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EXECUTIVE SUMMARY

The U.S. Navy requirement tc assess the performance
of acoustic systems destined to support naval operations in
the Arctic includes the need to collect environmental data for
cold region test site characterization, exercise planring, ard
operational analyses. New techniques are being sought in the
interest of cost-effectiveness and improved data collection to
supoort the spectrum of acoustic systems presently employed

and under aevelopment

The Anti-Submarine Warfare Environmental Acoustics
Support (AEAS) program is responsibl=s for the collection of
environmental data adequate for area characterization, exer-
cise planning, and field investigations related to the test
and evaluacicr of a broad range of passive and active acoustic
sensors. Classical low-latitude environmental data collection
equipment and methods have inherent shortcomings when employed
in the Arctic. Accordingly, the AEAS program has a continuing
need to identify and acguire more cost-effective new technolo-
gy support to field assessments of acoustic systems perform-
ance 1n cold, high-latitude regions and tco add significantly
to 1ts arctic environmental information data base. This study
report 1s the result of an assessment of the support potential
that remotely operated vehicle technology offers to environ-
mental data collection and the performance evaluation of
acoustic systems under the arctic ice canopy and in the marg-

inal ice zone.

ROV technology research and development has heen
underway within the U.S. Navy for more than 3 decades and its
technology base has served as the principal national resource
for the present state-of-the-art systems. Tt is fortuitous

that remotely operated vehicle technology has proven to be so
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cost effective in the commercial offshore oil and gas indus-
try. ROV technolegy has been applied commercially in deep
water locations, such as the Gulf of Mexico and the North Sea,
where it has assumed many of the work functions of the human
diver. ROVs have successfully completed a broad range of
tasks, often under conditions that would be considered hazard-
ous to human divers. At present, tethered ROVs are fulfilling
a large proportion of the undersea support reguirements for
real-time ohservation and manipulative functicns. Autonomous
underwater vehicles are being investigated by university and
industrial R&D teams for missions requiring greater horizontal

mobility.

RCV technology now offers unique proven capabilities
for positioning sensors and instruments in three dimensions
for either real-time or delayed data collection. The hori-
zontal and vertical mobility offered by the technology will
permit access to areas beneath the arctic ice canooy 1n an
unprecedented way. Several military applications <for tnis
technology exist and additional R&D 1is underway to create
"smart vehicles"; the R&D includes investigations into arti-

ficial intelligence and robotics.

This study 1included the development of a world
inventory of remotely operated vehicles (approximately 270
different designs) that included their physical characteris-
tics and principal functions. Many state-of-the-art environ-
mental senscors can easily be integrated into an ROV system to

provide both real-time and self-recording data sets.
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The study effort attempts to answer the following

guestions:

1. What are the capabilities of current ROV *tech-
nology to satisfy AEAS environmental support
requirements?

2. What are the ROV technology shortfalls, it any,
that need to be resclved ov further R&D in order
tc fulfill AEAS reqguirementss

3. What are the ROV techrclogy trends?

4. What 1is the status of U.S. and Canadiai. ROV
expertise and manufacturing capability?

5. What published information 1is availabie ocon ROV
technology?

6. What actions should be taken by the AEAS program
regarding the applicaticn of ROV technologv to
AEAS raquirements?

Although this study purposely emphasized the remotel, operated
vehicle technology support rotential to the AEAS program and
anti-submarine warfare requiremcnts, 1t 1s now recognizeld that
this technology area could immediately serve other warfare
areas. A similar assessment should be made when operational

requirements are avallable for other warfa-2 areas.
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AN ASSESSMENT OF ROV TECHNOLUGY FOR A

ta
>
[¢7]

L. INTRODUCTION

The . tisubm-rine Warfare Znvironmental Acoustics
Support (AEAS) program is responsible for providing environ-
mental acoustics support for antisubmarine warfare system
ceriormance analysis. AEAS re-ponsibilities can be divided

into the followling:

e the development of system test and =valuaation
plans,

@ site selection of sycstem performance analysis,
e onvironmental characterization,

e =xercise planning,

® measurement, and

¢ performance modeling programs 1in support of ASW
systems.

AEAS is concerned with the £full range of ASW systams

{survelllance and tactical).

AEAS is confronted with a new ASW environment 1in
the Arctic. None of the existing operational ASW systemc has
been designed to function under arctic conditions, New
systems are jn the design or prototype stages and there are
many unanswered questions. In addition, the environmental
acoustic data 135 sparse ftor much of the Arctic and adjacent

5eas.,

ROV/AUV te . hnology can be applied in a variety of
ways to support tnhne AEAS program responsibilities, Probably

the most significant contribution can be made in environ-




mental characterization and site selection. But ROV AUV

systems may also be able to play an important role in exer-

(

cise and measur=sment programs.

1.1 Data Requirements

A wvariety of environmental data ars required to
support the AEAS program. This might be categorized obroadly
as data r=lated to sea 1ce, oceanographic and sea floor con-
ditions., Since sea ice conditions (thickness, concentration,
roughness, movement) are largely forced by the atmospher2 in
TOst regicns, the meteorology becomes another important cate-

Jorv.

Recent studies (Thorndike and Colony, 1982) have
snown that more than 70% of the variance in ice movement in
ne rentral basin can be attributed to the wind. To further
23%ablish the importance of meteorology to AEAS interests we
note that the ambient noise field in the central Arctic 1is
iominatad by sea ice fracturing due to wind stress and./or air

remperature changes (Dyer, 1984). The complex nature of the

)
»

iv-sea-ice interaction processes 1s shown in Figure 1.1.

Table 1.1 presents a comparison of relevant envi-
ronmental acoustics properties in the Arctic with mid-
latitude conditions. 1t shows that there are numerous system
related problems which ars unique to the half-channel sound
velocity distribution and rough sea ice canopy. While sound
saths are very stable in the deep water basins in comparison
~5 onpen ocean conditions, cthe upward refracted energy is
strongly scattered by the rough ice surface (Buck, 1958 and
Dyer, 1984). Near the 1ic2 margin the acoustic variability

increases significantly over the central basin.
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1.2 The Arctic Operatiug Environment

Figure 1.2.1 shows the Arctic Ocean and adjacent
seas. The Arctic Ocean covers an area of approximately
l4xlO6 km?. There are two major deep basins -- the
Furasian (approximately 4000 m) and the Amerasian (approxi-
mately 3800 m) which are separated by the Lomonozov Ridge
which has a sill depth of approximately 1600 m. About one-

third of the ocean is occupied by the adjacent seas -- Tast
Siberian, Laptev, Kara, and Barents -- with extensive conti-
nental shelves. The shelf areas play a significant role in

the oceanographic and ice conditions in the Arctic as well as
the performance of acoustic systems. The shelves in general
have a thin sediment cover, and are often underladen by perm-

afrost.

The central Arctic 1is covered by perennial pack
ice with an average thickness of 3 m. During the winter the
area covered by sea lce increases over the summer coverage as

is shown in Figure 1.2.2.

Sea 1ice 1s a highly heterogenesis and complex
engineering material. Grown from sea water it contains a
percentage of the salinity of the freezing fluid. Newly
formed ice may have a salinity of 20%, will be a dark gray
color, and spongey. The ice crystals are hexagonal, and are
formed of thin platelets and sea water is trapped betweer the
platelets in small brine cells. The brine is highly concen-
trated (150-250%) and is in equilibrium with the ambient
temperature. Any temperature change, therefore, results in a
change in the brine volume, and as a result, a change in the
mechanical, electrical and thermal properties of the

material.

1-6
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Figure

1.

[\

The limits of the Seasonal Sea Ice Zone in
the Arctic showing the extreme northerly and

the extreme southerly limits of the ice edge.
(from Weeks, 1980)




As the freezing process proceeds the growth 1is
slowed, less salt is trapped in the 1ice, the crystals grow
larger, and become more organized. Since they are hexagonal
this means that ice is an anisotrophic material. As sea ice
ages the brine drains from the ice and as it becomes less
salty, it turns from gray, to gray white, to white, to 1ice
blue and clear. Figure 1.,2.3 shows a typical profile of ice
crystal structure arown as an undisturbed sheet, and Figure
1.2.4 presents a schematic temperature and salinity profile
for ice of various ages and thicknesses. Also shown are the
distribution of young modules and the flexural strength,
When cold (-20°C) sea ice 1s very hard (equivalent to mild
steel) and strong (particularly 1in compression). Figure
1.2.4 also shows the flexural strength and Youngs Modules of
sea ice as a function of ice salinity and temperature. An
appreciation of the strength of sea ice can be gained from
the thickness for safely landing various aircraft on the ice
in the winter and spring. A Cessna 180 weighing about 3000
pounds requires a thickness of 10 inches; a 26,000 pound DC-3
requires 30 inches; and a C-130 requires 48 inches to support
its 145,000 pounds. Clearly, it is not difficult to support
heavy loads on the ice, however, it 1is another problem to
locate sufficient runway for fixed wing operations. Further-
more, since the ice is nearly always in motion the integrity
of a runway cannot be assured for long periods of time.
Finally, we emphasize that sometime in mid May fixed wing
aircraft operations from the ice are impossible due to sur-

face ablation,

The ice 1is 1in nearly constant motion under the
action of wind and currents. Figure 1.2.5 shows the drift
tracks of numerous satellite positioned drifting buoys which
reveals the major circulation features of the ice and surface
layer (Colony and Thorndike, 1984).
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1000 km

Ficure 1.2.5. Trajectories of satellite tracked automatic
data buoys 1979-1982 (from Cc lony and
Thorndike, 1981).




Under the stresses 1in the pack ic~2 the 1ce breaks
and exposes the ocean. Young ice grows gquickly (several
centimeters in 24 hours) during the winter. Figure 1.2.6
shows growth rate as a function of air temperature. As the
forces shift this young ice breaks up to form ridges of 1ice
which may become tens of meters from the top of the sail =o
the bottom of the keel. Figure 1.2.7 shows the probabilitvy
density of ice thickness derived from the "upward looking"
echo sounder of a submarine along tracks in the Beaufort 3ea
(Wadhams and Horne, 1978). This reveals a small percentage
of thick ice (>3 m) and a small percentage of thin ice (>.1.9
m). Summer brings rapid melting of the ice in the seascnal
sea 1lce zone and the central Arctic where the average

thickness ablation is approximately 40 cm.

The central arctic climate can be characterized as
a long winter (Cctober to May), and a relatively short summer
(June, July and August), with very short fall and spring
perliods. This arctic condition grades into 3surarctic season-
al patterns with decreasing latitude in which the seasons
become more pronounced. The dominant features of the Arctic
are the prolonged periods of darkness in the winter, daylight
in the spring and summer, and the cold temperatures. The
cold atmosphere accounts for the freezing conditions that
lead to the formation of the ice canopy. Winter and summer

air temperatures are shown in Figure 1.2.8.

The Arctic is net a region of severe storms since
most cyclones are in their dying phase by the tim2 they reach
the central Arctic. However, in the subarctic intense storms
are common, The most persistent storm tracks are shown 1in
Figure 1.2.9, and observed surface winds for the central

Arctic are shown in Table 1.2.1.
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The Arctic 1is characterized by low precipitation
(mostly in the form of snow) as shown in Figure 1.2.10. but
high incidence of cloud cover particularly as one moves into

the subarctic regions (Figure 1.2.11).

These factors combine to create a challenging oper-
ating environment for men and eguipment. Since the early
part of the century the United States and other arctic iim
nations have built up a substantial amount of operating
experience, The Soviets not only have the largest arctic
research and development program (by far), but also the
grzatest amount of experiznce in arctic operations (Denner
and Sides, 1985). Iinis effort has been driven by the im-
portance of th2 Northern Sea Route to their economy, northern

developmz=nt, and strategic concerns.

The three major operating factors in the Arctic are
the temperature, visibility (darkness, cloud cover or blowing
snow) and the sea ice. Taken together these factors pose
some significant operating challenges. From the point of
view of ROV operations in the Arctic the ice is the primary
factor. Temperature and visibility may pose some initial
logistical constraints. However, once a deployment platform
is in place (ship, submarine, ice camp) ROV operations under
the ice should be relatively straightforward. The pack ice

provides an extremely stable platform.

1.3 ROV Technology Overview

This report presents an overview of Remotely Oper-
ated Vehicle (ROV) technology, its proven capabilities,
associated systems and issues for the purpose of assessing

the support potential of this technology for acoustic scien-
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tific research in arctic regions. 1In the last 10 years this
technology has attained a proven state-of-the-art capability
to perform and carry out functions formerly relegated to the
human diver. ROVs have also become a commercially cost-
effective option for accomplishing a broad range of undewater
tasks involved in each offshore o0il 2ard gaz devzlopmicul phase

-- exploration, development, and production.

For the purpose of this report we will consider all
types of remotely operated vehicles (autonomous, towed,
tethered, and bottom crawlers) under the broad category of
ROV. Towed systems have been included in this report as
remotely operated vehicles because of the interactive commun-
ication links with the vehicle platform and hybrid systems
that are being developed. A combination towed vehicle with a
tethered free-swimming vehicle carried on-board the towed
vehicle 1is being developed by the Woods Hole Oceancgraphic
Institution (WHOI) and is called the ARGO-JASON. 1In the sum-
mer of 1985 a dramatic feat, the discovery and documentation
of the TITANIC at a depth of 12,500 feet showed the versatil-
ity of the ARGO-JASON system.

The U.S. Navy Supervisor of Salvage and Submarine
Development Group One possesses the principal Navy manned and
unmanned assets for search, recovery, and rescue. This in-
house experience and capability is under continuous up-grade
and represents a valuable resource of knowledge. To date,
these organizations have not operated extensively 1in the
Arctic. The discussion herein emphasizes proven ROV capabil-
ities, potential ROV scientific support applications, and
illustrations of how that technology might be extended from

temperate climates to the Arctic.
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ROV vehicles have accumulated a history of signifi-
cant accomplishments. Since the 1966 nuclear weapon recovery
operations off Palomares, Spain, a number of search and re-
covery tasks have been successfully completed applying stead-
ily improving equipment and procedures. The rescue of the
men in the PISCES III from a depth of 1,500 feet by the U.S.
Mavy CURV IIT in 1574 was followed by the recovery of the
then high technology F-14 aircraft and its SPARROW missiles
from the North Atlantic. The ROV SCARAB located and retriav-
ed the flight recorders from the crashed Air-India jumbo jet
6,700 feet beneath the Atlantic. Expeditious location and
recovery of the space shuttle CHALLENGER debris inveclved
several ROVs: DEEP DRONE, GEMINI, CORD, SPRINT 101, RECON 1V,
SCORPIO and ORION. These achievements involved a coordinated
effort between manned and unmanned vehicles. The 1list of

recoveries has grown rapidly.

Despite some spectacular scientific accomplishments
using ROVs in the U.S. only a few researchers have adopted
this technology to their requirements for data acquisition to
support their research. Too, there is only limited effort
dedicated to the design and development of ROVs specifically
for scientific purposes. Nevertheless, germane R&D is under-
way that will provide improved ROV capabilities, some of
which will be applicable to under-ice scientific investiga-
tions. Figure 1.3.1 Remotely Operated Vehicle Technology
Support Potential, includes most marine scientific research
areas. However, ROV technology has neither been extensively

tested nor used in arctic regions.

Recent industrial experience with e variety of ROV
systems shows that the technology can be successfully applied
to a broad spectrum of underwater tasks. It is fortuitous

that industrial needs catalyzed the creation of a familv of
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ROVs with capabilities that are diverse and suitable--without
major change--for supporting scientific research activities

in polar regions.

Self-containsd scientific sensors and instrumenta-
tion developed for autonomous long endurance oceanographic
buoy 1installations are readily available from commercial
sources. The spectrum of scientific sensors and instruments
constitutes a ready supply of data acquisition add-ons to an
ROV vehicle. Underwater and atmospheric navigation and posi-
tioning systems have been developed and perfected to meet

virtually every conceivable type of operation.

Reliability 1is good, but technician support is
required to ensure maximum availability. Surface control
stations have been designed, tested, and refined to provide
"user friendly" operating and to achieve optimum performance
and reliability. Nevertheless, to expedite operator pro-
ficiency development, formal training programs are available
to prepare personnel to operate and provide technical sup-
port. Effort continues to design and develop systems that
will provide full replacement for the now required human ROV
operator. The primary approach tc achieving this objective is
through the application of artificial intelligence (a rela-

tively new technology) and robotics.

This report establishes that the technology is at
hand to carry out scientific tasks that until recently could
only have been accomplished by divers or manned vehicles.
These tasks are accomplished for less cost and with no risk
to human life. The ROV has the potential to be every bit as
effective as a corresponding manned vehicle. Indeed, it
could be argued that as a reconnaissance platform the ROV

provides superior data since it can be operated for longer
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continuous periods. The ROV is also cost effective. Acqui-
sition and operating cost per system are less than manned

platforms used for the same purpose.

1.4 Objective of This Study

The objective of this study and report is to:

® Conduct an assessment of ROV and related technolo-
gies that have potential for supporting AEAS
research in arctic regions.

® Prepare a document that provides information that
can be used to acquire appropriate ROV technology
and ROV compatible sensors and instruments to sup-
port AEAS research in the Arctic.

1.5 Definitions

The term "remotely operated vehicle" has been used
to describe a wide variety of undersea equipment and system
types. There is no generally accepted definition for the
term "remotely operated vehicle", However, the tethered
free-swimming type 1s the vehicle type most recognized as an
"ROV"., There are ROV system variations that include: towed
vehicles, bottom-crawling vehicles, autonomous vehicles, and
those vehicles that are heavily dependent on contact with the
seafloor or some man-made structure., In general, the term
refers toc any class of unmanned vehicle that derives 1its
guidance from a remote piloting station or from navigation
instructions contained within the vehicle's guidance and con-
trol equipment. This last class of vehicle is more appropri-
ately described as autonomous self-piloted vehicles. .In this
report the term remotely operated vehicle (ROV) will be/ﬁsed/
for tethered free-swimming vehicles and autonomous operated

vehicles (AUV). Clarification will be made when any other




class of wvehicle 1s mentioned, e.qg., towed and bottom

crawling.

For the purposes of this report and tc provide some
distinction for the reader the generic term "ROV" applies to
the following four classes of remotely operable vehicles.

(Some authors have sub-divided the classes even further,)

1) Tethered Swimming Vehicles. A remotely operat-

ed vehicle system that is cable powered and controlled via an
umbilical tether cable. Propulsion is integral with a mobile
platform equipped with a variety of sensors and manipulators
to conduct useful underwater work. The vehicles can be
operated in three-dimensions, This type of vehicle is uni-

versally known as an RCvV.

2) Autonomous Underwater Vehicles. An untethered

swimming vehicle system that operates in three-dimensions
free of an umbilical cable. Power, propulsion, maneuvering,
control, and other features are basically under the pre-
programmed control of on-board computer programs., Inter—~
active control and data telemetry is via acoustic link. This
type of vehicle is generally recognized and is called AUV

{Autonomous Underwater Vehicle) in this report.

3) Towed Vehicles. A remotely operated vehicle

system propelled and maneuvered, primarily in two-dimensions,
by a surface tow vessel. Vertical maneuvering is achieved by
winch lowering and lifting. Acoustic, magnetic, and optical
sensors acquire information that is displayed at a surface
located console. No generally accepted acronym exists for

this vehicle type.




4) Bottom-Crawling Vehicles. A remotely operated

vehicle that operates via a tether umbilical cable and in
two-dimensions on the seafloor,. The vehicle receives power
and control from a surface support platform. These vehicles
have a substantial payload capacity for sensors, manipu-
lators, tools, and other equipment useful for seafloor mea-
surements, installations (including trenching and burial of
pipe and cables), maintenance and repair. No generally

acceptable acronym exists for this vehicle type.

There are a number of major components common to a

complete ROV system:

1) A remote control station.

-~

2) A remote power source (using either the main
power supply of the surface ship or an ROV
dedicated power plant).

3) An umbilical tether cable. (The autonomous
vehicle is an exception.) The umbilical cable
usually provides power, a communications 1link,
data telemetry, and serves as the strength mem-~
ber for launch/retrieval. Communications and
data telemetry to and from an AUV 1is accomp-
lished via an acoustic link.

4) A launch/retrieval system (crane/boom, traction
winch, storage winch, and in some instances, a
deployment cage.

5) An underwater vehicle.

6) Tools, sensors and instruments to conduct spe-
cific missions.

This report contains information (Appendix 1) on
more than 268 different types of ROV (the world-wide total
fleet of vehicles numbers somewhere near 700). Appendix 2
provides a directory of suppliers, and Appendix 3 provides a
comprehensive breakdown of specifications. Appendix 4 pro-

vides a list of recent relevant publications.




2. RuV TECHNOLOGY HISTORY AND TRENDS

The history of modern ROVs spans Jjust over three
decades. The pioneer vehicle in this class was created by
Dimitri Rebikoff in 1953 who converted his normally manned
operated diver transport vehicle PEGASUS into a tethered
cable controlled vehicle. At that time he field demonstrated
the wvehicle for both military and academic scientific
researchers but, despite their declared interest in applying
this technology, the marine community did not make a buy,
Little progress in commercial KOV development took place
until 1975. Industrial demand for an alternative to human
diver services stimulated the market opportunities for both
domestic and foreign sales. Since 1975 the world fleet of
ROVs has grown dramatically. Military applications and pro -
curements of ROVs and AUVs will spur the development of addi-
tional units in the coming decade. Already mine neutraliza-
tion vehicles are being develcped and produced in substantial
guantities--particularly by France. The nmajority of aon-
military vehicles have been custom designs to meet unique
functional requirements of offshore oil anrd gas companies.
Only a few manufacturers have enijoyed multiple sales and a

production run of a given model.

The introduction of the tethered swimming ROV with
a television camera gave the technical personnel, responsible
for offshore drilling and production, their tirst opportunity
to see what was happening hundreds of feet hr.iow the surface.
The surface-bound engineer could monitor the operations ccn-
tinuously. Communication with the diver while observing the
situation provides a valuable tool for the responsible engi-

neer, The "flying eyeball" is perhaps the key feature of




ROVs applied in the offshore oil industry. Along with a good
view of the work site, other innovations have been added to
the ROV, particularly manipulators and tools that they can
operate. There bas been a progressive development of ROV
systems -- sensors for expanding the view area, non-destruc-
tive testing devices, documentation systems, and acoustic
navigation and location systems. Many diving operations ar=
now routinely observed and cupport~d1 by an ROV. Vehicle
systems can handle all drilling support in deep water and a

great part of it in shallower depths.

Commercial AUV applications have been limited. The
relatively new technology "artificial intelligence and ro-
botics" is being explored for underwater applications, par-
ticularly 1in AUVs. The level of a.tomation research and
development to meet the industrial manufacturing reguirements
far exceeds that available for underwater applications. How-
ever, technology transfer from the manufacturing field %o
underwater AUV will likely occur. Several experimental AUVs
are under development that 1incorporate artificial intelli-
gence. These are dubbed "smart fish" to reflect the on-board
anvironmental assessment and decision-making that will take
vlace in a» on-board compu-er. After analyzing a given 3itu-

ation thc AUV will take action on its findings.,

2.1 Tethered Free-Swimming Vehicles (ROVs)

Dvring the last decade substantial improvements,
largely driven by the offshore oil industry, have taxen place
in the design, development and practical apolication of un-

manned tethered free-swimming vehicles, However, the 1indus-




try need to conduct cost-effective exploration, field devel-
opment and, finally, production was satisfied, in part, in
the remotely operated vehicle technology base established by

the Navy.

From 1957 to the present the U.S. Navy has
conducted in-house ROV research and development. The Navy
has also funded university ROV and AUV developments. Most of
the vehicles have been developed as working test beds that
incorporate a broad rarge of technologies considered
potentially valuable to military operations, The longest
continuous record of ROV/AUV developments has been at the
Naval Ocean Systems Center (NOSC), San Diego. The Center
draws a significant historical experience base from
developments at the Naval Ordnance Test Station (NOTS),
Pasadena/China Lake, CA. Although NOSC is the current lead
laboratory for ROV/AUV developments much of the early history
credit approoriately belongs to NOTS. The initial Navy
regquirement for ROV technology was the need to reccver
valuable high technology experimental torpedoes and other new
Navy ordnance that sankx during field trials on the test
ranges operated by the NOTS and the Naval Torpedo Station,
Keyport, WA.

The following paragraphs describe some of the

systems that have been built:

e MERMUTT III, In 1957 the Navy took delivery of
its first torpedo recovery ROV, MERMUTT III, manufactured by
VARE Industries, Inc. MERMUTT III was designed to be a
search and recovery vehicle with a depth capability of 1,200
feet. The vehicle was 18 feet long, 4 feet B8 inches wide, 3
feet 9 inches high, weighed 1,000 pounds in air, had a posi-
tive buoyancy of 30 pounds, a submerged speed of 3 knots




and a hovering capability in a 1 1/2 kt current. It was
equipped with a television. This system became the property
of NOTS and appears to have been the precursu. of the pro-
gressive in-house upgrades of this design that became CURV
(Cable-controlled Underwater Vehicle).

® SOLARIS. The SOLARIS (Submerged Locating and
Retrieving/Identification System) was similar to MERMUTT III
and was developed for the same purpose to depths of 650 feet.
It was an open frame structure fitted with television,
lights, an echosounder, and either a toggle-action claw to
recover torpedoes, a general purpose claw, a cable claw (for
cable repairs), or an explosive magazine, and a stud gun.
The vehicle was designed and fabricated for the Naval Torpedo
Station, Keyport, by the Vitro Laboratories. Although the
vehicle successfully located and retrieved a dummy target
from 650 feet it did not pass the established performance
specifications test.

° SORD. The SORD (Submerged Object Recovery
Device) was built by the Naval Undersea Warfare Engineering
Station, Keyport, in 1965 for weapon systems recovery from
its underwater test ranges. The system has an open metal
frame that supports a television camera, flood lights, direc-
tional hydrophone, magnetometer, a mechanical latching device
for ordnance or object retrieval, and a washout pump that can
remove six meters of sediment overburden to expose the object
to be recovered.

e SPURV. The SPURV (Self-Propelled Research
Vehicle), an AUV, was designed and developed by the Applied
Physics Laboratory, University of Washington, It underwent

its initial testing in the Dabob Bay, 3-d acoustic test range
on 25 November 1959. It was designed to cruise under its own
power to depths of 10,000 feet, at a speed of 6 knots, for 5
to 10 hours depending on the type of battery used. Its pri-
mary payload was oceanographic instrumentation--100 to 200
pounds. The function of the research vehicle was to obtain
information on ocean bottom topography, and to record oceano-
graphic and geophysical data at great depths and over long
distances. Its development was sponsored by the Office of
Naval Research.

° TORTUGA. In the sixties several experimental

testbed ROVs were conceived at NOSC and fabricated by a com-
mercial firm (Hydro Products, San Diego). Among the first
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was TORTUGA. It was purposely sized small to improve test
improved maneuverability ideas and to allow close observa-
tional access to spaces inaccessible by the larger designs.
Several versions of TORTUGA were fabricated and evaluated.
An early Adesian ueinqg water je- propulsion lost out to more
effective propellers.

® ANTHRO. The ANTHRO took 1its name from its
anthropomorphic features and was build by Hydro Products fol-
lowing NOSC specifications. It was developed to evaluate a
concept wherein the vehicle would mimic the motions of a
human head attempting to scan and interpret an unfamiliar
scene, The technique was termed "head coupled" television
and involved slaving the vehicle (with its included televion
camera) to the operator's head that was covered by a master
control helmet. Binaural audio inputs were included to
determine if such augmentation would improve the operator's
ability to locate and identify a target. In addition, the
operator's control station chair was instrumented to match
the roll, pitch, and azimuth changes in synchrony with the
vehicle. Vehicle depth was controlled by servo-controlled
vertical thrusters that automatically maintained a desired
depth.

® SCAT. The SCAT (Submersible Cable-Actuated
Teleoperator), as originally configured, was built to serve
as a testbed for evaluating head-coupled television. It was
subseguently .wodified to serve as a light-duty inspection/
work vehicle capable of operating to a depth of 3,000 feet.

e SNOOPY. SNOOPY is the smallest in a series of
NOSC developed light-weight, portable ROVs. It carries a
television camera with a 250 watt mercury vapor light source.
Its primary function is optical viewing to a depth of 100
feet.

® NAVFAC SNOOPY. The NAVFAC SNOOPY (Navy
Facilities Command SNOOPY) is a small ROV designed for ocean
construction suppert. Its primary uses are optical survey of
proposed seafloor construction or implantment sites, monitor-
ing and documentation of diver operations, and general under-
sea inspection and documentation.

e LARP. The LARP (Launch and Recovrery Platform),
another NOSC design, is a unique ROV that is normally operat-
ed by scuba divers to a depth of 130 feet. From 130 feet to
200 feet the system 1is cable controlled from the surface.

£
1
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Its function is for the sub-surface launch and recovery of
manned submersibles.

® STSS. The STSS (Surface Towed Search System) is
a towed ROV designed for searcn depths to 20,000 feet.
Employing television and side looking sonar, its calput is
read and interpreted at a surface located console. It was
fabricated by the Westinghouse Corporation and is operated by
Submarine Development Group One, San Diego.

e CURV. The CURV (Cable-controlled Underwater Re-
covery Vehicle) has undergone an almost uninterrupted series
of upgrades from CURV I to CURV III. Each design has been
the traditional rectangular open frame equipped with syn-
tactic foam buoyancy and ample space for a number of sensors
and instruments. The sensors included are active/passive
sonars, television cameras and supporting lights, still
camera(s) with strobe light(s) and manipulators. CURV III is
capable of working to 7,000 feet and has been modified for
emergencies for operation to 10,000 feet. It has a submerged
speed of 4 knots. Two horizontal propulsion motors are used
to steer the vehicle and one vertical motor serves for close
vertical control.

° RUWS. The RUWS (Remote Unmanned Work System)
was developed by NOSC as a testbed for a variety of useful
work missions such as recovery, repair, implantment, survey,
documentation, and oceanogaraphic data gathering. Work 1is
performed by a two-arm manipulator system -- one a relatively
simple four-function, rate controlled grabber, and the other
a seven-function position-controlled, highly articulated
manipulator for which special tools were developed.

e MNS. The MNS (Mine Neutralization System) was
developed and tested by NOSC. It is a tethered swimming ROV
designed to be deployed from a fleet minesweeper. Its func-
tion is to classify and neutralize mines that have been
located by other means. The system contains its own high
resolution scanning sonar and television viewing system for
relocation and classification of mine and mine-like targets.
NOSC is NAVSEA's Technical Agent for the commercial produc-
tion run which started in 1985. NOSC is also developing the
first unit of a new low magnetic signature version of the
MNS .




The commercial application of remotely operated
vehicles (ROVs) has expanded rapidly since 1975, The world
fleet has grown to over 7CC in the last decade. Their utili-
ty and reliability has made them almost an obligatory support
service system on each major offshore platform. The offshore
0il industry, in most instances, has nurtured the commercial
development of ROVs with the intent of eliminating cr marked-
ly reducing the requirement for the human diver, Ironically
it is the dexterity and capabilities of man that have been
used as a performance target for ROV designers and develop-
ers. Many tasks and functions formerly assigned to the human
diver are now accomplished by the ROV, These include inspec-
tion of subsea systems, search and recovery. ROV technology
has not been extensively used or even tested in arctic re-
gions. In 1983 the ROV MiniROVER was used to explore and
photograph the remains of the 140 year old British bark, the

Breadalbane, under the arctic ice. The o0il industry has used

a small ROV to inspect the ice keels of multi-year pressure

ridges.

A combination of a towed vehicle with a tethered
free-swimming vehicle carried on-board the towed vehicle is
being developed by the Woods Hole Oceanographic Institution.
In the summer of 1985 a dramatic feat showed the versatility
of the towed ARGO system as a means to achieve fine-grain
surveys of the deep sea floor, but also tec locate sunken

ships, as it did when it found the TITANIC at 13,000 feet.




The towed ARGO will carry a small, remotely operat-
ed vehicle (JASON) in a "garage" located at the stern of the
towed body. Operating as deep as 20,000 feet, JASON will
transmit data on its tether to ARGO which in turn will relay
information via the umbilical cable to the <curface ship.
Since the system can remain submerged for weeks at a time, it
is expected to significantly increase the amount of informa-
tion collected during research cruises. The prototype JASON
is a Benthos RPV-430 with a Deep Ocean Engineering manipu-

lator arm.

In July 1986 Woods Hole personnel returned to the
TITANIC and were able to probe some of the interior of the

ship using the video robot JASON JR, operated from ALVIN.

The cable controlled free-swimming vehicle has
evolved to pbe the dominant ROV vehicle class and is the most
recognized ROV type. The ROV SCARAB, for example, located
and retrieved the flight recorders from the crashed Air-India
jumbo jet 6,700 feet beneath the Atlantic. In addition, it
recovered a substantial portion of the aircraft bit by bit,
Such achievements have significance to the scientific
community when one realizes that this operation required
accurate geodetic position fixes for each piece of debris.
Navigational fixes are now accomplished as routinely as

surface navigation.




In March 1986 the space shuttle CHALLENGER was
destroyed by a rocket booster explosion, The debris field
was extensive and recovery operations continued intoc May.
Recovery operations inlcuded the use of RCOVs SPRINT 101,
RECON IV, DEEP DRONE, GEMINI, CORD, SCORPIC and ORION,

2.2 Towed ROV Systems

Many of the sensors and research capabilities in-
corporated into the design of towed vehicles have potential
application aboard tethered free-swimming and autonomous
underwater vehicles. In addition, some hybrid systems are
being developed that involve both a towed vehicle with a
tethered free-swimming vehicle carried on-board the towed
fish. Hence, the following vehicle descriptions are included

in this assessment.

A representative towed ROV is the SEA MARC CL which
is one of the newest towed sea floor mapping systems on the
market. Incorporated in the towed fish is a 150 kHz side
looking sonar system with a very wide operational envelope.
The system can image swaths from 50 m to 1 km wide and create
real-time, digitally processed, slant range and speed cor-
rected acoustic images of the bottom. The system maintains a
good grey scale across the image over the entire range of
swaths, tow speeds, and towfish attitudes. The guality of an
acoustic image of the seafloor is critically dependent upon
platform stability. SEA MARC CL uses a passively stabilized
sensor platform with optimized towing speeds from one to six

knots.




Its light weight and small size makes it readily
portable and easy to deploy from ships of opportunity. A
light weight winch and a one centimeter contrahelically
armored coastal cable is required for survey towing. The
system has a depth capability greater than 1500 m. 1Its over-
all weight is 100 kg, and it is 2 m long, 0.4 m wide and 0.4
m high.

Unprocessed acoustic data and corrected data can be
recorded in real time on standard audio tape for backup and
post processing. All teiemetry communications between the
tow fish and the surface consocle can also be recorded on
audio tage. All data from sensors such as compass, magnetom-~
eter, temperature sensor, and pressure/depth gauge are
digitized for communications to the surface or on-board data
storage. As a towed system the SEA MARC CL uses a highly
flexible multiplex telemetry link to the surface. This link
has sufficient unused capacity to accommodate additional
sensors or systems aboard the towed fish. SEA MARC can also
support a very high accuracy super short baseline tow fish
positioning system to increase survey scope by avoiding the

use of bottom mounted acoustic references.

Operating these towed systems is inherently diffi-
cult because the 1long length of cable involved constrains
maneuverability. Towed vehicles are also constrained by high
winds and sea conditions. These constraints might be par-

tially overcome by using autonomous vehicles.




2.3 Autonomous Underwater Vehicles

Autonomous ROVs have been used by the Navy since
the early 1960s but their numbers were small. More recently,
due in large part to the advent of the microprocesscr, R&D
investment in this type vehicle has seen a greater emphasis
by the military. Since the autonomous vehicle is, by nature,
designed to operate at distances beyond visible range of its
support craft or station, it can conduct a mission covertly
and free of a surface tether. The capability is particularly
pertinent to this study.

Some 23 development programs in this area can be
identified from the open press. Of these, 14 are supported
by the military. At present most autonomous vehicles are
primarily developmental. The R&D vehicles are being develop-
ed primarily for 1identifying problems and technology that
must be advanced to make this type of vehicle practical and
an effective alternative to cable-connected vehicles. Al-
though the world inventory of AUVs is less than 30 the number
of vehicles in this class is expected to increase in the next
decade. The operational characteristics inherent to autono-
mous vehicles suggest that this class will have a number of
under-ice applications,

Two general AUV classes are currently under devel-
opment. One is of an open frame design, much like tethered
free-swimming ROVs, and the other 1is torpedo-shaped which
offers lower drag for long-range traverses.

Tne developmental program of Gaseby Dynamics of the
U.K. illustrates a few of the potential applications for this
technology. That firm is currently developing an intelligent
decoy and has prototype systems under test. Mounted 1in maga-




zines on a surface vessel, as many as six of these vehicles
can be deployed into the water if the presence of acoustic
torpedoes 1is suspected. Against a passive seeker it would
automatically begin a seduction or distraction program, while
against an active seeker it would store the sonic transmis-
sion then retransmit it with added dopler and time difference
to attract the torpedo. (Military Technology, Vol. IX, No.
11, 1985). Such decoys c¢ould also be launched from sub-

marines or aircraft.

The European-based Scicon Company's SPUR (Scicon's
Patrolling Underwater Robot) is an advanced concept 1in the
design phase (Busby, 1986). The full-scale vehicle would be
between 10 and 11 meters long with a 1.8 meter cross-section.
Normal propulsion would be by an oxygen/hydrogen fuel cell
and higher attack speeds of up to 50 knots may be ohtained
from either a closed-cycle engine or batteries. At cruising
speed the vehicle would have an action radius of 1850 kilom-
eters, an endurance of two months and, for certain applica-
tions, be capable of diving to 6000 meters. SPUR would be
under shore control and artificial intelligence would be used
to assist functions which SPUR would need to perform autono-
mously, especially in the fields of tactical decision-making
(e.g., route planning, target classification, attack maneu-
vers, and communications routines). Scicon foresees such
roles as mine counter-measures (using manipulators), vessel
destruction via torpedoes, wrap-around wire system deployment
directed against a ship's- propellors, and, as a last resort,
an intelligent mobile mine. The company further envisions
"wolf packs" of SPURs deployed in a patrol line to create

barriers up to 370 kilometers long.
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The French built (IFREMER) AUV EPAULARD is a survey
vehicle designed for photographic sorties in deep water (6000
m)., It can take 5,000 photographs in one dive and has been
found to be highly effective in the following field investi-

gations:

e surveys of manganese nodules in the Pacific,

® sediment slumping observations in a canyon off
the coast of Nice, France.

® search for salvage and cables, and

e trials on the Gorda Ridge, off the coast of
Oregon.

150 dives have been completed. The EPAULARD maintains con-
stant altitude off the seafloor through the use of a weighted
drag rope, combined with a forward-looking obstacle avoidance
sonar which is used automatically to interrupt propulsion in

the event of any collision situation.

An acoustic image-transmission link to the surface
is being developed to operate at 25 kHz and thus transmit a
picture at intervals of 5-40 seconds. The acoustic imaging
capability is intended to improve mission control and search
strategy, not to replace the on-board still cameras. The
vehicle can cover 15 km during a dive of 6 hours. Service
time on deck 1is 1 hour to recharge batteries and re-load

cameras.

Also under development by IFREMER 1is a smaller
vehicle system ELIT designed for shallower water inspection

tasks associated with the offshore o©il and gas industry. It




will be much more intelligent than the EPAULARD with the cap-
ability of maintaining station near the ocean bottom and
transmitting video data, through an acoustic telemetry link,

to an operator. System tests are planned for 1986.

The AUV PLA II is an experimental vehicle designed
to carry out research into the feasibility of collecting
manganese nodules from a depth of 6000 m. The development
effort 1s supported Dby the French atomic energy research
authorities. The broad principle of the system is that the
vehicle descends under its own weight, with buoyancy and trim
control, so that a soft landing is made on the bottom. The
vehicle then covers a distance cof about 600 m on the sea bed,
uses a dredging device to lift nodules into the hopper which
can hold 3 cubic meters of nodules. Ballast 1is then dropped
so that the vehicle ascends using fixed buoyancy, and is re-
covered on the surface. After processing of the nodules on
board the support factory ship, the waste rock is loaded into
submersible vehicles to act as ballast in subsequent trips.
Additional ballast, for fine trim, would be in the form of

iron shot.

Technomare of Italy is developing an AUV work sys-
tem with remote operator control via an acoustic communica-
tions link and with multiple arms. Some arms are used for
vehicle position keeping and torgque reaction, while the other
arms serve as manipulator operating tools. Video information
will also be provided via an acoustic telemetry link to pro-

vide the operator with on-scene information.

At the Heriot-Watt University of Edinburgh,
Scotland, development is underway on a small AUV (ROVER) that




will transmit video data via an acoustic telemetry link to a
tethered free-swimming ROV operating near the AUV work arsa
for relay to the surface control station. This approach to
gaining a short acoust‘c transmsision path hopefully will
reduce some of the problems that plague long distance acous-

tic transmission of video data.

The U.S. Department of the Interior, Minerals
Management Service, is sponsoring robotics (AUV) engineeering
R&D in an attempt to provide more effective means to conduc-
tion inspection of seafloor pipelines and the inspection of
underwater structures. This AUV technology development pro-
gram, called the Experimental Autonomous Vehicle (EAVE) Pro-
gram, has progressed to a point where both the NOSC and the
Universi_.y of New Hampshire (UNH) experimental vehicles
have been tested in water to perform certain fundamental
maneuvers, The vehicles are known as EAVE-WEST (NOSC) and
EAVE-EAST (UNH). Neither of these vehicles is planned to be
a prototype for a specific function, but, as indicated, both
are test beds for new technology and technigues. This tech-
nology develcopment program is a collaborative effort between
the Naval Ocean Systems Center (NOSC) and the University of
New Hampshire (UNH). Germane to this study, EAVE-EAST
includes a computer routine entitled "The Arctic Inspection

Mission System Sonar Acquisition Routine",

At NOSC, an open-frame torpedo-like submersible
(EAVE-WEST) has been constructed to study magnetic navication
and optical fiber communications. This vehicle is powered by
lead-acid batteries, which, together with electronics, are
located in the four canisters within the vertical frame.

Twin propellers located aft, and a vertical propeller amid-




ships, between syntactic foam buoyancy blocks, provide pro-

pulsion for the vehicle.

The AUSS (Advanced Unmanned Search System) 1is a
current NOSC AUV develorment. The obijective of the develop-
ment 1is to create an autonomous system for search using
acoustic command, control, and telemetry links in addition to
a significant amount of artificial intelligence technology.
AUSS will serve as a testbed for overall evaluation of the
system and its subsystems. A secondary ob‘ective is to have
a derivative of the AUSS replace the Surface Towed Sea:ich
System (STSS). The UFSS (Unmanned Free-Swimming Submersible)
was designed and built at the Naval Research Laboratory in
order to demonstrate and evaluate advanced technolngies as

applied to underwater vehicles.

International Submarine Ungineering, Ltd., Canada,
built the torpedo-shaped ARCS to perform surveys under the
arctic 1ice canony. It 1is now operated by 1i:s owner the
Bedford Oceanographic Institute, Halifax, Nova Scotia. ARCS
has seen limited use in the Arctic and is being prepared for

additional trials in 1986.

The Applied Physics Laboratory, University of
Washington, pioneered in the development of 2UV technology.
The Unmanned Arctic Research System (UARS) was designed with
under-ice operations in mind and was tested successfully in
the Arctic in 1972, As part of a DARPA-ONR sponsored arc:tic
technology program at the University of Washington, the AUV
was developed and successfully deployed. The UARS is a com-
pact, torpedo shaped vehicle that weighs 410 kg in air and
has a length of approximately 3 meters and a diameter of 75




cm. It can operate to depths of 457 meters and can cruise for
10 hours at 3.7 knots. 1Its payload of acoustic instrumenta-
tion provides for measuring physical phenomena and communica-
tions both to and from the AUV. The vehicle is launched in a

horizontal attitude after being lowered through a 4x12 ft ice

hole. The position of the UARS is known at all times from
information derived from an acoustic tracking system. The
UARS 1s recovered by ensnaring it in a net. The capture net

contains an acoustic beacon which the UARS homing system
seeks. In the event that command communicati~n with the UARS
is lost for a preset period of time, the homing system will
automatically activate and UARS will began a search for the
beacon. The field tests were conducted from Fletcher's Ice
Island (T-3) when i. was at approximately 85°N Lat. and 85°W
Long, about 150 miles north of Ellesmere Island during May
1972. Pressure ridge keels to a depth of 23 m were observed.
Included in the instrumentation suite of UARS was an ice pro-
filer system which measures the relief of the under-ice sur-
face on each of three separate, narrow, uoward looking beams,

“o provide an overall elevation accuracy of 9 cm.

As a vart of the development of UARS, a 10,000 baud
underwater acoustic link was designed and developed. This
phase-~shift-keyed (PSK) data link was used both to control

the UAF. . and to receive real time data from the vehicle.

Otservations of the under-ice profile were made
using the (UARS) system which was developed as part of an
ARPA-sponsored arctic technology program. Briefly, the
sy .e~ consists of an acoustic telemetry-controlled, torpedo-
like vehicle that can operate under the arctic 1ice while

carrying acoustic and other research instrumentation (Figure
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2.1). An acoustic tracking system determines the position of
a tracking projector mounted on the UARS at 2-second inter-
vals. Within a typical 4-km diameter operating area, the
standard error of the position measurement is about 15 cm
relative to an established reference baseline,. The vehicle
dynamic controls play an important role in the measurement
process. The vehicle controls its depth within 7 om, and
pitch and roll are controlled within 0.5° with 30-sec periods
for all three functions. During turns, slightly larger
errors are incurred, but these damp out very rapidly when

cstraight running is resumed.

The multi-beam, upward-looking acoustic lens that
is used to measure the under-ice profile is mounted directly

over the tracking transducer (Figure 2.1).

The UARS has been inactive for several vyears, Dr.
John Harlett, University of Washington, Applied Physics
Laboratory (personal communication) indicates that the UARS
could be placed back in operation by four men with six months

of effort.

Current AUV development effort at the University of
Washington Applied Physics Laboratory 1s the modification of
an Mk 38 vehicle to do acoustic assessment of krill under the
antarctic ice shelf and pack. The AUV will bhe pre-programmed
and will return to the launch platform using acoustic homing;
a technique utilized by the UARS. 1In this application, there
are no plans to track the vehicle. This is a relatively low-
cost vehicle and is a modified version of the Mk 38 Mod 5
Fleet Sonar Training Target which is 204 cm long, 14 cm in

diameter, weighs 7.3 kg in air, has a speed of 3.5 knots for
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4 hours, and a depth rating of 152 meters. The current con-

tract calls for a unit cost of $1500.

A capability vital to the ultimate success of un-
tethered vehicles 1is the ability to acoustically transmit
reliable images in real time. Hence, it is deemed necessary
to develop technologies that support reliable image transmis-
sion. Imaging in near real-time from an untethered vehicle
is possible because of certain data reduction techniques that
can be used. Even at the very low resolution of 100x100
pixels, digitized to four bits, there is still a significant
amount of redundant information present, Using a special
redundancy removal algorithm (Micro Adaptive Picture Sequenc-
ing) much of the excess data can be removed while important

scene features are maintained.

An image of 100x100 pixels (40,000 bits) would
require about 4 seconds to transmit an acoustic telemetry
link (9600 bps). By using data reduction techniques, it is
possible to transmit the same scene in 0.5 seconds. In or:.r
to test the usefulness of the data reduction algorithm, an
EAVE compatible imaging test bench was built. On this system
images were sensed, digitized, compressed and transmitted and
reconstructed for a remote overator with acceptable image
fidelity and image iransmission time. If many frames per
second are necessary to control the vehicle through a diffi-
cult maneuver, the compression ratio can be increased and the

transmission time decreased.

There are some drawbacks attendant with autonomy.

All power for the entire mission must be carried on-board.




This limits the amount of work that can be accomplished --
power must be shared on each mission between propulsion and
the tools/sensors used to carry out a meaningful mission.
Many untethered missions will involve only inspection and
information gathering with no requirements for high energy
for sensors or tcocols. Real-time viewing at a manned control
center is limited due to the transmission capabilities of an
acoustic communication 1link. However, without direct human
intervention, the system must incorporate substantial
intelligence onboard which involves extensive computational
capability. Accordingly, the following areas are beling

emphasized in AUV technology R&D:

® improvement of sensors and expanding sensor
options.

e improvement of guidance systems and artificial
intelligence.

@ use of enhanced acoustic communication using
advanced bandwidth compression.

2.4 Bottom Crawling Vehicles

ROVs in this category are limited in number and
each has been developed for a specific mission. Most of
these systems are designed to conduct pipeline or cable lay-
ing missions. However, the University of California, Scriops
Institution of Oceanograohy, Marine Physical Laboratery bot-
tom crawling vehicle, RUM III, the latest in the RUM develop-
ment series, 1i1s designed to perform research in the deep

ocean and on the seafloor.




3. ROV SYSTEM COMPONENTS

3.1 Materials and Lubricants

Materials and lubricants used in ROV systems must
be selected and designed to operate effectively under arctic

conditions. Several factors must be considered:

(1) the mechanical properties of the materials
used at cold temperatures,

(2) seals and water tight inteqgrity,
(3) lubricant viscosity,
(4) 1ice formation on the tether, and

(5) the impact of 1large and sudden temperature
changes.

Many arctic researchers have learned the "hard way" that
special preparations and precautions are necessary when oper-
ating systems under arctic conditions. Low temperatures
change the strength, elasticity, and hardness of metals and
generally reduce their impact resistance. Leather, fabrics,
and rubber lose their pliability and tensile strength. Rub-
ber, during extreme cold, becomes stiff and flexing may cause
it tc break. Rubber, rubber compound seals, and O-rings can
warp. Plastic, ceramics, and other synthetic materials are
less ductile. Items composed of moving parts and of dif-
ferent materials can experience changes in tolerances thus
operate with reduced efficiency. Glass may crack if it is

exposed to sudden change in temperature.




Lubricants destined for use in ROV systems that are
not specifically developed for cold weather use may congeal
and retard the motion of moving parts if exposed to freezing
arctic air temperatures. Low temperature lubricants (oils
and greases) developed expressly for the winterizing of
equipment may be suitable, but should be evaluated before
going into the Arctic. Lubricants must have a low rate of
viscosity change, a freedom from corrosive actions, and low
volubility. Cold weather lubricants must be capable of dif-
fusion over all surfaces requiring lubrication, and permea-
tion of the pores and surface cracks of metal. Cold weather
lubricants will evaporate at a more rapid rate than do regu-
lar lubricants at low temperatures. Their tendency to dry
out requires frequent checking of lubricated surfaces and
repeated replenishment. Oils, at cold temperatures, become
more viscous and difficult to pump to places where lubrica-
tion 1is needed. Higher viscosity oils, until they become
hot, increase the drag on engines and moving parts. Grease,
which is a semisolid, also becomes more viscous and loses
some of its lubrication properties. Lubricants are difficult
to apply at cold temperature, fittings may be frozen and
brittle, so that 1lubrication should be done in heated

spaces.

3.2 ROV Structure

The fundamental structure for larger versions of
tethered swimming and towed ROVs 1is an open rectangular
frame. The framework serves the function of enclosing, sup-
porting, and protecting the vehicle components (thrusters,
junction boxes, television, lights, etc.). The frame size in

most designs represents the outside dimensions of the ROV.




Small ROVs and AUVs are usually fully covered with a shroud
over selected portions to improve hydrodynamic performance.
Hydrodynamic considerations are more important to a small
tethered swimming ROV than desired flexibility of access to
the subsystems in larger systems. Vehicle size varies widely
and ranges from the size of a beach ball, e.g., Hydro
Products RCV-225 (0.17 cu. m.) to the automobile size of ERIC
IT (27 cu. m.).

Manipulators and mechanical "grippers" (for sta-
bilizing the ROV during work functions) may extend well
beyond the protective framework. 1In some instarces grippers
and manipulators are folded so as to retract within the pro-
tection of the frame. Some tethered swimming ROVs are oper-
ated from a deployment cage. The deployment cage provides
protection during launch and retrieval; the time when an ROV
is particularly vulnerable to damage from contact with other
structures. Deployment cages are also open rectangular metal
frame structures and may house a substantial portion of the

umbilical tether cable.

3.3 Remote and On-Board Power
Touv <l osulrieal regoei.-o-2nts vary by 4design, Most
common are 50/60 Hz and 220/440 VAC. ROV instrumentation

and power requirements can be accommodated, in part or total-
ly, by most surface support platforms. The basic portability
of an ROV system may generate the impression that the systems
can function from any suitable platform. However, experience
has shown that ROV dependency on ships power may be neither
adequate nor reliable. Dedicated AC power sources are con-

sidered desirable and are required in those instances where




surface support platform power is either unavailable or unre-
liable. Electrical interference in the custom designed ROV

power/communications cable is negligible in most systems.

Battery power 1is a convenient portable energy
source and has many applications. ROV auxiliaries are often
equipped with a self-contained battery power scurce to
obviate the need for utilizing a portion of the power supply
provided through the umbilical or limited hotel load of an

autonomous vehicle.

The extreme atmospheric cold that can be encounter-
ed in arctic regions requires a special awareness of mainte-
nance and use of battery power. Three environments have to
be considered -- a warm heated shelter, ambient air tempera-
ture exposure and water temperature exposure. In the Arctic,
buildings are often overheated (25-30°C), the air temperature
may be -50°C or colder, and the water temperature will never
be colder than -2°C. Batteries, in general, sustain a loss
of output capacity as the temperature decreases. Lead-acid
batteries should be transported to the Arctic without elec-
trolyte in the cells. The concentrated electrolyte should be
properly diluted before being added to the cells for use. 1If
they freeze, the expanded solution will crack the battery
cases. Batteries, should he operated and stoved in insulat-
ed containers and should be warm before taken outdoors to be
~used in subzero temperatures. Care and -rotection should be
given to batteries with a low charge because the acid content
of the electrolyte is 1lower and the solutions freeeze at
higher temperature. Batteries used at 1low temperatures

should be maintained at full charge.




Guidance for the selection and use of batteries in

polar regions:

1. Dry cell batteries used for cold weather opera-
tions should be of the high energy type. As
the temperature of a battery falls its amperage
output is reduced. For example, at -40°C, a
good flashlight battery is inoperative.

2. At -20°C, the carbon-zinc battery is usually
inoperative unless special low temperature
electrolytes are used,

3. Wet cell storage batteries are dependable for
cold weather operation when they are specif-
ically serviced and protected. However, they
are generally too heavy for providing power for
ROV auxiliary instruments and sensors.

4. Lightweight, high enerqgy, wet cells operate
well at -30°C and can be clustered to supply
necessary operating power to auxiliary equip-
ment.

5. There are wet cells designed to operate at
-70°C such as the Yardney Silver-Zinc battery.

6. Alkaline-manganese primary batteries are good
at low temperatures.

7. Nickel-cadmium cells experience a relatively
small change of output capacity over a wide
range of operating temperatures.

8. In the past, mercury batteries have not per-
formed well at 1low temperatures, however,
recent developments have produced several pcpu-
lar cell sizes that do.

9., Inorganic lithium cell power sources offer high
volumetric and weight efficiencies.

10. Silver oxide batteries are used in expendable
sound velocimeters because of their long shelf-
life and good low temperature performance.




11. Since a battery does not reach ambient tempera-
ture immediately, insulation 1is helpful in
transition from very c¢old air temperatures
(-10°C and lower) to water temperatures
(-1.8°C).

Despite recent progress to achieve reliable, small, high
energy density, long endurance power supplies suitable to
support arctic deployments of data buoys, oceanographic
instruments, small manned stations, and autonomous vehicles,

it is a problem that has not been completely séived.

3.4 Small Self Contained Power Sources

Unmanned untethered underwater vehicles require self
contained power sources to operate life support, propulsion,
controls and sensor systems, The type of the power source
depends on the application. Broadly, the available powe:

systems can be divided into the fcollowing categories:®

Nuclear

Gas Turbine

Gas Engine

Diesel Engine
Ligquid Propellent
Solid Propellent
Fuel Cell

Battery

Torpedoes used closed cycle gas and diesel engines and
more recently solid propellents to achieve their high speed,
short endurance mission. These power systems are unsuited for
the long endurance mission requirements or autonomous

vehicles. Liguid propellants fall into the same high power




low endurance category. For both solid and liguid oropellent

power sources the burn rate is very difficult to control.

According to the Manual for Manned Submersibles:
Design, Operation, Safety and Instrumentation (CNO, 1984)
there were one hundred seventy-four operational submersibles
at the time of publication, seventy-nine untethered, and all
but one are powered by the lead acid batteries. The twenty-
five ton 1Italian prototype diver lock-out vehicle, the PH
1350, 1is the only submersible using a closed-cycle engine.
Regardless of the power system, all current vehicles are elec-
tric motors and conventional propellors for propulsion. These
units are chosen for efficiency and reliability. Additional-
ly, their performance 1is easily predicted with established
theory. Lead acid batteries are chosen must often because
these vehicles are designed almost exclusively for missions
where duration is less than 24 hours. None of the power
systems listed in the Manual meet the design requirements for

autonomous long endurance missions,

A recent review of battery technology has been pub-
lished by Smith (1985). In this review he summarizes the
types, applications, properties, construction, and performance
characteristics of batteries. Table 3.1 is taken from this
reference and shows battery characteristics for various tvves
of chemical batteries. The table provides information on the
"practical"” energy and power densities. It shows how chemical
composition affects cell voltage, and the increase in energy
and power densities for batteries containing lighter elements
such as lithium. However, even for lithium batteries, which
have a power density of about an order of magnitude higher

than lead-acid batteries, it would require a large mass to




Table 3.1 Batterv Characteristics

voltage Energy Power

(per cell) Densiy Density
Battery (V) (WH/Kg) (W/Kg)
Lead-Acid (SLI) 2.04 20-30 50-75
Lead-Acid (Traction) 2.04 10-20 50-75
Nickel-Zinc 1.74 50-70 100
Nickel-Iron 1.37 54 120
Nickel-Cadmium 1.3 15-30 100
Nickel-Hydrogen 1.32 45-50 200~-250
Lithium-Titanium Disulfide 2.1 100 TBD
Sodium-Sul fur 2.0 60 30-100
Lithium~Thionyl Chrloride 3.6 200-700 400
Lithium-Silver Oxide 2.2 20N 1000
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achieve sustalired high pcwer outputs. Batteries are best
suited for short to medium term low power applications. Other
aspects that must be considered in battery applications are
stcrage, shelf life, activation, and safety in undersea appli-

cation.

Figure 3.1 shows a comparison of power system weight
for five possible candidates (gas turbine, fuel cell, diesel
engine, gasoline engine, nuclza2ar) as a function of the oupera-
tion time for a 10 kw system (Smith et.al, 1986). Note the
exponential 1increase in weight as a function of endurance
(time) for closed cyrle systems. Table 3.2 (page 3-13) shows
the power-to-weight ratio, nominal efficiency, normalized for
a 10 kw system. The 10 kw requirement is an arbitrary value
selected to make this comparison. The curves 1in Figure 3.1
are computed assuming a gas turbine fuel consumption of 120
percent, and diesel engine rtuel consumption of 80 percent of

the gasoline engine with a 14:1 fuel to air ratio.

Small self contained power systems for autonomous
vehicles required to operate at depths to several thousand me-
ters for several months are limited to a few choices. Only
the nuclear and fuel cell technology offers the capacity re-
quired for long endurance operational requirement. Figure 3.2
shows tae power delivered to the water required for low drag
hulls ol variocus displacements and speed requirements (Boretz,
1984). A one ton vehicle coperating at 10 knots, requires 2.5
kw and 1s marked in the figure. Figure 3.3 shows the rpower
system's weight as a function of mission duration for various
sources required to provide 2.5 kw. Clearly, for long dura-
tion missions only tuel cells and nuclear power sources can

mea2t  the endurance requirements for extended missions.
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However, closed cycle diesel systems may provide an option for

larger vehicles.,

The nuclear power plant 1is an indirect energy con-
version system, while the fuel cell is a direct energy conver-

sion system which offers very high efficiency (Table 3.2).

Boretz (1984, 1985) describes a nuclear plant based
on the organic Rankine cycle electric power system (ORCEPS).
Figure 3.4 is a schematic representation of this system. The
isotope heat source provides thermal energy to the boiler
which supplies a superheated organic working fluid to the tur-
bine of a closed Rankine cycle system. Table 3.3 shows the
characteristics of some candidate isotopes, and Table 3.4
shows the design parameters for a .5 to 2.5 kw system, An
alternative design (Figure 3.5) replacing the thermoelectric
generator (TEG) with a samarium cobalt permanent magnet (PM)
alternator would provide for not only propulsion but alco sen-
sor electrical power reguirements. This design improvas
efficiency resulting in reduced isotope inventory and reduces
materials cost as operating temperatures are reduced £{rom

1800° F for the TEG to 800° F.

There are two commercial nuclear systems 1in the
planning stage. The Canadian AMPS which 1s expected to be
availapble 1in 1991 in the SAGA-N vessel. The second is the TRW
ORCEPS system described previously for which there is no pro-
duction schedule available. Both systems would be capable ot

oproducing 10 kw of power for at least 1000 hours of operation.
Fuel cells were originaly developed for the National

Aeronauti<cs and Space Administration as power supplies for

space craft. Many types of fuel cells are available commerci-
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Table 3.2. The Impact of Power-to-Weight Ratio on Initial
Power System Weight for a Ten Kilowatt Demand
(from Smith, et al, 1986)
System Power-to-Weight Nominal Initial System
Ratio Efficiency Weight
(kW/kg) (%) (kg)
Nuclear 0.60 40 16.67
Gas Turbine 3.30 20 3.03
Diesel Engine 0.55 35 18.18
Gasoline Engine 0.82 25 12.20
Fuel Cell 0.91 90 11.00
Table 3.3. Characteristics of candidate isotones
{from Boretz, 1985)
FUEL Tm-170 r -210 GdP_ Cm-242 | G244 || n-238(RER)
HALFUR 17 OAYS 138.4 DAYS | 138.4 DAYS 163 DAYS| 18.1 YR || 87.8 YR.
MODE OF DECAY ETA ALPHA ALPHA ALPHA ALPHA ALPHA
SPEQRC POWER (PURS 13.6 .
(WATTS/GM-SOTOPE) 1.0 144.0 R K 0.56
SPEQRC ACIWITY
(CURES/WATT) “ y » 2 » »
SPONTANEOUS ASSION - - — o k4 10
HALF-UFE (YEAR) 7. 200 }. 410 4.9x10
FUEL FORM METAL METAL RARE EARTH o) o}
roromoe | O | =05 || N,
SHIELDING EQUIRED MODERATE | MINOR MINOR MINOR MODERATY | MINOR
SPECINC POWER 2.1
(WATTS/GM-FUEL FORM) 1o ™ % z4 0.4
SPEQIFIC WEIGHT 1.050 0.01
(L8-FUEL FORM/XW,) ¥ ~0.030 0.0245 | 0.958 5.512
HEAT SOURCE FUGHY NONE SNAP- 5 - .
APPU AT ONS OF OTHER NAP-29 SNAP-29 SNAP-11 | NONE SNAP-e:
-19
-7
KiPS/mPS
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Table 3.4. Remotely powered submersible system design parameters
(from Beretz, 198535)

Working fluid Toulene (Monsanto CP-25)
Turbine inlet temperature 650°F

Turbine inlet pressure 300 PSIA

Cycle flow rate 0.4323 1lb/min

Turbine outlet pressure 5.C PSIA

Condenser temperature 170°F

Condenser pressure ~5.0 PSIA

Turbine outlet temperature (ideal) 447°F

Turbine outlet temperature (actual) 490.2°F

Turbo~generator speed 48,000 RPM
Turbine efficiency 0.80

Cycle pump efficiency 0.60

Generator efficiency 0.85
Regenerator effechtiveness 0.90

Boiler efficiency 0.90

Output power level range 500-2500 watts
Sonobuoy velocity 5 to 10 knots

5.76 to 11.5 MPH
8.44 to 16.87 ft/sec
Radioisotope Pu 238 (87.8 yr half life)

Mission Duration 1000 hours or greater
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ally, the primary difference among them being the chemicals
used as oxidizers and reactants. Two examples of such cells
are the hydrogen-oxygen cell and the hydrazine-hydrogen

peroxide cell.

The ALSTHOM ten-kilowatt self-contained cell 1is a
hydrazine-hydrogen peroxide cell. It will produce full power
for a minimum of 500 hours, but weighs only eleven kilograms.
Designed specifically for use onboard submersibles, it was
tested onboard the vessel STAR 1. The major disadvantage of
this system is its excessive cost--hydrazine is approximately
$45.00 per liter, while a 50 percent solution of hydrogen
peroxide 1is $23.00 per liter. Thus, a hvdrazine~-hydrogen
peroxide cell represents a substantial cost in both the con-
struction and life cycle use of the vehicle. Both chemicals
are considered to be hazardous. Hydrazine 1is toxic, flam-
mable, and highly reactive, requiring special procedures for
handling under any conditions. Hydrogen peroxide is a strong
oxidizer, It can irritate skin and eyes. It also requires
careful evaluation of its compatability for storage and hand-

ling when in the presence of other materials.

The second example of a fuel cell is the hydrogen-
oxygen system engineered for the DSRV~PCl5, but never install-
ed. This hydrogen-oxygen system will provide ten kilowatts
for seventy hours, but it weighs more than four tons. This
unacceptable weight addition is due primarily to the cryogenic
storage containers for both the hydrogen and the oxygen. In
addition, waste water produced by the system is stored onboard
the vessel. A similar system was installed onboard the vessel
Deep Quest, which completed nineteen dives with an energy pro-

duction of one-thousand kilowatt hours. Note that Deep Quest




is no longer listed as operational in the Manual of Manned

Submersibles.

Despite these problems, both the nuclear system and
the fuel cells are possible power sources for a submersible
with extended range requirements. An evaluation of these two
alternatives will help to determine which of these may be the

most appropriate.
Several factors need to be considered in comparing

nuclear and fuel cell power systems for autonomous vehicles of

the future. These are:

Life cycle costs

e Stage of development
e Complexity

e Size limitations

e Safety

® Reliability

®

°

Technology development risk

Fuel cells are a proven and established technology in compari-
son to nuclear systems. Furthermore, nuclear systems are reg-
ulated by international treaties, and their use as power
sources may not be possible for unattended ocean deployment.
The fuel cell is simple, relatively light, reliable and highly
efficient iIn energy conversion. The;r life cycle costs would
be low compared to nuclear systems. However, the nuclear

system provides potentially greater endurance.

Energy Conversion Systems, Inc. (ECS), Canada,

specialists in small nuclear power =nurce design, and the
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International Submarine Engineering, Ltd. (ISE) have jointly
undertaken a program directed toward the development of a

proof-of~-concept nuclear powered robotic vehicle.

The nuclear power source proposed for the subject
vehicle will use a fully developed and working reactor,
SLOWPOKE, which has been 1licensed in Canada for unattended
continuous full power operation. It is the only reactor in

the world so licensed.

SLOWPOKE consists of a non-pressurized convectively
cooled light water moderated, berylliur reflected reactor. The
core comprises the fuel cage and fuel elements with overall
dimensions of 8.9 inches high and 16.7 inches in diameter,
The reactor and energy conversion system to meet AUV power re-
quirements can easily be contained within the envelope the
size of a conventional torpedo. The original SLOWPOKE reactor
and 1its descendants have operated for approximately 36
trouble-free, full-power years. A complete SLOWPOKE system
sells for $650,000. An AUV equipped with such a power supply
could make substantial underwater track sorties for environ-

mental and acoustic data acquisition.

A novel technique for the extraction of oxygen from
seawater 1is belng investigated by Aquanautics, Inc. Mr. Steve
Carnavale (personal communication) indicated that the firm has
successfully extracted one-half 1liter of oxygen per mianute
directly from seawater. Such an inexhaustible oxygen suopply,
when combined with another fuel, can be used in a fuel cell or

combustion engine, to provide long-life power for military

marine applications. The company 1is currently working on
Phase II of a DARPA contract. This 1is the second step in
3-18




testing its technology which is ear-marked for propulsion of
an autonomous vehicle. This new technology will, if success-
ful, provide for longer-range endurance beyond that currently
available from batteries or stored oxygen and at a substan-
tially lower cost than nuclear power. The DARPA program
manager and point-of-contact is CDR Ralph Chatham.

3.5 Umbilical Tether Cable

A key tethered free-swimming ROV subsystem is the
umbilical cable that provides power to and communicaticas
with the ROV, Mission requirements strongly influence the
design and operational effectiveness of the ROV umbilical.
ROVs that tow the full cable at its operating depth requires
propulsion/power capabilities gquite different from an ROV
system that uses a deployment cage. The ROV is then burdened
only with a tether extending from the cage out to its maximum
operational radius. There 1is little commonality in umbil-
icals, particularly for ROVs not of the same class or manu-

facturers production run.

Umbilical cable varies greatly from one vehicle to
another, some cables are positvely buoyant, while others are
negatively buoyant. Negatively buoyant cables may be made
less negative by the addition of flotation devices, but these
are cumbersome and add drag that must be overcome by the
ROV.

Most umbilical cables contain a strength member,
conductors for power, and communication conductors for con-
trol and data telemetry. They are all encased in a protec-

tive sheath of neoprene or polyurethane for insulation and
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abrasion protection. Diameter of such unitized cables range
from 6.3 mm (0.24 in.) to 38 mm (1.5 in.). One to three
coaxial conductors are often used in addition to solid core
conductors. The longest umbilical in use is the U.S. Navy's
RUWS system cable. It is 6,858 m (22,500 feet) and transmits
all power, command and control functions, television and
sonar over a single coaxial cable through use of time sharing

and frequency multiplexing techniques.

Most conventional power cables are unsuitable for
use in temperatures below -10°C because of extreme brittle-
ness of synthetic rubber insulation. Either a low voltage,
natural rubber insulated cable especially manufactured £or
low temperature or a validated substitute material suitable
for arctic extreme low temperature use and 1ice abrasion
resistance should be specified for any arctic ROV applica-

tions.

Fiber optic umbilical cables were first used for
ROV applications about 1982. This technology was incorporat-
ed into the umbilical cable for the Slingsby Engineering ROV
SOLO, in 1982. Fifty micron fibers with 125 micron cladding
allow for considerable data transmission expansion. An LED
system with frequency suift keying was adopted from other
commercial practices where it has proven to be very reliable.
Using fiber optic transmission, studio qgquality pictures can

be obtained.

Umbilical cables also serve as a lift member during
the launch and retrieval of an ROV, For large systems the
strength member is usually Kevlar, a high strength-to-weight
synthetic fiber. To reduce the size and weight of an umbil-

[
}
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ical, a separate lift line is substituted for the launch and
retrieval phase of an at-sea operation. Most cables are neg-
atively buoyant. Therefore, a length of broken umbilical may
exceed available ROV reserve buoyance, and carry it to the
bottom. To overcome a potential catastrophe a variety of
flotation devices are available for attachment to the umbil-
ical. Some of them also serve to reduce abrasion caused by a
cable catenary reaching the seafloor and to a degree it
reduces some of the bottom drag that must be overcome by ROV

propulsion thrust.

3.6 Acoustic Communication Links

Although untethered vehicle development is tending
toward full computer controlled autonomous operation, there
will remain periodic need for operator supervision of some
missions and communications between an operator and the
vehicle. However, acoustic communications using the Freguen-
cy Shift Key (FSK) method or other encoding technigues can
provide reliable means of two-way data communications between
the support platform and the AUV. Such a data link uses
advanced signal processing and error encoding techniques to
provide users with reliable telemetry at a data rate of 50
baud.

An acoustic telemetry system has been developed by
International Submarine Technology, Ltd., redmond, WA, to
support the AUV ARCS for the severe multipath conditions that
it will encounter in the shallow-water underice arctic
environment. This system was developed for long-range,
medium-rate, full duplex digital data transmission 1in water

depths varying from 10 m, to 200 m. The system includes the
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capability to overcome the Doppler shift generated by the
AUVs velocity. The system consists of a transmitter and a
receiver which may be used together for full duplex communi-
cations, or singly fer one-way communications. A communica-
tions range of 4500 m is possible in the fvll duplex mode.
Greater range is achievable in the one-way mode. Communica-
tion was maintained at a distance of four miles ard at AUV
speeds up to 7 knots despite external noisc and severe multi-
path interference at a non-arctic test site. The manu actur-
er claims Doppler immunity to 8 knosts. Data rate can be
varied to suit multipath conditicns. Available data rates
include 24, 50, 100 and 200 bits per second. From field
tests the system was found to provide a reliable 59 baud,
full duplex, synchronous link through water. Although acous-
tic systems lack the communication capacity achievable with
hard-wire or fiber optics it does offer a useful real-time
communications link with autonomous vehicles. This feature
permits data sampling to ensure that sensor(s) are function-
ing and gives the operator an opportunity to make decisions
regarding vehicle maneuvers. Onboard data stotage from add-
on sensors will have to be used to acnieve a greater data

set.

A vertical cone acoustic transmission system has
been developed for the AUV AUSS that can hendle 4800 baud --
enough for good guality video signal transmission,

3.7 Television

The larger ROVs frequently have two or more televi-

sion cameras which are often mounted on pan-and-tilt units;




this allows for incre=ased viewing area, viewing different
scenes <imultaneously, accommodation for a somewhat reduced
maneuveracility in restricted environments, and redundancy.
Two cameras cre often employed as follows: one 1is fixed and
used by the pilot for ravigation and maneuvering and the
second is mounted on a pan-and-tilt mechanism and dedicated
tr use by the customer (an engineer, scientist, etc.). Tele-
vision camera position contzol, as 1indiczced above, may be
accorplished by maneuvering the ROV. The position of
tertevision cameras and artificial illumination 1is important
to provide adequate viewing perspective and to reduce
illumination bacxscatter. Some manipulator systems include
an auxillary television located on the arm and close to the
work site; this serves to expedite manipulation of tools and
to partially overcome longer viewing under ‘turbid water
situations. Manipulator operations are viewed and controlled

by a topside operator.

3.8 Lights

Light =sources are independently housed ana ar=e
avallable in power ranges from 45 to 1,000 watts. The rela-
tively high power requirements of lights must be accommcdated
through the umkilical. Quartz iodide lights a-e most common-
ly used but mercury vapor, tungsten iodide and thallium
iodide lights are also used. The lights are usually located
to support both the operator's television and are located on
the bow of the ROV. To reduce the effect of backscatter some

ar= mounted on extendaple or fixed booms or at off-center

locations. If still camera arrays are used for seafloor sur-
veys then the lightina may be directed down. Stroboscopic
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light sources, usually in the 250 microwattsecond range, are

used with a still camera.

3.9 Film and Video Camera Recording

Documentation of underwater scenes and situations
1s of%en accomplished with a still camera (with strobse
lighting)., Video camera recording can be accomplished on-
board tne ROV (limited *o one cassette) or at the surface,

Th2 qguality of video cameras and recording is improving

(©

rapidly and will likely replace most film systems, =inc
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joy stick. Typlcal work capability includes
debris removal, simple power tool/cleaning
tasks. Task performances are relatively long.

3. Master/slave manipulator with force feedback.
This type is also known as a spatial correspon-
dent manipulator system since the master/slave
units operate in synchrony and the two manipu-
lators are geometrically similar. Master-slave
manipulator system technology has not been
widely adopted. Typical work capability
includes complex tasks -- drill, tap, assemble,
disassemble, non-destructive testing.

The spectrum of tasks that can be accomplished by a remotely
D

ted manipulator, for the most part, fall in thece

0]
O]

per
n

eric classes:

V)
©

1. recovery of objects,
2. simple assembly and disassembly operations,

3. making and breaklng connections (hoses, bpipes,
electrical lines), and

4. docking.

3f +<he above tasxs, 1t 1s fregquently possible to recover
sojects, and in some cases to achieve docking with maniou-
lators, with less than six degrees of freedom, but the other
“asks reguire the full number of motions unless supplemented

ov wvehicle mobility.

Yislon 1s the most 1lmportant sensing suppert for
*ae remotaely locatad manipulator operator. For example, 1t
13 estimated that 70% of the useful sensing capability for a
toree foedback manipulator operator comes from optical view-

1ng. As a comprehensive explanation on viewing 15 not pes-




sible here, it is important to stress that viewing is depen-
dent on viewing angle, water clarity and acceptable levels of
backscatter (particularly when artificial 1illumination 1is
used). The performance of some tasks makes it desirabls to

have three active television cameras available:

e a fixed wide angle camera for an over-all view
for the operator,

e a camera on a pan-and-tilt mount with a zoom
lens for selective close viewing,

a camera manipulator either hand held or fixed
on the wrist or forearm.

The number of firms manufacturing manipulators for
underwater applications 1s adequate for the buyer to select
an off-the-shelf unit or tc¢ have one customized from avail-

able components.

Requirements for tools to be placed or operated by
“he manipulator "hand” have been identified for most generic
functions. The "hand" or terminal device of most anthro-
somorphic manipulators 1s usually capable of gripping ancd
rotating. Simple, 1light 1load tasks can be accomplished
with this terminal device,. In many 1nstances a specialized
o0l 1s more appropriate and its power r=gquireménts are fre-
quently met by a dJdedicated power source telectric or
hydraulic), Aczessory tools include water Jets, wvarious
kinds ot cutters, 1impact wrenches, stud fastener guns and

artachment devices,




3.11 ROV Propulsion/Maneuverabiiity/Self Noise

There is a nearly universal use of electric driven
propellers for propulsion, Only a few systems have water
jets. Drive motors may be electric or hydraulic. The larger
vehicles normally use a shrouded Kort nozzle propeller. This
provides both greater efficiency and protection against pro-
peller contact damage and ingestion of debris. The number of
propulsion units per vehicle is dependent on desired levels
of maneuverability and total thrust with three thrusters con-

sidered minimum.

Six degrees of motion are almost a standard

reguirement for tethered swimming ROVs. Three are transla-
tional: thrust, heave and slide or sway; three are rotation:
yaw, plitch, and roll. Reversible electric motors provide

reversible thrust and the combined maneuvering forces allow
for three-dimensional movement without the forward motion

required by rudder controlled vehicles.

3.12 Operating Depth Rating and Horizontal Range

The majority of commercial ROVs have a design oper-
ating depth of less that 330 m. However, several Navy ROVs
developed as R&D vehicles have been influenced by anticipated
Navy missions and have operating depth ratings to 6,000 m
(98% of the seafloor can be reached with this capability).
Several commercial ROVs could be immediately qualifiea for
deeper depths by the addition of a longer umbilical cable as
all other components are compensated for full depth opera-

tions.

Horiznntal range capability has not been a perticu-

larly important parameter for tethered free-swimming OV

~1




applications in the offshore o0il and gas industry. In most
industry operational scenarios the ROV can be effectively
employed within a short horizontal excursion radius of the
site; either from the launching platform or from a deployment
cage. Under-ice mission scenarios are expected to require a
longer horizontal operating radius. Cable technology is not
expected to change significantly in the next decade to allow
for major growth in ROV horizontal operating range capabili-
ties of tethered free-swimming ROVs. Systems that can oper-
ate effectively on a self-contained power source and light
weight fiber optics cable for command/control/and data telem-
etry would be more suitable for scientific acoustic research
functions. The present maximum horizontal range is less than

500 meters.

3.13 Speed and Thrust

Tethered ROVs, as a class have speeds ranging from
0.5 to 4 kncts with the average approximately 2.3 knots.
Tethered free-swimming ROV propulsion de~igns are dedicated
orimarily to maneuvering functions and to overcoming reason-
able ocean currents, not speed. The capability to reach and
stay at the work site in order to complete specific tasxs
expeditiously is fundamental to commercial and military

applications.

Vehicle speed performance is a result of umbilical
size, length of free umbilical, ocean current profile,
vehicle hydrodynamics, thruster horsepower, rpm and propeller
characteristics. These parameters are interrelated. In
general, the system drag eqguation 1s wumbilical do-inated.

This factor influenced the design and adoption of a deploy-
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ment cage for many systems. The primary cable length and
lift support are in the cable connection between the launch/
retrieval winch and the deployment cage. The ROV is thereby
relieved of all but the short and lighter design umbilical

tether between the ROV and to the deployment cage.

3.14 Acoustic Subsystems

Acoustic subsystems have come to p-vovide capabili-
ties to support not only the operations of ROVs, but also
contribute significantly to their performance specifications,
The descriptions here are brief and are included to indicate
the range of subsystems that have been found useful to sup-

port ROV operations.

Navigation and Sub-Sea Positioning

ROV navigational requirements are veried and the
number of commercial acoustic systems to meet them are many.
Most have emerged to meet specific ROV requirements, Re-
guirements for an ROV navigational system are directly tied
to the ROV operational effectiveness. ‘he spectrum of opera-
tional reguirements has widened greatly in the past decade,
creating the need for task oriented and dedicated ROV track-

ing and navigational systems.

The classical acoustic depth sounders are used to
determine vehicle alt:tude above the sea floor and distance
below the sea surface when mounted in an upward looking

direction.




The following characteristics are common to most

ROV field operations and are to be considered in the naviga-

tional equipment selection process.

1.

The surface control station egquipment must be
designed to withstand the marine environment. This
includes the consideration of platform moticn and
vibration, exposure to salt and sea air and sub-
stantial temperature and humidity variations (a
particular concern in polar regions),

The surface platform type may vary dramatically.
Equipment, to be effective, must be readily trans-~
portable to different sites and used on different
platforms; surface vessels, i{ixed platforms, 1ice
canopy and ice islands, etc.). The equipment needs
to be portable, easy to install and designed to be
used from both small boats and large platforms.
Mobilization and demobilization time and cost
requirements should pe minimized.

Availability and performance must be reliable and

consistent, The operator has to depend on avail-
ability, repeatability and reliability in perform-
ing to required strandards. The eqguipment must also

be designed to operate across the spectrum of oper-
aticnal depths and geometries.

The system must be simple to use and maintain.
Personnel turnover, commercial or military, and
lack of experienced operators dictate the need for
simplified operator interface and maintenance.

Proper position display should give the operator a
line of sight between the vehicle and another sub-
sea point, reducing the time it takes to travel
from point A to point B.

By using additional beacons to mark subsea loca-
tions, the time it takes to relocat> a site can be
reduced consideraply, especially when visibility is
poor.




7. For initial site location where there is no acous-
tic marker, an alphanumeric and graphic readout 1in
rectangular (X and Y) coordinates provides the
information necessary to run an efficient grid
search.

8. If the vehicle umbilical is severed, the system's
real-time range and bearing information signifi-
cantly reduces recovery time and improves the prob-
ability of success.

Sub-sea positioning, navigation, tracking and relo-
cation of ROVs has evolved through long baseline, short base-
line, to ultra-short baseline. Each of these techniques is
applicable to arctic requirements and researchers will likely

find use for each of them at one time or another.

The earliest systems were known as long baseline
and involved the deployment of several transponders on the
seafloor, accurate relative calibration, then fixing by slant
range measurement by interrogation from a single transducer
mounted on a surface vessel hull. These systems regquired a
significant amount ot subsea hardware, frequently lengthy
calibration, and a highly trained operator *o achieve valid
data.

In the 1970s the short baseline technology was
adopted. This consisted of a subsea transponder beacon and an
array of at 1least 3 hydrophones mounted in an orthogonal
array on a vessel, ROV position was calculated on pulse

arrival angle and time.
In the mid-70s the ultra-short baseline system was

introduced and it has become the most widely used technology

for ROV navigation. A single sub-sea transponder 1is requir-
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ed. A transducer is used in conjunction with a multi-element
hydrophone mounted on the support vessel hull. Again, arriv-
al time and phase angle are measured for each element.
Phase differences in the horizontal and vertical planes re-
sult in measured azimuth and slant angle. Given a known
vertical separation from the beacon and the hydrophone, range
is automatically computed by triangulation. Angular measure-
ment accuracies in both instances are typically plus or minus
1 degree. Two inclinometers are included in these systems to
account for phase difference errors induced by ship move-

ment,

Transponders for acoustic markers and underwater
vehicle positioning are available with remote release, dual
command relay output, remote transducer and respounder opera-

tion.

Sub-sea positioning, navigation, tracking and relo-
cation systems are available from several commercial sources
and custom systems can be acquired from most of these firms.
For example, 80 to 90% of today's ROV navigaticnal require-

ments can be satisfied with a system such as HYDROSTAR, manu-

factured by Honeywell, Inc., Marine Systems Division
(Seattle, WA). The Honeywell RS/900 can handle more sophis-
ticated and demanding operations -- complex geophysical sur-

veys, deep-water facility installations, and deep-water ROV
operations. The RS/900 operates simultaneously in both long-
baseline and short-baseline modes which provides maximum
flexibility and optimal accuracy over full-ocean ranges.
Several other manufacturers offer navigation and sub-sea

positioning systems to meet a variety of ROV needs.
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3.15 Obstacle Avoidance/Search and Survey Sonars

Obstacle avoidance/search/survey sonars are avail-
able for ROV applications. As these sonars involve different

principles of operation each is described.

Fixed Narrow Beam Sonar

Fixed narrow beam depth sonars have been used on
manned submersibles and submarines for many vyears. This
simple pulse sonar has been mounted on ROVs to detect near
field obstacles and/or to identify positioning clues. The
range requirements are modest, the physical size of the
transducer is small, and the operating frequency is normally
about 50 kHz. However, the fixed field of view, characteris-

tic of this approach, limits its usefulness.

Parametric Sonar

The parameteric sonar uses two transducers operat-
ing at a slightly different frequence to generate a differ-
ence frequency by wave interference. Though this process 1is
very inefficient (requiring typically 5 to 10 kW at two high-
er transmit frequencies) its main benefit is that the differ~
ence beam (at lower frequency) is essentially identical to
that ol the two high frequency beams., The beam can, there-
fore, be very small for a given transducer size. Longer range
is possible with this technique due to the lower adsorption

losses at low frequencies.




Narrow Beam Mechanical Scanning Sonar

To gain more forward acoustic viewing area a narrow
beam mechanical scanning sonar can be used. A wide vertical
beam (25° to 50°) can be used to effectively decouple vehicle
motion in this plane; the horizontal beamwidth is normally
kept narrow (1.4° to 2°) to provide azimuthal resolution.
At operating freguencies of 100 kHz to 500 kHz the transducer
size 1s smaller and target resolution good (88 to 213 mm).
This type of system can be used for obstacle avoidance,
search, and classification depending on the specific design
parameters. Slow coverage rate 1s its most serious drawback,
Each bearing must be sampled for the acoustic transit time
out to maximum range and back. The higher tne bearing
resolution and/or acquisition range, the slower the data
rate. For example, two commercially available systems
advertise 58 seconds for a plus or minus 9C° scan at a 400
meter range setting and 10 seconds for a plus or minus 90°
scan at 100 meters, respectively. The output data 1is
displayed on a Plan Position Indicator (P.P,I1.). It must be
recognized that the uncompensated vehicle motion during slow
scan can significantly distort the output. As
detection/classification is most often a process of relative
comparisons rather than absolutes, distortion can become a
significant liability. Additionally, 1in a generic sense

mechanical scanning systems are uiten unreliable.

Continous Transmission Frequency Modulation Sonar

Continuous transmission frequency modulation (CTFM)
sonars are a variation of mechanically scanning sonars. CTFM
converts range (time) to the frequency domain by transmitting
a continuous sawtooth frequency; slide pulse. This type of

sonar has been effectively used on manned submersibles and
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ROVs as an obstacle avoidance sonar because of its small size

and relatively good target detection capabilities.

Phase Comparison Sonar

Phase comparison type sonars process the phase
information inherent in a return to determine bearing. Time
of arrival, phase or correlation interval measurements are
made on two or more wide beam elements to determine bearing
of the return. Data rate is improved over simple mechanical
scan systems in that large bearing slices are processed in a
single, two-way acoustic travel time interval. However,
bearing resolution is proportional to the signal~-to-noise-
ratio and the processor may become confused by numerous
simultaneous targets of comparable amplitude but different

ohase typical of interface returns.

Side Scan Sonar

Side-scan sonar looks to the side and 1s very
effective for seafloor search and identification. It 1is
usually towed by a surface vessel. The system operates on
the concept of displaying 1interruption 1in reverberation
caused by the acoustic target shadow. The length of the
shadow can be used to estimate the vertical relief of the
target. The length of the target can be determined by the
along track shadow assuming vehicle speed is known and side-
lobe detection is precluded. The horizontal image build-up
requires vehicle motion, and one "fly by" may be inadeqguate
to determine geometries. Distortion will be experienced if

vehicle attidude and/or speed changes occur. ROV/AUV speeds




are in a range highly compatible with side look sonar per-

formance characteristics.

Multi-Beam Sonar

Multi-beam sonars operate cn the principle that a
multi-element fixed array can be electronically steered 1in
bearing. Duplicate electronic steering networks generate a
number of adjacent preformed beams to cover a given arc.
Electronic scanning of these fixed beams, within the transmit
pulse width, achieve complete bearing coverage 1in the time
interval for sound to travel to maximum range and return. In
low resolution sonars with the beam widths that might be used
by ROVs/AUVs for obstacle avoidance, electronic focusing 1is
not required and the spatial separation of the beams can be
accomplished by a circular array of transducer elements.
Although multi-beam sonars have not been applied to ROV plat-
forms the virtues of these systems are 1mportant to galning
swath sweep survey capability. Even though there is a lot of
parallel channel redundancs, 1its main disadvantage 15 *the
requirement for a fair amount of electronics. Recent and
orojected advances 1in solid state electronic technology 1s
expected to reduce this disadvantage. The multi-beam
approach has been employed extensively by the U. S. Navy and
NOAA for bathymetric survey vessels, Multi-peam has %=he
potential of being used both in the vertical and horizontal
to produce bottom survey data and obstacle avoidance for the
vehicle. Also in the vertical, an upward direcred multi-beam

could provide underice topography data.




Scanning Profiler Sonar

I{ is not unusual to have severely occ.oud:d ovptical
viewing conditions around a bottom-c awling ROV. L high
resolution, high speed, scanning echo-~sounde: has been
developed by Ulvertech, Ltd., Cumbria, Eng’and, that provides
real-time graphic or video displays aad dici:t=l magnetic tape
recordings. This system (the Dual Scanning Profil=r) shows
the position ¢I a pipeline or cable burial and any tranch
erosion or scouring that has taken place. The acquired

information 1s a composite display of two scanning h_ ads.
Using a computer the data cobtained can be prevared for glot-
ting cross-sections and depth presentations. Outlines of
pipelines, cables, dredged areas and the condition of <truc-
tures are £features of this system. Depending on water con-

ditions, maximum range of the system is 50 m per channel.
1.1e Bucvyancy

—

Most ROVs are desianed to have slight rositive

puoyancy at al. times. This arcangement provides vertci~al

stabi1lity and assists a venhicle's return to the surfics .n

h

the event of a power loss. Syntactic foam 1s used 15 most
instances to provide static buoyency at all oreratinc depths.
Syntactic foam can easilyv be formed (cast or machined) 1int..
conformal shapes to provide some hydrodynamic c¢lean. ness.
For additional payl~ad capacity additional cyntactic fcam wav

be easily added to the vehicle.

3.17 Remcte Control Station

A substantial amcunt of support equipment 15 neoded

olving the largzr vehicle s3vstoms.

during RGV operations in

v
A typica' control/display statisn contains video disolovs,
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video recorders, navigational displays and plotters, naviga-
tion and positioning equipment, cowmunication 1links to the
launch/retrieval team, power supply and control. The con-
trol/display station provides information for both the opera-

tor and the user.

The control/display subsystem incorporates a spec-
trum of sensors, controllers, displays, and data recording.
The degyree of complexity of the control/display system 1is
strongly influenced by the number and difficulty of functions
that must be within the capability of the ROV and the human

operator.

Computer driven navigation displays, in both black-
and-white and color, provide information on the relative
positions of the surface platform, the ROV, and various
targets or beacons,. These displays offer the operator an
over-view of the whole scene. Consequently, maneuvering to
tne work site and to other locations within the radius of the

ROV is greatly simplified.

3.18 Deck Space

Surface support platforms normally do not include a
dedicated or full-time ROV in its inventory. To accommodate
the ROV system components that are to be located on a surface
support platform, portable vans are outfitted for a deck
installation. The vans also serve as transportation con-
tainers for the entire system. Several vans may be used to
keep the size and weight of each unit reasonable for a varie-
ty of logistics transport methods -- land, air and sea. The

vans allow for the manufacturer and operator to prepare the

3-38




system for field use before it goes to sea. At sea the vans
serve as the controi/display center for the ROV operator;
other vans house power sources, spares, personnel housing,
and repair shop. There 1s a wide variety of van sizes and
area space/volume associated with the present family of
vehicles. Deck tie-down accommodations are available, or can
be readily installed, for the vans on most surface support
platforms. The vans are usually specially reinforced and

outfitted for deck loading.

3.19 Launch/Retrieval

The wide range of ROV vehicle weights (80 to 5,000
kg) results in a broad spectrum of launch/retrieval require-
ments. There are ROVs that can be launched and retrieved
by one person, The majority, however, are of a size and
volume that reguire mechanical acsistance. Most are lowered
over the side of a support platform by a stiff-legged boom
crane. Most surface ships are equipped with a boom whose
length 1is equal to or greater than 1its freeboard. This
feature allows for a launch/retrieval that can be kept from
slamming into the ship's side during a severe roll. It is
quite effective when the ROV 1is close-hauled to the tip of
the boom. An alternative method is launch/retrieval by a
stern-mounted A-frame. A~-frames are common to most oceano-
graphic research ships and serve to lower relatively large
loads over the side. However, tethered ROVs are vulnerable
to entanglement of the umbilical cable 1in the ship's

screw(s).

To improve safety most ship operators prefer to

have the ROV launched and retrieved alongside so that the
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operation can be observed by the ship's Master. Because
operating ROVs from surface platforms is a relatively new
experience for most Masters it is important that the required

coordination be practiced extensively.

Many vehicles are both launched and retrieved using
a strength member other than the umbilical cable -~ even
though the umbilical cable might be designed to have launch/
retrieval capability. Repeated use of an expensive umbilical
is usually avoided to gain extended umbilical service life by
relieving it, whenever possible, from the rigors of repeated
launch and recovery duty. The air-water interface can often
produce extraordinary stresses that can be tolerated better
by final 1lift streng:h members. When launching, a guick
release hook is used that is tripped (released) by a lanyard
on deck. For retrieval some operators prefer to manceuver the
vehicle on the surface to a point where the 1ift line hook
can be attached from a long pole aboard the ship. The
vehicle is then quickly retrieved to this point where it 1is
1ocked to the crane boom and then swung aboard. In some
instances an auxiilary lift line can be married to the umbil-
ical cable. When it reaches the deck winch the strength mem-
ber can be usied to bring the vehicle aboard. This procedure

requires a second winch or windless for the lift line.

Most ROV systems use a drum to store the umbilical
cable. In some instances, the cable is laid out on deck or
within a suitable container. In other designs much of the
large umbilical cable is housed within a deployment cage.
The deployment cage serves then as a clump to carry the ROV
to depth. The ROV swims clear of the deployment cage towing

a much lighter weight cable to its maximum radius. Using
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this method the deployment <age and attached ROV =nter and
leave the water as an integral unit, thus obviating some of
the difficulties associated with handling the more delicate

ROV alone.

Although a ship's launch/retrieval equipment can be
used it is usually more efficacious to have a launch/retrival
system designed specifically fecr each vehicle. Large ROVs
benefit from a special lift compensation system integrated
into the design of a handling system, Such systems are of
benefit not only during the launch/retrieval events, but also
while the ROV 1s deployed. A compensation system provides a
marked reduction in vertical motion that significantly
relieves the operator of having to make frequent vertical
position adjustments. Nearly zero vertical motion control
can be achieved by hydro-pneumatic motion compensation
systems. A secondary boom angle signal can be incorporated
that serves for boom centering and active cushioning near the

stops.

A motion compensation launch/retrieval system was
developed for nandling the U. S, Navy RUWS. It is capable of
handing 7,610 m (23,000 ft) of umbilical cable. The launch,
tending and recovery of the RUWS 1lift package requires the
use of three separate modes of operation of the Motion Com-

pensation Deck Handling System (MCDHS).

1. Stiff boom mode - This mode permits operation
of the boom as a conventional crane and is used
for all deck handling work. This mode 1is also

used for handling the vehicle/PCT package at
the surface of the water during launch/retriev-
al operations when high boom tip speeds are
required.
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2. Passive mode ~ This mode is used after launch
when the pavload 1is submerged over 6lm (200
ft). It is used for motion compensation in Sea
State 2 or less and also serves as the power
failure mode. 1In this mode, the boom is solely
supported by the hydro-pneumatic accumulators
that act as pneumatic springs.

3. Active mode - This is the mode generally used
when the payload is submerged over 61 m (200
ft) in Sea State 3, or higher. In this mode

the boom tip speed is minimized which reduces
the dynamic 1load on the primary wumbilical
cable. The MCDHS permits work operations in
rather severe weather conditions and Sea State
3 and Sea State 4.

It is the add-on sub-svstems that provide much of
the work capability, operational effectiveness and versatili-
ty needed to meet specific requirements. Using state-of-the-
art sub-systems it is possible to configure an ROV to meet
many scientific research requirements. The following sub-

systems are now available from U. S. commercial sources:

Obstacle avoidance sonar
Gyrocompass

Depth sensor

Altitude sensor

Current meter

Acoustic velocimeter

Cable tracking systems
Transponder/interrogator
Transponder/responder

Side scan sonar

Conductivity potential probe
Transponder place/replacement tool
Hydraulic tool package

Still cameras

Video cameras

Flood and strobe lights
Fiber optics

3-function grabber
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7-function manipulators

High pressure water jet (cavitation jet)
Low pressure jet for silt removal
Alignment measurement tool

Specialized lifting tools

Hydraulic power pack
Conductivity-temperature-depth sensor
Sound velocity

pH

Redox

Oxygen sensor

Corrosion potential monitor
Specific ion sensors
Radiographic instruments

Oceanographic instruments, available as off-the-
shelf units, can be installed aboard most ROVs as extra pay-
load. Buoyancy can be added to compensate for items that
exceed the normal ROV payload. It is fortuitous that many
newer versions of oceanographic instruments have built-in
recording capability for unattended use. Consequently these
systems can be mounted on an ROV gquickly and without concern
for telemetry links or power connections. However, oceano-
graphic sensor telemetry regquirements can be readily accommo-
dated by most ROV vehicle umbilical cables without modifica-

tion.

3.20 Personnel & Training

Personnel destined for operating an ROV in polar
regions need to be adequately prepared for the rigors of the
environment. Personal gear and a knowledge of the hazards to
surviving in the Arctic are covered here in direct relation-
ship with the special requirements of effectively operating
an ROV system. If the ROV crew expects to enter the water as

divers they should acquire a copy of "A Guide to Polar




Diving" 1974, by W. T. Jenkins, Naval Coastal Systems Csnter,

Panama City, Florida.

ROV control stations vary from a unit the sizo ci a
suitcase to a fully enclosed, temperature regulated van
designed for that purpose. However, all systems require some
human involvement for launch/recovery that will take them out
into the rigors of the weather and climate. <Clothing design-
ed for protection against cold inherently means some bulk,
Bulky mittens markedly reduce manual dexterity when small
items require manipulation, e.g., knobs, switches, toggles
and latches, etc. ROV systems destined for employment in
arctic regions should be appropriately equipoed to allow a
"well dressed" rperztor to handie metal objects and to actu-
ate the £full range of items necessary to operate an ROV

system.

Crew size and gualifications to operate ROVs varies
greatly according to the ROV system size, complexity and
operational requirements. Sustained on-site operations, such
as those associated with emergency search, recovery, and
rescue that involve 24 hour operations and rctating crews

reguire large well trained crews,.

The level of stress varies greatly with mission and
function. "Flying and looking" is not considered stressful
and operator endurance is not severely taxed. In contrast, a
live boating survey that requires precision navigation over
long distances where almost constant support platform and ROV
maneuvering arc involved causes fatigue to set in more rapid-
ly. A study by Busby found that the operators felt they

could effectively operate their ROVs between one to four
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nours depending on the difficulty of the operation. Indev
stressful conditions the average effectiveness time was about

one and one-half hours.

Operater training, until recently, was accomplished
by operating available systems and developing skills through
trial and error under the supervision of an experienced oper-
ator. Recently, International Underwater Contractors, Inc.

has established a formal course and a shore facility specif-

ically for training prospective ROV operators. This type of
training 1is expected t2 reduce the on-the-job training
methods that sometimes reaguired six to twelve months. In

addition, the training facllity is expected to alleviate the
personnel shortage that developed during the rapid build-up
of the world inventory of ROVs.

3.21 Operator Training

"Flying" an ROV in benign conditions (calm, clear
water where there are no hazards) 1s relatively easy and
satisfactory performance can be achieved by a neophyte in
less than an hour. When requirements for precision piloting
and accurate navigaticn are added then the time to develop
proficiency is markedly increased. Many scientists prefer
hands-on operation of their data acquisition systems and this
is feasible with the smaller ROVs. However, larger more com-

b

plex ROVs will require an experienced operator.

Formal, customized operator training is the most
expedient means to quickly gain maximum field proficiency
trom ROV operator teams and for the safety of both personnel
and equipment. The field application of larger ROVs involves

- “r-
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a multiplicity of actions that must be accomplished siiaultan-
eously and requires experienced individuals £for each.
Accordingly, a tcam of individuals is usually reguired to
support the cperator, e.g. launch/retrieval deck operators,
navigation control, data monitoring, and vehicle operation.
The team approach is likely to be required for meaningful
scientific investigaticns -- particularly under the artic ice

canopy.

Technician Training

Prudent planning for ROV/AUV operations 1in the

Arctic will include personnel trained tc maintain and repair

mn
ot
D
o

all ROV systems. Most available ROVsS have been well te
and reliable performance can be expected from each sub-
system. However, field 1investigations are likely to be
jeopardized should any one of the sub-systems not be func-
tional, e.g., the navigation system. Technician assistance

ehanld alen he 2o=ilahla £~ the c-ngn~c and cther instnm

ments that are tc be carried by the vehicle.

Training Program

ROV and AUV operators and technicians should have

training in the following areas:

1. Vehicle design and performance characteristics.

2. Vehicle subsystems (structure, ballast, propul-
sion, electrical/electronics and hydraulic
systems.




10.

Tools, sensors, and scientific instrumentation
(installation, operation and maintenance) .
Examples: manipulators and their work tool
package, video, pan and tilt, still camera,
conductivity-temperature-density sensor, magne-
tometer, water current, souvnars, etc.

Controls and consoles. Pilot's console for
"flving" the vehicle and manipulator operation,
navigation console, equipment status consol=,
video and other real-time displays, communica-
tion links.

Power distribution. Vehicle propulsion and
support systems electrical/hydraulic source(s)
and distribution. Power source{s), launch.
retrieval systems, tether management system,
connectors, slip rings, and power distribution
consoles.

Umbilical-tether cable(s). Internal design,
repair, and maintenance of tethered wvehicle
systems. Operational procedures, umbilical

maintenance, waterproof field splicing of hard-
wire and fiber optics, connectors, slip ring
assemblies, and performance characteristics.

Acoustic navigation. Operational applications
for shortbase, longbase and other acoustic nav-
igation devices av=ilable for navigation and
surveying.

Handling systems. Instruction on controls and
hydraulic functions of handling systems £{or
launch and retrieval.

Team operations, Definition of functions
required to effectively operate a specific
system, Indentification of o¢rganization and

methods involved in team operations.

Project definition and requirements,. Specific
indoctrination regarding project objective,
data acquisition requirements, logistics sup-
port needs, special team knowledge and organi-
zation arrangements.
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l1. Operational consideractions. Detailad instr
tion 1in normal ROV procedures and methods.
example: mobilization, demobilization, o
post dive system procedures, launch/rscove
procedures, platform support, ship suppor
navigation/posistioning‘communications networ
data logging, spare parts, transporation
field station logistics, preparations for
weather operations.
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12. Safety and emergency procedures. Protocols <«
be used to maintain maximum safety for person-
nel and equipment. Emergency protocois to be
used that include unigue prcocadures for hanid
ling emergency situatlons unique to the ar-ois
regions.

o

0

.

13. Pilot training. Hands-on training for pas:
20%Y pilecting which is augmented with train:in
for specific scienriflc arctic operations.

oy

14. Scientific projects. Customizing an ROV niaz-
form to support specific scientific projects
that includes sensor and instrumentation add-
onse, specific navigational requiramen=ts,
"flignt" plans, data volume and r=cordinzg, data
processing and display, sensor and i1astrumenta-
tion maintenance, logistics support platforms.

—
i)

3. Legal requirements. Identification of permit
requlrements and OSHA/U. S. Government inspec-
“10n requirements, i1including authorization to
operate 1n foreign waters,

Formal ROV Operator/Technican *+raining 1S now
available year-round from commercial sources. The Interna-
tional Underwater Contractor's full-time standard ROV Pilot
Technician course involves 8 weeks to fulfill reguirements
for entry level ROV positions. All fundamental and contribu-
ting skill relating to the planning and execu*licon of commer-
cial ROV operations are covered in this course. Graduates

are qualified to work the entire spectrum of commercial RCV
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operations such as supportinag exploration, constructinn,

inspection, maintenance, and salvage.

3.22 Guidelines for Selecting ROV Svstems for Arctic

Applications

Appendix 3 contains a detailed description of most

avalliable RQVs. ¥or many arccic applications the smaller

]

units provide the necessary capabilities and Keep the logis-

T1C reqguirements within acceptable limits,
The following factors must be considered:

e Cost Effectiveness

e Safety

e Personnel Reguirements

e Task Requirements

® Mobility

® T.aunching Systems

e Guidance Systems

® Lcgistics Support

e “ork Capability--operational reliability and work
abpility are the key

The smaller ROVs can be mobilized and transportad
“o the 1ce by avallable aircraft (e.g., Twin Otter). They
~an be moved by sled across the ice and do not require large
2nclosed structures or lice entry holes. The payload capacity
is satisfactory for many oceanographic and acoustic systems.
Multiple sensor/instrumentation array installations are
feasible. Self-contained oceanographic sensors can be added
and removed from the ROV to accommodate changes 1in data
acquisition needs and to serve more than one investigator

during a field operation period.

Some of the potential candidate RNV systems are

compared in Table 3.5
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Small ROV Comparisons

TABLE 3.5

ROV Comparisons

A small ROV weighs less than 75 kg with a base price less

than $100,000.

Vehicle Total Wt (kg) Depth Rating (M) Cost (1985 8)
RASCL 67 360 55,000
MINIROVER 23 122 24,850
SEAROVER 40 244 40,000
PHANTOM 500 28 152 28,400
PHANTOM 500 HD 39 305 36,800
RTV-100 25 100 27,000
SEA WHIP 32 150 25,000
VICTOR - 183 28,600
SPRINT 101 52 610 65,000
DART 67 360 95,000
JTV 10 200 20,000

Medium-Size ROV Comparisons

A medium-size vehlicle weighs more than 75 kg and costs Dpetween

$100,000 and $500,000

Vehicle Total Wt (kg) Depth Rating (M) Cost (1985 3)
DART 112 369 140,000
HYSUB 802 300 200,000
TRAIL BLAZER 135 360 500,000
HORNET 500 120 500 200,000
SCORPI 22-34 610 335,000
RCV-150 545 610 200,000
RCV=-225 82 410 160,000
RECON IV 410 450 400,000
UFO 145 430 266,000
SUTEC USA 85 350 165,000

LARGE ROV COMPARISONS

A large vehicle 1s one that weighs more than 120 kg and costs

more than $500,000

Vehicle Total Wt (kg) Depth Rating (M) Cost (1985 S)
DOLPHIN-3K 2,600 3,300 5,000,000
GEMINI 2,045 1,250 875,000
TRITON 202 1,905 1,000 600,000
ASD/620 454 915 591,000
SUPER SCORPIO 1,635 915 805,000
SCORPIO 998 915 590,000
PLUTO 160 915 230,000
HORNET 500 120 500 200,000
DRAGONFLY 1,590 1,828 1,102,000
DUPLUS II 300 1,000 520,000
RIGWORKER 1,065 915 570,000




4. THE ARCTIC ENVIRONMENT AND ROV OPERATIONS

4.1 Introduction

The arctic remains a difficult geographic are=a for
survival for both personnel and equipment. Only a limited
number of arctic region ROV evaluation tests have been com-
pleted by industry and none recently by the Navy. Each of
the industrial tests was declared successful and more are
planned for ©both tethered, free-swimming and autonomous
vehicles. However, the agents and sponsors of these tests
are reluctant to release their proprietary information.
Polar conditions will affect the operation of ROV systems --
not prevent them. ROV field operations, similar to most
arctic operations, require advance planning and thoughtful
preparation of equipment and logistics support for a complete
system. Additiconal time is often required to conduct field
operations in polar regions so allowance must be made for
time-consuming tasks that are not present during operations

in more temperate areas.

This section briefly describes and assesses the
environmental parameters that can be expected to influence
both human and ROV equipment performance, as well as logis-
tics support functions whether over the 1ice (air or air-

cushion), on the ice, or under the ice.

Tasks that are probably generic to arctic region

ROV field operations are:

® Providing a supply route,




® Staging of support eqguipment and personnel,

e Locating and establishing a suitable launch/
retrieval site,

® Erecting shelters,

e Protecting support equipment from the environ-
ment,

® Preparing the entry hole,

® Maintaining the launch/retrieval site, entry
hole(s), and supply routes,

® Recovering the system from the site when opera-

tions are terminated.

If the ROV 1is submarine launched under the ice, or surface
launched from a ship outside the ice, then all these tasks

are carried out by the support platform.

4.2 ROVs in the Arctic

The arctic environment presents some unusual oper-

ating challenges for ROVs. These include:

® The presence of ice cover, restricting deployment
and recovery opportunities whether the ROV is
operated from a surface ship or an ice station.

e The limitations imposed by aerial deployment to an
ice station, for example, visibility, weather,
size, shape, weight, handling facilities, power
requirements and navigation.

e lLogistics associated with arctic deployments can be
very costly and difficult.

e Field support for systems may be difficult.




e If the system 1is surface controlled then human
resource factors (isolation, cold, dark, etc,) must
be considered.

e Special preparations are necessary to operate
electrical/mechanical systems in a cold environ-
ment . {Cable becomes brittle, o-rings fail,
plastic breaks, rime ice forms, etc.).

® Cable penetrations through the ice risk cable abra-
sion on ice or between the ice and ship hulls.

These operating constraints can be overcome. ROV
field operations, as most arctic operations, require advance
planning and thoughtful preparation of personnel, equipment
and logistics, However, in some respects the Arctic provides

some unigue advantages to ROV operations.

e The ice can provide an excellent platform for ROV
operations. Some effort is required to cut and
maintain a large hole in the ice, but the ice cover
i1s extremely stable compared to a ship in open
water,

e Since the pack ice is rough, moving men and eguip-
ment across the ice may be difficult. The ROV can
move relatively freely under the ice,.

e Using aircraft, a portable ROV system could be
moved quickly from one site to another.

® There are many tasks to be performed under the ice
which require mobility and under-ice diving by
personnel can represent significant risk.

This latter point is very important. Serious guestions have
to be objectively addressed when asking personnel to take
unnecessary risks in a harsh remote environment when the
required tasks can be accomplished by automated systems. In
addition, the logistics required to support a two-man diving
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team are probably greater than those for a moderately capable
ROV with operator. Each man on the ice requires cold weather
gear, shelter, food, fuel, and support equipment. A& diver
would have greater requirements than most research scientists

working at an ice camp.

ROVs can be deployed from the 1ice surface, ships
(ice breakers) and submarines. However, surface ships (even
lce breakers) are severely limited in the Arctic. Ice-
breakers generally limit their operating season to the late
spring (May) through the early fall (October). Some experi-
ence has been gained with the use of a small ROV off one of
the U.S. Coast Guard Polar Class icebreakers (Volker, 1985).
ihe system performed the task of surveying the structure of
ice keels. Care to protect the tether had to be exercised,
but the icebreaker crew was able to keep the tether from be-
ing abraded between the ship and surrounding pack. It 1is
noted here that the Soviets have a research icebreaker (OTTO
SEMIDT) with a center well that could be used for deploying

an ROV or other equipment.

Deployment of ROVs from 1ice camps will require
either aircraft or icebreaker staging to set up an operations
base. Most ice camps have been set up by aircraft which
obviously poses some size and weight restrictions. Size and
weight restrictions are not significant factors in ship
deployment. Aircraft can operate safely from pack ice in the
Arctic from February through early May. Small, ski-equipped,
fixed wing aircraft and helicopters can land almost anywhere
in the central Arctic. However, their raage and payload are
very limited (a few hundred miles and a few hundred pounds).
Large aircraft (Cl1l30 with a payload capacity of 35,000




=

pounds) can land on refrozen leads more than four feet thick.
However, the runway must be tested for thickness and prepared
for safe ogerations. Buck et al (1979) review many aspects
of arctic flying and field operations. Tables 4.1 and 4.2
show some cf the performance specifications for fixed wing
aircraft and helicopters. It is evident that a large ROV
could be transported on to the arctic pack and operated.
Several logistical factors must be considered -~ size,
weight, shape, handling and support gear, power reguirements,

sensors, navigation, etc.

Submarines have provided the most mobile all-
weather platform for data collection in the Arctic. Their
only restriction is the water depth required for safe opera-
tion under ice, and obvious security limitations. However,
they represent the most versatile platforms for ROVs or AUVs

in the underice environment.

4.3 Through-Ice Launch/Retrieval Openings

When the general location for the entry hole has
been chosen, a small test hole snould be drilled through the
ice with a hand or powered auger. The ice thickness and the
water depth can be determined using the test hole. After the
site is selected for the entry hole, all the snow covering
the ice 1in the immediate vicinity should b= cleared away.
The cleared area should extend at least 3 toc 4 feet beyond

the intended hole perimeter.
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The size of any entry hole will depend on several
factors including the size and shape of the ROV or AUV, and
launch and recovery techniques. Usually an entry hole will
require some routine chipping to remove new ice forming on
the surface and around the perimeter. A protective heated
cover (tent or hut) will normally be placed over the hole but
even tiLis will not stop the formation of surface ice. Long
term projects should set up a system to keep the holes as ice
{ree as possible. 3Systems that have been used include heat-

ing cables, lamps, ducts, and bubble generators.

The method of cutting the hole through the ice will

vary from one operation to another, the choice depending on

~ B £
“ -~

-
o pe

)

r= 1-cluding ice thickness and thae availability

of eguipment and energy.

Chipping an entrance hole by hand should be reserv-
ed for thin ice or if no other alternative 1is available.
This 1s not only time-consuming, but very fatiguing. Whether
chipping an entire hole or the final perimeter, care should
be taken to ensure that the breakthrough to the water 1is
delayed until the last moment; once the breakthrough occurs,
the hole quickly fills with water. Chippers are handy for
periodic cleariny of new ice formation from an entrance
hole.

A standard ice saw, such as used for years to cut
ice cakes commercially on freshwater rivers and lakes, can be
used if the surface temperature is not too low or the ice not
too thick. Entry holes are made by cutting the ice into
blocks after which they are broken free with a heavy-duty




chipper and removed with ice tongs. Care must be taken that
the cut of the ice is kept vertical and that the ice does not
freeze up again behind the blade. The teeth of the saw must
be set so as to produce a wide cut to reduce the chance of
such refreezing. Chain saws have also been used to cut large

ice holes in thick multi-year ice.

One of the most common methods currently used for
preparing an entrance hole through the ice is the powered ice
auger which can drill a hole through several feet of 1ice in
minutes. Bit sizes vary from small, 1 te 2 inches, to over 9
inches and with the use of extensions, they have drilled
through thick ice, even pressure ridges. The auger is norm-
ally used in combination with hand chippers and chain saws to

make large holes,

The thermal ice cutter uses warm water circulating
in a cutting tube in a controlled manner to cut a groove of
the desired shape. A delivery manifold of the desired
"cookie cutter" shape delivers the water uniformly along the
manifold through a series of loosely spaced, small diameter,
downward directea orifices. Such a manifold is mounted
directly above the cutting manifold to pick up the mixed melt
and deliver the water for reheating at the heat source. When
penetration 1is completed, seawater floods the groove and the
core is left floating free. Holes of 28 inches can be cut at
5 feet per hour with a system delivering 80,000 Btu per hour
to the ice. Holes have been cut through 15~foot thick ice at
these rates. Multiple cuts can produce holes of large dimen-

sion; enough to accommodate most ROVs.




4.4 ROV Logistics Support in the Arctic

System logistics 1is probably the most important
factor in any arctic operation. Because arctic field inves-
tigations depend heavily on the logistics, careful planning
and organization are mandatory in transporting an ROV system
to a work site and supporting it while in polar regions. The
success or failure of a mission can depend on the thorough-

ness that 1is devoted to logistics support planning.

It is extremely important that equiopment be
prepared and tested for the arctic climate and weather prior
to deployment. Many 1tems that have performed well 1in
laboratory engineering and user tests, 1including tests made

in cold chambers, have failed when used in polar regions,

General features of polar operations that affect

logistics support are:

1. Environmental factors, including blowing snow,
low temperatures, and irregular terrain.

2. The general lack of facilities that can be used
for support purposes.

3. The general lack of communications -- even near
populated areas.

4, The distances over which support must be
rendered.

5. Polar regions are sparsely populated and ameni-
ties for every transportation mode is affected
by the lack of established roads, runways and
other transportation support facilities.

The choice of a surface vehicle will depend on the

size, bulk, and weight of equipment to be moved and the type
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of terrain to be negotiated. Vehicles that are commonly used
range from the small snowmobile to heavy duty specialized
tractors that may be equipped with wheels our tracks. Speci-
fications of each should be considered when choosing the most

appropriate terrain vehicle.

1. Wheeled vehicles such as a crew cab truck, prc-
vide an adequate and relatively inexpensive
means of transpcrtation when roads or clearad
paths across the 1ice are available. It is best
to use four-wheel drive vehicles.

2. Snowmobiles are excellent for local operations
as a personnel and small load carrier. When
coupled with a small sled these vehicles can
effectively support most local operations as
they are <capable of operating where larger
vehicles are not.

3. Tracked vehicles range in size from oversized
snowmoblles with a cab to 1l6-ton vehicles *+ha*
can pull a giant sled across the lice. Larger
ROV  systems would require vehicles of this
class. In addition, these vehiclas are usefil
for supporting other facets of an ROV mission,
2.9., clearing snow from a new site, towing
large sleds of equipment, and assisting in mov-
ing and handling heavy equipment and sup-
plies.

4.5 Launching/Recovery of ROVs and AUVs from Arctic

Pack Ice

Arctic deployments of ROVs and AUVs do not appear
to hold any major obctacles for small and medium sized
systems. Large systems would be hampered by the lack of
handling equipment. However, the ice does provide a strong
stable platform and we see no insurmountable logistics or

handling obstacles even for larger systems. The C130

4-11




Hercules and even larger aircraft can land on refrozen l=ads.
The U.S. estabished an ice camp with as many as 40 individ-

vals, 30 buildings and over 500 tons of equipment during
AIDJEX.

Small RCVs can be deployed by hand from the ice
e2dge or through a suitable hole. Medium and heavy vehicles
can be ramp-launched and rccovered. Native Alaskans recover
whal=s using a block and tackle to hoist the dead animal onto
“ne ice with the block anchored to an ice beam cut into the
1C2, For heavy vehicles a launch and recovery £frame with
2lectric motors may be more =ffective. The point 1s that ice

15 very strong wnen cold, and can support large verticai

Iohads.
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5. SUMMARY AND RECOMMENDATIONS

This studyv included a review of the physical and
veriormance characteristics of the present world inventory of
remotely operated vehicles. During the last ten years sig-
nificant preogress has been made in the design, development
and operational experience of commercial ROV systems. The
orimary requirement for thils technology has been the offshor=
21l and gas 1industry. The present ROV industrial basz has

been an outgrowth of developments by the Navv. Within the

niz=d States and Canada, as well as Japan and Euirope, therse

(&

are well-established manufacturing rirms offering ROV systems
desi1gn and development services. ROV technoloay state-of-
the-art systems have demonstrated commercial cost-effective-
ness and have successfully performed a broad range of func-
ns; many of the functions can be translated tc military

on
application Scenarios.

ROV technology experience 1In the Aarctic has been
limited to field tests of autonomous underwatar vehiclos,
some trial visual investigations of icebergs using tetherad
free-swimming vehicles, and, at least one recent commerciail
2valuacion of a low-cost tethered free-swimming vehicle

deployed from a Coast Guard ice-breaker,

From the ROV information data bvase developed for
thilis study an evaluation was made regarding the ROV toechnole-
3y support potential to the AEAS Arciic Program, There 15
ample evidence that significant benefits can be derived from
military application of this technology to the key areas of
arctic site characterization, exercise support, and environ-

mental data collection.




able from

Performance chiaracteristics determined to be avail-

this technology are:

Three-dimensional mobility under the control of
an operator

Under-ice operational limits are not set by
weather

One~-time measurement support of temporal and
transient measuremnent support at selection loca-
tion

Long-term measurement support at one location
Cost-effective for a variety of tasks

Safety when accessing hazardous areas

Platform for accommodating a variety of sensors,
instruments, and tools

Systems can be tailored for specific missions
Covert

Install data collection arrays

Easy to transport and operate

Candidate environmental data collection substi-
tute for fleet submarines.

ROV technoloyy research and development reguire-

ments do exist. An evaluation of anticipated military re-

guirements for site characterization, environmental data col-

lection,

and exercise support reveal that technical solutions

are needed to overcome deficiences in:

High enerqgy, long endurance, on-board energy
sources for autonomous underwater vehicles.




Quality and quantity of two-way through-water
communications, both open and covert,

On-board computer command and control utilizing
artificial intelligence.

Umbilical cables.

It is recommended that:

1.

One small and one medium-size tethered free-
swimming vehicle be instrumented and field eval-
uated under the arctic ice canopy and 1in the
marginal ice zone for site characterization,
exercise support, and environmental data collec-
tion.

One or more autonomous underwater vehicles be
instrumented and field evaluated under the
arctic ice canopy and in the marginal ice zone
for site characterization, exercise support,
environmental data collection and tactical
development.

An arctic ROV workshop should be convened 1in
FY87 to establish requirements for ROV technolo-
gy to support the AEAS program.

An ROV workshop should be convened in FY87 to
establish requirements for ROV technology to
support all naval warfare areas.

A short course be developed and convened in FY87
on the potential of ROV technology to support
U.S. Navy arctic and other military programs.







REFERENCES

Boretz, J.E. 1984. Unmanned Submersible Nuclear Propulsion
System. In: Remotely Operated Vehicles, Proceedings of
the ROV '84 Conference. Marine Technology Society, San
Diego, pp 369-375.

Boretz, J.E. 1985. Tactical Remotely Piloted Submersibles.
In: Remotely Operated Vehicles, Proceedings of the ROV
'85 Conference. Marine Technology Society, San Diego, pp
233-~240.

Buck, B.M. 1968. Arctic Acoustic Transmission Loss and
Ambient Noise. In: Arctic Drifting Stations. Arctic
Institute of North America. Washington, DC.

Buck et al, 1979. Arctic Flying. Polar Research Laboratory,
Santa Barbara. 200 p.

Busby, R. 1986. Personal communication. Busby Associates.

Carnovale, S. 1986. Personal communication. Aguanautics,
Inc.

Coachman, L.K. and K. Aagaard, 1974. Physical Oceanography of
Arctic and Subarctic Seas. In: Marine Geology and
Oceanography of the Arctic Seas. Springer-Verlag, New
York, pp 1-72.

Colony, R. and A.S. Thorndike, 1984. An Estimate of the Mean
Field of Sea Ice Motion. J. Geophys. Res., 69(Cé6i,
10623-10629.

CNO, 1984. Manual for Manned Submersibles: Design, Opera-
tion, Safety and Instrumentation.

Denner, W.W., D.R. Sides and M.W. Thompson, 1985. A Review of
Arctic Environmental Data Bases. SAIC Final Report under
contract N62271-84-M-3728.

Dyer, I. 1984. "The Song of Sea Ice and Other Arctic Ocean
Melodies" In: Arctic Technology and Policy. McGraw Hill,
New York. pp 11-37.




Francois, R.E. 1977. High Resolution Observations of Under-
Ice Morphology. Applied Physics Laboratory, University
of Washington, Seattle. Report No. APL-UW771l2. 30 p.

Harlett, J. 1986. Personal communication. Applied Physics
Laboratory.

Jenkins, W.T. 1974. A Guide to Polar Diving. Naval Coastal
Systems Center, Panama City, FL.

Mayhut, G.A. and N. Untersteiner, 1971. Some Results from a
Time Dependent Thermodynamic Model of Sea Ice. J.
Geophys. Res., 76, pp 1550-1575.

Schwarz, J. and W. Weeks, 1877. Engineering Properties of Sea
Ice. J. Glaciol., 19(81). pp 499-530.

SCOR Working Group 58, 1979. The Arctic Ocean Heat Budget.
Report 52 of the Scientific Committee on Ocean Research
(SCOR), Geophysical Institute, University of Bergen,
Bergen. 98 pp.

Smith, J.J. 1985. Battery Fundamentals: A Look Inside the
Contailner. In: Naval Research Reviews. Office of Naval
Research, Vol 37. pp 3-11.

Smith, D., T. Mellon, L.M. Sawyer, R. Yobs, 1986. A Feasi-
bility Analysis of an Autonomous Underwater Vehicle for
Mapping the Arctic Seabed. Unpublished Report. Naval
Postgraduate School. 26 p.

Thorndike, A.S. and R. Colony, 1982. Sea Ice Motion in
Response to Geostrophic Wind. J. Geophys. Res., 87(C8),

5845-5852.

Weeks, W. 1980. Problems of the Seasonal Sea Ice Zone: An
Overview. Cold Regions Science and Technology. Vol 2.,
pp 1-35.

Volker, R. 1985. Personal communication. ARCTEC Inc.

Wadhams, P. and R.J. Horne, 1978. Submarine Sonar Profiles
from the Beaufort Sea. Report 78-1., Scott Polar
Institute. Cambridge, England, 65 p.




APPENDIX 1

List of ROV's Including Operating Depth and Dry Weight
January 1986




00861 0006 0G| =14
N UN YN YN
N YN £ LY
0000%¢ 000051 L6} 090
‘ =10) 4 asve 00S| LGP
| 006 oly 0051 LSP
YN N AR oo
0Zel 009 cev 0S|
666 14%14 000S pZsi
666 14514 00021 859¢
UN N 0000C 0009
N N N YN
UN N \)| YN
ol 0Z1 00£¢ 0001
YN UN 86c 160
00Zse 00091 00002 0009
YN N 0Z8 062
N IN YN N
0093 000¢ 00002 0009
UN N 0001 1210}
6bt oz 00Z¢ 0L9
049 50¢ 00% 16
N N N YN
YN YN
1445 ocy A 06
YN TA4 161 YN
G661 L06 00002 9609
144 %" 01SI Zigl oov
(saD'mMa BNy ma (NI A waa

SRS RRVEYY

GO LY

pomop - [

r—.-»gau..».v WOy jogr - ,vlmw

d0IN (ATY L1)

A¥3IS "ON3I YIWINIIH (HLIN)
NSLYIWOM (NYdY)

ges

TN (5°N)

"HSYA "AINN (SN
JAYINONHIIL (AT L)
vISHIL (AV L)

"HYA CAINN (S N)

THSY A CAINN (SN

"aL1 'NOIJS (AN
AD0I0NY 300 "LSNI (¥SSN)
ISIN(eN)

LLVA-LOI¥3H () °N)
LIWCSN)
AININAI/ Y T D (FONYAS)
INSLIW (NYYI)
ISIN(SN)

1'§°2 % ¥ 23 (IONVAL)
YAINII/ XIN0I (IONVAS)
JSON (ST

JUHSIINYH AIN AINN (S'N)
‘TS (VAYNYD)

ISIN (S

ISNN (s’

vdava ('sn)

JSON ('s'N)

‘TSI (YAYNYD)
¥3igiing

98/pZ/1 9NILSIT 1v31138VHATY

A PRALOPpU) SHowouoiny - A{(lY 9ION

vI03ISNY 39 (J-8)
y3AY 38 ¥30v3 (0-9)
ASS 14 (0-9)
W312 (0-8)

$84N (ANY)

S3YN (ANY)

80% L (ANY)
INIWITAL (ANY)

1 ANNGS (ANY)

I ANNGS (ANY)
ANdS (ANY)

LYMS (ANY)
AN (ANY)

10 ¥3A0Y (ANY)

11 L0G0Y (ANY)
0009 Z ¥1d (ANY)
¥S0 (ANY)
AS1(ANY)

QY INY 43 (ANY)
1173 (Anv)
L1SIA-3AYI (ANVY)
18v3-3Av3 (ANY)
NIHJ104Q (ANY)
ALSI (ANY)

1-8 (ANY)

ANV (ANY)

ssnv (AnY)

SNV (ANY)

1S17 AGY GT40M

_—NMTNOMNDOO




00PLE 000L1 051 op
09655 0081 00SP 12g)
00018 000LE 0Z8 082
00861 000°6 052
VN ¥N apl S0
00099 000°0¢ p9| 050
N ¥N 959 002
99 zog ezs 001
906pp AL o4 000§ PI6
o0Pep 00022 $G6Z 006
Or66P 00222 006 pLT
N N oP9l 005
P6PS ges| 0001 o]
9N ¥N 0$$ 001
¥N 9N ¢€iZ 089
$66¢ S181 0000Z 0009
099¢b | 00£59 86 0£0
000.8¢ 00084 | L6 090
00845 00£9Z 0§£2 0.0
0066 00Sh p9| 050
000Z< | 06009 959 002
000921 00008 Z6v 0S|
0001 | 0N0S Z§1z 059
0000£S 0000G 1| 0021 99¢
Or66P 00LZZ 586 00¢
N ¥N ¥N ¥N
000861 00006 ob9| 008
0000L 000Z¢ L61 09
Say M a B Mma N da waa
58/0Z/ |

dOIN (ATY D)

SHINGINYW ('S'NY

SIWYNAG INIHIVIA U0S (X 'N)
14N WOJ313L HSILING (X N)
TN (SN

aL7 9N3 3NIAYIK ¢ GNYT ()
‘QLTONI A/NLINE (A N)

QL7 ON3 AGSONITS (X'N)

58v7 INOHJITIL 1138 ('S'N)
¥23 3131203 (3INVYYL)
"d17°ONI AGSONITS (' N)
¥INDID % ANNIOOVH 8Y ((NIQIMS)
'qLan X N)

ABSOHINS () °N)

ONE JYOHSII0 Aad (S’
W AINNCSN)

NSLYINOM (NYdY()

"ON3 INIAYIN % GNYT (" N)
NSLYWO (NYdYI)

"H1NY SHAOM 18Nd (H13IN)
QL7 ONI INIAYI g ANYI (N N)
AL7 ON3 NINYIN 2 ANYT (' N)
$301AN3S 0 ¥3S 8NS (ATVLI)
ONI “LO0Y '@ NMOXNE ('S'N)
‘aL1an ¢ N

"¥3d0 3NANISKIS (IONVIL)
QILSHY3A SNIFAW (AY AJON)
IHOY LIH (NYdvYr)

¥341Ing

ONILSIT 1931 139VYHd Y

vdvl (0-8)

¥yoLovaiens (3-8)

HONOd N3 d ¥338NS (I-9)
HONOY 318YJ v3sans (0-9)
A1S (0-8)

%15 (0-9

1vavis (3-8)

ATIMY NI @38V 3S (0-9)

¥ Al AOd V35 (0-8)

HONOYd V1S (9-9)

009 v3s (9-9)

avad vis (9-9)

ong ¥3s (9-9)

A3S (0-9)

svs (0-6)

N WY Q-8

1080% ONIT3ATT 37880 (2-9)
I W1N (-

SNO% (3-6)

SNNNLYO0.I (2-9)

£d8d (0-a)

148 (2-8)

Wed (0-8)

1n 1 (O-8)

'8 LW (9-8)

A WL1(0-9)

NIBAK 2INNIYAN (0-8)

091 Hr (-8

1S17 A0d QTd0M

9%
GS
vS
£S
rA
1S
0S
6v
oy
[ 4
o
™ 4
144
% 4
A4
3 4
oy
6%
3%
LE
9¢
(5 %
ve
% 3
ce
(3
13
62




¥N ¥N
¥N N 00002 0009
905 | 0£9 00002 0009
5602 psil 0000Z 0009
S602 230 0000Z 0009
0022 0001 00052  0Z9.
0022 0001 0000Z 0009
N N ep !l 0s¢
662 9¢| 0011 =to}y
YN VN L6} 090
005 LZT 006 pLT
¥N ¥N 0001 50§
¥N N 005 ) 96¢
opep 0022 0000Z 0009
06Lp iz 00002 0009
005261 00S¢B ezs 001
YN N 0000Z 0009
N
N YNYYNN 0£Z 0L
7N 7N 002 190
¥N N
¥N N L6 090
N N N
N 7N N
0008p 00022 6ZS 091
00081 000061 099 00Z
00b9Z 000Z | 000Z 019
00SS 00SZ 051 op
Gy A a By ma (Y daa wya

98/vZ/|

$'00SSY NI ('S'N)
YINNOG (¥30'A)
S13NQ0Nd 0NGAH (S'N)
WILSAS TN ('S'N)
aIIHNI0T (S'N)

W AINNCSN)

2318V (NYdYP)

'208SY 4T3IHS "INOJ (S'N)
'J0SSY 4T13HS "INOJ (E'N)
AINULY DHININ BN0IWE (X 'N)
"GN YIS 018 (YAYNYD)
(MIN)XINNIG (AY MAON)
SLSNI ININQNNO (YAYNY D)
IOHA (S'M)

1OHA (S'N)

‘ILIOW ¥13Q°d (¥30°A)

SISNIV (L)
A¥L1SN9 (1)

$Z1-550 (L)

$500 (1)

W3LSAS AJANNS MDL d330 (1)
MOL d330 (L)
HIONITIVHD d330 (L)
SLLN/¥SI (L)
8218/9YS (1)

W3 (1)

1M ALANNE (L)
HJY 4OIN38 (1)
HS1dive (L)
NOSY-00uY (1)
SNONY (1)

| QY AN (D-8)

@330 ($'N)1LIITI0T INAON ANYNNN (3-8)

OWOLIWNS (NYdY ()

(¥4) SWILSAS ¥OHONY (JONVA)
ced

JLLI0W Y130 'd (¥I0°A)
‘TSI (YQ¥YNYD)
AOOTONHIIL NNIA (X °N)
INYINONHIIL (ATVLD)
JYUYINONHIAL (ATY L)
'VIN'S (ONVAS)

dOIN (AT¥ L1)
43411ng

INILS1T V31 L38VHA VY

AQVINN (3-9)

UIHININL ¥ILY ANIANN (I-8)
YTTAYEO ¥ILY ANIONN (3-6)
¥3204TING ¥ILY ANIONN (J-9)
onen (3-9)

SNl (3-8)

(AN) divdL (O-8)

Z0¥ WL (0-9)

Z01 W1 (3-9)

Wi Q-8

v1i3dvi (O-9)

1S17 AON QTa0M

ve
£0
c0
ie
08
64
oL
LL
92
SL
vi
€L
(A4
YA
oL
69
a9
L9
99
c9
vo
£9
9
19
09
6S
as
LS




¥N 9N 000Z Ol
oN UN ¥N ¥N
¥N vN
YN oN YN ¥N
1 5 0gs 001
000PS ! 00002 9N YN
2629 0982 00002 0009
000281 00068 =T 050
000602 00056 bz 52
SEPS 885! 0000Z 0009
oop 18 000LE 0Ze 052
00861 0006 0Z8 052
S6b2 pSil 0000Z 0009
088 oop 0021 $Tob
¥N vN pS| 050
VN N 0000Z 0009
VN N 000§ PI6
¥N oN $66Z 006
0014 1 008 +06 00¢
¥N N 00002 0009
N VN 0009 0zl
666 PSP oorz  Z$i
0Z<! 009 0000Z 0009
00bP 11 00025 099 00Z
000941 00008 Z6p 0S|
€69 Slg 0011 &sg
opr 002 Gl ps
oN 7N Z$IZ 059
(sqay ma (B md ()3 a (wwyg
98/vZ/1

“1N03 INIAYIN AN CA N
AINI HO3L Q03 WAYN(SN)

MHIILINGSNIZ-0N8IA (¥39 " A)
J3LSWYr (NYdYr)

"ON3 ' "dIHS $.31308 (X 'n)
AY¥3dS ('s'n)

"ONG ¥YW B ONYI (XM

"ONI ININYIN R GNY T O M)
"440 'ONY320 IWAYN (S’
SAIWYNAQ INIHIYIN A0S () 'NY
T.ANI INODT3L 1138 () °N)
ISNOHONILSIA ('S'N)
ADOTONY 300 LSNI (¥SSN)
"ONT ININYIN B GNYTI (X' N)
YINNOQ (N30 'M)

£8Y7 3N0H4313L 1138 (SN
¥23 3131008 (IINV¥S)

Y S 4333 3N19 (3ONYNH)
189% V'3 (IINVAL)
vION039 "AINN('S'N)
SAW/104 (S'N)

OXIND (IONVY¥H)

"ON3 INIAYIN ) ONYT (N N)
"ON3 INIYYIN 2 ONYI (')
XI¥13WY3IS (N

TI0d LSN S3M 1L LYN (Nvdvr)
ALINYJ SN 1-¥3S (YAYNYD)
¥341Ing

INILSIT 19v3J1L38VHATY

va0HdWY Z 1 |

nouay 111

0Ll

azs-ovaia (1) 60§
As1(L) 801

Z /92 A0TdNN (L) LO)
sl (1) 901}

N WL SO

Wi POo1i

380343731 (1) £01
HONOd IM13dId vasans (1) 201
HONGC1d 318vavasens (1) 101
gsis (1) 00|

aNnos (1) 66

(L) 86

dis(1) L6

YA AYIS(L) 96
HONOYd ¥3s (1) S6
univis) vé6

avs (L) £6
wponsss) 26
neva(s) 46
navayw 06

£d8d (1) 68

idad (1) 88
yIAOYNYIO (L) LO
"H3A 'T02 NGON (L) 98
YiNVI (L) GO

1S17 AOY G30M




0919 0082 opS| 00S
0£9¢% 0591 00el 00L
145189 88G| 0009 828l
005S 008¢ £re6 000
9N YN 099 002
L6S1 9¢¢L oovrs ==
N N 00%s 000!
0L 00Z¢ 0021 1=}
UN YN
YN YN 0001 00¢
L£GG L1682 00001 epbog
9889 0fis 0009 6281
£hre goci 00S¢ 2940
N UN
66608 1414 000¢ 141
0896 oovt 0021 (=1°}9
P66¢2 19¢1 0002 019
0099 000¢ 08Z¢ 0001
YN YN ool 539
06l¢ osv | 00S A=)
G661 L06 cos| LSP
9691 bed 0021 co¢
L6c el G99l 050
g8t SIS 000¢ vi6
666 14" 4 000¢ PL6
YN 9N 000¢ ol9
098¢ 00g1 0001 00¢
oprsSi 00L 0001 00¢
(say ma{dpyma (HNAQ (wWwAag

98/pZ/1

WS130 (30NY 4J)

dno¥o 13S0 (1 'N)

<NO¥Y 1380 (X 'N)

INS1'W (NYdYI)

NI O (NYdYT)
Y29aLS-ILIWY (S'N)
MNHITLINILSAS-NOINIH-42 C¥IO " A)
‘TS (YUYNYD)

‘TSI (YAYNY D)

AAYN IV AOY (X'N)

JSON ('S'N)

JSON ('S'N)

asoN ('S

Lgly (s

NAGNS HONY NS NOBNYH (8'N)
Livaouiy “LI¥a O 'n)
Lavdouiy L8 (o 'n)
ABSONITS () ' M)

(AY MNON)

ON MOHSJ40 A¥N3d ((8'N)
INRIYW SN O 'NY
ONINIINIONI NY3D0 4330 ('S'N)
LIYA-LOI¥3H (M)
Y2vaLS-MILIWY (5'N)
Y2vuL18-%313WY (8'N)

‘TSI (YAYNYD)
LIYA-LOIN3H (')
LIYA-LOIN3H (X 'N)
y3qung

INILSIT I¥IILI8YHI Y

o1 233 O |

1 snMdna 6% 1
A1N0Svy0 B% |
nE- NiHd0g 2£ 1
200g-170 9 |
INONG 4330 GE |
anva PEL
1sva/iava ££ 1
(391) 8401043 £ |
BIumn il

1 A3 01

a aEno 621

all AN B2 1
(wgivyvand 221
I quod 921

20Z g 10z ansNod ST
rensnod e
s €€
UV 2
J3oN3TVHD B2
sn132 02|
lonva 61
Issny B1 1
oz9sasy L1 )
oz9/asy 91 |
mougnoy G I
soosnony L |
zoosnony €11

1S17 ACGY QT30M




YN N Zigl oop
YN N N IN
1474 00'0¢ 0ofe 001
098¢ 00¢t 00S o]=)
0Lg 001 969 00¢Z
0Z¢l 009 059 00Z
opal T 162y 00¢!
YN VN ooel 0SS
N N VN YN
66 ¢b or9l 00S
YN YN 959 00¢
obv 002 G68 00¢
1A 184" 0021 99¢
b9Ll 208 08Z¢ 0001
0} 4" 14 00c| 00401 19C¢
op9c 00c| 08Z¢ 0001
861 06 0b9| 00s8
BP¢ 85t 0001 Go¢
2808 ol18¢ ovsi 00S
4 1v0e £PB6 000%
06bY iv0c 000S 1441
0oiZl 00SS 0092 008
00c¢ 0001 00£2 004
0zl 009 0Z8 0&¢Z
G661 L06 000¢ 1A Y]
681 98 0Sli | 05¢
YN N 00S| oot
0919 0082 00002 0009
(sa) ' m'a (M) m'a (M)A a

S98/vi/i

(W) 'y

ABSONITS () ')

( SLSAS M/ N INCIIYIN (N M)
1884 ('S'N)

019¥019 NYS L3373 (ATY LI)
dNo¥9 13S0 (X 'N)

SaY 1 A (NvdY)

(¥8SN) 108 Q¥ IY (¥SSN)
MILAN CH M)

QIHAI0T (SN

J31SWYP (NYLYI)
JILSWYP (NYLYI)
ABSONINS (')

ABSONITS ()1 °N)

"IS’| (YAYNYD)

‘TS| (YAYNYD)

‘IS (YAYNYD)

J31ISWY (NYdYI)

ONIAIQ ¥0AYL ('S'N)

MNHIILWILSAS-NOINIH-42 (330 M)

Y2vNLS-MILIWY (SN
Y2vaLS-XILIWY (S'N)

oY OVENIAd (¥30 'A)

931NS (NIQIMS)

N3Q3AS "430 1. LYN (NIQIAS)
IS (YQYNYD)

NS INAVINAYO (ATV LL)
EWILSAS N¥Y3D0 LIV ('S'N)
WS1330 (3ONY d4)

¥3a1na

ONILSIT 1Y I L38VHA Y

Wik 891
MONNIW 29§
LA 33008INIW 99 |
N GO

Ao¥IIW P9I
svoiv £91

S IYINYW 291
wnNovie 191
sN31 091

g8 Aqv1 6S )
aLr 8S1

o1g 132 LS
¥0LJ3d4sN 9SG
0Z ansAH GG !
¥-1| Y3GAH PG
#i-S YNAAH £S
00S-13N30H €S 1
AIAvH 16
Hivioo 0G1
iNi30 6F 1
IN30 8% |

39nd 4P|

1 30404 9P |
ans vod SP |
AR 44|

Oddi w4 €V 1
-A3 P

noxa kvl

ASI17 ADY Qa0M




819 18z Zig! Oop
081 zg 0Z§ | 0oP
0901 zZop 0002 019
611 bS 181 09¢
apse 8Sl | 000Z 019
088 00 005 0S|
«Yolo ov | Zig 0107
09Z8| 00¢8 098 652
L6G1 9zL 000Z 019
2662 09¢1 0005  GZsl
0262 0S¢ | 0¢E 001
0022 00G¢ 00£€ 000!
005 Lz G86 00¢
vN N
Z9 8s 005 Zs!
obs| 002 506 00§
N YN 099 00Z
N N 18Z¢ 0001
0ZZ 001 0009  B8Zel
0ZZ 001 0001 (o]
opS| 00L 000Z 009
0001 | 0008 059 00Z
N N 586 00¢
0245 0092 586 00§
N N 01X 001
YN N 0¢¢ 001
919 08z 0Z$ | 00p
S6bZ 238 VN
(say A a (XY M a (W) d a wag

98/vZ/ |

JNI JYOHSA40 ANNId ($'N)
S1INA0Y¥d OJGAH (SN
S1INA0Yd ONAAH (S

‘IS (YAYNYD)

Y 2YyLS-MILIWY (SN
I'S'3 %% "¢ 33 (30NVYI)
INIAYINAY O (ATV L)
JISON ('8'N)

Y29 HLS-MILIWY (S'N)
LN YIS ANS (s N)
IO AIA (¥ M)
AGSONITS (X 'N)

TUIMLNL 039 (ONYINLY)
ONINIINIONI NY3I0 d33a (S'N)
ONINIINIONI N¥3D0 4330 ($'N)
163 % ¥ 0’3 (IONVYNL)
AGSONITS () 'NY

'3S'| (YAYNY D)
YINVIS-8YYS (NIQIME)
N1 MIY YNDY (S'N)
AGSONITS (X 'N)
AGSONINS (X 'N)

INSLIW (NYaYr)

INSLIW (NYdY M)

INSLIW (NYdY )
J3LSWVYI (NYIYP)
IGdNSE I 1'W (ATY D)
S1INA0NA0NAAH (SN)
y3Q1ing

ONILSIT IVII138YHATY

It NOJ3¥ 96 |
SZZ-A04 G6 |
0S1-a04 6|

i 1Isvy £6 1
00Z S303d €6 |
3d0d 161

oind 061

Ad 681

10+ ¥3did 88 |
d3Noid 28|

98 NiNONId 98|
24 GO

N SYJ0Hd B 1

QH 00S WOLNYHd £81
00S WOLNYHd €8 |
#0i-dvd 101
A0 081
(LavaIxXvii)y NOINO 62 1
1v3d0 B2

vouo 221
¥yoax3sa0 921

170 ¥3AN3SE0 G2 |
10 002-S3nid P L |
00g-sanii £2. 1
ooi-saniy €4 |
olinosow L2 1
vx3goW 02 4

snid 691

1517 AOd GA0M




651 LL
9Lt 08
08¢ Ll
op9e 0021
§L¢ G2l
FA4 14 00'68¢
g6l 06
UN UN
IN UN
96v | 089
00L 008lg
YN YN
066p 89z¢
YN UN
N N
YN YN
Gs &2
85¢ €9t
85¢ £91
88l 6) 4=
14524 0cl
o8y 8¢
oll 0§
oLl 0S
9691 ted
YN UN
|68 Sov
005% L2e

00G| 9SP
0G11 0S¢
08Z¢ 0001
00¢ 1 oop
06l 0S¢
00c| G9¢
061 0S¢
00¢¢ 00L
00¢? 004
000¢ P16
000¢ pi6
B6s| g’y
0009 6281
=1 AY 001
00002 0009
0002 019
4961 009
AN oop
AN oo
ovsSi 00S
gigl oov
8Z¢ 001
000¢ 1 4]
0021 Go¢
002! Go¢
00| 90¢

(san) 'm-a (bx) 'm-g

()N 3a wxNaq

98/bc/|

1IN0 INIAIYIN A/ O
3UNS (XN

"qoNd M/N 4400834 (S'N)
LIYA-LOIN3H (X N)
231nS (M 'N)

LTrWesn

aauns A M

J31nS/8YYS (NIQ3IMS)
ABSONITE () 'N)
Y2vdL8-MILIWY (SN)
Y29Y5LS-MILINY (SN)
JSON (‘SN

Y29 3LS-XILIWY ('S$'N)

OI ANV AN 0N
"HI3L NNIA (')

ISON (SN

INSLIN (NYaYr)

SOHIN3G ('S

SOHIN38 ('S'N)

XIW0J (30ONVAL)

INSLIW (NYdYIM)

351 (YQYNYD)
MNINONINITI0NN 021 (¥30 " A)
MNINOYLXITI0NMIN 021Y (33D ' A)
JNO¥9 13S0 (N N)

ONI JMOHS440 ANNId ('S'N)
A¥¥3d ('S'N)

INI 3U0HSII0 ANNI (SN
d3giing

ONILSIT Iv3113I8VYH Y

nandvis P&
wmovis £2¢
¥01J3dSNI v3s €2¢C
3BY0HvIs 1 CC
JAYHYIS 0C¢C

| INvNO Y35 61 2
ovivis B1¢C
voda0/00av3s LLC
o0avis 91 ¢
0id¥0ds SIC
Id0os P 1 e

ivas £1¢
nygiavavas 2L 2
Nvas L1 C
dwvas 01 2

sany 602
001-AL¥ B0C
000Z AdY L0
Ay 902

00¥ A0 SOC

oM P02

ssoy £02

(00¥) | SioN 202
(001)1 SikioN 1 OT
IDAOMA0IN 002
ANOJ3N 661

A NOOY 861

M NOJ3Y 261

1S17 AQY QTd0M




0008  Pl6
Zig) 00P
G6 ¢p =t Al ago
N N 0002 019
WN el 0S¢
921 zZoB 18Z¢ 0001
8r L obg 00Z! ==l
0011 005 Ge6 00¢
N N VN YN
901 00'8b 0002 019
092ZL 00¢¢€ ob9| 00S
9.¢1 | 1218 g6£9  0G6I
096¢ 0081 08Z¢ 0001
0Py 0002 056 005l
06 \p GB6 00¢
080¢ 00b | 0002 009
096¢€ 0081 08Z¢ 0001
662 9¢| J0G | 09p
0051 zeo9 00Z1 (={=]+
0001 | Sp 00z ={=]4
obS| 00L 08Z¢ 0001
Ze L 06 00¢
188 08 188 €2 00S ZS|
N N 099 002
VN YN 0001 (=]
YN N VN N
66 Sb 008 bz
691 'y 000Z 019
(sap’ma By ma QNI a wagq

98/pZ/1

0ss3 ('S'N)

JAYIWONHIIL (AW L)
ONIAIQ ¥OTAY L (SN
S1SAS "0 3L0W3Y ('S'N)
$3781SY¥ANENS 0ANT (X' N)
'3S1 (YQYNYD)

‘IS (YAYNYD)

YIW3NIIH (HLIN)

NY IS ¥3S (YQYNY D)

NI JYOHSAI0 ANN3d ('S'N)
SNIBA (AY MNON)

YA LNOdAD! ‘SIMNN ('S'N)
20QY IS (HL3N)

AGSONITS (XN

18sa ('s'N)

SNINAIN (AY ANON)

"LSNI 4T3HS ' LNOJ (AY MNON)
JSON ('S'N)

‘TS| (YQYNYD)

‘IS (YQYNYD)

SLSAS '8NS 20QY NS (HLIN)
HI3L LINN INIIYIN (X °N)
INI H33L NYJS ¥3S (YAYNY D)
'Q0¥d A/N 440834 ('S'N)
“LAN03 INIIYIE A/NCX N
‘IS (YAYNY D)

ISSa('sn)

"1AN0I INIAYIN A/N (X N)
33q1ing

INI 19517 1921 1L38¥YHITY

AWL €S2

sog WL 1 G2

Mi OSC

0001 8ns313L 6¥ ¢
Ixvl BP2Z

ans A3auns 4P 2
13vquidns 92
oog ans GPC
yIoNiLs PP e

101 ININdS £9C
¥3ads e e

qwos v

dos ObZ

00s 6£¢

NS 82

T 3dAL INNS L€C
NS 9€ 2
AJOONS G£C

Ziws PEL

Llws ££2
0001-8nS LiWe C£C
Alavis 1€£C
diHM v3s 0£C
¥0A3ANNS v3s 62¢
AdS v3s 822
qINVAVIS VIS LCC
3NN v3s 922
ndndvis GCZ

1S17T ADY GT40M




L9 0¢ 008§ rA~)
8601 66p 0021 Go¢

009 £8)
0LL 06¢& zigl oov
che oLl 969 002
Gl¢ 124 olvi otp

05¢ =t
6211 £16 0021} S9¢
096¢ 0081 00t¢ 0001
00gp GG61 0005 pZsi
N YN cil Geo
862! 065 00027 009
05¢ 00’651 0021 Go¢e
S0Lt 00'GLL orgl 0%
N UN 6961 009

08l¢ 0001

(sq) ' 'a (M) 'm°'a () d°a

9g/be/|

(W) ¥°Q

"IN ‘K3LN3E (S'N)
‘TSI (YAYNYD)
0L1¥388NS ¥YEX (X °N)
¥'S YISHIL (2LIAS)
'¥'8 ‘YISHIL (2LIMS)
dNO¥9 IS CN'A)
IV ISIQQN0TIX3AYN ((S'N)
TSI (YAYNY D)
AGSONIS (X 'N)

A¥¥3Id ('s'N)

0QY S (HL3N)

ONIAIQ 3OAVYL (S'M)
‘IS (VAYNYD)

‘IS1 (YAYNY D)

ALND MY IV ALSAS TYAYN (S8 N)

¥IW0D (IONV L)
d33gling

ONILSIT ¥ 31 L38YHATY

1 A ¥3diA B892
onia L9C
¥0101A 992

8LP Svin G9C

08Z svin P9C
00g 04n £9¢
sivan 292
Ao¥l 192
NYrodL 092
Z0Z NOLINL 6SEZ
vyl 8SC
INJQIdL LGC
6-1 IRl 9G¢C
aRvE Uvil GGZ
9150801 PGE
00g WOL £S2

1S17T ACYH GT30M




APPENDIX 2

DIRECTORY OF ACTIVE ROV USERS




Directory

Ametak Straza

Ve Greentield Or

P O Box 666

El Caton, CA Q2022
(613 442 2451

ANCHOr Systems S A
Tour super Montparnasse
9, Rue Heorges Fitard
75015 Fars, France

drezrzaom

QUa-AY Industries, inc
0 Drawer 719

are Oriye

T3

i

Haryey, LA 70055
1S3 262 G124

AT T Longhines
NS owidoria Trage Center
Mew Yo [‘L_'Y N 10043

1212) 757 5766

Eatelle Columbus Laboratories

SO KIng Avenue
Cotumbus, OH 47220)
B14) 324 6424

Eenthos Inc

Edqerton Drive
“OFalmouth MA 02556
E17YS76 S917

CIFECTORY FOF ROV FERPGRT




it

Director
BOC New wentyre Secratariat
instituta ar Offshare Engineering
Heriot-watt University
Riccarton, Edinburgh EHI4 a5, Uk
031 449 3702,3374

Gusby sssociates Inc
Mr oROF Busty, Fres
376 South 23rd Strest
Arlingtaon, WA 22ooz
(ynzy

L5 (Export Companiy;
29 rue de )a Bleniaisance
79003 Faris, France

SR 706G

Comex Seryices

26 Boulevard de Doean
PZ279 - Marseie Cedes 2
France

P91 AQ-G0-07

Cantinenta) Shaly AL50C1ates Inc
&0 Box Ze0a

dugiter, FL 27483

(?”51 74{51 7';1._16

Ueep Ncean Enginesring
1421 Daalittle Drive
23N Leandra, CA 24612
(ST S6Z 3700

CIRECTORY FOR 23y BERAET




13

14

15

16

17

18

Directorg

Deep Sea Systems Internationa
PO Box 622

Falmaouth, MA 02541

(617Y 540 6722

Dornier Systems Gmbh

7990 Friedrichshafen
Fostfach 648

Federal Republic of Germany
Tel: 07545/51

ECA

17, avenue du Chateay
22190 Meudon-Bellevye
France

M eze N

Eura Submersibles

Unit K1, Seseronto Estate

St Mary's Road

Langley, Slough

England 512 7Ew

Tel (0752) 44379

French Navy

Commandant 1a Division des
vehicules d 'Intervention s0uUs la
Mer

Toulon/Naval 82800 FRANCE
(591)2431.00

Freund, John

Naval Sea Systems Command
Code OSR2

washington, D. ©C 20362
{202) 692 0344

DIRECTORY FOR POY/ PEFORT




19

20

21

22

23

24

Directory

baymarine Electronic Products

VT ATA T maar,n ] Ma. et
ST TR 230G SN NG 1

-

W1 Fapa Giawanni ¥x ]
italy
(02 2427294

Harbor Branch Foundatian, Inc.
B 136

Ft Pierce FL 332450

(Z05) 465 2400

PO BoxQZi
2700 FH Leiden
The Netherlands
(7N A 04 7

Hervot='watt University Uk

Dept of Electrical and Electramc

Enginesring
21-75 Grassmarket
Edinburgh, EH1 ZHT
(031 225 3472
Haneywell inc

3707 Shilshgle Ave N
seattle, WA 23107
(206 739 2000

“al

Hydrao Froduct s
FO Bo: 2928
San Diego, Ca 3212

(619) 453 2345

WRECTORY FOR ROY PEPOPT



Director
25 [FREMER fTarmerly CNEXD)
66 Avenues d leans
FI0N6 Parisg
France
72795 25
26 Institute of Dceanology
ACademy af Sciences USSR
22 Krasikova 51 721§
Mascaw, USSR
12359 9g

27 Internations Submarine
Engineering
280 Murray Street
Fart Moody, B C
Cangda 47K 1)
(604) 931 2403

28 InterOcean systems, Inc
33490 Aero Court
=an Cieqo, CA 32122-1799
(619) 565 5400

29 Japan Marine Soience and
Ten_'hru::laqg Centar

Deepses Technolagy Lepartrment

2-15 Natsustima-chg
Tokosuk g Lity, Kanagewas 277

30 kaeverner Engineering a5

PO Box 222 N304 Lysaker
Narway

D!PECTUFW’FDF?PUW'EEPUPT




Directory
31 KBA Subzes Ltd
Unit 7, Lister Road
Bozingstroke RG22 4NP
United Kingdom
(0286)_ 52740/9 & S4682

32 Klein Assoriates nc
Klen Drive
S3lem, NH 02079
(603 39% 617

33 Kraft Ocean Sustems
HNEBT wWest 30th Terrace
Dverland Fark, K5 66214
(912Y 94 30272

34 Land and Marine Engineering Ltg
Fort Causeway, Bromboraugt
wirrat, Merseyside L2 TG

051 £4% 2nnn

35 Lockhesd Advanced Marine Systems
2929 Calle Fortunads
san Diego, 04 32107
(613 5AG G540

36 Marine Fhysical Labaratory
University of Calforma
san Diego, Ca 9z)s52
6191 452 2554
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38

39

40

41

42

Mazsachusetts Instityte or

S A T e,

- . ‘l'-tbv-:‘_\.j
Dept. 2f Qean Enginesring
Lambridge, Ma 02174

(B17) 254 9216

Maur Divers of Hawan i
VS0 Urana Streat
Handlulu, HI 9/a1g

.
(00 299 5378

P R

Mtz Engineering ang Shipbuilding
CooLtg

S8 TSuKIL Chua-ky

Tokyo 10d, Japan

fhtsun doean Develupment ang
Engrrwer'rr‘ng CooLtd (MODED)
Z=1 Ritasubasi J=Chorme
Chiyoga-ky

Tokya oy, Japan

TOHROD 26S 71a)

Trens Yerkated a.s

Fosthoe 4200 Tarshoy

sl g NCII"?"/'EJQ

r37y 2 28y A

Natiangl Celerze Fesearth
Estathistiment (Froa)
5102 59 Stackhaim, Sweder
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45

47

48

Directory

Mval Coastal Systems Center

m e o
T3HQINg Ly, TL

Naval Faoilities Enqineering
Carmmand

Ll Engineering Laborstary
Urean Engineering Dept

Fort Hugheme, CA 37047

nEUALLICRan SYstems Center
Cade O

iqeal Ooeanagraphne Qffice
MSTL Station

Bay =t Lows, Ms 239527
EOD) BES 4574

Haval Ordnance Dis posal
Technotogy Center
tnd1an Head, MD 2NA40
200 742 34570

Maval Fedearch Labaratary
Code SG27
stashington, O L 20775

PINZYTET 2RES




49

S0

31

52

53

54

Directory

Naval Sustems warrare Center
Ft Laude gaie, FL 22215

Maval Torpedo Station
Feyport, wWa 93745
1206) 226 25N

arfshore Systems Enqineering
Litnyted (DSEL Group)

Boundary Road

Harireys Industnal Estate

breat Yartmouth, Norfolk NRZG OLU
£riglend

Ferry SsnGre il

PO oBnwio2ay

Kivierg Geach, FL 27404

o

0oin

20-% Z-Chome
rtnrmi=Yukigdaya
Qbita-ku, Tabyo, Japan

Femote Ocean Systems, Inc
S Zanta Fe 5t Suite L
San Diego, CA 92109

(B19) 4832 2907
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57

59
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Director
RObert aan Famio-Elektro A5
B0 E0N DT hedTy
Eger=ung, Morway
(04 4917 77

Pockweal) internatinna)
SIECLrOmC Sustems Gro ]
0 Miraloms Avenye

ANanem, Ca S2636
Ty AT A

“ed-l Mesearch Canads L
Marine Teahrn-nlc.gg Center Suite

R 3T0C Submersible Systems

CoInaustriews q
Verdpte
The Nether angs

|
SIRIIN Do

MNPy Engineering Ltg
Cirtahymaoonra e

0Tk YOR BE 2

£nglang

CTSY TR

SIAriR¢ Internationa)
S, weatplen

TotE B
Fotterdam, Hollandg

G176 27
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Directory

S0 FLA

17 Avenue du Chateay
G210 Meydan
Selleyye France

B8

Sanatect g
Yo Batella Fasd
Golaty, C4 972017

(5059 9a7 0457

Sperry Mariee Systems

cakefreld Foad and Marcus Avenye

Sragt Meck NY O0Z0

supmarine Deyelppment Group One

JTESylvester Foad
san Grego. TA 22106

R R e T

sdrmtorma Hegyy mdustres L

New-Otemactn Bldg -1

Chigoda-ki, Takyo 1010

(01201361

Suten it

2812 woodland Drive, N.W

washington, D C 20003
CIOL 6L 1000
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71

72

Directory

Taylar Diving and Salvage Inc
Box 795

701 Engineers Road

Belle Chase, LA 700327

(304} 794 £000

Technamare 5 oA
San iarca 209
YRmoe itay

041 T0RANT

Jli g

cenmore Rogg

Bridae of Don industrigl Estata
Alierdeen, ABZ Gdw

stotlang

ARSI

Underwater Marine & Equipment
I3 Farnboraugh Roag

Farnnorol.:qh, Hamposhire G4 664
el Farehorough (Hants - 45954

Urversity of New Hamp:zhire
Marine Sysems Ergineering Lab
Durtiam NH 03824

FENTY 749 AOSEA

Lirwerinty of washin Qton
Applied Fhysics Laboratory
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. Directory
23 Uvitek Ltg

Urite 10, Barratt Industrs) Fartk
wellheads TRITICE, dyce
Abergeen AB2 OGF
Scatlang
D224 709

74 ‘westinghouse Electrc Larporation

PO B0 1agas

Anfnapols 1D 21404

75 whhn Technology L
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SUntd Cork Irelang
(0271 4960)
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APPENDIX 3

ROV MANUFACTURERS AND OPERATORS

Reprinted from 1985 ROV Review
Pages 11-27, 31-42
(with permission of Subnotes, Windate Enterprises, Inc.)




ROV MANUFACTURERS

1. Manufacturer - 2. ROV Name ¢ 3. Primary Task 4. Rated Depth / 5. Propulsion & HP * 6. Deplovment Cage / 7. Standard sSensors
2. Manipulators: 9. Payload s 10. Vehicle Dimensions . 11. Weight - 12, Total Built/Under Build / 13. Base Price/ Avg. Sale Price. 14. Comments

1. AMETEK, Straza Division
790 Greentield Drive
P.0O. Box 666, El Cajon. (A 92022
Tel: (619} 442-3431

Tlx: 288951

[nterfaces tor stills camera, TV tany
tvpe). CTFM or pulse sonar, CP
probe. aft camera

X, Uptional H-function rate controlled
and J3-function grabber,

a4 ke oxo Ths

oo %0 em 727 Jong, to2 oem 400

wide, T8 em 3271 high

UV 454 kgt Lonn Thsy =28 ke 01,8321 [hst

2. GEMINI 100
3. Heavy work, multi-purpose

11250 m t4.000 f-—standard. Depth

L3, 38TH.000 tapprox!

14. Work module can he factorv con-
figured to order or by user with
drawings supplied by AMETEK.

I AMETEK. Straza Division

1. AMETEK. Straza Division
T4 Greenfield Drive
P 0. Box 666, El Cajon, CA 92022
Tel: (619 442-3451 7/ Tlx: 2889571

i

Color TV, SIT b&w TV, ~onar 1on
cage), stills camera. thickness probe.
(P probe

’ ] : 3. One 5-tunction master;slave
rating up fto 3000 m (10,000 ft) One 7-function rate controlled
—optional Two 4-function rate controlled
8 - . “wey 2o f i B
5. Seven 15 hp hvdraulic thrusters: Two 2-function rate controlled
100 hp standard. 9. 675 kg (150 Ibs.
6. Tether management system standard. 10. 2.5 m (987) long. 1 44 m (365"
/N 1 2 AN H
7. CTFM sonar w/scan conversion, wide. 1 43 m 156™) hich
auto deplh/heading/gltitude. stan- L1 1814 kg (4.000 Ibsi 18,144 kg
dard interfaces provided. (40,000 thsy — vehicle, garage.
3. Optional—any type. winch & launcher
2. ASND620 P N 9 :
ASD8 9. 225 (500 lbs) standard. 360 kg 2. o
3. Inspection. NDT & light work (drill (300 1bs) yvirh additional buovancy. 13
rig support can be performed with Vertical lift approx. 675 kg 11.500
available cable cutter & manipulator b3y plus pavivad. 14. High pressure erosion cavitation
0 2718 07 188 svstem--to hright metal
. 3 ’ 2718 em (107 ong. 1828 ¢m . . ,
e moason o o L - ne. ) 2 and 4-function manipulators have
(727 wide 127 em (517 high (height i cecure ROV
5. Seven hydrauhe thrusters. 20 hp increases 48 ¢m (127 or more with ;U(“(wnh( UD"\II” e L:re fostrue
) ‘ n cleaning
standard higher power packs op- addition of work module.) ure when cleaniny.
nional) High pressure pump on garage con
11, 2045 kg ¢4.500 1bs)/ 10 tons nected to vehicle through hose in
t. Full cage or top intertace manage- _ ) center of neutral rether.
ment svstem t TMN) TMS provides 12, 10 tsea trials to begin March 1985;
for dead vehicle recovery. operational by mid-summer)
1. AMETEK, Straza Division

790 Greenfield Drive
P.0. Box 666, El Cajon. CA a2022
Tel: (619) 4142-3451

Tlx: 2884951

12 20 42 svstems in <ervice March
19RA) > BT
. . L
11 Stabilized in pitch & roll, auto head- /- ii 1#
ing: depth:altitude ; & 2 SCORPI
L
! — 3. Inspection

90 Greenheld Drive 10910 m 3000 o
, g Ea (r Ca gy
"I“l) ‘}:;x,:";:", P,'{“(_ (l]J(’I}f'I‘)( \);;‘(:;'{ 5. Six hydraulie thrusters: 10 hp
el { 423401 ¢ D IRRYS
6 Standard
T B&W LLLTV on pan tilt. Many
oplions
2. PROES 200 ) _
S, t-function rate controlled optional
3. Inspection, cleaning, NDT
! # Y. 2234 kg (50-75 1hs
1. 810 m 2,000 ) o .
10, 160 cm (6370 Jong, 102 cm 1407
5. % hyvdraulic thrusters, 0 hp wide, 20 cm (327 high
6. Standard LE 430 kg 1950 Ths), 863 kg 11,900 Lhs)

ROVREVIEW 1983 11




ROV Manufacturers reont. i

1. Manufacturer

2. ROV Name

3. Primary Task / 4. Rated Depth . 5. Propulsion & HP / 6. Deplovment Cage

7. Standard Sensors

X, Manipulators - 9. Pavload 7 10, Vehicle Dimensions/ 11. Weight/ 12. Total Built/Under Build / 13. Base Price; Avg. Sale Price / 14. Comments

12.

[4/0 {12 in service: 1 destroved
in truck accident)
23335000, ...

. Designed for easy piloting and ac-
cess to steel jacket nodes. Succeeded
by ASD/620 ROV svstem.

. AMETEK.Straza Division
790 Greentield Drive
P.O. Box 666, El Cajon, CA 92022
Tel: 16191 342-3451

TIx: 288931

SCORPIO

Drill support. pipeline inspection,
~urvev. general work

S0 M GO £ 00 m S 000
aptional

t hvdraulic thrusters: 25 hpup to
t hp optional

Optional

CTFM sonar. LLLTV th&wr Op-
tonal: color TV, TVP, CP probe,
15 mm sulls or stereo camera. acous-
tic thickness NDT. pipetracker.
~ub-hottom profiler optional

One S-function rate controlled

~tandard
Optional: 7-tunction master/slave.
or d-function grabber

tht kg (350 lbs) depending on
options selected

2230 em (RRT)

2 177.8
154 high

long, em

948 kg 12,200 [hs)/6 tons
O 0h0 svstems dre in service,
2lost: 1 damaged and not returned
fo ~ervice)

Manufactured to highest commer-
cial standard with MIL spec com-
ponents,

Benthos, Inc.

Edgerton Drive

North Falmouth, MA 02556

Tel: (617) 363-5917 / Tlx: 940884

. RPV-2000

. Inspection. light work
L6810 m 2000 fr
. Five DC electric thrusters

3. Standard

B&W TV, stills camera. Color TV,
stereo cameras. sonar optional

A-function “Articnlator” optional

B kg 13 ths)

10X D em 143 471 hugh, 95 em (387)
diameter

IR kg 1407 Thsy, 5,300 kg1 12,000 bs)

[

)

3.

. SEAHORSE (ex BOCTOPU S

Applications testhed and environ-
ment survevs

. BOC New Venture Secretariat

Crawlev. UK

ROV modified, owned and operated
bv:

Institute of Offshore Engineering
Heriot-Watt University

Ricearton, Edinburgh EHI4 $4AS
United Kingdom

Tel: 031 449 3393/3374

Tix: 727918 IOEHWU G

4 400 m (1,300 f)

5. 5 electric thrusters: 35 hp

6. None

7. SIT TV, color TV, depth sensor.
stills camera. compass

3. 1 OSEL 7-function seawater hv-
draulics manipulator

9. 200 kg (440 1hs)

10032 m (1050 long, 2.1 m 70 wide.
1.7 m (3.3 high

11, 11RO kg 2,600 Ihs1 153240 kg (15
tonsi

12 10

13

14 SEAHORSE s available for hire
worldwide. Systems are completely
self-contained with control cabin
workshop/stores area. launching
crane and diesel generator.

. COMEX SERVICES

36. Boulevard des Oceans
13275 Marseille Cedex 9
France

Tel: (91) 41-01-T0 -

Tlx: 410985

ROV 400

. Inspection and specialized work

tvalve activation, "H™ trame opera-
tion, ete.)

600 m 1970 fty
- 4 hvdraulic thrusters: 20 hp

. Slip ring tether management svstem

standard

L2 ROV REVIE W [us)




ROV Manutacturers fcont.)

1 Manufacturer © 2. ROV Name - 3. Primary Task / 4. Rated Depth / 5. Propulsion & HP / 6. Deployment Cage / 7. Standard Sensors
3. Manipulators /9. Pavload / 10. Vehicle Dimensions/ 1 1. Weight, 12, Total Built/Under Build / 13. Base Prices Avg. Sale Price/ 14. Comment~

gvro, pitch & roll sensor, interface
for sonar.

7 Color TV, b&w TV, north-seeking L

Deep Sea Systems International, 2. EPAULARD (untethered ROV)

Inc.
P.0. Box 622, Falmouth, MA 02541

3.

Photographic and bathvmetric surves

3. 1 manipulator optional Tel: (617) 540-6.32 4. 6,000 m, (20.000 ft)
9. 50 kg (110 Ibs) [No photo available] 3. Electric thrusters. power trom on-
' ) 2. Standard Navy Vehicle (SNV) hoard battery
10. 1.5 m i3} long, 1.2 m (4" wide. 3N i
1.4 m 14.6°) high 3. Mine neutralization (harbor and 6. None required
sea lane clearance} = Stills c:
11, 500 kg (1,100 Ibs) r- DUls camera
1. 300 m (985 ft) ;
12. 17141 ROV 400 is now in service) 8. None
3. 3.5 hp: 2.6KW 9
13, .
6. Optional 10. 4m (13" long. 1.1 m (3.6} wide, 2
14. Excellent hydraulic power avaiable ) ) ) mn;-) hi hong. S miibrwde. = m
for tools 7. Color TV, depth, heading & altitude - 8
Sensors. scanning sonar
11. 2.9 tons
3. DSSI “Articulator” optional
PR i 9 )
1. Deep Sea Systems International 9. 15 kg (33 Ibs) 12170
Inc. 0. 42" long, 247 wide. 18" high 13
P.O. Box 622 Falmouth, MA 0254
Tel: 16171 340-8732 11, 90 Ibhs: 125 [bs 14. Operational since 1933. Has made
150 dives deeper than 2,000 m
L2 1o 16.600 ft). EPAULARD is presentiy
13. $530.000 testimated)s$ LO0.000 (ext- the only operational UROV. Con-
imated) trolled by acoustic link. Has been
¢ refitted with a vertical thruster.
14 Low cast military ROV system cap-
able of operations from helicopter.
DSSI predicts 300 to be sold within 1. E.C.A.
2 vears. 17, avenue du (hateau
92190 Meudon-Bellevue
1. E.C.A, France

MiniRover MK |

. Inspection

. 120 m 1400 fr)

45 hp

. Optional
. Depth gauge, magnetic compass

. Optional

6 1hs. (max)

EE N DU

{857

35 Ths; 100 Ibs (in case)
19725

LR RS7KE2 000

Options inelude high thrust motors,
remote controtled iris, 350 line eolor
TV In late 1945, standard Mini-
Rover will be upgraded to brushless
thmisters and 300 m (985 ft) depth.

17, avenue du Chateau

92190 Meudon-Bellevue

France

Tel: 11) 626 71 11/ Tlx: 2003386

C.S.1. tExport Company)

39, rue de la Bienfaisance
TH008 Paris. France
Tel: (11 362 32 68 ¢ Tlx: 200336

Tel: t01) 826 T1 11 @ Tlx: 200338

C.S.1. (Export Company)

39, rue de la Bienfaisance
TH008 Pars, France

Tel: 11) 562 32 68 Tlx: 2003386

)

.

. PAP 104

Mine countermeasures

.00 m (Y85 ft)

4. Two MG clectric thrusters. Vertical

thruster optional for mid-water

operation,

None required

ROVEEVIFW russ 13




ROV \\anu\'amurers {eont.)
1. \\:muiauure 5 ROV 4 primary Task Rated Dq) 3 ’mpu\s\u & Hv 5. Dep\o mem (age | ° Nandard Nensor?
i \ﬂ.\eh\u\eD\mena\ons ;1Y Weight' 12, Tot \Bm\l/L pder B ad. L Base Avi Da mments

R \1ampu\ato s 9. Py avioad

- B&W TV, Option ~\ud o\orT . E.CA 4 FlLlPPO
sOnar. echo 30 d acking unit. - The
L ,‘ ?\enue Chateat 3 Inspection: DT
. . 2190 \leudon‘Be\\evue
B \lanipulatof with Lﬂb\e cutrers 3
Fram 4 s m (o
el (1) g6 71 11 r Tk 2003736
5. 4 electric motors. 30

c.S.L | Export (‘ompany\

39, rue de la B'\enfaisance 3] Opt‘uma\

color TV, stills

| 10. %’;r‘:\\tﬁs?\hg;\g 1.1 m &) wide. ‘5008 Pam' Fr
S Fel: (1) 562 32 5/ Tix: 200336 - paW TV e ra.
11, 200 kg {1,760 \bsi/ - camera. compass (Odep[h
12 13919 . 2. None
‘ 13 g, 4 ke (4 ibs)
Lo, Baum (267 spher‘wa\

4. Largest selling ROV in the world.

in use by 10 navies.
11, 36 K¢ (pon tbsy 150 kg 3 b

12, GRS \% arein serTvice: 2 known 1ost

o

1 EC
[ ﬂlxm,nnwm.‘wn‘mm

\ 7. awenue du ¥ hateau
42190 yeudon Rellevue

3, Deep Sea Durvey

France 3. 14
////

Tel: 11! RETIAS T ERRE )
20000 f

4. o et

.84 (Export Company!
3 Towed bY surface ship

N Tue de la B\entauame .
]
3008 pParis. France L . v Covanni N :
T S o BR a0aae o None reqmred YVia Giovanmi - ity 39
Loty B2 3268 Tiw 100330 12008 Trezzan® «al Nav jghio
- wide ccan sonar Milano. {taly
Teb W 2) 34_’7\2(]

Tix: » 413509 GA\’.\L\RL\'E i

< None
Q.
14
11
12 L0
\ 13
|
. cea trials
\ 4 2. POPE portugese
[ 3o ins spection \d'e_sca‘n B
\\h:w-‘lh&\ tt) a
g a0 m pon fu Qg m REE o /
1) ummr\a\ - — T
N P : . O
| GAYMARINE SRL Pt
- 2 p ~ s . .- . - o .
R o2 M electni¢ (nruster Via Giovanm LWL A faspeetion: NPT, e peutralizi
5 None 5 SRR Trexzant sul Navight Hen coiinary version
Mitano. [taly )
p oA m 1.1a0

Tel: 2y 242 3294
T 31 135 W(A\'\\ARL\’E\

- R&W TV on pan/n\t [onar. color
¢ MOWOTss yahpt Shpops

V. mampu\amr aptiond

- o electtd
ponalt

By ()pnnm\\
®. Up\\um\\

TV stills cany
CEN auto

T B&\\\H TV, color
erit. avoidan nee sonat compas

depth & auto B heading

4 IO KR (100 s

w2 2 om b
MERRR hw,h

] Fnur-f\mc(\m\ nplinm\\

11, A kg (BA \hsd/ .o

g, 43 kg RERLEY

V2 ins
13,

10, ~pomm 2R piimm BEWE Hiwd
it mm ey
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ROV Manufacturers fcont.)

1. Manutacturer

2. ROV Name -

3. Primary Task

4. Rated Depth

5. Propulsion & HP

6. Deplovment Cage -

T. Standard Sensors

8. Manipulators. 9. Payload / 10. Vehicle Dimensions * 1 1. Weight/ 12. Total Built/Under Build s 1:3. Base PricesAvy. Sale Price. 14 Comment=

11, 160 kg 1353 1hs)/320 kg (704 lbs) 1. Hvdro Products, Inc. 1. Hvdro Products, Inc.
P.O. Box 2528 P.O. Box 2528
12, 512 11777 Sorrento Valley Road 11777 Sorrento Valley Road
San Diego. CA 92112 USA San Diego, CA 92112 USA
13 8230.000 (commerciall: $300.000 Tel: (619) 453-2345 Tel: (619) 453-2345

Twx: 910-322-1133

Twx: 910-322-1133

imilitary),/$280.000 (commercial).

3350000 tmilitary)

14. Power by internal batteries or via
tether cable. High resolution sonar
i19%K).

1. Harbor Branch Foundation
RR 1. Box 196
Old Dixie Hwy
Ft. Pierce. FL 33450
Tel: (3051 4652400

2. RCV-225

3. Inspection

5. 4 electrical 14 hp thrusters
8. Standard
7. Depth. tether pavout. LLLL'TV

8. Multi-function tool arm optional
9. NJA

20 RCV-[ho 10, 207 high. 267 wide, 207 diameter

] s 7400
. Inspection & limited access work L1 1RO b T 455 Tbs

12, 98 tincludes spare vehicles onlvi o
175 are In service: 20 vehicles have
been known lost or destroved)

810 m2.000 )

2 CORD II (Cabled Observation &
Rescue Devicel K

t hvdraulie thrusters 13, R139.300 (vehicle onlvi S48 no

Also features auto depth:heading.
pitching optics, screen annotation,
tether management strohe flasher
Options include pitching color TV,
fm telemetry, image measuring svs-
tem. emergency locator. tether cin

ter. kevhoard annotation and muiu-

3 Observation/inspection 6 Standard 14

4 914 mi3.000 f)
7. panstilt TV, alumeter. pitch roll

angle.magnetic & inertial heading.
turns counter, depth sensor

5. 4 hyvdraulic thrusters; 6.7 hp

6. Not used

T OB&W LLLTY on pan/nilt, comnass, 5. 3-axis single manipulator function tool arm.
stde scan sonar. depth sensor,
“imm stills camera a9 80 Ihs

! International Submarine
Engineering Ltd. (ISE)
2601 Murrav St
Port Moody, B.C., Canada VAH X1
Tel: (604} 937-342)

~ One t-tunction

1o 457 high x 527 wide x 397 long

91 kgt [bhsy

[0 132 em 97y long, 109 em (437 11 1,200 tbs; 24,140 lhs

wide, 121 cm 1457 high

Tix: 04-3533554

L3S ke 1000 Ths 12 11/0 (R in service/3 lost)
tz Lo
13, $199,000 (vehicle only)/$750.000

14, Canbe fittéd with auto depth/ head-
ing. pinger strobe. cable cutter,
sonar, diagnostics  annotation,
Photsea stills camera. dual manip-
ulator, eolor TV and auxiliary chan- 2 ARCS 1Autonomous
nels for controls & sensors. Operated Submersible)

1L =5 em 10327 umblical allows for
operation in 3 kt. surface current
CORD 11 1» bewing refurhished for
summer 1985 nperations in Lake
Supertor

Remotely

ROVREVIEW
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ROV Manufacturers (cont.)
I Manutacturer ~ 2. ROV Name 3. Primary Task 4. Rated Depth . 5. Propulsion & HP - 5. Deplovment Cage - 7. Standard Sensors
3. Manipulators, 9. Pavload .’ 10. Vehicle Dimensions s 11. Weight, 12. Total Built/Under Build/ 1:3. Base Prices Avg. sale Price ' 14. Comments

Engineering Ltd. (ISE)

2601 Murray St.

Port Moody, B.C.. Canada V3H 1 X!
Tel: i604) 937-3421

Tix: 04-353554

. DOLPHIN (Deep Ocean Logging

)

-

o

.20, 30, 40 or K0 hp

3. Under ice survey 13. RASCL: $55.000 / $70.000 I. International Submarine
DART: $95.000 / $146.000 Engineering Ltd. (ISE)
1o 2601 Murray St.
5. Battery 14. Basic difference between DART and Port Moody, B.C.. .Canada V3HIXNI
o RASCL is that DART has telemetrv Tel: 1604) 9373421
6. N/A svstem. Canadian Defence Force's Tlx: 04-353554
- . . . DARTS have been fitted with Meso-
7. Altimeter. avoidance sonar. depth *h col h ; -
sensor, 2 axis Doppler, long baseline tech color dls:play sonars to enhance :
havi a.[i“on ' search capability. New DART design .
8 ' include the TARS and IN-
3. None. SPECTOR.
9.
10, Tmi237) long, 0.7 m (2.3 diameter ! International Submarine
i Engineering Ltd. (ISE)
2601 Murray St.
12,10 Port Moody. B.C.. Canada V3H 1X1
" Tel: (604) 937-3421
o Tlx: 04-353554
14 Future versions of ARCS will be
fitted with manipulators.
1. International Submarine

. HYSUB

. Drilling support. torpedo recovery.

veneral purpose work

. 900 m (3,000 fti. Note one version

of HYSYB 1s rated at 2500 m
(R.1200 f1)

customer speci-

2
Platform Instrumented for Naviga- fied
tion). DOLPHIN is a radio-con-
trolled ROV. 6. Standard

3. Survey, minecountermeasures, force
multiplier T B&WSITTV. color TV, gvro.depth
4 N/A and heading sensors
2 DART/RASCL . .
! 5. 120 hp Ford Lehman marine diesel X, One 7-function master slave
3. Inspection, light work One 5-function rate controlled
P # 6. N/A
1. 360 m (1.200 ft) ari
7. Depends on mission 9. Variable
5. Electric propulsion .
i R. None 1), 210 em (82,57 long. 121 em(47.57)
5. Optional g wide. 145 cm (577) high
T B&W TV, fluxgate compass 0 66 - 99 o
_ . , 066 m (22 ft) long. 99 cm (397 11. 802 kg (1800 lbs) /...
8. 3-function grabber optionai diameter
4. 9 kg (20 1bs) to 18 kg (40 Ibs) Pl 2385 kg (5,300 hs)/.. 12, 53/6
10, 132 em (52 long, 31 em (207) wide, 12, 1/4
43-58 ¢m (17-23") high " y 13, $220.000 7 £400,000
11. 675 kg (150 ths) 1o 1125 k
(250 Ih:) T KR 14. DOLPHIN can make up to 155 14, Many recent HYSUBs are fitted
knots. Design has been completed with the Mesotech color display
12, 3372 for a 500 hp, 25+ knot version. sonar

16ROV REVIEW: 1985




ROV Manufacturers 'cont.)

1. Manufacturer - 2. ROV Name / 3. Primary Task . 4. Rated Depth /5. Propulsion & HP . 6. Deplovment Cage - 7 Standard Sencore
3. Manipulators/ 9. Pavload/ 10. Vehicle Dimensions - 1 1. Weight/ 12 Total Built/Under Build / 13. Base Price/ Avg. Sale Price ' 14. Comments

1. iaternational Submarine 3. Scientific and fisheries survey. 10. 52 em207) long. 64 em (257) wide
Engineering Ltd. (ISE) Inspection 50 em (19.57) high
2601 Murray St. - . . - . )
, . i , 1143 kg (9¢ 51/ 120 kg (264 1bs
Port Moody. B.C.. Canada V3H 1X1 4. 500 m (1,640 ft) kg (95 lbs) g 1264 lhs)
Tel: (804) 937-3421 5. 4 DC motors; 1.8 hp 9 . o
Tlx: 04-353554 12, 2/0; only 1 in service
6. None 13. 320,000/....
7. Color T\ b&w rear-looking‘TV. 14. Uses cylinger type magnetic torque
depth, fluxgate, rate gyro, stills coupling thrusters
camera
8. One 3-function
9. 20 kg (44 lbs) 1 KBA Subsea Ltd.
10. 120 cm (1477 long, 96 cm (37") wide. L mt +. Lister Rd..
56 cm (92") high Basingstoke
R & Hampshire RG22 4NP
11 120 kg (264) Ibs 1/ 300 kg (660 1bs) United Kingdom
Tel: (0256) 52740/9 & 54682
2. TR: AZE ) - B5887%
2. TRAIL BLAZER 12. 1/1; none currently in service — 1 lost Tlx: 858877
3 Mine countermeasures 13, $200.000/....
4+ 360 m {1,200 ft)
- . 14. HORNET-500 uses fiber optic
7 B X S S ‘ ]
' 5 hvdraulic thrusters: 30 hp electro-mechanical tether cable.
6. Optional
7. B&W LLLTV. sonar. gvro
I. Japan Marine Science &

<. One or 2 manipulators per customer
spectfication

Y135 kg 0300 1hs)

I 2T moad long, TR em 1317 wide.
41 em 3671 high

Technology Center (JAMSTEC)
2-15 Natsushima-cho.

Yokosuka. Kanagawa Pref.. 237,
Japan

11 785 kg 11700 [hsy . 2. VICTOR

12 3. Inspection

13 $Hmmann. . 4. 300 m (985 ft)

14. Smaller versions of TRAIL BLAZER 5 Water i lectri drv
are CYCLOPSE (20 hp) and SEA 3. aler Je}_‘)t_ (e‘ecmc motors driving
SCAVENGER 110 hp, mint turbines

6 Standard
| Japan Marine Science & 7 Flexgate compass and echosounder
Technology Center (JAMSTEC) 8. None tcan be fitted to future modeis!
215 Natsushima-cho, STV
}'r)kosuka. Kanagawa Pref.. 2347, = 9. Variable per requirement
-~Japan 3. Scientific and fisheries survey e
Inspection 1060 247, 32
4200 m 636 fti 500 0 (1840 fr) 1. 350 1bs.
optional 130 b,
5. 4 DC electrniec motors; 0.5 hp 12, 171
6. None L3, $25.000/830,000
7. Color T\"‘A b&Aw TV. depth meter. 14. Rugged. low cost. powerful ROV
compass. stills camera svstem. Provides new concept for
8. 1 optional propulsion. Basic design can be ex-
panded into larger and more power
2. HORNET-500 9. 10 kg (22 Ihs) ful ROV system,

ROVREVIFW Juso 7




ROV Manufacturers (cont.)

1. Manufacturer ;. 2. ROV Name - 3. Primary Task / 4. Rated Depth : 5. Propulsi~-n & HP

6. Deplovment Cage . 7 Standard Sensors

8. Manipulators, 9. Pavload; 10. Vehicle Dimensions/ 11. Weight/ 12. Total Built/Under Build - 1:3. Base Price/ Avg. Sale Price s 14. Comments

1. Marine Systems
Engineering Laboratory
University of New Hampshire
Durham, NH 03824
Tel: (603) 749-6056

2. EAVE-East Autenomous Unte-
thered Submersible.

. Technology development testhed
boobtwrm ot fu

W orthrusters @ & hp, 24V DO
electric

Pressure transducer. long ~hort
hasetine acoustic nav <v<tem. {lex-
Zalte compass

9 27 kg b 1hs) more with additional

oo

To o Laduem oAU Tobem 537 [Dohem
iK1

11, 272 kg (600 lbs) ...

12 1/1

14, Precise station keeping to within
15 em. Path tracking to within 30
ni. Open frame allows for addition
of sensors & tools. This vehicle
has carried as much as 90 kg (200
ths) pavioad.

159

1

10

. Mitsui Engineering

& Shipbuilding Co., Ltd.

5-6-1, Tsukiyji. Chuo-ku.
Tokvo 104, Japan

Dolphin-3K

. Pre-site survev of the manned sub-

mersible Shinkai 2000. Scientific
reconnaissance survey.

S 3300 m (10,825 fr

. & hvdraulic thrusters: 55 hp

. None

Color TV, b&w LLLTV. rear looking
h&w TV, avoidance sonar, current
meter. stills camera. fluxgate and
rate gvros. trim sensor. depth meter.
altimeter

One 7-function master slave
One H-function rate control

150 kg 1330 [hs)

285 em (9.37 long, 194 cm (6.37) wide,
190 em 68 2% high

C 3400 kg 17,480 Ths) /33 tons

20/1

35 mullion

. Dolphin-3K uses a 30mm fiber

optic electro-mechanical cable.
JAMSTEC will be owner & operator.

1. Mitsui Ocean Development &
Engineering Co. Ltd. (MODEC)
3-1, Hitotsubashi 2-Chome.
Chivoda-ku,

Tokyo 101, Japan
Tel: TOKYO 265-3141
Tlix: j 24978 (JAMODEC)

20 MURS-300

3. Inspection. search and recovery
4300 m9ls fro

5 24KW

6. None

.. Acoustic pinger. altitude <onar.
avro. depth & trim sensor. water
intrusion detector

X One 7-function master <lave

9. Variable

L 273 mlong. 206 mwide, | %5 m high
1 2ot kg (3,720 Ihsr- 11000 kg

1201 (prototypel:g
14, Alsohas 2 TV cameras tcolor-bawr,
search sonar and nav svstem.

I. Mitsui Ocean Development &
Engineering Co. Ltd. (MODEC)

3-1. Hitotsubashi 2-Chome.
Chivoda-ku.

Tokve 101, Japan

Tel: TOKYO 265-3141
Tlx: j 24978 LJAMODEO)

2 MURS-300 MK

IR ROV REVIEW/ YRS




ROV Manufacturers (cont )

1. Manufacturer . 2. ROV Name .

3. Primary Task / 4. Rated Depthn
3. Manipulators, 2. Paylond /10, Vehicle Dimensions / 11, Weight / 12, Total Built/Under Build / 13. Base Prices Avg. Sale Price

5. Propulsion & HP

6. Deplovment Cage

Standard Sensors
14 Comment-

3.

Inspection

300 m (985 1)

. 4-300W electric motors
. None

. Directional gvro, depth sensor. a-

coustic transponder

. Nonge
. 40 kg (88 ths)
. .95 m long, .75 m wide, .7 m high

. 200 kg (440 lbs)

10,000 kg rincludes truck weight)

I (prototypel 0

ROV has DC brushless motors,
pitching fens for TV and fiber optic
rether cable.

9

1o

National Defence Research
Establishment (FOA)

S-102 54 Stockholm, Sweden

FOA SUB
R&D

S 230 mR20

{ hvdraulic thrusters; 19 hp

TV camera. depth sensor. alimeter,
avoidance sonar, gyro compass. at-
titude sensors.

. One simple hvdraulic gripping arm

to be installed
10 kg 190 hs)

2mi6.6) long, 1.2 m(4) wide, 1/2 m
1.2 m (1) high

. H00 kg 11320 lbs) 2000 kg

. FOA SUB has heen developed for

(4.400 lbs)

R&D and testing of equipment.
instrumentation and techniques for
hydroacoustics. hydro-optics and
navigation. Watertanks are used for
compensation of pavload.

. OSEL—Offshore Systems
Engineering Ltd.
Boundary Rd.. Harfrevs Industrial
Estate
Great Yarmouth. Norfolk
NR31 OLU United Kingdom
Tel: (0493) 659916 . Tix: 975084

2. DRAGONFLY
. Multi-purpase

. 1828 m (6,000 f)

3. Standard for operations below 05 m

. Fluxgate gvro, depth sensor, pitch

. Two OSEL 7-function seawater hy-

- 450 kg (1,000 lbs) twith additional

S 254 m R long, 183 miB7) wide,

. Advanced telemetry svstem w opti-

12 servo controlled thrusters: b hp

(1000 fty

& roll sensors, altimeter, sonar,
color TV, b&w SIT TV 1)

draulic manipulators (standardi.
One telescopie grabber toptionab)

buovancy material)

1.07 m 13°67) high

1590 kg 3,500 thsy - 25 tons

tapprox)
1.0

S1.102.0000

cal fiher data and video transmis-
sion lines with auto switching in the
even of primary system fadure. Mod-
ular construction,

1. OSEL—Offshore Systems
Engineering Ltd.

Boundary Rd.. Harfreys Industnal
Estate

(Great Yarmouth., Norfolk

NR31 OLU United Kingdom

Tel: 104931 559916 Tlx: 375083

3. Multi-purpose

4. 1,000 m (3,280 fty unmanned + T m
{2,296 ft) manned.

oo x 600 v AC units
Px 120w DCumts; 145 hp

6. Optional

7. Fluxgate gvro. depth xensor. piten
& roll nensors, aliimeter. S{T baw
TV,

R, Two USEL standard manipalators

one grabber arm optional

9. 300 kg 16660 ths) unmanned
IR0 kg (396 1bs) manned

10, 274 em (108 ) long, 173 cm 8™
wide, 136 ¢m 347 high
11700 kg 3,740 tba) 12 1tons

12 6.1 tall 8 built are in service!

dOR322.000 X547 .000

1. OSEL—0Offshore Syvstems
Engineering Ltd.
Boundary Rd.. Harfrevs Industnu
Exstate
Great Yarmouth, Nortolk
NR3tT OLU United Kingdom
Tel: (1493 8599168 Tlx: 97HnNy

2 HORNET/WASP ADS tatmospher-
1w diving suit)

ROVREVIEW taxs
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RON Manutacturers <cone

Manatactarer 20ROV Name 3 Promary Task 4 Rated Depth 50 Propulsion & HP 6 Deplovment Case 7 Spandard Sensor -
S Mampulators 9 Pavioad 1o Vehicle Dimensions - 1TH Weight - 12 Total Builv Under Build - 1 Base Price Ave Sale Price (1 Comments

© Mid-water drill rig support Too LN m 727 long 1.6 mobd 71 wide. I Perry Offshore, Inc.
1 midd™ high 1= W :
LoToa m o200 o 275 West [0th St

- - PO Box 11247
065 kg (25347 [hs) 12 tons rapprox | .
5 L1063 ke iz tdh st 12 tons tappros) Riviera Beach, FIL 33464

v Four 120 v electrical thrusters:

55 hp 12N Tel: 1305 242.5261 - Teletax.
(05 8322518500 Tixs A1

B Optional 15, SH8S400
T Depth <ensor Ly
=~ 2arneculated arms sstandacdr

G 1h0 ke oo They 1 OSEL—Offshore Svstems
Engineering Litd.

(LS N T wide, 2 . o . .
Sembo i wade, 20N emis hich Boundary Rd., Hartrevs Industrial

LTS ke TiR dhs o tons }‘j""“‘ . o
Creat Yarmouth, Novtolk
P T2 WASP 00 HORNET 0:inone NRa1t OLU United Kingdom
lost or destroved: Tel (044931 639916 Tlx: 975084 2 RECON IV
Soiwind U Multipurpose inspection & bt work
cd PoAbt moa Lot

St thrusters @ U hpy electnn, deve
loping ~u Th~ cach

A hp ~standard elecrru

S hp hvdraulic opuonal

OSEL—Offshore Svstems
Engineering Ltd.

Houndary Rd., Hartrevs Industrial
F~tare

Great Yarmonth, Norfolk

NRGT OLE United Kingdom

el 10493 6399168 Tlx: 975084

B Tether management ~v~tem PN S
~tandard

Depth, headme & CP

~ Optional work package with o
maniptlators, 57 tunetion e

G411 kb 230 Tha
T tasenn 7= o emes s om0

Piooniokevondher TOeT kol D oo iha

I

T2 12 Dot known losn
2 RO Underwater Flving Observer) LS OO0 NP0
v lispedion T NModular desizn allow s ey deproa
ment of a number ot work ana sensor
ot moal o X
packages
S Foar 2oy tully reversihie varable
speed electrie thrusters | hp T T T e
e . H Standard i. Perry Offshore, Inc.
2 RIGWORKER - \‘\‘ Doth S
- 2 ot loth St
. TP Probe. haw STTTN -l ves _
Rig Suppaort o PO Box 10207
- . < S-function U Artealator” optional Riviera Beach. FL 33104
VoU T i onn iy Tel: cingy K42 U Teletax

, I R AL WU S AU BN [ FINY A09) K42.01300 Tix: A1 v
4 hvdranhe thrusters, W0 hp i 108 S AT Phe 2t

i~tandards 1 122 em o487 fong. 70 em 29 587
wide, 37 em 22 471 hagh

v Optiemal
: P10 kp ed2odbs 10 tons
Fluxgater avro. depth sensor altt . ?
meter, ptich & roll eysors, ST 12 150 0n service are Y single and 2
baw TV dual UFO <svstem.

- - ) 5 have been lost or destroved)
< Two OSEL seawater hvdraube ma-

nipulators standard 7 function 13 3266 500 (w. h&w T'V)
master slave optional 2313200 qwoeolor TV)
! P4 Many options avinlable 2OTRITON 202 oMark 1 1000y 6

2¢
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ROV Manutacturers /¢cont. s

1 Manutacturer

2. ROV Name

3 Primary Task - 4. Rated Depth

5. Propulsion & HP + 6 Deployment Cage - 7.
2 Manipulators. 9 Pavioad - 10. Vehicle Dimensions, 11 Weight/ 12 Total Built: Under Build . 13 Base Prices Avg. Sale Price

Standard Sensors
14 Uomments

n

Heavy duty ROV Work Package

e Platform maintenance

o Subsea production & maintenance
e Anode attachment

o Drill rig support

L0000 m 3300 ft). Up to 3.000 m
{10,000 ft} optional

. 6 Innerspace 1002 thrusters (3 @

430 lbs thruet; 3 @ 130 lbs)
50 hp hydravlic - 100 hp hvdraulic
optional

. Tether management system ¢ 'V~

standard

Heading. depth, altitude. pitch & roll.
hvdraulic pressure, hvdraulic fluid
temperature

One Hercules H-function manipulator
standard Others optional

227 kg 1thvo thsy Increased pavioad
optional

S omiasTriong, 142 emide T wide.
T2 em 5327 high

(RS

LHEOO000 IR0 - SR00.000

Buver can choose from a large menu
of options and work packages, thrust
allocation. computer color graphics.
TRITON I~ designed to carry work
packages larger than itself: more
power in a smaller package than
other competitive svstems

4.5 kg (11 {bs

10, A20 mm (24371, 320 mm 120087,
633 mm 126.27)

11, 47 kg (1034 Thsyi..
123005

LA SR.000 1h&w TVY or 39,600 icolor
™)

Q. L. Inc.

20-40 2-Chome
Minmi-Yukigava
Ohta-ku, Tovko Japan

’

DLET donC
[nspection
200 m 660 ft)
DO motor
Optional

Depth & azimuth sensors, b&w or
color TV

1. Robertson Radio-Elektro A/S

P.O. Box 33, N-4371
Egersund. Norway
Tel: (04) 49 17 77
Tix: 33139

2 SPRINT 1ol
i Inspection and light work
4BL0 m 2000t

305 00 hp electrie thrusters; 2.5 hp

H  Optional
T Auto heading & auto depth
% {-tunction hvdrauhe optional

oo

ky tstandard) 681 kg roptional)

100 6l m 247 6l mi2, 48 moly)

11 a2 16 kgl 1alhsr 240 kg (7ot sy

12 1 iprototype) 20

L 3685000 STH000

11 Special standard feature 1s duplex
camery (color TV & stills camera
through single lens) Triplex camera
optional tadd low-light-level h&w TV
camera through single lens
SPRINT 101 15 sold through Bennex
A/S (Norwav), Bennico Ltd. (UK
and Perrv Offshore, Inc. (U'SA)

1. Slingsby Engineering Ltd.
Kirbvmoorside,
York Y06 6EZ. United Kingdom
Tel: 109041 769777
Tix: 37911 SEL G
[Note - no photo available|
2. CIRRUS
3. Cable Burial & Repair
1 1000 m (2250 fu
5 7 hvdraulic thrusters. 1us hp
6 None required
T Cable detection svstem. » T\
cameras, sonar. transponder. pinver
detector, magnetic compass
~ Two SEL TAw T.function maste:
slave
Cable cutting & gmindiee oo
STH K olna ihs
1O S o 1o dong, Jom o
wide, 1 S md" 117 high
11, 3000 kg 18,600 Tha
12 v
13
14. Fiber optics are used for data tran-
MISSION,
1. Slingsby Engineering Ltd.

Kirbvmoorside.

York Y06 sEZ. United Kingdom
Tel: 109014) T6YTTT

Tix: 57911 SEL

INSPECTOR
Inspection
610 m 2,000 ft)

Four vanable pitch electnie thrusters,
240 VAC motor

Optional




RON Nanufacturers “cont.

g

Manutucturer
NMamipulators - 4. Pavioad

SoRON Nume 3

Primarny Task
Lu Vehicle Ehmensions

4. Rated Depth
11 Weirht

S, Propulsion & HP
12 Total Bwlt Under Build

s Depioyment Cage
1.4, Base Price Avg Sale Price

Standard Sensors
1 Comments

UMEL Tohmm stere stibly cameras,
LLLTV, color TV @all on pan-ulo,
Options include sonar. CP probe.

Optional

173 em 685V long, T4 em 2957
wide, 66 cm 126570 high
1685 kg 1365 [hs

1
Lo

INSPECTOR is bult by UMEL. o

diviston of Shingsbv Egineering

Nlin zsby Engineoring Ltd.
}\.2! HUCI $TRE »y\i:it‘

Yook Yun B 7 United Kingdom

[y g T

I STl

. ~EL G

diver snipport

Gty

WO,

. o
ot

pier

(Y

I~

CTENT ~omar

RE EREH CHLeT L Ce s -

e
oo rong e T T wde,
w2t T hgh

Cen ke The

)

Slingsby Engineering Ltd.
Kirbvmoorside,

York Y06 6EZ, United Kingdom
Tel: (0904 THAT7T7T

Tlx: 57911 SEL G

MMM
[nspection
P m ] A20
tohvdraubic thmsters, Ho hp

Svandard

CTEM sonar. auto heading, depthy
2 bhaw 'V cameras.

Two T-lunction master slave
1o kg 0350 Ths)

\Voolarge

1000 kg 13 500 ths)

L aMMIN S no longer in serviced

MMIM was an experimental ROV
deswned to o work mside steel plat
Torm strictures

Slingsby Enginecering 1.td.

Kirbvioorside,
York Yoo sk
Ill'l
Iix

Unted Kingdom
i b T T T

LTarl sEL G

J

ORSFRVER

Inspection & diver cupport

i

6

BIO m 2000ty

+ variable pitch electrne thrusrers

Optional

Compass,  aute  heading depth
LLLTV

Optional

L2 m 37 1 dong, o 7= m 2

wide. 0.74 m 2" 37 nigh

130 kg 1286 Tha

-

Single jovstick operation. photn
grammetne capabihin

Stingsby Engineering Ltd.
Kirbvmoorside.
York You aEZ United Kinugaom

SRR gy TRa T T
Tel oy :

Py H70 0 SEL G

Ly

ORNVIL 1Obrect Recovers Venpclet

Inspectien. chied! recoven

CEH MY e
Celectric thrnsters o0 bip
Nome

Compass, depth sensor. baw 11\

One SEL 2 function

Pamed $long ooxh 2 1o wide,
DAY M AL107 hagh

90 Ky 1198 The

10

ORVIL carties aorecovens e hine

2L RO REVIFAL s




ROV Manufacturers rcont.!

I Manufacturer 2. ROV Name 3. Primary Task - 4. Rated Depth / 5. Propulsion & HP * 6. Deployment Cage © Standard Senscr-
< Mantpulators 4 Payload 10, Vehicle Dimensions, 11, Weight/ 12, Total Built/Under Build, 13. Base Price/ Avg. Sale Price 14, Comumerni-

1. Slingsby Engineering Ltd. 4. 1300 m 14, 950 ft) 1. Slingsby Engineering Ltd.
Kirbvmoorside. 5 & hvdraulic thrusters. 40 h Kirbymoorside,
York Y06 8EZ. United Kingdom ». 6 hydraulic Lhrusters. p York YU 6EZ. United Kingdom
Tel: (1904 769777 §. Passive clump weight toptional) Tel: (09041 "69777
Tlx: 57911 SEL G ) Tix: 57911 SEL G
7. Gyro. sonar, LLLTV (many options
available)
3. SEL TAY 7-function master/slave
9. 175 kg (385 Ibs)
10, 3.18 m (10" 57) long, 1.67 m (557
wide. 1.5 m {4’ 117} high.
11, 2000 kg (4.400 1bs) /...
12, t1
13,
2 SEADOG 14
. ) ) 2 sEAPUP I
Cable burial & repair
| Slingsby Engineering Ltd. Inspection

fO2TA m o

S T hvdrauhe thrusters 240 hp
o None required

Cabie sensing & following, 2 b&w SIT
'V cameras, 25 mm stills

- 1 SEL zeneral purpose

Kirbvmoorside.

York Y06 8EZ. United Kingdom
Tel: (0904 769777

Tix. 37911 SEL G

Celum 2000ty

. 4 variable pitch electric thrusters
5. Optional

- LLLTV or color TV on pantilt, ant

depth/heading

3. None
A 0o gy isst) Ths
A . 9.
oo B mo s long om0 wade.
34 ma I high 100 L2 med $jong o066 m o

1 1R Kg a5 200 Ths

wide, i1 27 hsh

. L =9 kg (19 lbx
N B ]
' 12 5.0
. . . 13
T Neahed crawling and tull midwater Platform Inspection & Cleaning
N . .. . o N . B Al L
capahlity Capaole of flowhne bunai. 1

P00 m oG 2NRo fto
O 7 Svdraubie thrusters, St hp
Slingshy Engineering Ltd. ] - | Slingsby Engineering Ltd.
- Hoo=tandare .
hoarbymonrstde ' e Kirbvmoorside,
York Yon sE7Z0 Umted Kingdom Fooeho ~sounder. sonar, gvro, LELTV, York Yos o2 Unied lingdem
el mangy Tia7T 7 ~teren [V CP probe. thickness Tel (09041 769777
It HTull SEL 6 dauye Tlx: 37911 SEL G
< Two SELTAY T-function master
slave
Y
1O+ m (13727 long, 2 m 6" 77 wade
1o m et 117 high
114500 kg (7,700 ths
12,10
| -
; SOLO , 2 SEAPUP N
F1 PIC emplovs a sole plate tor clamp

Multy purpose

g to structures

3

111\;)('(‘11(”1

oy b VTEW e

[




ROV Manufacturers ‘cont. )

L Manufacturer 2. ROV Name 3, Pramary Task
S Manipulators - 9. Pavload - 10, Vehicle Dimensions

4. Rated Depth 5. Propulsion & HP 7 6 Deplovment Cage - 7 Standard Sensors
11. Weight/ 12, Total Built: Under Build + 113 Base Prices Avg. Sale Price - 14. Comments

1. 610 m (2,000 fo 1. Slingsby Engineering Ltd. 3. Mine countermeasures
a ) . Kirbymoorside. 4350 mL1A0 £
24 vanable pitch electric thrusters York Yob sEZ. United Kingdom cothmtl1so
68 None Tel: 10904) 7‘69777 5. 7 electric thrusters: 5 kva
Tix: 57911 SEL G
7. Auto depth heading. color TV on . . 6. Optional
»ans tilt, 70 mm stereo stills cameras. - . .
' .. Autodepth & heading, color TV, b&w
S None TV. 3 spinning mass rate gyros. 2
pendulums
(%]
L 3. One 3-function
e 123 mis T long, 0.7 m (2" 687
wide, .75 m 12" 674 high 9. 10 kg (22 ibs)
T1i8a kg 3nn Ths 10. ... tsimilar to SEA OWL)
1200 0 est or destroved, 4 remain in 11, R3 kg (1RA ths
Semnce
. . 12 2014
. 2 TROJAN
' 14
s4ooSpecial feature s all-round vision 3 Drilling support tinspection) I
Dvomeans of special pan tilt unit N
401000 m (3280 . o
) A 7 hvdraulic thrusters. 40 hp T TG
Slingsby Engineering Litd. 1 SUTEC USA
Rirbyvmoorside. 6. Optional 2R12 Woodland Drive, NW
York Yus sEZ. United Kingdom Washmgton, D C. Zooos
Tel: 109041 To9777 :\ut}) pitch, roll, (i(‘pvlh, heading _.11- Tel: 202 825 1000 Tlx, Yugnaa
Tl 57911 SEL G ttude, sonar, LLLTV, ovro tracking
pinger
< One SEL TAY 7 function master T ~
<lave P ’\
One SEL TAIS 3 tunetion rate con . s
trolled . ('«.
9. 91 kg (200 thyy T
O~ s
IO, 22miT 3 ong, v miy 37 wide \\‘\ i
1.6 m 3 37 gh k5 “
L1, IXO0 kg (39640 [hs
k- R L - N °
2 NV iseabed Crawler Vehicley 12,176
2OSEA HAWK
~hallow water harbor. coastal and 13
eatuany sarvev, cahle pipeling in- i Dndl re support
spection, sewar outfall inspection 14 TROJAN has full diagnostic mom " ;
toring for ease of mantenance toanthm L Lhe
olabmocian fu i
hal
S Crawler tracks. 150 by tractive foree o T T T .
‘neminall h
I. SUTEC USA -
noNene reqired 2812 Woodland Drive, NJW
Do Campass. depth gauge. h&w TV ’\\‘r;l.\‘hlngtnn. DA« "‘7““‘,)“_{ . R,
Fel: (202) 628-1000 7 Tlx: 904059
N «
=~ Oiphional .
N 10..
Sl T2 moas T dang, i mood ety L
witdeo ©om G0 4 high 12 24
100 ke okiso Ths 13
C S 14. Performance specs on SEA HAWK
! - not availlable  Basieallv, a NEA
| OWIL <vstem with a stronger hall
t } 2. SEA EAGLE Has rear looking TV camera

A RN R A SRR




ROY Manufacturers fcont. s

1. Manufacturer
3. Manipulators ' 9. Pavioad

2. ROV Name -

3. Primary Task
10. Vehicle Dimensions,

4. Rated Depth . 5.
11 Weight,

Propulsion & HP 7 6. Deployment Cage / ©
12, Total Built/Under Build /

Standard Sensor-
13. Base Prices Avg. sale Price #

14 Comments

’

. SUTEC USA

2812 Woodland Drive, N.W.
Washington, D.C. 20008
Tel: (202) 628-1000 ; Tix: 904059

SEA OWL

. Inspection. light work

oo mo LIt
T oelectrie thrusters: 5 kva
Oprional

Depth sensor, 3 spinning mass rate

nrosc 2 pendulums, fluxgate com-

pass
One 2-function optional
< kg lxibsy

nag, Tso mm il
39 mm 2587 high

P4 mmoso 7
witle,

=5 kg ind thbsr 1163 ke 2575 1hs
1 oin

Simo.non
KM i -

PRTBRL ) WL eguel

500 hours MTREF

Reliable svstem

Tavior Diving & Salvage Inc.
1 Engineers Rd
Belle (hasse, LA 70037
Tel: 13041 394-5000, Tlx: 0384152

TIV (Tavior Inspection Vehicle)

Inspection, hight cleanmg & NDT

438 m (125 fu

5.4 1710 hp DC thrusters
8. None required

7. Color TV camera

R. None

9. 9 kg (20 lbsi

10, 675 cm (277 long, 50 cm €207} wide.
52.5 cm (217) high

11. 43 kg (95 lbs) ¢ 643 kg (1.440 lhsi

12, 1/1

13,

14 Designed for shallow inspection
tasks e.g. dams, outfalls. shallow
lakes, tankers and so forth. Entire
svatemn fits into 9 containers edach
not weighing more than 150 ihs to
ensure portability.

1 Tavlor Diving & Salvage Inc.

701 Engineers Rd.
RBelle Chasse. LA 70037
Tel: tandy 244-6000, TIx: 03R41R2

l-;;m.g

TRIDENT

Drdl ng support. plattorm mamten-
ance & cleaning

B L m 2000 £y

1 Innerspace hvdraulic thrusters,
12 hp

. Standard

. Sonar. auto heading depth

X One 7-function masterslave
One H-function rate controlled
9. B7.5 ke (150 Lhs
100 1325 em (617 long, 120 em (48™

wide, 1000 em 1407} high

11. 675 kg (1500 Ihs) /29 tons tinciudes
control vans, generator & all all e-
yuipment)

12, 1/0

14, TRIDENT is a hybrid SO\ svstem
constructed of reliable ROV 150
components and other industry
standards. such as manipulators
cameras and other items.

| Tecnomare S.p.A.
S Marco 2041
Venice. [taly

2O TN Sox

VoDl ng cleaming and supporr Now
in R&D phase.

o0 moel a0 fn
6 None required

<3 grabbers. T work manipuiaton

i TA S0 s anearly design phase

ROV REVIEW

IR




ROV Manufacturers ‘cont.;

L. Manutacturer
~ Manipulators - 8. Pavload

2. ROV Name

3. Primary Task ¢ 4. Rated Depth
10, Vehicle Dimensions. 11, Weight - 12, Total Built, Under Build

5. Propulsion & HP

A Deplovment Cage + 7
153 Base Price- Avy ale Price

Ntandard Sensors
1+ Comments

L.

B

UDI GROUP LTD.

Denmore Road. Bridge of Don
Aberdeen ABY 3JW
Scotland

M T S (Marine Trenching Svstem!

Flowhne trenching. cable layv. burial
and trench bhackfilling.

Sy 985

Hyvdraulicaliv driven dual tracks:

19 hp

None required

s TV cameras with tull pan ule 3
SCANNING SORars, gvro

Three 0.5 ton manipulators mounted

cn Toe KNMH capacitty hvdraudic
criane with <5 m reach

i~ KN pull capabilin
voasme20 ) long S mile b wide
comol2 <20 hieh

Pt

MTS nas been operated by UDIon
enalt o varnious ol companies over
the Last 2 vears successtullv trench-

g 20tk of flowhine and cable

University of California,
San Diego

\arme Physieat Labaratory

Senpps Institution of Oceanography
TA A2

~an [hego o

DEEP TOW

Deep sea tloor search & survev

4. 7000 m (23,000 fty
5. towed by surtace ship
6. N/A
7. Side scan sonar, 4 kHz & 125 kHz
sounders, stills cameras, slow scan
TV. proton magnetometer. trans-
sponder navigation, transmisso-
meter.
3. None
9. 200 kg (440 lhs)
10, 2 m (6687 long, 0.5 m (1 61 wide.
I m 3.3} high
11. 1,000 kg 12,200 lhst - 9000 kg
{19.800 ths
2 50 2DEEP TOW svstems re-
maln in service
o SKO0 0
1
I.University of (California,

10

San Diego

Marine Physical Laboratory
Senpps Institution of Qceanography
san Diego, CA 92132

RUM IIE

General sca floor work 1seabed
crawlers

KOO0 m 20000 )

Dualtracks, 2 varable pich electrie
thrusters: 10 KW

None required

TV, compass, depth sensor. roll &
piteh sensar, side scan sonar

Low pressure seawater hvdrauhe
hoom, manmipulator hand & wrist

200 kg (440 Thsi

2H5miR2) long, 2 m .6 wide, 3
m (10.3) high

11 13680 kg 13000 Ths

1z, uil

13

14, Constant tension accumulator to
decouple vehicle from cable ~urge
while vehicle 15 on the hottom. Low
pressure dual tracks for operation
nn deep sea sediments TO0Pa .1 psiy

1. UVITEK (UK) Limited

- 6 hvdranlic thrusters. 30 hp

Umt 10, Barratt Industrial Park
Wellheads Terrace, Dyvee
Aberdeen AB2 OGF

Scotland

Tel: (02241 7221049

Tlx: 74167

MAGNUM 20

MAGNUM (Note Desgned & pa-
tented by UVITEK (UK) Ltd. Man-
ufactured under license by OSEL

Platform cleaning & inspection.
MAGNUNM consists of a base or de-
livery vehicle IMAGNUNM opo) and
a4 magnetic module which attaches
to and moves along ferrous struc-
tures (MAGNUNM 020

A m o 1LR00

INAGNUM 01 6 magnets for
achieving motion and 3 magnets for
anchormg (MAGNUN 020

26 ROV RELVIEW Tass




ROV Manufacturers (cont.)

1. Manufacturer / 2. ROV Name / 3. Primary Task / 1. Rated Depth / 5. Propulsion & HP / 6. Deployment Cage / 7. Standard Sensors
3. Manipulators,/ 9. Payload/ 10. Vehicle Dimensions/ 1 1. Weight/ 12. Total Built/Under Build/ 13. Base Price/Avg. Sale Price/ 14. Comments

8.

‘.

1o

Optional

MAGNUM 010: b&w TV, color TV,
35 mm stills camera
MAGNUM 020: b&w TV

. MAGNUM 010: Two 53-function rate

controlled
MAGNUM 020° One 3-function
grabber

- MAGNUM 010: 38 kg (85 1bs)

MAGNTUMO010: 1350 mm 54" long
1350 mm (547) wide. 975 mm (39"
high
MAGNUM 020: 750 mm (307) long,
300 mm {207) wide, 450 mm (18"
high

MAGNUM01G: 630 kg 11.400 tbs)
/16 tons (total system)

1/0

. MAGNUM completed factory trials

early 1985. A single axis cleaning
module is also being developed.
UVTITEK offers many types of bru-
shes, discs and water blasters for
cleaning.

1.

Ut

[or]

ZF-HERION-
Systemtechnik GmbH

Federal Republic of Germany
Postfach 2168

D-7012 Fellbach

Tel: (0711) 507-351

Tlx: 7254733 zths d

. Submersible DAVID

. Inspection: Maintenance & Repair;

Salvage & Recovery

. 1000 m 13,300 ft)

. 8 hvdraulic thrusters. 87 hp
. None required

. Two b&w TV cameras on pan/tilt

10.

11.

pitch/roll sensors, auto heading/
depth, tracking pinger. Many other
sensors optional.

. Clamping claw for attachment to

tubular structures. Claw range: 400-
1370 mm (16 - 54 in.) diameter

. Dependent upon outfitting.

2700 mm (8’ 10"} long, 3800 mm
(12’5 wide, 1500 mm (4’ 11"} high
(with platform assembly, 1800 mm
or 6’1" high)

Base vehicle w/claw assembly -
3450 kg {7590 Ibs} /winch - 150 kg
(336 lbs)

. 1/2 (+2 more authorized)

. $920.000 (includes handling system)

/$1,492.000 (includes all options).

. Can be fitted with special tools for

cleaning and NDT. Can be operated
by a diver or remotely

U'S. A Rep

Nautilus Enviromedical
Systems, Inc.

13800 Westfair East Drive
Houston, TX 77041

Tel: (T13) 830-0909

792209 NAUT ENVY Hou




ROV OPERATORS

Operator

Bergen Underwater Services A/S

Address

Nygardsvik. N-3034 Y. Laksevag. Norway

BUE SubSea Ltd.

Stonevwood Park
Dyce. Aberdeen AB2 ODF

Can-Dive Services Ltd.

1367 Crown St.
North Vancouver. B (.. Canada V7.1 164

Tel/TIx

Fei =475 64 saone T jusas BUS N

Tel 220 7712482 Tix Taun2s

Tel ih0r4r 9nd-9131 araxT 4913 Tix ng 720

ROV DART fcoNstB 2. 1] HAIDA 1 & 2 (HYSUB 20 senes
Owned/ HYSUB HZE 20 A mRover
S~CORPIHO 2P i
Operated | o, 2ROV 225 ;
TREC HSCORPHO 3
P <] SCORPIO leased trom Sub Sea Offshores
UFO o0 1
Totai 1A
1984 Ul Norwesian, Dhiteh and Spatsshwaters [Operated during 19=4 in the North Sea { HAID AL Oftshore Newtounaland & Lo

Operations

i~ weal ds Far Fast Highest dse rate was
SCORPIO 2 4w wirth N5

(UK & Norwewan sectorsy, southern North
Sea. Campos Basin o Brazih Morcambe
Rav affshore Sarawak. China and Smyapore

rador, Ghana and Senecal 083 davs 0 1
MintRover Beautort Sea sAreticr Giest
Fakes, offshore Newtoundiand, in Seq e
and Vancoiver areas

1981
Highlights

Revovery o Zootton BOP froan 2 b 70

s the powertul HYSER

Receved o fetter of commendation trom
the Brinsh Roval Navs for nperational
trials ahoard HMS Chadenger. Britam <
new s operations vessed

HAITD A 2 nas bheen apratest o 7 D oy
VOO 1D Net w Canadian recond RO
dive to 4700010 o0 Newember Tosd 1
formed muttipie ng support dives to 4 o
1t during December 195y Al
Neva Sectig For MimBRovers 0 was ©an
Dive' s fiestiuse ofalow cost ROV nvanen,

RARNIIN

abappieations from Arenie nspectnns T
dam mspections to b

1985 ROV
\cquisition
Plans

PRON S plus Do D more 1o he feasen

PNE L Shoasha ORSERVER ROV

Uperade compenents on HAIDA T T
MimRosers

Comments

A ot rhese ROV~ are owned and operated
by BUE SubSen with the exception of the
UFO and the new purchase OBSERVER
[hese helong to KD Marine, the BUEF dnang
company

ROV RFVIVW s o3




ROV Operators fcont. )

Operator

CanOcean Resources Ltd.

John E. Chance & Associates, Inc.

Dominion Diving Ltd.

Photo Not
Available

Photo Not
Available

Photo Not
Available

Address

610 Derwent Way
New Westminster. B.C.. Canada ViIM 5P

P.O Box 32029
Lafavette. Louisiana 70503

145 Main St
Darmoeuth, Nova Scotia. Canada B2 N TRA

Tel/TlIx

Tet 1603 5234330 Tlx o33 137 0

Tel 415
TWNX. S lo-a

T-1300
SA07T Y

ROVs 1 SCORPLO (#0006, SURVEY SUB #1 & 2 tHYSUB Type 2 [Scorpio (#49)
loperated as a dual system| VIKING HTHYSUB 2y

Owned, :

Operated

1981 Campos Basin. Brazil. Mobihzed on vessel {Operated 75 dayvs m the Gult of Mexico |Canada cast coast

Operations

264 davs performed (no dives

Pipeline inspections, pipeline as-huilts. hve
hattom survevs and photo documentation
operations

198 ¢
Highlights

F.stablished flowline pull-in cable rrom plat
torm underneath Flotel 1o lav vessel Clear
pndewre nest on aroand wet rree iwhere
dnvers nad tadedr

LA00 fr dive to document the precise fuea
tion by recording X and Y coordinates ol
an anchor that had settled into the <ot
<eabed

Rerovers of 3507 chamn
Prriiling support activities

1985 ROV
Acyuisition
Plans

Posaibly 2 onew ROV systems

Probably ane ROV (vpe anspeditieds

2oadditional KOV vrems

Comments

82 ROV REVIEW. Taxs




ROV Operators fcont.)

Operator

Duikbedrijf Vriens b.v.

Eastport International

Address

Van Konijnenburweg 151
1612 PL Bergen op Zoom. Holland

5001 Forbes Blvd.
Lanham. Marviand 20708

Energie Diving Service b.v.

2 0. Box 27
Drachten. Holland

Tel/TIx

Tel il 4505505 TWYN

TLUN2B0 40

Tel wil2o jngnn Ty 46247

ROVs
Owned/
Operated

P ROV DUPLUS [T

Operates U =, Navv DEEP DRONFE 1
ATET SCARAB I

SUORPLH #1238

198 ¢
Operations

Nt Sesr Cagit ot Biscasve Toototalddavs

DEEP DRONE was operaceain the Canh
hean. Goltof Mexteo and the North Atlanta
SCARAR wasperated s the North Atlan
i Pas dav s

Platiorny mspectons i <ivage e il o
i

1984
Highlights

Coabue etting peecran 2 Gad of Biseav

NCARAB assisted tn making repairs to o
reansathintic telephone cables as well as the
Usa Bermanda cable sustem
spent §i L Bonrs warking on the seathon
SCUARAB was operatenal 42 ot the avaii

able time and aperated S0 20011 burvine
«abhle

The vehicle

Sabvade per s on e Choe el B

1985 ROV
Acquisition
Plans

oy DU S

Ope SCORPT oy AND 60

Comments

Fastport Int'l operates and mamtains
DEEP DRONE for the TS Nawvy
See Uover

ROVRFVIFW Toss g




ROV Operators/cont. )

Operator

Address

Harbor Branch Foundation

Hallstrom Holdings PTE Ltd.

$7-02 Marina House,
Shenton Way
Singapore 0207

RR 1t Box 196
0Old Dixie Hwy
Ft. Pierce. FL 33450

222 Fordham St
City Island,
New York. N.Y

10464

Tel/Tix

Tix. 28047 HALLHO

Tel. 2224541 Tel: (305) 465-2400 Tet 1212 A85-0605 Tl (4724241 IUC INC NV R

d0Vs I SEA OWL ROVs CORD 11 (Cabled Observation & Rescue| RECON HIA 1.000 5t
., Device) RECON IV . 1000 fr
Owned/ ROV MANTIS 200
Operated SUPER RECON IV 2o
19814 Operated off<hore Seutheast Asia and Worldwide operations [UCs ROV A~

Operations

China 2R davs

and submersibie fleet were invalved imover
Lont davs of operation during (454

1981
Highlights

SEA OWL and o manned submerable

ROV MANTIN installed and ciamped
<haped expiosive charge at a deprh of i no
ft for the removal of & wellhead and re
trieval tool trom the seafloor

During 4 contract £5r Brown & Root -
~hore € aliforma, [UCSRECON TV cor new
RECON records for centinuous workme
dives Neventy v working dives were made
during a total of 251 hours, 4 minutes bottom
fimes. One dive lasted 28 ¢ kours Onoan-
other job. also offshore Caittormia, an [UC
RECONIV made | 2 workingdives during a
total bottom time of 31 hours and 21 mmites

1985 ROV
Acyuisition
Plans

Wish SET camera color TV and ~nlls vang
erie SEA OWL has proved re he g asefnl
for sisual sdennfication ot varions
sonar vehos

Toreld

Comments

CORD I has been returbished and instatled
on RV Seward tar aperations
during 1985

Tohnsan

1070 establi~hed s Underwiiter Vetocle
Irammg Center in Honston, Texas Tt oas
complete with varions ROV svstems and a
traiming tank

U also owns and operates a MANTIS ADN
and F manned subs Prisces VI Beaver MR
IV and Mermard 1T Muoch of this undersea
soapersted trom TUCS sV Al of A

S8 oV REVIEW
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ROV Operators/cont.)

Operator KD Marine
Address Pitmedden Rd. Industnal Estate. 16001 Park Ten Place 19407 Park Row, Suite 4100
Dvce. Aberdeen AB2 0DP P.O. Box 218130 Houston, TX 770584
Houston, TX 77218
ol O - ey moas T = ime Tel 17131 378.883648 I ey my e RANET () . .
Tel/TIx Fel vi22a T2330% 0 Tix Tai7h Tle "75141 OCEANRNG HOU Tel 714 37867 Tl ARAAAT2 OMIS T'W
ROVs I OBSERVER DART . 3| PROES 100 & PROES 2110
Owned/ PUFO-sn I;Il:'[)IRQ : ix
. ‘SUB 4 [
Operated ORION .
RCV 225 . Z
RECON <
SCORPIO 2
SEAPUP 1
Tatal 11
1984
Operations
1984
Highlights

1985 ROV
Acquisition
Plans

Comments

Oceaneering also owns and operates 28
ADS (15 JIM, 13 WASPY 13%4 operations
were chiefly ng support. Highlights included
the record-setting ADS dive in the Gulf of
Mexteo to 2,010 ft

Oceaneering owns and operates > OCEAN
ARMS beils Use rate in 1984 was 8071

ROVREVIFW "985 35




ROV Operators/cont./

Operator

Address

Salvage Pacific Ltd.

P O Box 3035
Lamy, Fiji

Sonat Subsea Services Inc.

P.O. Box 4428
Houston, TX 77210 4428

Stolt-Nieisen Seaway Ltd.

P.O. Box 9570
Ezertorget
Oslo 1, Norway

Tel/Tlx Tet 61-200  Tix: FJ23on Tel: 1713) R40-4900 . Tlx: 775149 Tel: w121 42 42 50 Tk, Thban
ROV's BENTHOS RPV 430 MiniRover. o : 4] ROV 225 .
Owned/ ROV {50 A . 41 SCORPIO. :
O d RCV 225 R . 5[ SEA HAWKL
cate
perate RECONIV. . . . . 2| SEa oWt
SCORPIO . . 1) SOLO
Total 7| Torai ]

1984
Operations

Tesung off Suva Harbor Fip Isiands
Dive on the historical wreck of the Pandora
in northern Queensland., Austraiia

Dive on the wreck of the Anoten Maru tiva
depth of 1205 ft. which is on the Libou
Reef :n the Coral Nea off the Australian
Cnast

ROV operations from all reyional operating
bases” Houston, Mocgan Cuy, Los Angeles.
Corpus Christ, Houma, Aberdeen Sing
apore and Perth

SOLO aperated 110 dave in the North ~en
on pipeline inspection & mine clearance .o
the Norwegian sector of the North Sea
SCORPIO performed 20 contraces o
Noarth Sea. Mediterranean. offshore Ao
and {'anada

ROV 225 Norto sSea. live contracts
SEAHAWK operatedonthe Tonder (7t
supportng Mobil Expioration. Novway

The

UKt
Highlisghts

RPYV-4.50 obtained an unusual photo of the
hottom -t the enfrance to the harhor of
Suva, the capital ot Fyy Depth was =0 {1t
Sevoon this issue Please offer explanation
of what the formation means o Nalvage
Pacine waith copy to ROV REVIEW

Acquistion ot ~anta Fe Underwarer Ser
vices Development of new generation ROV
CHALLENGER  Addimion of HOVS
S&H Diving the operanng subsidan of
Sonat Nubsea Services

o

Four weeks of mine clearance operations i»
the Norwegian section of the North ~Nea
with ' SCORPIOs deplpved from the S
cay Labrade and a SOLO ROA

aperated from the Yauer Normcevar

e

1985 ROV
\eyuisition
Plans

Significant expansion of worldwide apers
nons and ROV eer. ineluding rthe new
CHALLENGER  <enes acdered oo,
PERRY Ottchore

( omments

During TO%4 over st kilometers of pipe
lines were surveved by Stolt Njelsen ~veo
way ROV

SRCKROV REVIEW. 1985




ROV Operators (cont.)

Operator

Address

Sub Sea Dolphin A/S

P.0. Box 138
40505 Tananger. Norway

SubSea Offshore Lid.

(Gireenwell Base, Greenwell Road
Aberdeen, ABl 1AX
Scotland, United Kingdow

Switzer Salvage

No 1 Kvestausgate
Copenhagen. 1251, Denmark

Tel/TIx Tei 31 @9 TA A Tlx 7360 <ubsd n el w2ea wweins The " igug

ROVs P PIONEER and 2 SCORPIOS HYSUB 1| t RASCL & 1 TARS DART

Owned/ PIONEER 12

O i ROV 22 !

srate

peratec ~CORPEER trenamed (rom SCORPYH ¥

SCORPTIO 2

TREC i

VIKING ISE forerunner of HYSURY 1

Total H

1981 Dl mg suppert i the Nomesn & Brten f Montanazo D2 Field. cafshore Spain i

it L sectors ot the North Nes Popelne mnspee [nearive 2000 1t of water Work imvolves

()pv] ations Don and cleamng connerete ang Steen Pipe hyvedradiie mtervention to manitoid~ on the

D srvey N Noorwedin certos

mantial overnide valves on the free

s Tephave AN mig seals n the weithead,

tw awimes

svatend

crew o qnd

19K
Highlights

Conerete il stees
with PIONERER Prpenne surves
e areapet with SECORPTG

ey

Worndwnde aperations by SSOTS ROV fleet
It was the mostumportant vear i the deser
Spment of ROV rechnology i the company <
Hteimg program (md offshore operatlons

1985 ROV
Acquisition
Pltans

Bonid op o PIONEER #17 Ss0 defends
toneding own ROV svstems thiush

o Present market make
orive and delivery of ROVS rom maner
S ILACTHIe TS excesshve

catditums the

te spares and maiptenance backup trom
manufacturers abroad s less than wdead

o Through own operating experience with
Carvngs ROVS SSO i aware of engaeenng
i operating deficiencies i present desims

Comments

Saboses Dodphin o part of ~ab oseainter
alinal

SSO aperates the fargest Deer of ROV

T worldwide

[ A HO




ROV Operators (cont

Opérator

Tavlor Diving & Salvage Co., Inc.

Address

a5 Engineers Road
Belle Chasse. Loaistana “ao:”

Underwater Recovery Specialists, Inc.

Underwater Resources

%40 Hermann st
Port Coquitlam. B €
Canada Vi3( $1PE

PO

Box 1817
Lafavette. CA 94040

Tel TIx

Pui mtdonsl squT o Py od 52eas VR

ROVs
Owned
Operated

HY ST R C 0 a sastenie
Ron o7

TS B ANEAS

MAN TS
~COEP

IR

R RN

ICIAY

CINSPECTOR DAR D

MimRever i
SEAFERRET

PrenLgT e

T
|
!
i
| B tal Voot el e Nove i s g frspocto s Mot
() - M ST }\ L SRR N for o I \ Hone ’
PErations o i e SF A s G e e v
R oN e s e catines
Fosw MEAN TS 0 e, e
S~Cu P e b ;
PRIENT i AL
U= Ire ~ ~ : -
- [ b ot e v A
Hivhhights R R T T B W e
IETrI v o
RS R S [T AN FE ~ !
|
|
198D ROV TR SR B T Mere ow RN L e e
s TRIEDESS
Lequisition '
Plans

Comments

TS T BON vrem o et rared
[ISIN Cacth o ettt v mgster
fve e RS Dt eate contnedest

Prosgne st g setabibed Sy e

Py
Poasten ITnepestien Noebnc e o

ated] e Dt

Iy

ket

ot

Bape o cehrom

Do ater Resonrors vt
s oeapertoan o ban nspeectton
iee 0 ROV < wth iy s

s N

TenaL s et [S4T%

consto tien

Irovae v it O8N o calor TV amiera !

I Graheand 0 Wt o qrahile J

e aty bsde l
L N N




ROV Operatorsicont

Operator Wharton Williams

Address Farnurn Indu-trial Estate P.O. Box 1447, Stn. "C7 Bucksburn House Howes Road
e Aberdeern ABL OHG St John's, Newfoundland Buck~hurn
Nostan Canada Ale NS Aberdeen ABZ 4R ~cotland
Tel/ Tix I AT e | et el i T T e
ROV LA GONELY Py s DEPEUS ROV
ey b SCORPT deasea Snectades TOSvsTet nperdates o e &
Owne o f . !
Jwned i R o e ot By e Coapare vehces
Operated | = TOMEN ROV i
DART
o SUORPIO e aten oy e
RO o
|
1S} T O T T VRS PN e N e e b e b Nt Sec tfeeome Braon Moo b
. . : , ~n S s S tens A Do o
(‘rpt'rutmn\ ) R [ENTEINS [IENCRTRNEY '
N LU AN i o ' [T R ¢
] S~ Rty [ n "
19X ¢ P Mt e N " S
. Pt A , i . ) : I
I . . . [ ; :
thohhehts o \ B ’-\ wer i L e Foover oo Davieg e
’ i " ~o [ P Y IR W
T B " ~ Ayttt
. B _ - S Y . .
b v e e Lhen - -
. S ety e an e Rnd
T Y S N S TR PR ‘
. CLERTAVOKRRE L

-+

. RO e

Vequisttiony o L.
v . e I

Plans [ oo ‘ Co ’

|

I

Coamments ‘ S A




RO Operators:cant

Operator

NSubmersible Television Surveys Ltd.

OTHER
ROV SERVICES CONTRACTORS

P——

,’ Globai Ihving & Salvage
|

RN

Tith Ave N W

Neatthe, Washington s 3y

Too 2206 oo

Began caperanjons @ early 19s3

\ddress

rratt Pradmuy Kaare
cat Hrndae of Don
Veetdeenn AR ~ON Neatiana

UVITEK u's

) Nuergrons gl 14

N tH

Tel/ Tlx

Tvoomison Norwan

ROVS BRI WORKRK K L
Owned ShOREE D et M '[ UVITER Ko LTD.
FERTRE ST L N B T 1A T BRI
Operated |0 0 o, V] o B e 1
Wit e b Hiee
R T TR T O
a | ‘
i ] S ! HESL A PRT T SRR B
! f_,-..____w_#_w _ S,
f
!
IS I s ' ‘
Operations HT e e
[ B N . N " .
:
Juxt . N . i
\.! o v
Highlrghis ] Co ‘
TR IR N T
- : o
I J\
fuxs ROV ( ‘ .
\
equisihor
Plans !
I
I
i
i
oIt s .
i i
i




APPENDIX !

Recent Pertinent Publications

1982-198¢




NT PERTINENT PUBLICATION

aton pertinent 1ot
v Into the subltect
nt 3s moest of the autrors ngye

-

.- -
—A -
Toart S -
| S
; - ey
L [V Tl SN aWa N il ot 3 LD o
..z NAEIngton o !‘,‘L Rt
o ~ o0
Zoarl o= U
— S
-
- S I A T S Dora Trmpratoans T s oo
K A T iy Do GeniT S an g el enrt T el W o -
T cmm TTIDAY DT ZT tA-r, Tooee i e e S
- MET R D Rl ar teCn LoD o wasnenIian oL o SEONREN G
- - - . - - . .
Lt - . N T S et TR PRI . 2z
St L E s Teat e Gripersniac : CT - 1
- - - S m s
O Tan BLouu SN Lo
I Tooar s o = [ B P A R .
el =~ L oard eeoul o _ R iy
A mmont e amM Uy et Se - 7oL n=
CELEILnments and AppinCatian o -
LR, - - g o~ oL - T A N ey A T
' r. = v P TR L3 . N S o < - «r-
P s LAV AN LSS AV LSO G T oz
s - ' . B - . -
- T ¢ \"\‘/_?D‘ J‘f ,u('/- . r““;_ “"AJ (IR A
. ) - R ~ - -
’ o [T Zeia ~ N ot
: ern miah - rear] A e N A
Co e - . - - o -
e a0z Qo L s 00 T.
r z ; PR . T G st - 1
., . rEr e I A TS . k [RRY [ ’ b
LG SIS S N Tt L'—/p A Ll ,‘x“' Tt T ) Ky r




.
i Freld Expertence with Thirg Gererat on
_arre oo reld pxpettence wilh Third Gererat o o
- i s 33 il g AT
i L ‘ = ! = Fter Tor Sioy =R A\HT:A[’:'F af a3
T.eDI0 ~TUs T Rraceedings underwater Tecnnoicay 23 ra3
Co-leJune Paper Bic Goop
= /3tt < Cinyerted Echo dounder Developrment  Donf
Smanm o5 oand watts D& werted ECho dounder Leys o
- ) S R B =y
3 : T T brYing ' . ' 1 1 e T
~ecara GUTAND 34 Mar Teon oo Vasnington, Cooaecd, [
Teen Seyped T Lo
[»le T T Nyos TR0 NP =R i
CrerIwezrane M ooand Powiand, 7o NI IN Ueen e gled b
L Taoh 35¢ 3an Dieqo lect A3 230
i, T2 0taT TaIh 500, 2an U1eQo zection, 1983 z

n

* 1-
ol . R
et _‘,J—”_"] s IaRict

e TET
OIG
SITTLYTE > LoandFraser A F
- ¢ ACDS s T ant
JInduT oty Aparatus o Lont
R P, :
NITTANTT TR o L THar S, LD ) -
3 . g ) Toanfarar T e T
‘ S CWOQrE Dy Iherns YR TADInen” onterance -
Srerg nderwater Work oysterns ey anraents - _ [
7 Lo Tonamar o
. S T 5 T tities Dapel LoD apgn T ooper st e
Prrtacrtng 05 - Jzcan Marine Fachities Danet




TITI0roor, N oD TAQvanced Searc > ,
Srerations angd Tecnnigues Conference Dec 1932 pp 3I35-748 Farms T

‘Technoiogy Trends for U S Deepy
esguroe Devomoment Com’e ence
Faciiities mmel 3= /Japan Co

ring for the Zlst Century

12 200ur APaiVss Using a computerized

-~ S I fals . - Y]y v ¢«
screotogy Conference 1885 op ' -108

Sreen Do SubNotes, a monthly pubhication speciahizing on diving ina
oomersiples windate Entercrises. ing

Sewen ToAnnuail ROV Review 3 Subnotes Puphication, Sering valley Cs
s odtian issued in 1985

Zoost o o kogrd Berecn 3 The RCV 35 3 3cientific Toot T Proc S0y T
‘zroTecr Ioc Zan Dheqe Section 1983 pp 251-293

S &= Tre Metnodolog d Avariap:iity of Jont ice Center Ser.
T DirrrersiaioJzers T Conf Record DU ANS AL Mar Tech Zoo
AnIronatin DD 1G24 op 544545

—aronIton o= oand wiihars L “Deepwater Diveriess Teohneiod
Mostile Ervironments  SrooianS

: aoaf ROV ODOLPHIN 3-x7 Conference kecorg i3in T hest s
. somsanan Marne Facihities Panel, U5 s Japan Cooperative 2rogqram i
NATLrE ReRouries 1535 pp 1A% 14E

mrOrce s o Teincity Meazurernents fram g Seif-orogeliad venoie

.

oot Larorr AT FANS GCF ANS :_Zj“ Flar Tech Soc  Wiashinar n © [

~7 - s - N
1985 pp Z3d ana apreniies




[l
-- T : s T A o TR ol Y ~f = = - - PR SN - - Lo
soaras oW Cesign and Dnerauiens of Jriber Gpit Liny Tor D esT W
- - - R s S - - - - P - - - - -
2w oeral 25 Cfrshore Technciody Contersnce, | ooodole e

t Proc Oy 24 Mar ¢

mrercatang: onderwater Contracrors Underwater venis e T
ot Tachmoan Trarnmn Do oo

- - e
-

Lat
<
o
{
(Al
(&)
w
-
1)
T
o
T
w
-
P&
D
(W3]
[
i

e e .
CaTEr Tecr s wWathipaton 5D Ta2d np o Ro -t
o . - e b
oTernel N QNG o Werni w | =Gy intersalirn
- . P L~ - -~ - P Dl - -
ceranpctrye” Toant Record OCTAN= ~d Tiar Tecnsoo Paraaran O
dooronl 2-/ 45
- -~ i . . P PP P ha - - e - . ~ - -t N -
i Lnderwater Inspectinn J3ing Third Serer 3tien Soengn s




Mackey,

A andMcCarthy "Techn

o2
>3
el

ROV Svsterns " Proc ROV 55, M3 ‘far:h
— - (¥
Ll oal

TALLMAY, An

Tach 20C ) Zan

Att-Purocse Ma

CLign

o
oY
LI

«

]
|
Cod

b

inal ceograpric Maoaltr s

MmN

Liego Section,

“tToreqor, D The dmmplications for the ROV Cperator of Advances in Dese
water Technoiggqy T Proc ROy 23 Mar Teon 2o, an Diend Section, as”
oo IRI-IAS
Sl PN HE Rt
telgar 0oL e Evelving and Extar o Arcav af ROAVIS grd dngers nen
NOTR Systeras  Proc ROy 2T Mar Teon Zoc 330 e SeCiion, 18T o

T

Ty
Y

ant Prograrm,

Meeting ijs

ROY Tes

owed unrmarned subrmersipie o7
h

P
.y
3
X
o
o)
m
-~
[u}
[
Cu
—
Z

San Dieqgo Section, 1954 o0

4

T Underwater

nd Future Program= "he 132

arnorldrve/r

A~

i

rine (nduystry 200

Lebtie Fesegraon wecent
bpeetteinsttgte
eqiurn Opportumity Ervet 50




nnology Sociely ang CEED. CED Annual SUDAND Joantersr oo

Tae Pt SR R Wos aten T
~ecorn Tgr Tech 3cc washinaton, O C

Marine Te

-
~onference Record 13th Meeting U S -Japan Marine F cz"f:tes Dar:e?.
P Cpeperative Program in Matural Resources, 925 to J04-000

“hnology 5:=c:etv, uerahunal OUIgeines Tor Remotely Laritss
Mar T s '

T]
(ll
-

gote~Controtied Submersible

el

OUS Seafioor demert e

",:r*‘ 5,?{ ) \W""‘f’""j'"r : - : ;t_;
—artregne Dow Rgture Development o DOVE T Jour Docsty tar
maemwrier Tecnroicgy, Loncon, 1384y 100N 10D 5o 3

Satvar Tn 0 Harmonic Mean Seound Speen 13 Adeguat? for Toarsgorasr
1Y —~ -

n

o

4

Conf Record GCEANS 34 Mar Tech oo, washnotro

ey

© A Mapred ang Unmanned venicie Tevelopmients o tre e

Carterence Zecard !IthMeeting D -Lapar Marine S aciit e
/530ar Coocerative Pragram in Natural Fesocroes &3S op




= o o A st o Arcrig S Valal ’:‘7: e T

- - T w4 ~ -1 . e - = - - ] [ 1o

Srono it cwald oL, effogat, D) ang weller [

. - - ~ — - M — . - - ~- -, - ¥ -

repraved aubmarire Cable Recovery Syatern T Conf =
. el - — - -~ T - s gl anl sl

far TechSoc washingten, O O 1€E84 pp nS0-£55

=rImztazo DA Tranknc ROy Acousticaily L Zed Teonndnogy Tl =3
oot N Do innd

. . e - C

C " . _ROND ang cts Doerationai SI1Etary 0 Wroc el g 2o Bl
1Tl T ZIh RGO DRClon, 1HE D

SIoiIEEem A Loand Braav L o¥ "Tenyears of Operational £u
re Tecnnology Conferenc

-1

R

TosLered TU D Trapsponder Met Self Cahibration Afgortnm Dot

=o0rT LOZAND Zd Mar Tech o, washington O C B384 op 2 0-00

SrEvensll TR TSyrvey of Autonormous imac L lont ReoorillTats

T Ttar Tegh SoC washimoton OO 1Ead op 224—227

z e C Moand Noakes, J & AR AULONOmMmous Remotely Dperated feh
arae Tract seaf'oor Chermcal woligtion surveys onf == 002
I 734 Mar Tecn Soc . washington, O 2 0p o37-o1:

Stewart Ayster, P, and Shenara SoTte gpergteg ven e

=l m=ECON IV Zuryey of Tenthi Zongitrons at Draged Tiateriy Dol
U0 New England T Pro Q 25 Mar Teon Soc ) San Ciego Set
oo T IT7-145

B and Eawards, J J T=E JEFFIA) Arctic Loaitnis

ermonstration Program © Proc 1535 Cffshore Tecnneicay Donferengs

4R= o 40G-41

[@X]

Tacvaberry Roand Laque, © Ocean Currents andg xOVE T Prac S0V o
c . San Diego Section 983 pp 0348-297

onferences Recar

T
[y
C)
>

3
=
!
=
e
<
i

S ington, Hok o vorce Controll
Pleeting i} s - Japan f1arine Fa«;:lrt:ez Parel, U5 v apan Jocperative Oragr s




westwond, J

lar T

O S
Seh S0 San Jredn

ooty orth-Lynan, Cid T

Vot

Jurng Freagendcy

Washington

4

[ R
'Z,E,,io I
Sirarmes

3
~ ~ [l
S0
(S | Grd o
arnere oL

pragor he:

Conf &

48

ard

(SR RN
W
a
.
o
[P







UNCLASSIFED

SECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

“a HEPCRT SECURITY CLASSIFICATICN
ynclassified

1D RESTRICTIVE MARKINGS
None

Za SETURITY CLASSIFICATICN AUTHOFRITY

20 CECLASSIFICATICN DOWNGRADING SCHEDULE

3 OISTRIBUTICON:AV (LABIUTY CF HFPORT

Approved for nublic rel
isunlimited

ase

distribution

L}

K fgpfofimwgguGAng‘AﬂQN REPCRT NUMBER!IS!
SAIL-1-425-U7-545

S MONTCRING ORGANIZATION REPORT NUMBERIS)

§ NAME OF PERFORMING CRGANZATION

Science Apclications international Corp.

7a NAME OF MONITORING ORGANIZATION

ONR Field Detachment

P.Cocs

A ESD (Coty, State, anQ
Eﬁb Project Jftice

= oy e wa TP Coce D)
S 1303, 1710 Geodridoe Crive, A

Me JA 221302 NSTL, MS  39529-50C4

A3 NaAME TE T NENG SPONSCARING CRGANZATION | =2 CFECE LrMBOL 3 PROCUREMENT INSTRUMENT ICENTIFICATION NUMBER
45a Invironmental Acoustic 1 apoucavies

Supogrt (ALAS) ONR 127 NOQ0O14-84-C-0180

& ALDRESS Cuy slate. and LP Code,

SCURCE OF FUNDING NCS

“ne Chjef of Naval Researcn SROGRAM SROGECT TA5K AORK UNIT
i ~Aay1 e oA LLEMENT ~o e} e ~NO
22217-5000 5
E 6 3 / u
; + 1
y— - b p ) N R ~ C o
U TR ue vecunry Cassmcarom | 1 AN ASSESSTENT 0T Remotely Uparate\ venicies 7o
- ~ - A h e . " a -
Suppors tne afdS Croqrar 1o ATGLL
"2 OPEAYCNAL AL, THCAS)
Ao SCLOLITIEr | W Ueaner i ,—SIE
13 TePE CF GEpoAT T T ME COVERED T4ODATE OF BEPCART ¥ WD Laye T Te SAGE COUNT
— o Serem . .. T _ TEETe: B 5
Ty 1R Sep ib ! o7
B L PR A T AR Y NCTATICON
BE COSATY COOES 13 SLUBLECT S Loflree O 0veTeds f recesSary AT R8Nty Ly DOk umilbect
R | SUB GR

T4 AULTHALT Continue 0N reverse ! necetsay &g Jenity Ty MNOCK wumDe«

AUSTRACTY SFCURITY CLALLH K ATION

.. STEHBLT A A T e F AN TRAGT

L A A R ALY AL S CAME AS BRI [ P FRN TN
[ -

e TEEMY T T UHUE e AL

S0 TELERPHONE NUMUEER

Inchnte Arme Cooe)

22¢ OFFICE SYMBOL

CO FCHM 1473 33 APR

FOITION CF Y JAN 7 115 UBLOLETE

SECURITY

CLASSFICATION OF TRIS PAGE




¥-9/

DATE:




