIED MALE SPEAKER: And 25 percent of your (indiscernible) you're all owed to use.

UNIDENTIFIED MALE SPEAKER: That wasthe reason for -- another reason for the manufacturer backing
the 10,000 breaking cable down to 2500. That'sthe -- | had a couple other quick points.

MR. SUTHERLAND: Wadll, just aminute. So would you recommend that it'stime for some of the scientists

or technical groupsto get together in some sort of consortium to start to address the manufacturers and saying,
thisiswhat we --
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UNIDENTIFIED MALE SPEAKER: It'shigh time. It'sactually really important. | mean, thething is, as
enginears and ship operators, we have aresponsi bility to see this problem coming in advance. It'sall
(unintdligible) as we actually do now. We have a Stuation with deep sea (indiscernible) in the WOCE
program saying, well, we can't really do that CTD to that depth because it exceeds the safe (indiscernible) lower
cable. SotheM says, wdl, what are you going to do, then? You say, well, if you'll just go away and don't
(unintelligible) well give you your CTD. And that’s actually what was actually happening until new safe
working load parameters were discussed and actually okayed and put onto our vessdls.

In afew yearstime, | mean, we're going to beleft with -- it'sgoing to be interesting. Y ou could have scientific
organizations asking us why didn’t we seethis problem coming. | mean, it takesalong timeto deve op this
type of technology. It's quite a complex technology. It takesalong timetodevedopit. Actualy, it'snot the

time that's the problem; it's the (uninteligible).

| mean, you can't expect a specialist cable manufacturer to invest potentially millions of pounds, millions of
dollars, in anew product that he or she does not know where the market really is. | mean, were at the sharp
end. Welvegot todrivethis. That'swhat | fed. Therésalot of research ships working degp-sea oceanography
around theworld. Therésalot of money involvedin it.

MR. FINDLEY: Therésadight problem with that that were il in the lower percentage-- | mean, it'sthe ail
industry that drivesthese cables. Basically, wereall living off of hand-me-down well logging (ph) cables or
some dight modification of that. When you talk -- and until the ail industry says, we need something new,
we're going to continueto be on -- because they'll just say, well, it'stoo much trouble. We just won't bother
making anything different. Y ou guysfigure out your -- | mean, it'snot like we have -- we're buying 50 percent
of their wire, or 40 percent; weredown in thefive or ten percentsthings -- werein thenoise

Even if we-- and it's probably going to be very necessary for both the European and the U.S. contingentsto get

together and put pressure on them. But we gill are not -- even at that levd, were ill in the noise of the
manufacturefer.

UNIDENTIFIED MALE SPEAKER: But until we embark on this exercise, we don't know how much clout
we might have as a unified organization. We might be surprised. We might be positively surprised.

MR. FINDLEY: It'd beniceto be surprised, but | --

UNIDENTIFIED MALE SPEAKER: Given the money some of these organizations are charging for cable,
such as Super Alamed (ph) -- | mean, weretalking big bucks. What are we talking, 200,000 pounds for this
cable?

UNIDENTIFIED MALE SPEAKER: It'sgone down. Y ou can probably get some for $50,000 now.
UNIDENTIFIED MALE SPEAKER: Dirt cheap.

UNIDENTIFIED MALE SPEAKER: Only a couple

UNIDENTIFIED MALE SPEAKER: | think you have to make another calculation also. When you usethe
kiffer (ph) cable and we did the cal culation, and | said always -- we had some experiencein the Caribbean. We
take 20 book scores, and colleagues of ustakes also 20 book scoresin adifficult Stuation. They had two good
book scores from 20, and we had 18 good book scores from 20. If you add -- also look to that cal culation.
Because ship'stimeisalso very expensive.

UNIDENTIFIED MALE SPEAKER: Asin broken cablesare very expensve

UNIDENTIFIED MALE SPEAKER: To operating with akeffer cable. (Unintelligible) easer than with asted

cable.
(Multiple smultaneous speakers, indiscernible.)
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MR. FINDLEY: But theres one more wesk link in thiswholething. Now you've got to replace the gallows,
and the A-frame, and all the blocks. Then you haveto look at the stability of the ship. | mean, you can pull like
hdl and rall the ship over. Theseareall issuesyou havetolook at. It'snot "a" cable. Y ou haveto go from end
to end on this problem.

UNIDENTIFIED MALE SPEAKER: It's only going to be the big cables or big operations with these
ridiciloudy sized piston draws. Horrible thingsto work with. It'sonly thosethat are going to threaten the
gahility of the vessds. You can increasea CTD package--

(Multiple smultaneous speakers, indiscernible.)

MR. FINDLEY: | wasn't consdering the CTD package going to threaten it, but certainly the --

UNIDENTIFIED MALE SPEAKER: Y ou couldn't useawire, but you could use aship.
(Laughter.)

DR. SHOR: Woody, could | ask that Rich get some names-- take names and get some information on whois
using fiber optics-- not fiber optics, I'm sorry -- synthetic cablesin Europe and get some-- serve asa point of
contact for some exchange of information. We can find somebody more appropriate later, but he's already got
the (laughter; indiscernible).

MR. FINDLEY: A jobl didn’t want. Yeah.

MR. SUTHERLAND: | was going to mention that soon after this meeting well put together a participants list
with al thee-mail addresses, et cetera, et cetera. And what we may want to do on theinternational leve is
create some mail ligsto discuss someissues. So I'll takethelead on that. But they wanted to bring up that
Rich Findley has been designated asthe U.S. representative for new cable devel opment -- the head of that
committee. So you might want to start talking to him. And | do think it's high time that we address industry.

And as| was going to say, timing iseverything. | mean, if we hit apoint with the cable industry wherethe ail
industry is full and they're not buying any more, then they may be more interested in talking to us then.

MR. FINDLEY: And it'sasowinch manufacturers. Y ou can mention things like tapered cablesto Mike
Markey over there. | mean, that was the technol ogy we used years ago when the wires couldn’t carry their own
weight. They got strong enough to doit. Maybe we need tolook at tapered cables again.

UNIDENTIFIED MALE SPEAKER: Can | just say that --

MR. FINDLEY: Therésaguy that’s been around along time going, oh, God.
(Laughter.)

UNIDENTIFIED MALE SPEAKER: Kuzan-Faray te ephoned me amonth before| came here because
(indiscernible) sdling their cable, and they were chasing around trying to find if we wanted to buy some more.
So they're actually actively thinking about what the long-term future is asto whether thereisalong-term
market for it.

MR. WOODROFFE: So buy now.

MR. FINDLEY: So, yeah, I'll be-- | guessI’ll be at the reception, or whatever that is. If people could pass me
some cardsin the meantime, that'd be great.

MR. SUTHERLAND: Any other discussons on thisor other topics?

Andy.

377



INMARTECH ’ 98 Proceedings

MR. MAFFEI: Togo back to the CTD package thing alittle bit, something that was sort of overlooked by alot
of people, and it's something that | think isimportant only in that | looked at alot of peopl €s data-- we spent
the afternoon watching talks about WOCE calibrations and all these sandards, and how we really want good
CTD data. Weretalking about people pushing fourth decimal places.

Asyou get these big huge packages and you start strapping on ADCPs, and this, and the cameras, and all the
other -- usng a paliteword, "junk” -- you haveto be very careful where you put these things on your package,
because theré's an incredible amount of microstructure flow that comes off al of this stuff. When you gtart
talking about WOCE level CTD data, me being a SeaBird and a CTD person in general, my -- to me, the CTD
is-- that'sthe puredata. It really does affect your measurements at WOCE levds.

| have seen a coupl e of data sets where-- with SeaBirds, you can run dua sensors. The customer will say, well,
on thelast cruise, on my dua sets of data, my temperatures agreed to -- down deep they were agreeing to
something on the order of -- you know, it might -- you know, a millidegree or two millidegrees. And then this
lagt cruise, thereslike afive milli-K offset. What'swrong with my sensors? They send the sensors back, we
calibrate 'em up, they're both looking fine, there's no problem. And they get the sensors back, and lo and
behold on the next cruise, they're back to the normal milli-K or two offsets. And they'relike, wow, you fixed
our sensors. And we say, wdl, we didn't do anything. And we dtart to talk alittlemore. Wdl, what was going
on with this package? And, you know, did anybody come out that did something different. Wéll, you know,
Joe brought his ADCP out and strapped it on. Then we start to |ooking at where he put his ADCP, and he put
the lobe of the transducer right in front of one of the temperature sensors.

(Laughter.)

Y ou laugh, but even at afiner scalethan that, it's very important that aswe Start to devel op these huge
packages -- 36 bottles and stuff -- that were aware that the sensor placement, especially on surb (ph) some
sensors, and | would imagine on even optics packages and all these other things, it's going to become very
important that they see good clean water, and that we're not just measuring a bunch of wakes from all these
different things that were putting on the packages. It'simportant to think about that, and also for some
applications, maybe big packagesisn't that good after all, and so we can get away from some of this cable
problem by saying, we don't really want big packages because your data's not going to be any good.

MR. SUTHERLAND: Andy brought up the subject of noisein thedata. No onehasmentioned at al dip
rings. Sol thought I'd throw that out asto what people are using, what experiencesthey're finding with them. |
know theresthemercury dip rings. I'll just mention something that Barrie passed on to me which | hadn't
discovered until hethought it up -- the mercury weighting (ph) dip rings.

Correct meif I'm wrong, but my understanding of your explanation to me wasthat the dip ring technology was
deve oped for high RPM turns, and that we've now put that application on these 9 ow-turning drums -- the
winches-- and there's some sort of, not corroson, but film that's devel oping from the d ow use, and can
introduce noise. So theremedy to that isto take your dip ring off, put it in some sort of drill or high RPM and
just spin it for alittle while, and then it'll wear down that film, and then you can have clean data again. Isthat
correct?
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MR. WALDEN: It'snot actualy afilm. It'sthe mercury -- the mercury moves. It puddies, essentidly. That's
why they tell you to store them vertically. Y ou're not supposed to leave them in adesk drawer horizonally.

Y ou're supposed to store them vertically just so the mercury will pool all the way around thering. At least
that's better than having alow spot and a high spot.

Andit'sanaticeable effect. Frequently we've been ableto bring back dip rings smply by chucking them upin
alathe and letting them spin for Six hours-- dow -- | mean, not that 9 ow, not as dow asawinch, but nat in
danger of spinning them off.

MR. SUTHERLAND: Any other commentson dip rings?

UNIDENTIFIED MALE SPEAKER: Yeah. Wereusing two sets of dip rings, one at the drum end of the
winch and one at the bottom end of the cabl e before you're connecting to your CTD package. Both --

MR. SUTHERLAND: So your packageison aswive and turns.

UNIDENTIFIED MALE SPEAKER: Fredy rotating, yeah, to protect the cable. For that, we use dip rings
from a German company. They're made of arare earth metal. | don't know what. They are capable of both
handling high current, and yet ensuring very low noise. And we're very content with that and never had any
problem since-- since we got away from the dlver, silver graphitedip rings. I've never used mercury.
UNIDENTIFIED MALE SPEAKER: Tédl 'em what you used 'em for.

MR. SUTHERLAND: And the bottom end dip ring aso holds the weight.

UNIDENTIFIED MALE SPEAKER: Toswive.

UNIDENTIFIED MALE SPEAKER: Yes

MR. SUTHERLAND: Therésno other --

UNIDENTIFIED MALE SPEAKER: Not thedipring. The cage holdsthe weight and thedip ring isinsde,
and that's pressure-balanced, oil-filled.

UNIDENTIFIED MALE SPEAKER: Conducting swivel.

UNIDENTIFIED MALE SPEAKER: It'sa conducting swivd.

MR. DIEBOLD: John Diebold from Lamont. Thisisan areawherethe oil industry may be helping us,
becausetail buoys are now powered from thelong cables that they useto -- hydrophone cables. Therésanew
devel opment -- the swivels-- the dip ring swivelsthat they use for those. They're just hoping Sandy will buy
it -- acouplefor our sreamer (indiscernible).

MR. FINDLEY: Somebody at the aquarium had them Sitting there on that display. | don't know if you saw
them.

MR. DIEBOLD: No, | didn'.
MR. FINDLEY: Theonethat wasright.

UNIDENTIFIED MALE SPEAKER: Yes, yes.
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UNIDENTIFIED MALE SPEAKER: We had them on our (indiscernible).
(Multiple smultaneous speakers, indiscernible.)

MR. WOODROFFE: I'm sorry. It wasn't about dip rings, actually. It was while we were on the subject of
package size and cables and everything. | hateto harp back to this because | know we've covered it alot. But
if chemigtsand biol ogists could be persuaded to use a lot less water --

(Laughter.)

-- you could reduce-- you could cut all these problemsin half overnight. Welve had aCTD on our shipin the
last couple years, and shesgot 12 30-liter bottles. | mean, we Sarted out using 12 1.7swhen | first joined BAS.
Y ou givethese people a bit more water, and they want more and more and more. And you never satisfy ther
demand. Sol think they need to learn some new analysis techniquesthat just don't use as much water. | mean,
I’'m quite serious.

MR. SUTHERLAND: Y ou heard Jm Swift in his presentation talking about the sample cop. Weliterally have
sample cops on these WOCE expeditionsthat say, okay, you can't go before-- the freon hasto go before the
dissolved oxygen, which hasto go before the slinities, et cetera. So you haveto keep peoplein order and
make sure that they only take as much; otherwise, werre down to fistfights out there on the sampling deck.

MR. FINDLEY: Maybe bandwidth solved some of our problems, because then we can get morein Stu sensors
that actually measure --

MR. SUTHERLAND: No, becausethey still have to ground-truth them.

DR. SHOR: Now, every now and again thereés a positive -- something positivein that area. Asyou may recal,
between Geosect (ph) and WOCE, there was a change in the radiocarbon requirement which required
humongous amounts of volumes of water in the earlier years, and which they're now -- he's satisfied to work
from the same Niskins because they can use accderator techniquesnow. So, | mean, there have occasionally
been somereductions. They don't always want more and more. But the steps arefew and far between.

MR. AMOS; Wego on cruises sometimes where most of the water goes on the deck. We'velifted all that

water up to the surface, somebody'll take a couple of oxygens, and chlorophyll, and sdlinities, and the rest of it
just goes on the deck.
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