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 n Which We Serve tells the story of HMS Torrin, which goes down at 
 the Battle of Crete. It is a fictional account based on the true story 
 of Lord Mountbatten’s HMS Kelly. The 1942 British film pulls at 
the heart strings throughout, but the most stirring passage is the begin-
ning footage, which shows a destroyer being built.
 The shipyard scene is as vivid and memorable, as it is a high-fidelity 
record of the time period and its methods. An adolescent boy stokes 
an open pit fire, heating the metal ingots that will become bolts, while 
older men use the white-hot metal to affix plates to the ribs that in the 
whole will become a hull. The enterprise demands much of those 
engaged in it; and the builders are up to the task.

 Strength is synonymous 
with both seafarers and ships. 
Yes, water buoys, but at the 
cost of a natural inertia im-
posed by the liquid itself. 
 Across the millennia, oars 
and masts countered drag so 
that boats could do more than 
float—or drift along the currents. 
In our recent centuries, com-
bustion engines and nuclear 
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propulsion have taken on the 
task of providing power.
 Despite the hearty forces 
that push modern boats through 
the water, drag is still a huge 
counterpoint. So eliminating 
anything that adds to friction 
by mucking up the surface of a 
ship—most notably the hull—
contributes to the ease with 
which a vessel can move. 

 Note that the submarine shape has changed little, except to become 
narrower and more tapered, since Robert Fulton built the cigar-shaped 
Nautilus around the year 1800. (There were other versions of under-
water craft centuries earlier.)
 Attention to two significant variables will ultimately reduce drag 
on any vessel. One is the weight of a boat—the lighter the better, as 
evidenced in boats built to race. The other is the hull, which ought to 
be sleek and blemish free. 
 To be sure, lighter is relative when the full range of vessels that take 
to sea is imagined, among them the classes of aircraft carriers, cruise 
ships, and other huge vessels constructed to carry big loads. Yet it 
has never been simpler to maintain every hull in as near to pristine 
condition as possible. 
 Hull cleaning is done not only to remove many invertebrates that are 
apt to hitch a ride, but also to ensure that coatings are smooth, intact, and 
without blisters. With concern about invasive species taking on new 
levels in an environmentally conscious world, hull cleaning is also done 
to meet the requirements that species not be carried from one place to 
another—some restrictions now set especially by ports themselves.
 Scrapers—with elbow grease behind them, brushes—mechanized 
and automated—and water under pressure all play roles in keeping 
ships clean. Here, we are interested in the deployment of waterjetting, 
high-pressure, and pressure washer tools in service to the marine mar-
ket. Yet we acknowledge at the onset that the named tools have both 
competition and complementation from other devices, especially brushes. 
Moreover, steam, dry ice blasting, soda blasting, and the like, as well as 
vacuums, are in the big and complex picture. 
 Contractors and ship owners seek the best tool for the application. 
And the search is an ongoing one. Consider an example. In May 2010, 
Cleantech Scandinavia announced the five finalists, from 27 committed 
entrants, for a coveted award that raises the visibility of green innova-
tions, so that they might better find investors. 
 Among the Cleantech finalists was the developer of “environmentally 
conscious hull cleaning technology for seagoing vessels” (www.mynews
desk.com/se/pressroom/cleantechscandinavia/pressrelease/view/five-
finalists-selected-for-the-norwegian-cleantech-award-415425). There, 
in a nugget, is a glimpse of where the marine industry is heading. Each 
leap forward more closely ties clean to environmentally sound.
 Finally, for all the stability embodied in the sea and ships, there is 
always a great deal of change accompanying the progress. And most 
companies engaged in marine services use a wide variety of tools to 
be ready to meet unique and routine jobs. Some of their crews may be 
using high-pressure water tools, while other teams are at a different site 
with an automated, rotary brush machine. The companies develop a 
repertoire of tools and approaches that enables them to align vessel, 
location, condition, requirements—or all the parameters within which 
they must work to attain an excellent outcome for their clients.
Essentials
 “Waterjetting and high-pressure tools offer significant opportunity 
for routine underwater maintenance and cleaning in the marine sector,” 
says R. John Armstrong, president of Seaward Marine Services, Inc. in 
Norfolk, VA. “They are especially applicable for cleaning sea chest grat-
ings and the inside of sea chests. When effectively utilized, they can be 
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and/or angle, they can cut 
through hull metal,” says 
Armstrong. He puts strong 
emphasis on the “mis.”
 The caution Armstrong 
sounds is a reminder that in 
the marine setting, as in any 
setting, training is crucial. 
“You need both a well-trained 
and qualified diver, properly 
supervised who knows both 
the limitations of his equip-
ment and what he should not 
go near with a hydroblaster,” 
explains Armstrong. 
 “We utilize hydroblasters 
frequently to clean under-
water air systems on ships, as 
well as for sea chest gratings, 
and the inside of sea chests,” 
says Armstrong. Personnel 
safety gets the highest priority.
 A hydroblaster operating 
at pressures to 10,000 psi is 
a wonderful tool. But such 
equipment must be used cor-
rectly to ensure that it poses 
no safety risk to its diver 
operator or fellow divers, 
explains Armstrong. 
 Consistency applies to 
removing coatings, which 
are increasingly sensitive—a 
result of being more in sync 
with a sustainable environ-
ment. If coatings are dam-
aged, a drydocking for 
recoating may be necessary. 
 As with any powerful tools, 
high-pressure and ultra-high 
pressure systems must be put 
in competent hands. For some 
projects, there is the option of 
sending in a robotic system 
instead of a human operator. 
 Of course, it is a question 
of balance. Intricate work, such 
as the type that Armstrong’s 
company does on sea chests 
and porous portions of the 
ship that can become clogged, 
such as prairie/masker sys-
tems, require an intimate 

used to clean valves and waster sleeves to support in-water inspections 
in lieu of drydocking a ship. They are also invaluable for cleaning other 
unpainted areas of a ship and its appendages.”
 Irrespective of how efficient the logistics of putting a ship in dry dock 
are, the process adds time to the maintenance schedule. And a ship must 
be afloat to be productive. So technologies that allow ships to remain in 
water during cleaning are time savers.
 But there are some constraints on waterjetting and high-pressure 
tools. As expected, they are no different from the same thoughtful 
restraints that must be followed on land. 
“These technologies have some serious limitations regarding misapplica-
tions in the marine sector, namely, when utilized at excessive pressure 
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visual and hands-on approach. 
When wide swaths of hull are 
being cleaned, or especially 
when they are being prepared 
for coatings, the possibilities 
for automation expand.
Options
 In any industry, includ-
ing the marine sector, speed 
ranks second only to safety 
in importance. And there is 
a perennial quest to couple 
speed and safety—all with 
the goal of achieving the 
highest quality outcomes.
 Deploying robotic equip-
ment is one way to safely 
increase speed. For instance, 
the Envirobot system from 
Chariot Robotics, LLC in 
Palm City, FL, takes on big 
jobs, such as coating removal, 
while receiving its instruc-
tions via wireless remote 
control. “One robot will do 
the work of 10 men blast-
ing,” says John Odwazny, 
the COO of the company 
that makes the system.
 The capabilities of the 
robotic technology from 
Odwazny’s company are 
many. Patented magnetic, 
air-gap technology allows the 
robotic chassis—that contains 
all components—to hold fast 
to the surface, even as it has-
tens along its course. The 
pressures used are generally 
in the range of 40,000 psi to 
43,000 psi, but they can go 
to 55,000 psi. Rate of flow 
is 10 gpm or more and up 
to approximately 12 gpm.
 The productivity of 
his firm’s robotic system 
on very thick coatings is 
something to behold, says 
Odwazny. “The rate is phe-
nomenal,” he explains. So is 
selectivity, as the system can 
remove blisters and leave 
the bulk of epoxy intact.

 Not surprisingly, the system has been adopted at shipyards around 
the world, including those in Portugal, Dubai, Singapore, and Japan. 
Its environmental friendliness—it consolidates waste removed for 
appropriate disposal—enhances its popularity.
 One way to get a fix on the economic value of combining ultra-
high pressure and robotics is to consider the efficiency realized. “We 
achieve 550 square feet per hour up to 1000 square feet per hour,” says 
Odwazny of his firm’s system. The shift measurement includes breaks 
for workers. 
 To keep pace with developments in the marine sector and the specific 
requirements of customers, Odwazny and his colleagues spend a great 
deal of time visiting ports around the world. Information gathered is 
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 Abiding by numerous 
health and safety regulations, 
cruise ships cannot simply 
allow passengers to disem-
bark and then welcome a 
new group of the same. Ships 
must be cleaned inside and 
out as quickly as possible. 
Similarly, cargo vessels must 
meet regulations for their 
contents set by entities such 
as the Food and Drug 
Administration.
 Every facet of the marine 
industry boosts the economic 
activity of the nation. How 
important is the marine sector 
to the U.S. economy? In the 
five years preceding 2008, 
it added 25,800 jobs. Those 
jobs were created despite the 
increase in fuel costs, which 
more than doubled during 
the interval. And they repre-
sent skilled positions and 
they pay well.
 Growth in the maritime 
industry is expected to 
continue. The double hull 
construction required for 
crude carriers (and others) 
by 2015—to diminish the 
chance of an oil spill or leak—
is pumping billions of dol-
lars into the economy. And 
despite the energy it takes to 
move a ship, the economy of 
scale of transporting goods 
over water could never be 
replicated by air. 
 Large, fast, and efficient 
are the defining characteris-
tics of modern ships in all 
commercial classes. Tech-
nologies that enhance those 
features contribute to the 
marine industry.
What About the Hold?
 Dry bulk carriers might be 
filled with ores, coal, coke, or 
any number of other particu-
late compounds. Their holds 
must be cleaned periodically. 

used to constantly upgrade systems, making the most of the foundational 
magnets his company pioneered.
 Indeed, the safety of a robotic system extends in multiple directions. 
Ships need not be in dry dock to be cleaned or prepared for coatings. “We 
can go in and do well treatment right next to a welder,” says Odwazny. 
Tank fields also become easier places to work thanks to robotic systems. 
Significance
 The size of the marine industry mirrors the depth and breadth of the 
oceans. Within its domain are tugs, tows, cruise ships, military vessels, 
yachts, and more.
 In the parlance of the U.S. marine industry, the essential workhorse 
vessels, or those with deadweight of 10,000 tons or more, include tanker, 
container, dry bulk carrier, ro-ro (roll-on/roll-off vessels), gas carrier, 
combination carrier, and general. 
 Houston is the busiest U.S. port for vessel calls of all types. New 
York ranks second. 
 The other ports on the list of our top ten are Los Angeles, New Orleans, 
San Francisco, Virginia Ports, Savannah, Philadelphia, Columbia River, 
and Charleston. Each port boasts a unique profile, with New Orleans on 
top for dry bulk and Houston number one for tanker calls.
 According to the Maritime Administration of the U.S. Department of 
Transportation (www.marad.dot.gov), ocean vessels moved 48 percent 
of our nation’s foreign trade in 2008 (the last year for which figures are 
available). In the same year, the 17 largest cruise lines carried 10 million 
passengers on 4212 cruises.
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High-pressure water tools 
have long been used to clean 
holds of cargo ships. 
 Hold cleaning adds some 
special considerations sur-
rounding both safety and the 
environment. Work in holds 
falls into the confined space 
category. And wastewater 
disposal is part of the effort.
 The Occupational Safety 
and Health Administration 
(OSHA) provides extensive 
instruction on hold cleaning, 
which serves as a good indicator 
of the multiple layers of expec-
tations that confront marine 
contractors. (See the full OSHA 
account at www.osha.gov/
SLTC/etools/shipyard/
shiprepair/cleaning/clean
operations.html.)
 For example, OSHA notes 
that ventilation hoses must be 
in place to ensure those work-
ing within a hold obtain ade-
quate air supply. But the hoses 
cannot block the access holes 
to confined spaces. Personal 
protective equipment (PPE) 
required may be significant, 
especially if there is dust or 
vapors or petroleum product 
in the environs.
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 “I use waterjetting tools and 
pressure washers up to 5500 
psi to clean hulls of tug boats 
and barges both before and 
after slurry blasting,” says 
Robert Hope, shipyard manager, 
Stevens Towing Company, 
Yonges Island, SC. “For this 
they are very important.”
 Indeed, Hope’s company 
strives to clean without releasing 
substances into the atmosphere. 
The protocols established by 
this nation’s regulatory agen-
cies have been made part of the 
day-to-day operation, as they 
are at most companies.
 “My primary use of water 
equipment is in slurry blasting 
or wet blasting,” says Hope. 
“We combine the traditional 
sandblasting equipment—140 
psi with coal slag, with water 
injected before the venturi 
[tube], causing the water to 

 Further, OSHA requires that holds be evaluated by certified per-
sonnel of many sort—for example a certified marine chemist—prior 
to cleaning. The certification process constitutes a hazard assessment 
that determines the level of PPE required and the type of cleaning that 
can be done safely. 
 The regulations for hold cleaning are many. They add costs. Since 
hold loads can be configured to reduce the need for hold cleaning while 
a ship is in the United States, hold cleaning that takes place elsewhere 
often bypasses some of the strict requirements.
 One way to meet hold cleaning needs without putting employees 
in confined spaces is to automate the effort. Self-contained cleaning 
systems, or those built into vessels, are one way to improve safety and 
encourage all vessel owners to meet the strictest environmental regula-
tions—not circumvent them. 
 Patents exist on pieces of equipment that offer built-in vacuums and 
built-in wastewater recovery systems. If global regulations on disposal 
of waste from hold cleaning and worker safety ever become as strin-
gent as those in the United States, expect to see more hold cleaning 
approached from the inside of the ship with equipment that is an 
integral part of the design.
 For now, U.S.-based companies just get out there and do what is 
expected of them. They clean holds and hulls stateside, meeting all 
Environmental Protection Agency (EPA) and OSHA and DOT require-
ments, as well as myriad local requirements. And they often rely on 
waterjetting and high pressure technologies to do so.
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be fully mixed with the blast 
steam. This helps rinse the 
impregnated chlorides out of 
the substrate and reduce the 
airborne dust and particulates.”
Fouling
 Vessel owners take a dim 
view of fouling because on 
the hull it adds to friction and 
even structural damage. In 
the hull, fouling can con-
taminate products, as well 
as instigate damage.
 More broadly, fouling 
attracts the interest of global 
environmentalists who are 
concerned with aquatic inva-
sive species (AIS). When an 
AIS moves to a distant place 
that lacks its usual cadre of 
predators, its population 
may burgeon. It can supplant 
local species; it creates addi-
tional havoc if it menaces 
the water supply.
 So keeping AIS out of new 
territories is a mission for many. 
A thorough account of the liabil-
ities of AIS and how to thwart 
the species was published in 
May 2006. “Managing hull-
borne invasive species and 
coastal water quality for Cali-
fornia and Baja California 
boats kept in saltwater” (http://
nsgl.gso.uri.edu/casg/casgt06
004.pdf) presents a wealth of 
information relevant to develop-
ers of waterjet and high-pres-
sure technologies. It’s a good 
place to begin when assessing 
where there might be a niche 
for a new product or service.
 For instance, speedier 
boats mean more AIS. The 
species have a better chance 
of surviving a long trek, the 
shorter their transit time.
 Hull coatings developed 
to inhibit attachment of 
organisms are discussed in 
the same report. They range 
from nontoxic epoxy and 

silicone-rubber to the effective but dangerous tributyltin (TBT), which 
was banned by the International Maritime Organization in 2001.
 The same report also indirectly gives contractors a fair index of the 
cost associated with boat cleaning. It demonstrates that it costs much 
more to take a boat out of water for cleaning, or almost ten times as much 
in the sample case (a 40-foot boat). Obviously, any method a contractor 
or developer can devise to enable in-water cleaning will be met with 
enthusiasm across the marine market.
 In short, haul-outs of vessels are expensive. Being able to clean a hull 
or a hold while a vessel is in-water can be a significant money saver for 
a customer. Even with anti-fouling coatings, most vessels must have a 
hull cleaning once a year.
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polymers are applied to 
and incorporated in hulls, 
it will be more important 
than ever to stay current 
with maintenance protocols 
set by manufacturers. 
 Engagement with the 
marine sector puts waterjet-
ting and high-pressure manu-
facturers and contractors in 
the realm of perhaps the most 
staggering list of environmen-
tal regulations affecting any 
industry. Air and water and 
land regulations are in play. 
For example, most marinas 
require anyone engaged in 
maintenance work to have 
permits that regulate dis-
charges and dictate the 
collection of wastewater 
and debris (organic and non-
organic) released by cleaning.
 Three other realities about 
the marine market must be 

Possibilities
 Just over half the population of the United States lives within 50 
miles of a coast. Recreational boating in coastal areas is popular, giving 
a considerable lift to possibilities for waterjetting and high-pressure 
tools in the marine industry. 
 In addition, the marine market in this nation links with a vigorous 
freshwater coastal area through the Great Lakes, as well as the naviga-
ble rivers such as the Mississippi and Ohio. All vessels, not just those 
in the marine industry, require maintenance.
 We have only touched upon the immensity of the marine market. 
The U.S. Navy, Coast Guard, Army, and Military Sealift Command all 
contract for cleaning services. And like the operators of cruise ships, 
cargo carriers, pleasure craft, tows, barges, and floating platforms, they, 
too, want the best existing tools and better tools in the future.
  Manufacturers of waterjetting and related tools may even be eligible 
for grants to test their innovations on Navy ships, which aim to be faster 
and greener at each design upgrade. Coatings that cut friction also con-
serve energy. And coatings that are biodegradable, or do not degrade at 
all, are coveted. 
  Not only does a smooth hull have minimal resistance, but the energy 
savings translate into reduced ship weight because less fuel has to be 
carried. Slashing fuel use also reduces the release of volatile organic 
compounds, including carbon dioxide. 
 Waterjetting and high-pressure technologies have a significant 
place in the marine industry. As new eco-friendly, anti-fouling 
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mentioned briefly. All markets 
are beset by competition. But 
the marine market, perhaps 
because of its potential for 
growth, seems to be a little 
more competitive. 
 It’s more than proprietary 
concerns and keen competi-
tors that motivate members 
of the marine industry to be 
particularly circumspect, 
however. The U.S. Depart-
ment of Homeland Security 
and its counterparts in other 
nations now keep a sharp 
eye over the comings and 
goings of cargo. Ports and 
all those who do business 
at ports are extremely busy 
not only with their primary 
business, but also with com-
plying with monitoring 
requirements. 
 And, third, there are 
ports around the world 

that operate within lax security and weak environmental require-
ments. U.S. ports receiving goods from such foreign ports must 
compensate.
 Security clearances, as well as licenses and documents demonstrat-
ing adherence to environmental and workplace regulations, are the 
standard and extensive fare for any company working in the marine 
sector. So waterjetting and high pressure manufacturers and con-
tractors must be ready to comply.
 One dampening factor on U.S. port calls is the decline in petroleum 
trade activity. There are many that would like to see that slide reversed, 
enabling ports as well as the entire economy to benefit from more activity.
 To get a quick grounding in the U.S. marine industry, there is no bet-
ter place to start than the online library of the Maritime Administration. 
We cited the link in an earlier section, but we repeat it here for ease of 
navigation (www.marad.dot.gov). 
 The more growth, the more competition, so it seems all signals point 
to the marine industry being as vigorous as it is challenging. From any 
perspective, the marine sector is an exciting one in which to participate. 
Only rail offers a more energy-efficient mode of transport than seagoing 
vessels. That means across 71 percent of the planet’s surface, water 
transport wins by default.
 More than that, there is perhaps no more lovely setting in which to 
work than by the sea. Shipyards, marinas, and dry docks have their 
own cadence, color, and composition. They are works of living art. 
The marine market is not only solid, it is captivating.
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