Engineering Aboard Oceanographic Research Vessels

Thomas C. Wilson, Jr. * twilson@brightwaters.com




Standard Disclaimers

Unless otherwise noted:

- Mention of a company 1n this presentation does not constitute
an official endorsement by the State of New York, the State
University of New York, or the School of Marine and
Atmospheric Sciences.

- The presenter has no ownership interest in any commercial
entity mentioned.

Special Ocean Rated

“No Chop Busting” Disclaimers
- The presenter has never dated anyone connected to any
mentioned company, nor 1s this ever likely. Neither have those

folks plied him with baubles, nor trinkets, nor fancy food and
drink.

Anyone who implies otherwise is asking for trouble.



New recruits are so excitable...
"Jaws" - 1975 (He said a bad word. 25 cents in the swear jar)
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..but evenTually shupmcn‘es fit right in.

"Being in a ship is
bemg ina jail, with
the chance of being

jail has n more room,
better food, and
commonly better
company.”

- Samuel Johnson
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MECLURE }P/\ / 1709 1784
Courtesy Darrell McClure. From The Gaff R/gged Yachts- ( - )

man: Cartoons by Darrell McClure, Yachting Publishing
Corporation, New York, 1944




Research vessels are oceangoing
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Research vessels work all over the world...
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... and The Sea Will Find You Out

“You cut corners, leave something done
halfway to right, say to yourselves, '‘Ah, that's
good enough,’ and the sea will find you out,
boys, and ... she'll show no mercy, nor
forgiveness either."

The Voyage - Philip Caputo.

Shipshape is more than an aspiration,
it’s an operational necessity.



Research
vessels
come In

many sizes...



USCGC Healy — 420 foot research icebreaker




R/V Roger Revelle

Operator: Scripps Institute of Oceanography. Built 1996.
Global class: 273 feet, 21 crew, 37 scientists, world wide operations
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R/V Neil Armstrong

Operator: Woods Hole Oceanographic Institution. Delivered April 2016.
Ocean Class, 230 feet, 20 crew, 22 scientists, world wide operations
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R/V Endeavor

Operator: University of
Rhode Island
Intermediate class
185 feet, 11 crew,

29 scientists,
hemispheric operations
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R/V Pelican

Operator: Louisiana Universities Marine Consortium (LUMCON)
Regional class: 115 feet, 6 crew, 14 scientists, regional operations.




R/V Seawolf

Operator: Stony Brook University. Built 1982, converted 2000.
Local class: 80 feet, 3 crew, 10 scientists, local operations

% ‘ﬁa - 3
— - — ™ e

e ’-’"tr""',_,‘-“"”

- - __ -

e ’_-_,?‘- - - -~y .z’_-;
- e v il il




Do not disrespect the local class boat.

The Seawolf works out to
the edge of the
continental shelf (100+
miles offshore), north to
/5 Cape Cod MA, south to
i Cape May NJ, and up the

- Hudson River to Albany.

Waypoint 1

Endurance 12 days.

Offshore indicators cruise track:



Do not disrespect the local class boat.

In 2002, Seawolf Captain Steve Cluett
recovered a two ton ship’s anchor dating from
the 1890s while trawling Ambrose Shoal near

the entrance to NY Harbor.

Captain Cluett’s son Chris and Port
Jefferson’s Boy Scout Troop 45 restored the
anchor as an Eagle Scout Project and donated
it to Port Jefferson Village, where it now
graces the entrance to Harborfront Park.



Do not disrespect the local class boat.

The Seawolf is more than equal to any vessel of her size anywhere
In the world - and more capable than many larger vessels.

Research we do include physics, biology, geology, chemistry,
atmospheric sciences, fisheries, and multibeam sonar.

PORT JEFFERSON |
um YORK

Rehabilitated Pilot Whale Release



“Water Wall” on R/V Seawolf

Temperature, salinity, dissolved oxygen, chlorophyll, turbidity,
CDOM, pH, pCO2




¢ Outlet Control - RV Seawolf Hy
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OpenRVDAS on R/V Seawolf

Python-based open source data acquisition

@ OpenRVDAS x
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v = X

C @ File | C/acquire/openrvdas/display/htmi/seawolf demo.html L * [§ -
R/V Seawolf Navigation 11/13/2023 21:27:13 (UTC)
Latitude 40.570° N Vessel Heading KT Speed Over Ground 0kt Vessel Pitch -0.2°
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Met Hydrographic
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CTD and 12 bottle Rosette Sampler




CTD and 24 bottle Rosette Sampler

R/V Falkor (too)

tute,

Schmidt Ocean Insti

Photo

R

i (NN
i

i.

i

Iyt
iw&..
QNN
W

o
i

e

Vy

AR

9

RIS
ARRRRN

RO
AXRRRNY
XY

.,\H\ f
i

)

AN
AR

i 0
) \
I 8

\
R :'

Wi

W




Electromechanical Sea Cable
Double armored well logging cable

Galvanized steel strength members, 7 electrical conductors
11,000 Ibs breaking strength, 17 inch minimum bend diameter

DATALINE®
Description

mm Inch
CONDUCTORS (7) 0.76 0.030
#22 AWG, 7/0.010" (0.25 mm)
Bare Copper
INSULATION 1.47 0.058
0.014" (0.36 mm) Wall EPC
CORE 4 .47 0.176
6 insulated cdrs around 1
BELT
0.005" (0.13 mm) Wall TPE 472 0.186

ARMOR: GEEIPS
Inner: 20/0.031" (0.79 mm) 6.30 0.248
Outer: 20/0.0415" (1.05 mm) 8.41 0.331




Electromechanical Sea Cable and
Poured Metal Termination




Electromechanical Winch




Slip Ring

Can be electrical or electrical/fiber




Ship roll + light payload = time to reterminate!

At depth the payed out cable often weighs far
more than the payload at the end.




Traction Winch

Dynacon winch from UNOLS Winch Pool
Capacity 10,000 meters (32,810 feet) of 17.29mm (0.681 inch) fiber optic cable

\

Materials strength limitations for steel cable. Nonmetallic cables have different
challenges: cost, durability, permanently lose strength if compressed.



Research
vessels come In
many shapes...
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L SWATH Ship

(Small Waterplane
= Area Twin Hull)
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HONOLULU, HI.

~——=Fully operational in sea state 6 (4 - 6 meter wave height)-

e —

Ship response: 3 degree pitch, 5 degree roll,

~0.4G heave / 0.2G lateral acceleration. “Scientists do béﬁe
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Trevor Young

2010 Stony Brook University
Environmental Studies
Graduate

Instrument Technician,
University of Hawaii
Ocean Technology Group
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R/P FLIP

Operator: Scripps
Institute of
Oceanography
355 feet long.
Built 1962.

Design inspired by a
Louisville Slugger

baseball bat.
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The operator FLIP passes
floods tanks through a
7B, 3B and point of
partof 1T. instability,
The actual and then
flip begins as begins to
6B fills with move faster.
water. Tanks Flooding of
1B, 2and 4 tank 6 is
are open to usually
the ocean stopped at
and flood half-full; its
quickly; level varies
controlled according to
flooding of the amount
tanks 1T and of cargo.
3T slows the
descent.

STABILITY

Tanks 5,8 and 9, and

parts of tanks 6 and

7, remain filled with

air to keep FLIP

buoyant. Like the
Louisville Slugger that
the vessel was

STAYING IN PLACE
Three nylon lines,

modeled from, FLIP
increases in diameter
from bow to stem—a

each connected to 8
chain and anchor
weighing atotal of

profile that contrib- 9 tons, maintain
utes to its stability FLIP's position. For
when vertical. A some research
design criterion for projects, however,
FLIPwas that it move FLIP is allowed to
less than one-tenth of driftunmoored—on
a passingwave's one occasion, for
height,” Gaines says. 150 miles.

Y

The vessel is
ballasted; all
flooding
stops. FLIP
races
through the
next 45
degrees at
speeds of
3.5 mph
vertically and
6 mph
laterally.

POWER
Thoughithas no
propulsion, FLIP has a
small, hydraulically
operated thruster
that can rotate the
vessel and maintain a
heading. FLIP also has
three diesel genera-

Y

FLIP hits
vertical, bobs
and spins in
several
clockwise
360s. The
operator
equalizes the
water level
between the
two halves of
tank 7 to
ensure the
vessel is
plumb.

ORIENTATION

The engines, large
galley equipment and
bunks are mounted on
trunnions, allowing
the vessel to rotate
around them, and
then are locked into

tors that supply 340 place with pins, Every
kilowatts of power. room has a door in
These ride high above both the wall and
thewater so that they ceiling, and there are
don't ¢ i two sh for
acoustic data the boat's horizontal
collected by FLIP's position and one for
underwater sensors. its vertical.

98
(BOTTOM )

FLIPPING BACK
Reorientingto
horizontal takes only
half as long, but
involves twice as
many steps as the
vertical flip. Up to
3000 cu. ft. of
compressed air,
stored at 250 psi, is
blown into the ballast
tanks—pushing water
back out through the
flood openings. The
operator floods tank
9B so that the keel
remains down as the
vessel swings back
tothe surface.



R/P FLIP










FLIP operates in
both horizontal
and vertical
configurations,
so things are a
little unusual

Stove on pivots,
rotates with ship,
coffeepot certified.

Decommissioned
August 6th, 2023



Cruise 1: Barhados
Cue the
tropical
paradise...




- Science Party ‘




Deploying an instrument
mooring
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Under Pressure

e Sea level atmospheric pressure = circa 14.7 psi absolute.
e 2 feet immersion in seawater = circa 1psi additional.
e 10 meters immersion = circa 1 bar additional pressure.

Average depth of the world ocean is 3,682 meters = 12,080 feet =
about 6,000 psi.

Deepest spot in the world ocean is the Challenger Deep in the
Mariana Trench. 10,935 meters = 35,876 feet = about 18,000 psi.

Until recently, more people had walked on the moon than had
visited Challenger Deep!

40:00



Bathyscaphe Trieste

k

ues Piccard and Don Walsh, USN

Trieste in 1958, Jacq




Deepsea Challenger
Second submersible to reach Challenger Deep, March 26, 2012

Funded and piloted by James Cameron.



Engineering Strategies for Deep Submersion

Spherical pressure housings.

Acrylic pressure spheres: better visibility but less depth rating.
Stainless and titanium for greater depth.

PBOF: Pressure balanced olil filled assemblies: cables,
junction boxes, motors.

Syntactic foam flotation - safer than glass spheres.
Extensive and recurring testing and certification.

Fail safe “return to surface” designs for vehicles.



Engineering Strategies
for Underwater Housings
Usually cylindrical.
Depending on design depth: plastic, stainless, titanium.
O-ring seals. Usually single but sometimes double.

Underwater connectors.



Preparing a
MOCNESS
multiple plankton
net array




Scientist working with winch operator
to “fly” the MOCNESS at desired depth




Preparing to
deploy GPS
drifter -

note the
mesh sock
deep drogue.



“Hey Bob,

| said put it
over the side
GENTLYY'”




My workshop at sea - after 24 hours it’s
just as messy as my workshop on land




Engineering Strategies to Minimize Corrosion

e Seawateris 0.5% to 3.8% salt.
e Paint.

e Select noncorrosive and less corrosive materials - plastic,
copper, bronze, stainless, titanium.

e Crevice and pitting corrosion.
e Beware of sintered parts.

e Galvanic corrosion: anodes and active cathodic protection.



Communication and Telemetry at Sea

Voice
e |nmarsat voice and data.
e |ridium.

Data - bytes to kilobytes.
e Argos 2
e Iridium SBD - Garmin InReach

Data - megabytes to gigabytes.

e 4G and 5G cellular - works to a few miles offshore.
e \arious satellite data systems.

e StarLink



Sea
Creatures
Number
One...

50:00
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Sea Creatures Number Three
(or, Why you really, really want to be the Cook’s friend)







If you visit Barbados, don’t skip the flying fish...

D . A Mio

(‘LOTTIE &’

Traditional BARBADOS Recipe

HOT PEPPER SAUCE
ADD JUST A LI THIS

ST A LITTLE OF

... but exercise caution with the condiments.
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Another
mooring
deployment

- ohe year
under the ice.






| Sometimes the weather is

delightful (if a bit cold)...
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Sometimes it is not.




e
This is not the




Some Engineering Challenges
of Arctic Temperatures

NB: polystyrene packing peanuts are banned from
Antarctica by international treaty.

PVC becomes brittle below 0C, substitute ABS.
Alkaline batteries perform poorly below 0 C.

Primary lithium batteries perform to -40C but be aware of
supply chain and shipping issues.



ruise 3:
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Interesting
neighbors...



50:00

El Said
337 feet long
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New Al Said
508 feet long

Former vessel renamed Loaloat Al Behar, charters for 250K Euro per week.




International Travel Logistics

Checked bags are usually much easier to get through
Customs and shipped items. Don't forget stuff, you'll
regret it.

Fill our a temporary export declaration and have it
signed/stamped by US Customs. Good to show when
entering another country and when returning to USA.

Wooden crates can be a problem.

J

Shipping air restricted items in advance: the “Boom Box.’

Be prepared to explain yourself to Security and to turn
stuff on.



Cruise 4.1: Long Island Sound

Or “How to turn a perfectly good passenger ferry
~+ into aresearch vessel”




Step 1: Wait until the boat is in drydock
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“l feel like an ant under a tennis shoe...”

4




Step 2: “You don’t mind if we cut a hole
in the bottom of your boat, do you?”
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Solar Pressure

Infrared Precipitation

Temperature

Relative
Humidity

o s o Jem ) ) S )

s [ris]ienfrin]isaluntoalusds)

Crew Display
Computer & Chlorophy!| Compass

Data Logger va
9 Salinity Dissolved GP3

Oxygen

Passenger -\.
Display

Surface Temperature Acoustic Doppler Current Profiler
Sea-Wwater Intake




Emerging from the low rent district




Cruise 4.1: Vessel of Opportunity — M/V

Oleander

Oleander 10 Tracklines
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Cruise 4.2: MS Explorer of the Seas
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30°N

20°N

10°N

C/S E»

90°W

80°W

Ocean Data View




. Emitted Samplers

Radiance Ocean Lad
Acowstic Interferometer  Instrumentation Dow
Doppler Sy Thruster
Somes ] b .
Profiler p, = -




Decorator’s special effects were more impressive
(and more costly) than the real scientific instruments.

Sailing in and out of Florida
- the linchtnina canital of the waorld



Working Aboard Ships of Opportunity

Safety and construction standards and inspections are much
more rigorous for passenger and commercial ships than for
research vessels.

e Watertight/fireproof transits between compartments.

e Cabling has to meet fire safety standards.

e No plastic below the waterline.

e Marine architects.

e Inspection by government authorities (USCG in USA).
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v GPS reading
‘ places marker at
0.033 minutes
= 200 feet south
of geographic
equator.

MARINER

Altitude 5,086 feet
above sea level

GARMIN



January 13, 2016. Arriving at Entebbe Airport with 12 bags, 11.5 of
which are crammed with tools and instruments. Excess baggage
charge was more than my airfare. We had to hire two minivan
taxis to get to the hotel.




M/V Serengeti

Cargo and passenger Ferry Mwanza to Bukoba Tanzania
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~ Serengeti

loading cargo
Bukoba
Tanzania



Pop Quiz!

Question 1: What’s the
most dangerous
animal in Africa?



Answer: Anopheles mosquito.
(394,000 malaria deaths 1n Africa in 2005)




OK, question 2: What’s the
most dangerous non-human
vertebrate animal 1n Africa?

(Hint: kills more humans annually than big cats,
poisonous snakes, and crocodiles combined)



Hi'p'pbpotamus‘(Kiboko In Swahili)”_
Murchison National Park, Uganda -













,gKlboko Bay Lodge, Kisumu, Kgnya

g Would you I|ke to see a hlppo'?’
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Mama Dorcas Ebeneze
uses land breeze / lake
breeze for the daily trip
to the fishing grounds.
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Showboating:
A universal
teenage trait.




“Would you like to get closer?” “Umm - no.”
Seven out of eight hippos agree.
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Evely the heavily
armed wildlife protection officer
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“Warthogs and children
have right of way”



Mount Kilimanjaro

-



Engineering in Remote Areas

Battery Powered Tools
International voltage, frequency, and connectors.
Shipping takes forever
Some things are better than USA - some are impossible.
(Welding, isopropyl alcohol, electrical adapters)

A scoping trip is ALWAYS 1000% worth it.

Health and Safety

Immunizations, extra glasses.

Medications - keep in your carry on. Bring your
prescription bottles, check for legality of your meds.
International medical and evacuation insurance.



Tampa

9:00

Cruise Number Six:

“Hey, it’s not even a research vessel!”
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Sunshine Skyway Bridge 1954
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7:30am May 9, 1980

Vessel lightly loaded
blown off course
In a storm

Pilot John Lerro
cleared by USCG
investigation
and Florida
Grand Jury



Main pier survived strike
unprotected secondary
pier collapsed




1300 feet of southbound span collapsed
35 fatalities
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Wesley Maclintire was the sole survivor of those who fell from the bridge
when his pickup landed on the deck of the Summit Venture.

1:40:00



New Sunshine Skyway Bridge — 1987
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M/V Dali accident, March 26,2024

The Dali cargo ship departs
port of Baltimore around 12:45a.m
Point
Breeze

Francis Scott
Key Bridge

The ship strikes the
bridge at 1:30a.m.

3000 feet




SEICIWASYRICINE

A ship leaving or entering port
Is much like an aircraft on takeoff or landing.

e large ships:
o Use harbor pilots.
o May engage one or more tugs to provide redundancy.

e Redundant systems, R/V Seawolf:
o Three GPS navigation units,

Three computers running electronic charting software,
Paper charts,

Two VHF radios plus handhelds

Two radars

Main and backup generator plus battery backup, any of
which will run the bridge electronics.

O O O O O



Ship Engines

R/V Seawolf idles engine for at least 30 minutes before

departing the dock. Large yachts can have dual fuel systems.




Long Island Real Time Systems

< Cc 25 lishore.org/index.php Q W $ ) | o

Welcome to LIShore

Sea, inlet, and bay conditions for Long Island, New York, USA.

QUICKLY ACCESS REAL TIME DATA by clicking on a map location above or choosing from the list or dropdown below.

Bay Park East Rockaway Inlet SBU Health Sciences Center
Inwood Jones Inlet/Point I.ookout Ereeport
Mecox Bay Merrick Lindenhurst
Rockaway Inlet Seaford Oceanside
Smith Point Southampton Shinnecock Inlet
SBU Lot 40 (South P) Kings Park new Stony Brook Harbor

| Choose an observatory location v |




The Great South Bay Project

Buoy #1 - Real Time Data GSB Buoy #1, Vaisala HMP155

40" 41562' N Latitade, 73" 05.205' W Longibade

Date: 01-13-2011
Timne: 06:30:00 GMT
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Tide Gauge
at Bay Park
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Biofouling
and How to Combat It

e Copper components

e Antifouling paints.

e \Wrap in vinyl electrical
bundling tape before
painting.

e Active biocides - bleach.

e Power washing.

e When all else fails:
“Scrape baby scrape!”
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What a Difference a Year Makes

Top: 5:15pm EDT, 10/29/2012
Bottom: 5:15pm EDT, 10/29/2013
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Science based policy
has made a difference

e 1960s: Silent Spring. The Cuyahoga River
catches fire a dozen times.

e 1970s: The first Earth Day. Environmentalists
were called tree huggers, Love Canal.

e 1980s: The garbage barge. Dumping of
sewage sludge in the NY Bight Apex.
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Water Level, ft

Bellport, Lindenhurst and Woods Hole Water Levels with Tides Removed
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Saved >$15
million
by not

artificially
closing New
Inlet
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Endangered Atlantic Sturgeon

In 1978, catching even small sturgeon
In survey trawls was unusual.




Now we run Sturgeon Cruises
that fit captured fish
with acoustic tracking tags.

This sturgeon netted
by R/V Seawolf
off Sandy Hook NJ
10/16/2016

Length
2.6 meters
(8 ft 6 in)

Weight
216 kg
(476 Ib)




Humpback whales feeding on menhaden (bunker)

off Rockaway Penninsula, Queens NY.
Empire State Building in the background.

AL LITh Avher e EETE desion > . =
":;’a’ib TG F ﬁsgui A 'ﬁ" - u o K
.c'u...‘ i y 8141 ’ { . w— Y T
{ESLRY ; . 'ffbyig & g B L
[l . i - P B
.".',::.:‘ ".:., “J:! :}gf | i T - : —-ﬁi“:gn
vl s SN ‘.l!».( ol s g - slall! . ! ‘ W ] €
V- ~ £
=, ) 4

N
SR P ) T
A
s "l,\



ACKNOWLEDGEMENTS

To teachers, mentors, students, and colleagues including

Henry Harrison, David Lucyk, Bob Slavonik,

Trevor Young  Greg Smith Alex Sneddon Chris Crosby Miles Litzmann Lucas Merlo

—_—

All of whom ignored the sage advice...



“Mama, don’t let your babies grow up to be oceanographers...”




Questions?

Thomas C. Wilson, Jr. e twilson@brightwaters.com

Radar Meteorology Truck



