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SECTION 1
INTRODUCTION

1.1 REGULATORY FRAMEWORK FOR BALLAST WATER DISCHARGES

On March 28, 2013, EPA reissued the Vessel General Permit (VGP) for discharges
incidental to the normal operation of vessels. A key new provision of the permit is numeric
discharge limits to control the release of non-indigenous invasive species in ballast water!
discharges from inland and seagoing vessels greater than 1,600 gross registered tons (GRT), or
3,000 gross tons (GT), unless otherwise excluded.” The VGP specified that owners/operators of
these vessels must use one of the following four ballast water management methods to meet the
numeric ballast water discharge limits:

. Ballast water treatment system,

o Onshore treatment,

o Use of a public water supply for ballast, or
. No discharge of ballast water.

While not required by the 2013 VGP, the permit also encouraged owners and operators of
“Lakers” (i.e., vessels built before January 1, 2009 and operating exclusively on the Laurentian
Great Lakes) and inland and seagoing vessels smaller than 1,600 GRT (3,000 GT) to use
alternative management measures to reduce the number of living organisms in their ballast water
discharges.

1.2 EVALUATING THE FEASIBILITY AND EFFICACY OF USING A POTABLE WATER
GENERATOR (PWG) TO MEET BALLAST WATER NUMERIC DISCHARGE LIMITS

EPA is assessing whether additional options may be available for meeting ballast water
numeric discharge limits in future iterations of the VGP, or other regulatory mechanisms, as
appropriate. One option the Agency is considering is the use of onboard potable water generators
(PWGs). This report provides an overview of a study performed by EPA, in partnership with the
U.S. Maritime Administration (MARAD), to assess the feasibility and efficacy of using PWGs to
manage ballast water.® The study considered:

! Ballast water means any water taken onboard into ballast water tanks that assists with vessel draft, buoyancy, and
stability (USEPA, 2013a).

2 As specified in Part 2.2.3.5.3 of the 2013 VGP, the following types of vessels are excluded from having to meet
the numeric standards: (1) vessels engaged in short-distance voyages that operate in or take on and discharge ballast
water exclusively in one Coast Guard Captain of the Port (COPT) zone; (2) vessels that do not travel more than 10
nautical miles and do not cross any physical barriers or obstructions; (3) unmanned and unpowered barges (such as
hopper barges); and (4) vessels that operate exclusively on the Laurentian Great Lakes (known as Lakers) that were
built before January 1, 2009.

3 For this report, EPA considers a PWG to be any system that produces purified water from fresh, brackish, or
saltwater sources using distillation or reverse osmosis technologies, with the purified water then being disinfected
with chemicals or ultraviolet radiation to neutralize any remaining living organisms and pathogens and make the
water potable.
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. Applicable vessel types and the amount of ballast water needed,
o PWG design characteristics and costs,
. Feasibility of installing a PWG onboard a vessel, and
o Efficacy of a PWG to meet ballast water numeric discharge limits.
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SECTION 2
VESSEL TYPES FOR WHICH A PWG OPTION IS POSSIBLE

To assess whether onboard PWGs are a feasible option for managing ballast water
discharges, EPA evaluated typical ballasting operations, volumes, and flow rates required for
various vessel types. EPA then compared vessel ballast requirements against what is achievable
using commercially available PWGs to determine under what conditions this technology could
apply to vessels. This section presents the information EPA gathered on vessel ballasting
operations and PWG capacities and discusses the conditions under which PWG technologies
may appropriate for ballast water management.

2.1 BALLASTING OPERATIONS BY TYPE OF VESSEL

According to the United States Coast Guard (USCG, 2012), large commercial vessels
(e.g., container ships, bulk carriers, other cargo vessels, and tankers) load and offload ballast
water in large quantities at high rates over relatively short periods. For example, large
commercial vessels have ballast water capacities ranging from 1,700 m® to approximately
215,000 m? and ballast water pump capacities ranging from 250 m*/hr to 6,500 m*/hr (USCG,
2012). These rates far exceed the capacity of existing onboard PWGs; although in some
instances, such generators are currently used aboard vessels to satisfy daily fresh water demands
for drinking, laundry, galley, dishwashing, sinks, showers, and sanitary water. Commenters
responding to the proposed 2013 VGP indicated that PWGs may be a viable option for satisfying
ballast water requirements for certain small commercial vessels that ballast to compensate for
fuel burn (e.g., towboats) and for certain large vessels with relatively modest ballasting
requirements (e.g., passenger vessels and fishing vessels). Accordingly, EPA’s data collection
for this analysis focused on these vessel types and operations for which PWG ballasting may be
applicable. Table 2-1 summarizes the information EPA collected on ballasting operations by
vessel type.
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Table 2-1. Small Commercial Vessel Types and their Ballasting Operations

Ballast Volume

balance as fuel is consumed during the voyage. For these
operations the ballast is discharged prior to refueling. Some
tugboats may also use permanent ballast.

Small harbor tug:
2,000 to 3,000?

Vessel Type Description Ballasting Operations (gal) (m%)
Utility: Tugboats | Tugboats or towboats Tugboats carry relatively small volumes of ballast water and Inland tug: Inland tug:
have low ballasting rates in the 20 to 250 gallon/minute (gpm) | 20,000 to 40,000> | 76 to 1512
range.! Using potable water as ballast is common practice for
inland towing vessels. These types of vessels do use potable Coastal tug: Coastal tug:
water for accommodating changes in displacement and 20,000 to 70,000% | 76 to 2652

Small harbor tug:
8 to 112

86 to 470 ft in length?

minor adjustments to maintain trim, often managed using fuel.

Larger vessels that perform longer-term surveys may ballast
to compensate for fuel burn.

Utility: Oft- Supply vessels that support off- OSVs generally have designated ballast tanks, take on fresh 26,000 to 100 to 5,000
Shore Support shore oil and gas operations. municipal water as ballast, and offload ballast at the off-shore | 1,321,000°
Vessels (OSVs) Includes crew boats, lift boats, rig or back in port. These types of vessels do not use seawater
and tugs and barges that carry for ballast and do not discharge ballast water to the sea. Lift
equipment, supplies, and workers. | boats take on and discharge seawater as ballast in the exact
same location.
Small Passenger | Dinner cruise vessels, sightseeing | Very few commercial passenger vessels carry or discharge 0 to 21,000* 0 to 79*
Vessels and excursion vessels, passenger | ballast water. Passenger vessels that do carry ballast water
and vehicular ferries, private carry 2,000 to 21,000 gallons, and ballast at rates ranging
charter vessels, whale watching from 180 to 800 gpm.? Recreational charter boats generally do
and eco-tour operations, not have ballast water tanks.
windjammers, gaming vessels,
amphibious vessels, water taxis,
and overnight cruise ships
Fishing Vessels Vessels 65 to 297 feet (ft) in Smaller fishing vessels do not require and are not equipped 0 to 566,000* 0 to 2,100*
length with ballast tanks (but would be equipped with fish holding
tanks). Among fishing vessels equipped with ballast tanks,
some use PWG as ballast, others are permanently ballasted,
and others ballast/deballast routinely.
Research Vessels | Coastal and oceangoing vessels Vessel profile is relatively stable, generally requiring only 0 to 1,268,000* 0 to 4,800%

Source: USEPA, 2012

' AWO, 2012
2 AWO, 2009
3IMO, 2012

4 USEPA, 2013b, rounded to the nearest thousand gallons
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2.1.1 Ballasting Operations for Tugboats and Towboats

EPA obtained information and data regarding tugboats and towboats and their ballasting
operations from comments submitted in response to the proposed 2013 VGP, as well as
telephone contacts with vessel owners/operators, as described below:

. The American Waterways Operators (AWO) is the national trade association for
the tugboat, towboat, and barge industry. AWQO’s member companies include
owners and operators of barges and towing vessels operating on the U.S. inland
and intracoastal waterways; the Atlantic, Pacific, and Gulf coasts; and the Great
Lakes. According to AWO:

— Towing vessels use relatively small volumes of ballast water — a typical
inland towboat can carry 20,000 to 40,000 gallons (gal) of ballast water,
and a typical coastal tugboat has a ballast water capacity of 20,000 to
70,000 gal (AWO, 2012). A small harbor tug might have a capacity of
2,000 to 3,000 gal (AWO, 2009).

— Towing vessels have very low ballasting rates, usually ranging from 20 to
250 gpm (AWO, 2012).

AWO acknowledges that using potable water as ballast is common practice for
inland towing vessels, but not universal. In particular, this practice is not
operationally or economically feasible for towing vessels that carry ballast water
to maintain stability and trim (i.e., accommodate changes in vessel displacement
and balance) as fuel is consumed during a voyage. As an example, AWO
describes that a towboat may need to take up 3,000 to 5,000 gal of ballast water
per day to offset fuel consumption. The percentage of these vessels that use
potable water as ballast is unknown.

AWO acknowledges that some tugboats use permanent ballast and never
discharge that water, but others need to take on and discharge ballast water for
safe operation. The percentage of vessels that use permanent ballast is unknown
(AWO, 2012).

. Canal Barge Company operates a fleet of 32 inland towboats and more than 800
barges that operate on the Intracoastal Waterway, Lower Mississippi River,
Ilinois River, and Ohio River. Canal Barge Company describes a large towing
vessel as one that takes on ballast to compensate for burning 10,000 gal of fuel
per day (equivalent to 8,320 gal of ballast water, assuming a diesel fuel density of
0.832 kilograms per liter) (Canal Barge Company, 2012).

. Allied Transportation Company owns and operates 8 oceangoing tugboats and 13
barges on the East and Gulf Coasts of the United States. Their towing vessels take
on ballast only to compensate for fuel consumed and only discharge ballast prior
to refueling. Their largest capacity tugboat carries a maximum of 178 m® of
ballast water (47,022 gal) (Allied Transportation Company, 2012). According to
EPA’s VGP Notice of Intent (NOI) database, this vessel is 863 GT and 124 ft
long. Other Allied Transportation Company vessels (non-barge) in the NOI
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database range from 95 to 700 GT, from 80 to 128 ft, and from 0 to 50,400 gal of
ballast water capacity.

o American River Transportation Co. (ARTCO) operates a fleet of 1,835 barges, 28
linehaul vessels, and over 50 local harbor vessels on the inland river system.
ARTCO described a typical voyage for a linehaul vessel operating on the Lower
and Upper Mississippi River, below St. Louis:

— Departs St. Louis southbound full of fuel with approximately 18,500 gal
of ballast on board.

— About two days later (Memphis), the crew adds another 18,500 gal of
ballast.

— In New Orleans, the crew discharges 22,000 gal of ballast when adding
fuel.

— About three days later (Rosedale), the crew adds 18,000 gal of ballast.
— About three days later (New Madrid), the crew adds 18,000 gal of ballast.

— In St. Louis, the crew fully fuels the vessel and discharges all ballast
except for 18,500 gal (ARTCO, 2012).

. Great Lakes Towing Company tugboats operate in harbors and do not require
ballast water; their vessels are not equipped with ballast tanks (ERG, personal
communications, May 17, 2013).

o Sause Bros. operates: (1) harbor vessels such as assist/general towing/escort
vessels and tugs/crew boats that shuttle crews to offshore production facilities,
and (2) oceangoing unmanned barges and towing vessels operating on the West
Coast. Harbor vessels do not carry ballast water and many are not equipped with
ballast tanks. Oceangoing towing vessels maintain trim by shifting fuel between
tanks; ballast water is rarely used and only under such conditions as operating in
heavy seas when the vessel is light on fuel (ERG, personal communications, May
14, 2013).

o AEP River Operations provides barge transportation services of dry bulk
commodities throughout the inland river system. AEP’s inland towing vessels
ballast and deballast to compensate for fuel consumption or refueling. A voyage
may run five to seven days from Memphis to St. Louis. Fuel is taken on every
four or five days; after about two days of fuel burn, the vessel trim is affected, at
which point ballast water is added from time to time at a slow rate. Other towing
vessels are able to add fuel every day, and it is not critical for them to use ballast
water to maintain trim (ERG, personal communications, March 26, 2014).

These comments and communications regarding tugboat and towing vessels and NOI
data indicate that:

o Inland and coastal tugboats and towboats of all sizes routinely carry ballast water.
Many of these vessels use potable water as ballast; however, the percentage of
vessels that use potable water as ballast is unknown. In addition, an unknown




Feasibility and Efficacy of Using Potable Water Generators Section 2—Vessel Types for
as an Alternative Option for Meeting Ballast Water Discharge Limits Which a PWG Option is Possible

percentage of vessels are not equipped with ballast tanks or use permanent ballast
that is never discharged.

Vessels that take on ballast while underway use ballast to compensate for fuel
burned during a voyage. This ballast is discharged when refueling. The
percentage of vessels with these ballasting operations is unknown.

The amount of ballast water varies by vessel type. A typical inland towboat can
carry 20,000 to 40,000 gal of ballast water, a typical coastal tugboat has a ballast
water capacity of 20,000 to 70,000 gal, and a small harbor tug may have a
capacity of 2,000 to 3,000 gal.

2.1.2 Ballasting Operations for Offshore Workboats

EPA obtained information and data regarding offshore workboats and their ballasting
operations from comments submitted in response to the proposed 2013 VGP and the USCG
proposed ballast water discharge standard rulemaking (2012), as described below:

The Offshore Marine Service Association (OMSA) represents owners and
operators of approximately 1,200 vessels (offshore supply vessels, crewboats,
liftboats, and tugs and barges) that carry equipment, supplies, and workers in
support of offshore oil and gas exploration and development in the Gulf of
Mexico. According to OMSA, vessels in their membership have designated
ballast tanks that take on only fresh municipal water that is then offloaded to an
offshore rig or to a facility once back in port (OMSA, 2012a and 2012b). They do
not take on seawater for ballast, and they do not discharge ballast water to the sea.
Coastwise vessel operators specifically do not allow seawater in ballast tanks due
to its corrosivity (OMSA, 2009).

Also, according to OMSA, liftboats take on seawater, referred to as “preload”
water, to firmly attach their legs to the seafloor to work alongside a rig. The
vessel discharges the preload water completely (as mandated by their USCG
certified Operations Manual) before moving and navigating to its next point.
Therefore, liftboats take on and discharge seawater in the exact same location
(OSMA, 2009).

Per OSMA, 2009, more than 80 percent of membership vessels operate within
two COTP zones (New Orleans and Morgan City, Louisiana).

Rowan Companies, Inc. requested that EPA consider adding an option to use
freshwater generated from seawater (from watermakers, desalinization units,
reverse osmosis units, etc.) as a source of ballast water. According to Rowan
Companies, freshwater generated from seawater is often used for potable water on
mobile offshore drilling units and as a source of ballast water for vessels with
moderate ballast water requirements (~84,000 gal) (Rowan Companies, Inc.,
2012).

Hornbeck Offshore Operators, LLC provides offshore supply vessels serving the
oil and gas industry in the Gulf of Mexico. They also operate tugboats and barges
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to transport petroleum products in northeastern United States and the Gulf of
Mexico. Hornbeck Offshore states that the majority of their vessels use municipal
water as their primary source of ballast water (Hornbeck Offshore Operators,
2009).

These comments regarding offshore workboats indicate that:

The vast majority of offshore workboats use municipal potable water as their
primary or sole source of ballast water.

A typical offshore workboat ballasting requirement may be 84,000 gal.
Liftboats take on and discharge ballast at the exact same location.

An estimated 80 percent of offshore workboats operate within two COTP zones,
in Louisiana.

2.1.3 Ballasting Operations for Passenger Vessels

EPA obtained information and data regarding passenger vessels and their ballasting
operations from comments submitted on the proposed 2008 VGP and proposed 2013 VGP, as
well as telephone contacts with vessel owners/operators, as described below:

The Passenger Vessel Association represents U.S.-flagged passenger vessels of all
types (dinner cruise vessels, sightseeing and excursion vessels, passenger and
vehicular ferries, private charter vessels, whale-watching and eco-tour operators,
windjammers, gaming vessels, amphibious vessels, water taxis, and overnight
cruise ships), with nearly 600 vessel and associate members. According to the
association, very few commercial passenger vessels either carry or discharge
ballast water (PVA, 2008).

The National Association of Charterboat Operators represents over 3,300 charter
boat owners and operators of for-hire vessels ranging from 15-ft center console
outboards to 120-ft triple engine headboats. The commenter states that
recreational charter boats do not have ballast water tanks (NACO, 2008).

Argosy Cruises operates 11 vessels in and around the Seattle harbor and Lake
Washington, performing sightseeing tours and private charters. These vessels do
not carry ballast water or leave local waters. The Argosy Cruises website (Argosy
Cruises, 2012) describes 9 vessels ranging in length from 36 to 180 ft (Argosy
Cruises, 2008).

The Boat Company operates two vessels with overnight accommodations on
week-long conservation/education cruises in Southeast Alaska Inside Passage
waters. Both vessels are 150 ft in length; one vessel is less than 100 GRT and the
other is 403 GRT. Neither vessel carries ballast water (The Boat Company, 2008).

According to Maryland’s Pride, sailing school vessels (limited to 500 GRT) and
sail and auxiliary sail vessels (limited to 100 GRT) operating under Subchapter T
do not have water ballast tanks (fixed ballast only). Voyages are typically short
and frequent (Maryland’s Pride, 2008).
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River Cruises operates a 157-ft Riverboat with two-day overnight cruises on the
Upper Mississippi River. According to River Cruises, while the vessel has ballast
water tanks, they have never been used; if the ballast tanks were to be used, they
would be filled with fresh water from shore (River Cruises, 2008).

Seabourn Cruise Line operates 6 oceangoing cruise vessels that carry between
130 and 450 passengers. Seabourn vessels do not take on seawater for ballasting,
but manage trim by adding advanced wastewater treatment permeate, untreated
graywater, or treated blackwater to ballast tanks. These ships may add ballast
using these water sources to compensate for fuel consumption or for bad weather
(ERG, personal communications, May 28, 2013).

According to EPA’s VGP NOI database, medium cruise ships carrying 100 to 499
passengers have an average ballast water capacity of approximately 135,000 gal
(512 cubic meters (m®)). Large cruise ships carrying more than 500 passengers
have an average ballast water capacity of approximately 1,000,000 gal (3,900 m?).

These comments and communications regarding passenger vessels and NOI data indicate

that:

Very few passenger vessels either carry or discharge ballast water; however, the
percentage of vessels that do not carry or discharge ballast water is unknown.

Among the passenger vessels that do carry ballast water, some use bunkered
potable water as ballast. The percentage of these vessels that use potable water is
unknown.

Among the smaller passenger vessels that do carry ballast water, the amount of
ballast water carried is unknown; however, available information regarding ballast
capacities suggest the amount may range from less than 2,100 gal (8 m®) to
20,700 gal (78 m>).

Many larger passenger vessels have ballasting options other than seawater and
municipal potable work, depending on onboard sanitary systems. Medium and
large cruise ships have average ballast water capacities of approximately 135,000
gal (512 m®) to 1,000,000 gal (3,900 m?), respectively.

2.1.4 Ballasting Operations for Commercial Fishing Vessels

EPA obtained information and data regarding commercial fishing vessels and their
ballasting operations from comments submitted in response to the proposed 2013 VGP, as well
as telephone contacts with vessel owners/operators, as described below:

United Fisherman of Alaska (UFA) is the largest statewide commercial fishing
trade association, representing 37 commercial fishing organizations participating
in fisheries throughout the state and its offshore federal waters. According to
UFA, in 2007, the Alaska commercial fishing fleet included 9,828 commercial
fishing vessels ranging in length from 7 to 635 ft, including 497 vessels over 79
ft. In a comment, UFA requested that EPA make explicit that water taken on
board in a fish hold for purposes of fishing and tendering (fish and shellfish) is
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not defined as ballast water. Further, UFA stated that ballast tanks on some
fishing vessels are filled with potable water or are permanently filled (UFA,
2012).

o United Catcher Boats and Pacific Seafood Processors Association provided joint
comments. United Catcher Boats represents owners of vessels that trawl for
groundfish in the Bering Sea, Gulf of Alaska, and West Coast commercial
fisheries. Their 72 member vessels range from 75 to 190 ft and range between 100
and 500 GT. Pacific Seafood Processors Association corporate members are
major seafood processing companies with operations in Alaska and Washington.
Their only comment regarding ballast water was to request that EPA exempt re-
circulating seawater tanks from ballast water requirements (UCBA and PSPA,
2012).

o At-sea Processors Association, the Freezer Longline Coalition, and the Ground
Fish Forum provided collective comments. At-sea Processors Association
represents six companies that own and operate 16 U.S.-flag catcher processor
vessels that participate in the Alaska pollock fishery, accounting for more than
one-third of all fish harvested in the United States. These vessels range in size
from approximately 250 to 340 ft and approximately 1,500 to 5,000 GT. The
Freezer Longline Coalition represents owners and operators of 30 U.S.-flag
vessels that participate in the freezer longline or catcher/processor hook-and-line
sector of the Pacific cod fishery in the federal waters of the Bearing Sea, Aleutian
Islands, and the Gulf of Alaska. These vessels range in size from approximately
110 to 180 ft and approximately 140 to 900 GT. The Ground Fish Forum
represents 5 companies and 17 vessels/licenses that are part of the “Amendment
80” sector in the Bering Sea/Aleutian Islands and operate in the Gulf of Alaska.
These vessels range in size from 100 to 295 ft in length and from 180 to 1,600
tons. The commenters stated that most of their members’ vessels are equipped
with ballast tanks and will be subject to VGP ballast water requirements. The
commenters described the need to ballast/deballast when operating in severe
weather and rough seas. The commenters also stated that several vessels currently
use potable water generated on board for ballast water (APA, FLC, and GFF,
2012).

. An anonymous commenter stated that smaller Alaskan commercial fishing vessels
discharge 70,000 gal or less of ballast water (Anonymous, 2012).

. iWorkWise provides consulting services to the commercial fishing industry in the
Pacific Northwest and Alaska. According to iWorkWise, commercial fishing
vessels primarily deballast as they use fuel and catch fish, which they stow in
their cargo holds. They also ballast to control trim when they are transiting to and
from Alaska (ERG, personal communications, April 9, 2014).

These comments and communications regarding fishing vessels indicate that:

. Many of the fishing vessels within this group, especially the smaller fishing
vessels, do not require and are not equipped with ballast tanks (they are equipped
with fish hold tanks, which are typically not used to maintain the trim and
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stability of the vessel). The percentage of these vessels without ballast tanks is
unknown.

Among the fishing vessels equipped with ballast tanks, some use potable water
(either bunkered municipal water or potable water generated on board) as ballast,
or they are permanently ballasted. Some may never use or discharge ballast water.
However, others ballast and deballast frequently and routinely when conducting
fishing operations and burning fuel.

2.1.5 Ballasting Operations for Research and Other Potentially Relevant Vessels

EPA obtained information and data regarding other types of small vessels or other vessels
with modest ballasting requirements from comments submitted in response to the proposed 2013
VGP, as well as telephone contacts with vessel owners/operators, as described below:

Cetacean Marine operates and maintains research, training, and offshore support
vessels. According to Cetacean Marine, the only time Great Lakes non-cargo
vessels must ballast is at the commencement of the sailing season and when the
accumulation of onboard sewage or the consumption of fuel requires shifting,
uptaking, or discharging of ballast water. Cetacean Marine requested that EPA
consider the use of onboard PWGs such as an onboard reverse osmosis
watermaker as another compliance alternative (Cetacean Marine, 2012).

The ocean survey vessel Bold is a 224-ft oceangoing research vessel previously
owned by EPA. This vessel’s trim is adjusted to sit low in the water to provide
greater stability; trim is generally maintained using fuel (250,000-gal fuel
capacity). The vessel uses ballast water to compensate for fuel consumption.
Ballasting is performed once or twice during a 2-week survey with a typical
ballasting volume of about 3,000 gal (ERG, personal communications, May 29,
2013).

R/V Lake Guardian is a 180-ft Great Lakes research vessel owned by EPA. In
2010, the vessel’s ballast tanks were converted to potable water tanks. At the
onset of the season (April), the vessel operators fill the Guardian’s potable water
tanks with municipal potable water. Potable water, fuel, and sewage are shifted
between tanks as necessary to maintain stability and trim. Additional ballasting
and deballasting is minimized, and no ballast water has been discharged over the
last several years (ERG, personal communications, June 7, 2013).

R/V Savannah is a 92-ft oceangoing research vessel that operates primarily in the
South Atlantic, Cape Hatteras, and Cape Canaveral. The vessel has a 27,000-gal
capacity for freshwater ballast. The vessel’s stability profile is fairly standard,
requiring only minor adjustments during the voyage, primarily made with fuel.
Only rare conditions would require seawater ballasting, such as if the peak tank
was low and the vessel encountered rough seas (ERG, personal communications,
June 30, 2013).

R/V Hugh R. Sharp is a 146-ft coastal research vessel that operates in the
Delaware and Chesapeake Bays and adjacent coastal waters out to 200 nautical
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miles. The vessel does not have ballast water tanks or use water as ballast; fuel is
used to maintain trim (ERG, personal communications, July 11, 2013).

These comments and communications indicate that:

o Non-cargo vessels in the Great Lakes ballast infrequently. Vessels maintain trim
by shifting potable water, fuel, or sewage.

o Research vessels internally ballast fuel to maintain trim. Some also use ballast
water to compensate for fuel consumption. The percentage of vessels that use
ballast water to compensate for fuel consumption is unknown.

2.2 BALLAST DISCHARGE RATES BY TYPE OF VESSEL

To assess ballast discharge rates, EPA gathered information on eight vessels and seven
vessel classes ranging from 138 to 32,000 GT. Table 2-2 summarizes the information for each
vessel or vessel class. The information is grouped by vessel type (e.g., research, utility,
passenger, etc.), and presents general information about the vessel, typical vessel ballast pump
ratings in gpm, and fuel burn rates in gpm.

Most operators indicated their vessels or vessel classes take on ballast to compensate for
fuel consumption, while some operators reported taking on ballast to level out the vessel or to
compensate for cargo loads (Rowan EXL jackup rigs and the NPS vessel M/V Ranger 111,
respectively) (GA, 2011 and ERG, personal communications, June 11, 2013). Overall, vessel
ballast rates range from 155 to 800 gpm. These rates largely are determined by the ballast pump
(i.e., vessels take on ballast as quickly as their ballast pumps allow).

For commercial fishing vessels, EPA did not receive information on typical vessel
ballasting rates. However, comments from the VGP docket and iWorkWise indicate that fishing
vessels ballast to compensate for fuel use, satisfying ballasting requirements by managing cargo
holds, using ballast tanks filled with potable water, or using permanently filled ballast tanks.

For comparative purposes, EPA estimated fuel burn rates for those vessels that indicated
they ballast solely for compensating for fuel burn off. This rate, shown in Table 2-2, represents
the minimum ballasting rate required to maintain vessels at a steady draft or trim. These rates
range from approximately 0.3 to 3.4 gpm for research vessels, and from approximately 3.4 to
18.3 gpm for utility (towing) vessels. These values are based on fuel consumption estimates
provided by vessel operators, and have been adjusted to reflect an assumed specific gravity of
0.82 for fuel oil. In general, fuel burn rates are one to two orders of magnitude lower than ballast
pump rates.

2.3 CAPACITY OF ONBOARD PWGS

To determine if commercially available PWGs can provide enough water for ballasting,
EPA researched and contacted PWG vendors and used publicly available data sources. Table 2-3
summarizes the number of PWG vendors and systems available by the range of water production
rating (in gpm). The information provided in Table 2-3 indicates that most PWGs are designed to
generate potable water in the 0 to 30 gpm range. Above 30 gpm, the number of system options
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are reduced. The largest PWG on the market was designed to handle generation rates up to about
400 gpm.

Information on PWGs, their sizes, and their potable water generation rates are included in
Section 3.
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Table 2-2. Summary of Gathered Vessel Data and Ballasting Rates

Vessel Information Vessel Ballast Data
Ballast
Gross Detailed Pump
Length | Breadth | Gross Registered | Drawings? Rating Fuel Burn Rate
Vessel Name/Class (ft) (ft) Tonnage | Tonnage (Y/N) (gpm) (gpm) Ballasting Notes
Research Vessels
INSF UNOLS Pelican 116 27 -- 261 Y 200 0.3 Based on fuel burn rate of 0.4 gpm and fuel
(Geared Diesel Engine) SG of 0.82.
INSF UNOLS Savannah 92 27 265 -- Y 170 0.3 Assume similar fuel burn rate as the
(Geared Diesel Engine) Pelican.
NOAA FSV Class Vessels! 209 49 2,218 -- Y 176 or 353 1.4 Based on fuel burn rate of 1.8 gpm and fuel
(Diesel Electric Engine) SG of 0.82.
NOAA T-AGOS Class 224 43 1,914 -- Y 175 1.5 Based on fuel burn rate of 1.9 gpm and fuel
Vessels? SG of 0.82.
(Diesel Electric Engine)
NSF UNOLS Endeavor 176 40 292 -- N 140 to 150 291034 Based on fuel burn rate of 3.5 to 4.2 gpm
and fuel SG of 0.82.
EPA Bold 224 20 1,914 -- N 155to 175 -- 3,000 gal, intermittently.
EPA GLNPO Lake Guardian 180 40 299 -- N -- -- Ballast discharges kept to a minimum; use
fuel and sewage as ballast.
NSF UNOLS Hugh R. Sharp 146 32 495 -- N -- -- --
Utility Vessels
AEP River Operations 85 to 195 -- 138 to 839|232 to 1,415 N 20 to 250 3.4t04.6 Based on fuel burn rate of 4.2 to 5.6 gpm
Towing Vessels and fuel SG of 0.82.
Sause Bros. Towing Vessels [96 to 143 -- 8210199 | 139 to 280 N 250 3.4t018.3 Based on fuel burn rate of 4.2 to 22.3 gpm
and fuel SG of 0.82.
Marquette Transportation 52 to 200 -- 50 to 1,103 -- N -- -- --
Towing Vessels
Rowan EXL Jackup Rigs -- -- -- -- Y -- -- ~83,000 gal per ballasting event.
Passenger Vessels
NPS M/V Ranger 111 150 34 648 -- N 180 -- Ballasts over short intervals, hence sizeable
rating.
Seabourn Cruise Line -- -- 10,000 to -- N 800 -- 79,250 to 317,000 gal per voyage. Ballasts
(Cruise Vessels) 32,000 over short intervals.
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Table 2-2. Summary of Gathered Vessel Data and Ballasting Rates

Vessel Information Vessel Ballast Data
Ballast
Gross Detailed Pump
Length | Breadth | Gross Registered | Drawings? Rating Fuel Burn Rate

Vessel Name/Class (ft) (ft) Tonnage | Tonnage (Y/N) (gpm) (gpm) Ballasting Notes
Training Vessels
TS Golden Bear 466 72 13,574 -- Y 350 to 550 -- 53,800 to 80,700 gal every few weeks.
(Geared Diesel Engine)

Sources: ABS, 2014a; LUMCON, no date; NOAA, no date a and b; SIO, 2013; USEPA, 2009 and 2013b.
SG — Specific gravity

! Based on vessel information for the Henry B. Bigelow.

2 Based on vessel information for the McArthur I1.

Table 2-3. Summary of Available PWGs Aggregated by Water Production Capacity

Water Production No. of Vendor
Rating No. of Vendors! Systems?
<10 gpm 13 144
10 to 20 gpm 11 30
20 to 30 gpm 7 12
30 to 40 gpm 3 5
40 to 50 gpm 2 3
50 to 60 gpm 3 3
60 to 70 gpm 1 1
70 to 80 gpm 3 3
80 to 90 gpm 0 0
90 to 100 gpm 2 2
>100 gpm 3 7
>200 gpm 1 2
>300 gpm 1 1

' EPA identified a total of 13 PWG vendors. This table
double counts vendors offering multiple PWGs with
different ratings.

2 EPA identified a total of 213 vendor systems.
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2.4 VESSELS FOR WHICH PWGS ARE POSSIBLE FOR BALLAST WATER REPLACEMENT

A comparison of large vessel ballasting rates to potable water generation rates indicates
that it is impractical to generate potable water at rates high enough to compensate for large, rapid
changes in displacement, such as those seen in cargo operations of many larger ship types. A
small oil tanker has ballast discharge rates of tens of thousands of gallons per minute. Bulk
carriers have ballast discharge rates of several hundred to over a thousand tons per hour. Small
container ships that unloaded at the rate of 20 to 30 (or more) containers per hour require
ballasting rates of between 800 to 1,200 gpm, assuming an average container weighs
approximately 20,000 pounds and they are not able to internally ballast.* PWG use by any of
these vessel types likely would not be feasible due to needed pumping rates.

For small vessels, comparing the ballast pump rates (Table 2-2) to possible PWG
production rates (Table 2-3) indicates that using PWGs as an all-purpose source of ballast water
(e.g., when loading and unloading cargo or fighting fires) may not be feasible. Overall, the
ballast pump rates in Table 2-2 show that these vessels take on hundreds of gallons of water per
minute. Of the 213 PWGs listed in Table 2-3, only 10 systems (5 percent) could meet ballast
water demands at this order of magnitude. The size of these 10 PWGs likely would preclude
them from being feasible for small vessels. However, it would be more realistic for vessels to
maintain draft or trim using PWGs with production capacities comparable to their fuel burn
rates. EPA has analyzed PWG feasibility using fuel burn rates for vessels for the following
reasons:

. Ballast water pumps also serve as firemain pumps, with firefighting capacity
driving pump design requirements.

. Steady-state filling represents a best-case scenario. If the analysis is not successful
under this condition, it is reasonable to conclude that it would not be able to meet
the surges in demand associated with non-steady-state scenarios.

o While steady-state filling of ballast tanks is not typical, EPA believes vessel
stability concerns can be managed using the steady-state generation rates of
PWGs.

Based on this initial analysis of ballasting rates versus PWG rates, using PWGs to
generate onboard ballast water would appear to be limited primarily to smaller vessel types to
maintain draft or trim or to compensate for fuel burn unless those vessels also use other
ballasting management strategies (e.g., internal ballasting or using public water supply water) to
complement use of PWGs. Therefore, the remainder of this report focuses on the feasibility of
using PWG’s to generate onboard ballast water for smaller commercial vessels.

4 Containers typically are 20 or 40 ft long, with a height and width of just under 8 ft (WSC, 2014).
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SECTION 3
PWG AND DISINFECTION TECHNOLOGIES
APPLICABLE TO VESSELS

As discussed in Section 1, this report evaluates the feasibility of using onboard PWGs to
meet vessel ballasting requirements. Vessel generation of potable water requires both
purification of the water source and subsequent disinfection to remove harmful microorganisms
to ensure the water is safe for human consumption. As a result, the onboard PWGs considered in
this report represent a composite of two primary subsystems: the PWG and the disinfection
system. Together, these two subsystems would generate potable water that would be supplied
directly to vessel ballast or potable water storage tanks. The following section provides an
overview of PWG and disinfection technologies, including their technical specifications and
associated capital and operating and maintenance (O&M) costs.

PWGs use either vacuum distillation or reverse osmosis (RO) technologies to draw fresh,
brackish, or salt water into the PWG for purification. The treated water is then typically passed
through disinfection systems to remove microorganisms (MCA, 1999). Operational factors that
can impact the efficiency of PWGs include inlet water temperatures and contamination (e.g.,
hydrocarbons can foul RO filter membranes).

Vacuum distillation systems use heat and low pressure to purify fresh or seawater. The
heat source used for this process is waste heat produced by the vessel’s main engine. This waste
heat is delivered to the distiller through the main engine’s cooling water and has a typical
temperature of about 65°C. Because the distiller operates under vacuum, the boiling point of
water is reduced to less than 45°C. In this manner, approximately half of the seawater fed into
the distiller is converted into distilled water (McGeorge, 1995).

RO systems use semipermeable membranes to physically separate dissolved solids from
water. These membranes have pore sizes that range from approximately 0.2 to 1 nanometers
(nm) (KMS, 2012). A pump continually forces feedwater (i.e., fresh, brackish, or salt water)
against the semipermeable membrane; dissolved salts in the feedwater are too large to pass
through the pores and are continually rejected from the system as a brine discharge, while the
treated water passes through the membrane (McGeorge, 1995).

Product water from distillation and RO processes typically are passed through
disinfection systems to remove harmful microorganisms that would make the water unsafe for
human consumption. Typical technologies used for water disinfection include
chlorination/bromination, electro-katadyn, and ultraviolet (UV) technologies. Chlorination,
bromination, and electro-katadyn disinfection systems are installed between the PWG and the
potable water storage tank(s). UV disinfection systems, on the other hand, are installed
downstream of storage tank(s) (McGeorge, 1995).

Chlorination and bromination disinfection systems deliver a fixed amount of chlorine or
bromine to kill microorganisms. Chlorine is supplied as calcium hypochlorite powders or pellets,
as a sodium hypochlorite solution, or as a gas that is generated onboard through electrolysis of
sodium chloride solutions. In systems using dry powders or pellets, the chlorine is dropped
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directly into a water tank. Systems using hypochlorite solutions or chlorine gas dose chlorine
continuously through a metering pump.

The electro-katadyn process is used as an alternative method for disinfecting water. In
this method, silver ions, which are toxic to bacteria, are dissolved into water as it passes through
a chamber containing a silver anode. The amount of silver released from the anode and into the
water is governed by the intensity of the current passing through the silver anode.

UV sterilizers use ultraviolet radiation to eliminate microorganisms present in water.
These units are typically positioned as close to tap supply points as possible (McGeorge, 1995).
UV sterilizers are most effective when treating water with a higher UV transmittance such as
treated water. This is because any suspended solids present in the water can block UV light. The
reduced UV dose resulting from the presence of suspended solids would mean that more
microorganisms could pass through the sterilizer without being neutralized or inactivated.

3.1 OVERVIEW OF TECHNICAL SPECIFICATIONS FOR PWG AND DISINFECTION SYSTEMS

The information presented in this section is based on EPA’s review of vendor literature.
EPA identified these vendors through general internet searches for PWG and disinfection
systems and through searches of marine supply websites, as guided by previous EPA efforts
supporting the ballast water best available technology analysis for small vessels (USEPA, 2012).
From the vendor websites, EPA collected technical data about vendor systems, including their
dimensions, weight, and power requirements. This information is provided in Attachment A.

In addition to reviewing vendor literature, EPA contacted several vendors directly for
supplemental information about their systems and to discuss the feasibility and availability of
PWG and disinfection systems. Attachment B summarizes the information gathered from those
conversations.

3.1.1 Summary of Available PWGs

EPA identified 13 vendors offering a total of 213 unique PWG systems. Of this total, 4
vendors offered 35 distillation systems while the remaining vendors offered 178 RO systems.
Only one vendor provided both distillation and RO systems (this particular vendor provided ten
distillation systems and six RO systems). Based on these observations, there appears to be a
greater availability of PWG vendors and vendor systems utilizing RO technologies than
distillation-based PWGs.

Table 3-2 summarizes the technical specifications associated with each of the PWGs
identified by EPA. The data are aggregated by PWG technology (i.e., distillation or RO) and by
water production rate, in gpm. Overall, the table shows water production rates spanning from
<10 gpm up to 400 gpm. Of the PWGs identified by EPA, the greatest production rates are
associated with RO systems, with rates ranging from <10 gpm up to 400 gpm. Distillation
systems provide rates that are an order of magnitude lower (<10 gpm up to 20 gpm).

In comparing RO and distillation system dimensions, there does not appear to be a
significant difference when comparing similarly rated systems. However, distillation systems
tend to be heavier than RO systems. For example, the 10- to 20-gpm distillation systems in Table
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3-2 weigh 2,006 to 18,000 1b; however, similarly rated RO systems weigh only 1,350 to 10,200
Ib.

Power requirements represent a second distinguishing feature between the two PWG
technologies. As mentioned previously, distillation systems must recover heat from vessel
engines. These systems also use electrical power, but only to the extent needed to run ancillary
distillation equipment. Heat input requirements for the distillation systems in Table 3-2 range
from 75,000 to 7,165,000 British thermal units per hour (BTU/hr), while electrical requirements
range from 0.6 to 1.6 kilowatts (kW). RO systems, on the other hand, rely solely on electricity
and therefore have significantly greater electrical power requirements than their distillation-
based counterparts. Comparing 10- to 20-gpm systems, Table 3-2 shows that distillation-based
PWGs consume 1.6 kW while similarly rated RO systems consume 15.3 to 40 kW.

3.1.2 Summary of Available Disinfection Systems

EPA identified 10 vendors offering a total of 99 unique disinfection systems. These
systems are sold independently of PWGs and use one of four disinfection technologies:
bromination, chlorination, electro-katadyn, or UV. Table 3-1 lists the number of vendors and
vendor systems for each of the four technologies. Based on Table 3-1, there appears to be greater
availability of chlorination and UV systems than of bromination and electro-katadyn systems.

Table 3-1. Summary of Disinfection Systems Aggregated by Disinfection Technology

Disinfection System No. of No. of Vendor
Technology Vendors! Systems
Bromination 1 8
Chlorination 5 21
Electro-Katadyn 2 6
uv 6 64
Total 14 99

"' EPA identified a total of 10 vendors. This table double
counts vendors offering more than one technology.

Table 3-3 summarizes the technical specifications associated with each of the disinfection
systems identified by EPA. The data are aggregated by disinfection technology and by
disinfection rate, in gpm. It is important to note that disinfection rates in Table 3-3 represent the
maximum flow rate that a given disinfection system can accommodate when installed alongside
a PWG as a turnkey system. In this regard, the systems listed in Table 3-3 represent only those
turnkey systems identified by EPA. Disinfection systems can also be independently built from
individual components. For example, a marine engineer could design and assemble a
chlorination system from separately purchased components (i.e., metering pumps and
hypochlorite solution storage tanks). However, to simplify the assumptions for this feasibility
study, EPA excluded individual disinfection system components from the scope of the vendor
system reviews.

Overall, Table 3-3 shows disinfection rates ranging from <10 gpm to 158,500 gpm. Of
the systems identified by EPA, the greatest rates are associated with chlorine- and UV-based
systems (900 to 158,500 gpm and <10 to 6,000 gpm, respectively). Electro-katadyn and
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bromination systems represent the lower end of the spectrum (30 to 300 gpm and <10 to 40 gpm,
respectively). Compared to PWG water production rates, chlorine- and UV-based systems are
capable of meeting and exceeding the rates in Table 3-2 (i.e., <10 gpm to 400 gpm). Vessels
using bromination and UV systems would need to install multiple units operating in parallel to
achieve the upper-end PWG production rates (i.e., 70 to 400 gpm).

In terms of overall dimensions and weights, disinfection systems are significantly smaller
and lighter than PWGs. Disinfection systems also have significantly lower electrical power
requirements than PWGs. Overall requirements for disinfection systems range from 0.04 to 3.3
kW, compared to 0.6 to 180 kW for PWGs. While EPA did not identify data for specific
bromination system power requirements, for the purposes of this analysis, the Agency expects
their power requirements to be comparable to chlorination systems, given that these two
technologies operate similarly (i.e., continuous, metered dispensation of a dilute chemical
solution into the PWG water product stream). Based on these observations, disinfection system
overall dimensions, weights, and power requirements are not expected to be a significant factor
in feasibility considerations.

In comparing disinfection systems, the overall dimensions of each system in Table 3-3 do
not differ significantly, although it appears that chlorination systems tend to require the most
space while electro-katadyn systems tend to be the most compact. Of the disinfection systems in
Table 3-3, UV systems require the most power (0.03 to 3.3 kW) as compared to the other three
system types (0.04 kW).

A key distinction among disinfection system technologies pertains to the types of
consumables associated with each. Bromination systems use consumable cartridges that contain
bromine and have an expected life of 55,000 gal per cartridge. Electro-katadyn systems use silver
anodes that must be replaced approximately every 1,060,000 gal. UV systems use UV lamps that
must be replaced every 9,000 hours. Chlorination systems typically dispense chlorine from a
solution tank containing a dilute solution of sodium hypochlorite. The frequency of solution
replenishment depends on both the concentration of the sodium hypochlorite solution and the
desired chlorine dose. For this reason, Table 3-3 does not include the expected life of
chlorination system consumables.
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Table 3-2. Summary of Technical Specifications for PWGs

Electrical
No. of System Dimensions (ft) System Cubic Requirement Heat Input
Water Production | No.of | Vendor Height Width Depth Volume (ft%) Weight (1b) (kW) Requirement (BTU/hr)
Rate Vendors | Systems | Min | Max | Min | Max | Min | Max | Min | Max Min | Max Min | Max Min | Max

Distillation

<10 gpm 4 291 19| 96| 09| 97| 1.7] 105 2.9 671.6 125] 15,000 0.6 6.5 75,000 5,971,000
10 to 20 gpm 3 6] 45| 96| 28| 97| 7.1] 105 90.0 671.6| 2,006| 18,000 1.6 1.6] 5,800,000| 7,165,000
Reverse Osmosis

<10 gpm 10 115 1.0 133 1.7] 132 12| 6.2 2.3 450.7 80| 6,544 1.5 30.5 N/A N/A
10 to 20 gpm 8 24| 1.8] 163| 35| 132] 2.7] 103 17.1 900.0| 1,350| 10,234 15.3 40 N/A N/A
20 to 30 gpm 7 12| 2.6] 193] 6.0] 19.0] 27| 82 114.8| 1,253.8 1,550 6,520 28 48 N/A N/A
30 to 40 gpm 3 5| 55| 233| 50| 132 6.0| 6.7 450.7 840.0| 5,400| 6,800 49 49 N/A N/A
40 to 50 gpm 2 3] 6.0] 233| 6.0] 140 27| 6.7 224.0 933.3| 2,400| 12,000 - - N/A N/A
50 to 60 gpm 3 3| 74| 196 50| 186 27| 95 2769 1,361.7| 3,200 7,160 100 100 N/A N/A
60 to 70 gpm 1 1] 233] 233| 60| 60| 67| 6.7 933.3 933.3| 13,000 13,000 - - N/A N/A
70 to 80 gpm 3 3] 74] 292 6.0 140| 27| 73 276.9| 1,166.7| 3,200| 14,000 140 140 N/A N/A
90 to 100 gpm 2 2| 74| 233| 6.0 140] 27| 6.7 276.9 933.3| 3,500 15,000 - - N/A N/A
100 to 200 gpm 3 70 74| 292| 6.0] 25.8] 6.0] 7.5| 1,149.6] 1,666.7| 5,900| 19,000 180 180 N/A N/A
200 to 300 gpm 1 2| 292) 292 7.1 7] 67| 6.7 1,377.3| 1,377.3| 21,000| 21,000 - - N/A N/A
300 to 400 gpm 1 1] 29.2] 292 7.1 7.1 6.8 6.8] 1,3945] 1,394.5| 22,000] 22,000 - - N/A N/A

N/A — Not applicable
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Table 3-3. Summary of Technical Specifications of Disinfection Systems

System Electrical
Water No. of System Dimensions (ft) Cubic System Requirement
Disinfection No. of | Vendor Height Width Depth Volume (ft}) | Weight (Ib) (kW) Expected Life of System Consumables
Rate Vendors | Systems | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | (gal/cartridge) | (hr/lamp) | (gal/anode)
Bromination
<10 gpm 1 1 - - - - - - - -1 30 30 - - 55,000 N/A N/A
10 to 20 gpm 1 50 37| 37| 12| 12| 1.7] 17| 172 7.2 141 141 - - 55,000 N/A N/A
20 to 30 gpm 1 1| 23| 23| 20| 20| 07| 07] 3.1 3.1 45 45 - - 55,000 N/A N/A
30 to 40 gpm 1 1| 23 23| 31| 31| 13| 13 8.7 87| 44 44 - - 55,000 N/A N/A
Chlorination
900 to
1,000 gpm 1 3] 16| 3.1 1.7 17| 17| 17| 48 9.1 18 35 - - - - -
2,000 to
3,000 gpm 2 4| 3.1 31| 17| 17| 17| 17| 48 9.1 22 35| 0.04 0.04 - - -
3,000 to
4,000 gpm 1 31 23| 23| 17| 17] 17| 171 23 6.3 40 40 - - - - -
15,000 gpm 1 3] 23| 23| 17| 17] 20| 20| 33 7.6] 28 28 - - - - -
42,000 gpm 1 1| 29| 29| 33| 33| 2.0| 20| 193 19.3 60 70 - - - - -
158,500 gpm 1 1| 29| 29| 33| 33| 20| 20| 193 19.3 60 70 - - - - -
Electro-Katadyn
30 to 40 gpm 1 1| 1.6/ 16| 02| 02] 02| 02| 0.1 0.1 19 19| 0.04 0.04 N/A N/A 1,056,688
60 to 70 gpm 1 1 - - - - - - - - - - - - N/A N/A -
70 to 80 gpm 1 1| 20| 20| 05| 05] 05| 05 0.4 04| 42 421 0.04 0.04 N/A N/A 1,056,688
100 to 200 gpm 1 2| 2.0 20| 05| 05| 05| 05| 04 04| 43 43| 0.04 0.04 N/A N/A 1,056,688
200 to 300 gpm 1 1| 20| 20| 05| 05| 05| 05| 04 04| 45 45| 0.04 0.04 N/A N/A 1,056,688
Ultraviolet
<10 gpm 3 4| 3.1| 31| 07| 07| 07| 0.7 1.6 1.6 4 33| 0.03 0.09 N/A 9,000 N/A
10 to 20 gpm 3 5| 18| 32| 07| 14] 05| 07 1.3 1.6] 23 23] 0.03 0.08 N/A - N/A
20 to 30 gpm 4 51 27| 32| 08| 1.6] 07| 1.0 1.8 44| 53 53] 0.08 0.48 N/A 9,000 N/A
30 to 40 gpm 3 3] 32| 32| 08| 08| 07| 07 1.8 1.8 - -1 012 0.13 N/A - N/A
40 to 50 gpm 1 1| 27| 27| 16| 16| 1.0 1.0| 44 44| 55 55| 0.18 0.18 N/A 9,000 N/A
50 to 60 gpm 1 1 - - - - - - - - - - - - N/A - N/A
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Table 3-3. Summary of Technical Specifications of Disinfection Systems

. . System Electrical
Water No. of System Dimensions (ft) Cubic System Requirement
Disinfection No. of | Vendor Height Width Depth Volume (ft}) | Weight (Ib) (kW) Expected Life of System Consumables
Rate Vendors | Systems | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | (gal/cartridge) | (hr/lamp) | (gal/anode)
60 to 70 gpm 3 3 - - - - - - - - - -1 0.16 0.16 N/A - N/A
70 to 80 gpm 1 1| 41| 41| 12| 12| 1.0] 1.0] 48 4.8 - -1 0.20 0.20 N/A - N/A
80 to 90 gpm 1 1 - - - - - - - - - -1 0.20 0.20 N/A - N/A
100 to 200 gpm 2 5 - - - - - - - -1 55 551 0.29 0.40 N/A N/A
200 to 300 gpm 1 2 - - - - - - - - - -1 048 0.60 N/A - N/A
300 to 400 gpm 1 3 - - - - - - - - - -1 0.64 0.75 N/A - N/A
400 to 500 gpm 1 1 - - - - - - - - - -1 0.90 0.90 N/A - N/A
500 to 600 gpm 1 2 - - - - - - - - - -1 0.80 0.80 N/A - N/A
600 to 700 gpm 1 1 - - - - - - - - - - 1.20 1.20 N/A - N/A
700 to 800 gpm 1 1 - - - - - - - - - - - - N/A - N/A
800 to 900 gpm 1 1 - - - - - - - - - -1 0.96 0.96 N/A - N/A
900 to
1,000 gpm 1 1 - - - - - - - - - -1 1.50 1.50 N/A - N/A
1,000 to
2,000 gpm 1 6 - - - - - - - - - -1 1.20 2.25 N/A - N/A
2,000 to
3,000 gpm 1 3 - - - - - - - - - -1 270 3.30 N/A - N/A
3,000 to
4,000 gpm 1 1 - - - - - - - - - - - - N/A - N/A
5,000 to
6,000 gpm 1 1 - - - - - - - - - - - - N/A - N/A

N/A — Not applicable
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3.2 OVERVIEW OF PWG AND DISINFECTION SYSTEM COSTS

This section provides an overview of the capital and O&M costs associated with PWG
and disinfection systems applicable to small vessels.

3.2.1 Capital Costs

The capital investment costs presented in this section include both direct and indirect
capital costs. Direct capital costs (i.e., the costs associated with purchasing the equipment) are
based on quotes provided directly by vendors. EPA assumes that vessel owners will contract out
equipment installation. Therefore, indirect capital costs related to equipment installation, but
which are not technology-specific, are included. Indirect costs are based on a cost factor analysis
previously developed by EPA (USEPA, 2011a). Table 3-4 lists each of the component costs and
cost factors included in the analysis and describes which specific costs are associated with each
factor.

Table 3-4. Components of Technology Option Total Capital Investment

Item Component Cost Escalation Description

1 Equipment capital | Direct capital cost | Direct capital cost obtained from technology option vendors.
costs

2 Control systems 17.7% of Item 1 Costs for additional control systems, programmable logic

controllers, software interface, sensors, and wiring that would be
incorporated into vessels’ existing control systems. The
escalation rate is based on the Department of Defense (DOD)
Military Construction (MILCON) estimating procedures
(USDOD, 2001).

3 Space $305/1t? Costs for potential compartment rearrangement, demolition, or
retrofitting necessary to accommodate installation of new
equipment (USEPA, 2011a).

4 Shipboard 27% of Items 1-3 | Installation costs estimated for equipment, based on published,
installation land-based construction data. This escalation factor accounts for
the complexities associated with shipboard construction and
installation (USEPA, 2011a).

5 Installed capital Sum of Items 1-4 | Sum of direct capital cost of equipment, plus costs associated
costs with control system, space rearrangement, and shipboard
installation.
6 Engineering 8% of Item 5 Engineering costs associated with administrative support,

process design and general engineering, communications,
consultant fees, legal fees, travel, supervision, and inspection of
installed technology equipment (USEPA, 2011a).

7 Contractor overhead | 10% of Item 5 Costs incurred by the contractor to operate their business, such
and profit as general and administrative expenses, office rent, equipment
purchase/rental, depreciation on office equipment, licenses, and
advertising (USEPA, 2011a).

8 Classification/ 2% of Item 5 Costs for activities such as classification and certification
certification services and on-site survey and construction monitoring.
Classification services are used to verify that a vessel meets the
safety and pollution prevention rules set forth by a specific
classification society. Certification services are used to verify
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Table 3-4. Components of Technology Option Total Capital Investment

Item

Component

Cost Escalation

Description

that a vessel complies with various international codes such as
the International Convention for the Prevention of Pollution
from Ships (MARPOL) and the International Convention for the
Safety of Life at Sea (SOLAS) (USEPA, 2011a).

Performance bonds

2.5% of Item 5

Costs for performance bonds, which are contracts guaranteeing
performance and demonstrating that the contractor is reliable
and able to carry out the construction project (USEPA, 2011a).

10

Scheduling

0.8% of Item 5

Cost to prepare construction progress documents, update Gantt
charts, and develop monthly progress reports (USEPA, 2011a).

11

Insurance

2.3% of Item 5

Costs for insurance on the construction project, insurance on
heavy equipment used during construction, and public liability
for property damage or non-employee injury (USEPA, 2011a).

12

Contractor markup

10% of Item 5

Costs added by the contractor to the base price of materials for
handling, procurement, subcontracting, and equipment costs
(USEPA, 2011a).

13

Contingency

20% of Items 5-12

Costs that may result from incomplete design, unforeseen and
unpredictable conditions, or the complexity and uncertainty
involved, at a conceptual level, in estimating costs (USEPA,
2011a).

installation, as discussed in Section 3.2.1.

3.2.1.1  PWG Capital Costs

Table 3-5 provides total capital investment costs by PWG technology. Costs have been
adjusted to account for installed capital costs (i.e., those associated with control systems, space,
and shipboard installation) as well as the total indirect costs associated with equipment

In comparing total capital costs between the distillation and RO PWG technologies, it
appears that RO systems are less expensive than distillation systems. For example, the total
capital investment cost associated with a 1.7-gpm distillation system is approximately $170,000.
However, at just over half of this capacity, a I-gpm RO system would cost only one quarter of
the total capital investment cost (i.e., approximately $44,000). Based on these figures, a vessel
owner would be able to install 4, 1-gpm RO systems (total capacity of 4 gpm) for approximately
the same total capital investment cost as a single 1.7-gpm distillation system. This difference is
not a result of cost escalation, as a comparison of direct capital costs reveals the same
relationship.
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Table 3-5. Total Capital Investment Costs by PWG Technology

System
Generation
Capacity Direct Installed Total Indirect | Total Capital
System Technology (gpm) Capital Cost| Capital Cost | Capital Costs | Investment Cost
Distillation 1.7 $40,000 $68,000 $103,000 $171,000
Distillation 5.0 $47,500 $80,000 $122,000 $202,000
Distillation 2.6 $100,000 $155,000 $236,000 $391,000
Reverse Osmosis 1.0 $11,000 $17,000 $26,000 $43,000
Reverse Osmosis 15.3 $37,000 $59,000 $90,000 $149,000
Reverse Osmosis 29.9 $152,845 $260,000 $395,000 $655,000

3.2.1.2

Disinfection System Capital Costs

Table 3-6 provides total capital investment costs by disinfection system technology. As in
the previous section, costs have been adjusted to account for installed capital costs as well as
total indirect costs associated with equipment installation.

In comparing capital costs among the four technologies (i.e., bromination, chlorination,
electro-katadyn, and UV disinfection), there do not appear to be disparities in cost to the extent

observed with PWGs. Based solely on the total capital investment cost, it appears that
chlorination systems represent the least expensive disinfection technology. The total capital
investment costs of chlorination systems are one order of magnitude lower than those of the
other three technologies; in addition, their disinfection capacities are greater than those of the
other three technologies by one to two orders of magnitude. Based on these observations, it

appears that chlorination systems are the least expensive of the four technologies, particularly for

vessels requiring significant ballasting volumes.

Table 3-6. Total Capital Investment Costs by Disinfection System Technology

System
Disinfection
Capacity Direct Installed Total Indirect Total Capital
System Technology (gpm)’ Capital Cost | Capital Cost | Capital Costs | Investment Cost
Bromination 19 $13,278 $21,000 $31,000 $52,000
Bromination 35 $6,577 $11,000 $17,000 $28,000
Chlorination 917 $712 $2,000 $3,000 $5,000
Chlorination 138 $765 $2,000 $3,000 $5,000
Electro-Katadyn 66 $4,300 $7,000 $10,000 $17,000
Ultraviolet 6 $2,550 $4,000 $6,000 $10,000
Ultraviolet 31 $3,550 $6,000 $9,000 $15,000

! These values represent the maximum water flow rate that a given system can disinfect. They are not a
measure of output from the unit itself.

3.2.2 O&M Costs

O&M costs comprise all costs related to operating and maintaining PWG and disinfection

systems and components. In this analysis, O&M costs specifically include:
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. PWG maintenance (e.g., descaling distillation systems or cleaning and replacing
RO filter membranes).

. Replacing disinfection system consumables.

o Electricity costs.

PWG maintenance and disinfection system consumables costs are based on estimates
provided by vendors. Electricity costs are based on technology-specific power requirements and
an assumed unit cost of electricity of $0.08/kWh (USEPA, 2011a).

3.2.2.1 PWG O&M Costs

Table 3-7 summarizes the O&M costs associated with powering and maintaining
distillation- and RO-based PWGs. The electricity costs in Table 3-7 assume continuous system
operation over a 24-hour period. This analysis also assumes no operating costs are incurred from
distillation system heat input requirements, since the heat is recovered in a manner that is
coincidental to the continuous operation of vessel engines. EPA received annual maintenance
costs ranging between 2 and 3 percent of direct capital costs from vendors. The costs in Table
3-7 assume a maintenance cost of 3 percent. Since ballasting volumes over the course of a year
vary significantly by vessel type, function, and length of operating season, EPA normalized the
vendor estimates over 365 days per year to establish maintenance costs in terms of dollars per
day.

For distillation-based PWGs, Table 3-7 suggests that overall daily maintenance costs are
similar, although the cost data are limited to a narrow range of 1.7 to 5 gpm. Electricity costs for
distillation-based PWGs are attributed solely to its ancillary systems, such as feedwater and
distillate pumps. The electricity costs for the distillation systems are inconclusive, as the table
suggests that a 5-gpm system would incur smaller electricity costs than a 1.7-gpm system. For
RO-based PWGs, system maintenance costs increase with system capacity, as do electricity
costs. Given that RO systems have greater electrical requirements than distillation systems, EPA
expects that RO systems will incur the greatest electricity costs overall. Based on these
observations, it appears that O&M costs for RO-based PWGs are greater than those for
distillation-based systems, particularly for vessels requiring significant ballasting volumes.

Table 3-7. Total O&M Cost by PWG Technology’

System Electrical Direct System

Capacity | Requirement | Capital | Maintenance | Electricity | Total O&M
Technology (gpm) (kW) Cost ($) | Cost ($/day)? ($/day) Cost ($/day)
Distillation 1.7 6.5| 40,000 3.29 12.48 15.77
Distillation 5 1.6] 47,500 3.90 3.07 6.98
Reverse Osmosis 1 2.4 11,000 0.90 4.59 5.50
Reverse Osmosis 15 15.3 37,000 3.04 29.3 32.34
Reverse Osmosis 30 30.5] 153,000 12.56 58.62 71.18

! Assumes continuous operation over 24 hours per day.
2 Daily system maintenance cost based on 3% of direct capital cost, normalized over 365 days per year.
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3.2.2.2 Disinfection System O&M Costs

Table 3-8 summarizes the O&M costs associated with powering and replacing
consumables for each type of disinfection system. Since ballasting volumes over the course of a
year vary significantly by vessel type, function, and length of operating season, EPA estimated
O&M costs solely in terms of dollars per day, and assumed continuous system operation over the
entire day.

Overall, Table 3-8 shows that O&M costs are driven by the type of disinfection system
that would be used onboard vessels. The daily O&M cost of a given system is largely determined
by the cost and frequency of consumables replacement and not by daily electricity costs. Based
on conversations with vendors, EPA determined that bromination and electro-katadyn systems
require cartridge/anode replacements approximately every 55,000 and 1,057,000 gal,
respectively (Everpure, LLC, no date and Aquafides, no date). UV lamps, on the other hand,
require replacement every 9,000 hours (DOE, no date). Chlorination system
replacement/replenishment rates will depend on the strength of the solution used to disinfect
water. Electrical requirements will depend on the capacity of a given system; however, based on
Table 3-8, there does not appear to be a significant difference in electrical costs when comparing
systems of various capacities.

Based solely on total O&M costs, it appears that ultraviolet-based disinfection systems
are the most economically feasible of the four technologies. Chlorination-based disinfection
systems appear to be the second most economically feasible option, and have the greatest overall
disinfection capacities of all systems listed. Given this observation, it appears that both UV- and
chlorination-based disinfection systems would be best suited for vessels with large ballasting
requirements.

Table 3-8. Total O&M Cost by Disinfection System Technology!

System-Specific Consumables Costs?
System Sodium Total

Disinfection | Electrical |Electrical| Bromine | Hypochlorite| UV Silver o&M
Disinfection Capacity |Requirement| Cost |Cartridges| Solution® |Lamps | Anodes Cost
Technology (gpm) (kW) ($/day) ($/day) ($/day) ($/day) | ($/day) | ($/day)
Bromination 19 0.04 0.08 53.73 N/A N/A N/A 53.80
Bromination 35 0.04 0.08 98.97 N/A N/A N/A 99.04
Chlorination 138 0.04 0.08 N/A 79.20 N/A N/A 79.28
Chlorination 917 0.04 0.08 N/A 528.00 N/A N/A 528.08
Electro-
Katadyn 66 0.04 0.08 N/A N/A N/A| 88.20 88.28
Ultraviolet 6 0.04 0.07 N/A N/A 0.52 N/A 0.59
Ultraviolet 31 0.12 0.23 N/A N/A 0.52 N/A 0.75

N/A — Not applicable

! Assumes 24-hour-per-day operation of each system at the listed system capacity.

2 Assumes the following costs based on estimates provided by vendors: $108/cartridge (bromination), $24/gal
solution (chlorination), $980/anode (electro-katadyn), and $195/lamp (ultraviolet).

3 Assumes chlorine dosing at 2 parts per million (ppm) using a 12% sodium hypochlorite solution.
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3.2.3 Combined Costs for PWG and Disinfection Systems

Table 3-9 summarizes the capital costs associated with each combined PWG-disinfection
system. The figures represent the sum of Table 3-5 and Table 3-6 values (capital costs for
individual PWG and disinfection systems, respectively). Overall, PWGs utilizing RO
technologies are significantly less expensive than distillation systems. For example, the direct
capital cost of a 15-gpm RO PWG is $37,000. At approximately the same cost ($40,000), a
distillation PWG has a capacity of only 1.7 gpm. For disinfection systems, chlorine-based
systems have the lowest capital costs overall, while bromine-based systems have the greatest
capital costs.

For a given PWG technology (i.e., distillation or RO), the total capital investment cost is
a function of the system’s production capacity. However, the type of disinfection system used in
conjunction with the PWG is also a major driver. This is most apparent when comparing costs
for a given PWG. For example, the total capital investment cost of a 15-gpm RO PWG ranges
from approximately $154,000 to $200,000. This differential is directly attributed to the greater
direct capital cost of bromine-based systems over that of the other three types (i.e., chlorine-,
electro-katadyn-, and ultraviolet-based systems).

Table 3-10 summarizes the O&M costs associated with each combined PWG-disinfection
system, as gathered from correspondence from system vendors. The figures represent the sum of
Table 3-7 and Table 3-8 values (O&M costs for individual PWG and disinfection systems,
respectively). Looking solely at the PWG component, O&M costs are proportional to production
capacity. Similar to what was observed with capital costs, the type of disinfection system drives
total O&M costs for a given PWG. Of the four disinfection technologies, ultraviolet- and
chlorine-based systems are the least expensive, while bromine tends to be the most expensive.
The cost differential is largely due to consumables costs, as the combined electrical and system
maintenance costs are relatively consistent among all four disinfection technologies.
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Table 3-9. Total Capital Investment Cost for PWG and Disinfection Systems Combined

PWG DS Total Indirect Total Capital
Capacity Capacity | Direct Capital Cost ($) Installed Capital Cost ($) Capital Cost ($) Investment Cost ($)
(gpm) | DS Technology| (gpm) | PWG | DS | Both | PWG | DS Both | PWG | DS Both | PWG | DS | Both
Distillation
1.7 | Bromination 19| 40,000 13,278| 53,278| 68,000| 21,000| 89,000| 103,000 31,000| 134,000| 171,000| 52,000 | 223,000
Bromination 35| 40,000| 6,577| 46,577| 68,000 11,000| 79,000| 103,000| 17,000| 120,000| 171,000 28,000| 199,000
Chlorination 917| 40,000 712| 40,712] 68,000f 2,000| 70,000| 103,000{ 3,000| 106,000| 171,000| 5,000 176,000
Chlorination 138| 40,000 765| 40,765| 68,0000 2,000 70,000| 103,000| 3,000| 106,000| 171,000 5,000 176,000
Electro-Katadyn 66| 40,000 4,300| 44,300| 68,000/ 7,000 75,000| 103,000 10,000| 113,000| 171,000| 17,000| 188,000
Ultraviolet 6| 40,000 2,550| 42,550| 68,000/ 4,000| 72,000| 103,000| 6,000| 109,000| 171,000| 10,000| 181,000
Ultraviolet 31| 40,000] 3,550| 43,550| 68,000/ 6,000| 74,000| 103,000] 9,000| 112,000| 171,000 15,000| 186,000
5| Bromination 19| 47,500| 13,278| 60,778| 80,000 21,000| 101,000| 122,000 31,000| 153,000| 202,000| 52,000 | 254,000
Bromination 35| 47,500 6,577| 54,077| 80,000 11,000 91,000| 122,000| 17,000| 139,000| 202,000| 28,000| 230,000
Chlorination 917| 47,500 712| 48,212 80,000f 2,000 82,000| 122,000| 3,000| 125,000| 202,000| 5,000 207,000
Chlorination 138] 47,500 765| 48,265| 80,000] 2,000 82,000| 122,000{ 3,000| 125,000| 202,000| 5,000 207,000
Electro-Katadyn 66| 47,500| 4,300| 51,800| 80,000/ 7,000| 87,000| 122,000| 10,000| 132,000| 202,000 17,000| 219,000
Ultraviolet 6| 47,500| 2,550| 50,050| 80,000 4,000| 84,000| 122,000| 6,000| 128,000| 202,000| 10,000| 212,000
Ultraviolet 31| 47,500| 3,550| 51,050 80,000/ 6,000 86,000| 122,000| 9,000| 131,000| 202,000| 15,000| 217,000
Reverse Osmosis
1 | Bromination 19| 11,000| 13,278| 24,278| 17,000f 21,000| 38,000| 26,000| 31,000| 57,000| 43,000| 52,000| 95,000
Bromination 35| 11,000| 6,577| 17,577| 17,000| 11,000| 28,000 26,000 17,000 43,000| 43,000| 28,000| 71,000
Chlorination 917| 11,000 712 11,712] 17,000f 2,000 19,000| 26,000{ 3,000| 29,000| 43,000/ 5,000| 48,000
Chlorination 138| 11,000 765| 11,765| 17,0000 2,000| 19,000| 26,000| 3,000| 29,000| 43,000/ 5,000| 48,000
Electro-Katadyn 66| 11,000| 4,300| 15,300| 17,000/ 7,000 24,000f 26,000| 10,000| 36,000| 43,000| 17,000| 60,000
Ultraviolet 6| 11,000| 2,550| 13,550| 17,000 4,000 21,000| 26,000] 6,000 32,000{ 43,000| 10,000 53,000
Ultraviolet 31 11,000] 3,550| 14,550| 17,000 6,000| 23,000f 26,000] 9,000| 35,000{ 43,000| 15,000 58,000
15 | Bromination 19| 37,000| 13,278| 50,278| 59,000 21,000 80,000| 90,000 31,000| 121,000| 149,000| 52,000 201,000
Bromination 35| 37,000| 6,577| 43,577| 59,000 11,000 70,000| 90,000 17,000| 107,000| 149,000| 28,000| 177,000
Chlorination 917| 37,000 712 37,712 59,000f 2,000] 61,000] 90,000| 3,000| 93,000| 149,000 5,000| 154,000
Chlorination 138| 37,000 765| 37,765| 59,0000 2,000] 61,000] 90,000{ 3,000| 93,000| 149,000| 5,000| 154,000
Electro-Katadyn 66| 37,000 4,300| 41,300| 59,000/ 7,000| 66,000] 90,000 10,000| 100,000| 149,000 17,000| 166,000
Ultraviolet 31| 37,000| 3,550| 40,550| 59,000/ 6,000 65,000f 90,000] 9,000 99,000| 149,000| 15,000| 164,000
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Table 3-9. Total Capital Investment Cost for PWG and Disinfection Systems Combined

PWG DS Total Indirect Total Capital
Capacity Capacity | Direct Capital Cost ($) Installed Capital Cost ($) Capital Cost ($) Investment Cost ($)
(gpm) | DS Technology | (gpm) PWG DS Both PWG DS Both PWG DS Both PWG DS Both
30 | Bromination 35| 152,845| 6,577| 159,422 260,000| 11,000| 271,000| 395,000| 17,000| 412,000 655,000| 28,000| 683,000
Chlorination 917 152,845 712 153,557| 260,000| 2,000| 262,000| 395,000| 3,000| 398,000| 655,000| 5,000| 660,000
Chlorination 138 152,845 765| 153,610] 260,000| 2,000| 262,000| 395,000 3,000| 398,000| 655,000| 5,000| 660,000
Electro-Katadyn 66| 152,845| 4,300 157,145| 260,000| 7,000| 267,000 395,000| 10,000| 405,000 655,000| 17,000| 672,000
Ultraviolet 31| 152,845| 3,550| 156,395| 260,000 6,000| 266,000 | 395,000 9,000| 404,000 655,000| 15,000| 670,000

DS — Disinfection System
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Table 3-10. Total Daily and Annual O&M Cost for PWG and Disinfection Systems Combined

System
PWG DS PWG Combined Mail}lltenance Consumables | Total Daily | Total Annual
Capacity Capacity Electrical | DS Electrical | Electrical Cost Cost O&M Cost | O&M Cost
(gpm) | DS Technology (gpm) Cost ($/day) | Cost ($/day) | Cost ($/day) ($/day) ($/day) ($/day) ($/year)
Distillation
1.7 | Bromination 19-35 12.48 0.08 12.56 3.29 4.81 20.66 7,500
Chlorination 138-917 12.48 0.08 12.56 3.29 0.98 16.83 6,100
Electro-Katadyn 66 12.48 0.08 12.56 3.29 2.27 18.12 6,600
Ultraviolet 6.2 12.48 0.07 12.55 3.29 0.52 16.36 6,000
Ultraviolet 31 12.48 0.23 12.71 3.29 0.52 16.52 6,000
5 | Bromination 19-35 3.07 0.08 3.15 3.9 14.14 21.19 7,700
Chlorination 138-917 3.07 0.08 3.15 3.9 2.88 9.93 3,600
Electro-Katadyn 66 3.07 0.08 3.15 3.9 6.68 13.73 5,000
Ultraviolet 6.2 3.07 0.07 3.14 3.9 0.52 7.56 2,800
Ultraviolet 31 3.07 0.23 3.3 3.9 0.52 7.72 2,800
Reverse Osmosis
1 | Bromination 19-35 4.59 0.08 4.67 0.9 2.83 8.4 3,100
Chlorination 138-917 4.59 0.08 4.67 0.9 0.58 6.15 2,200
Electro-Katadyn 66 4.59 0.08 4.67 0.9 1.34 6.91 2,500
Ultraviolet 6.2 4.59 0.07 4.66 0.9 0.52 6.08 2,200
Ultraviolet 31 4.59 0.23 4.82 0.9 0.52 6.24 2,300
15 | Bromination 19-35 29.3 0.08 29.38 3.04 42.42 74.84 27,300
Chlorination 138-917 29.3 0.08 29.38 3.04 8.64 41.06 15,000
Electro-Katadyn 66 29.3 0.08 29.38 3.04 20.05 52.47 19,200
Ultraviolet 31 29.3 0.23 29.53 3.04 0.52 33.09 12,100
30 | Bromination 29.9-35 58.62 0.08 58.7 12.56 84.84 156.1 57,000
Chlorination 138-917 58.62 0.08 58.7 12.56 17.28 88.54 32,300
Electro-Katadyn 66 58.62 0.08 58.7 12.56 40.09 111.35 40,600
Ultraviolet 31 58.62 0.23 58.85 12.56 0.52 71.93 26,300

3-16



Feasibility and Efficacy of Using Potable Water Generators Section 4—
as an Alternative Option for Meeting Ballast Water Discharge Limits Feasibility of Design — Case Studies
SECTION 4

FEASIBILITY OF DESIGN — CASE STUDIES

Section 4 presents an assessment of PWGs that are commercially available for vessel use
and that could feasibly be used to generate potable water sufficient for ballasting. It assesses
whether the equipment size, weight, and system operating/maintenance space requirements of
these PWGs are suitable for use on smaller vessels, and considers vessel space and access
limitations, piping considerations, impacts to vessel stability, and impacts to vessel energy usage.
Because every vessel is ultimately unique in its machinery space design and equipment
placement, a naval architect conducted a series of specific vessel case studies to analyze these
design criteria and engineering considerations.

EPA requested vessel design and equipment drawings from vessel owners and operators,
specifically for this study, and looked for drawings in published sources. Using these drawings,
EPA conducted PWG retrofit analyses for one research vessel (the R/V Pelican), one inland river
towboat (a 150-ft, U.S. Army Corps of Engineers (USACE) towboat), and a Fast Support Vessel
(FSV) class vessel (the Oscar Dyson). These analyses are discussed in Sections 4.1 through 4.3.
Section 4.4 provides an extrapolation analysis assessing PWG feasibility for small vessel classes
in general.

4.1 RESEARCH VESSEL

This section provides a brief characterization of the R/V Pelican and its machinery
arrangement, as well as an analysis of PWG retrofit requirements and impacts on space, stability,
and PWG service connections. This vessel operates in the Mississippi River, Mississippi River
Delta, and in coastal and open ocean waters.

4.1.1 Vessel Characteristics

The R/V Pelican is a research vessel operated by the Louisiana Universities Marine
Consortium (LUMCON) and is used to perform a variety of oceanographic research functions.
The vessel measures roughly 116 by 27 ft (length and beam, respectively) and has an internal
volume of 261 GRT. The vessel is equipped with two diesel engines and a twin-screw propulsion
system. Table 4-1 summarizes relevant vessel characteristics and mechanical systems.

Table 4-1. Summary of R/V Pelican Vessel
Characteristics and Mechanical Systems

Dimension or Mechanical
Vessel Characteristic System Description
Length (overall) 116.3 ft
Beam 26.5 ft
Depth 12 ft
Draft (full load) 9.5 ft
Displacement 514.6 long tons
Gross registered tonnage 261
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Table 4-1. Summary of R/V Pelican Vessel
Characteristics and Mechanical Systems

Vessel Characteristic

Dimension or Mechanical
System Description

Total persons aboard 21

Fresh water tank volume 6,231 gal

Ballast tank volume 15,656 gal (59 m?)
Fuel tank volume 18,499 gal

Propellers

2 (twin-screw propulsion)

Propulsion system

2 geared, 3412 Caterpillar diesel
engines

Power

850 horsepower (425 per engine)

Generators

2, 99-kilowatt diesel generators

Sources: ABS, 2014a; LUMCON, no date

Machinery Space

The Pelican has two adjacent machinery spaces, the main machinery space and the

auxiliary machinery space (Figure 4-1). The main machinery space is located just aft of

amidships. Vessel diagrams provided by LUMCON (ERG, personal communications, September
3, 2013) indicate that this room is 26 ft long and spans the breadth of the boat. The auxiliary

machinery space is located immediately forward of the main machinery space, and has

dimensions of 10 by 13.5 ft (length and breadth, respectively).

The machinery arrangement for both spaces (Figure 4-2) is in many ways representative
of similarly sized and powered vessels of various types (e.g., fishing and small passenger
vessels). The machinery space is somewhat larger than similar vessels in order to accommodate
hydraulic power units required for its oceanographic mission.

The main machinery space contains the following major items, as shown in Figure 4-2:

o Two main engines (including their associated gear boxes).

o Two diesel generators.

. Fuel oil system (including pumps, filters, and manifold).

. Bilge system (including pumps and manifold).

. Ballast system (including ballast and fire pump and manifold).

o Air compressor (including air storage tanks).

o Electrical switchboard.

o Steering gear hydraulic system.

o Mission hydraulic systems (including hydraulic power units and hydraulic control
panel).

As shown in Figure 4-2, the auxiliary machinery space contains the following major

items:
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o Sewage system.
o Potable water system (including PWG, pressure tank, and water heater).
o Refrigeration machinery.
. Transducer housings (for sonar and other scientific instruments).

. Workbench.
Ballast System

The Pelican holds five ballast tanks, which are located aft of the main machinery space
(Figure 4-1), and have a combined volume of 15,656 gal (ABS, 2014a). The corresponding
ballast capacity ranges from 58.3 long tons (59.3 metric tons) (fresh water) to 59.8 long tons
(60.8 metric tons) (salt water) based on standard conversion factors.>® All ballast piping is run to
the ballast manifold located in the forward port corner of the main machinery space. Also located
in this area are the ballast pump and the seachest serving the ballast system.

PWG System

The Pelican currently has a 0.6-gpm, Sea Recovery® PWG (ERG, personal
communications, September 3, 2013), which is located on the aft bulkhead of the auxiliary
machinery space (Figure 4-2). The potable water tanks are located outboard (port and starboard)
of the auxiliary machinery space.

5 This document uses the following standard conversion factors provided by the Society of Naval Architects and
Marine Engineers: 8.34 pounds per gallon (1b/gal) for fresh water and 8.56 1b/gal for salt water. These densities are
taken at 60°F and, for salt water, at a salinity of 3.5 percent (Comstock, 1967).

® Fresh water: (15,656 gal)(8.34 Ib/gal)/(2,240 Ib/long ton) = 58.3 long tons.
Salt water: (15,656 gal)(8.56 1b/gal)/(2,240 1b/long ton) = 59.8 long tons.
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SCALE IN FEET

Figure 4-2. Machinery Arrangement for Existing Equipment on the R/V Pelican
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4.1.2 PWG Retrofit Analysis

The PWG retrofit analysis for this vessel evaluated the following considerations:

o Machinery space — consideration of PWG space requirements, accessibility to the
intended installation space, and PWG accessibility to any existing ballast and
potable water systems.

o Service requirements — consideration of PWG accessibility to electrical power,
sea water, and brine discharge connections.

o Stability and trim — consideration of PWG installation impacts on vessel weight
and center of gravity.

For the purpose of this study, the PWG must be sized to allow ballasting at a rate equal to
that of the vessel’s fuel consumption rate, plus any additional capacity needed to meet existing
potable water demands. In this case, the vessel’s reported fuel consumption rate is 0.4 gpm of
diesel fuel (ERG, personal communications, September 3, 2013), which is equivalent to 2.9
pounds per minute (Ib/min) based on an assumed No. 2 diesel oil density of 7.2 Ib/gal. The
equivalent PWG rate necessary to offset 2.9 Ib/min would be 0.35 gpm (2.89 Ib/min/8.34 1b/gal).
The existing PWG generates potable water at a rate of 0.6 gpm (ERG, personal communications,
September 3, 2013). Therefore, the total PWG production capacity needed to compensate for fuel
consumption and existing PWG capacity would be 1.0 gpm (i.e., 0.35 gpm for fuel consumption
plus 0.6 for existing PWG capacity).

The reported fuel consumption of 0.4 gpm represents a typical consumption rate. A
conservative estimate would consider the vessel’s maximum fuel consumption rate. The
maximum fuel consumption rate for the engines would be 0.4 pounds per horsepower hour
(Ib/hp-hr) (Caterpillar, 2008). Based on the installed power of 850 horsepower (hp), the engines’
fuel consumption rate would be 5.66 1b/min [(850 hp)(0.4 Ib/hp-hr)/(60 min/hr)]. Using the same
conservative assumption for the two 99-kilowatt (kW) diesel generators, EPA estimates a
generator fuel consumption rate of 1.77 Ib/min [(198 kW)/(0.746 hp/kW)(0.4 1b/hp-hr)/(60
min/hr)]. Therefore, the maximum fuel consumption rate for the vessel is 7.43 1b/min (i.e., 5.66
Ib/min for the engines plus 1.77 1b/min for the generators).

The equivalent PWG rate necessary to offset 7.43 Ib/min would be 0.9 gpm (7.43
Ib/min/8.34 Ib/gal). As stated previously, the existing PWG generates potable water at a rate of
0.6 gpm; therefore, the total PWG production capacity needed to compensate for fuel
consumption and existing PWG capacity would be 1.5 gpm (i.e., 0.9 gpm for fuel consumption
plus 0.6 for existing PWG capacity).

Machinery Space

Based on the typical and conservative fuel consumption scenarios discussed above, the
Pelican would require a PWG capable of producing 0.95 gpm to 1.5 gpm. A representative PWG
used in the marine industry is the Axeon S-3 Series Reverse Osmosis System (AXEON Water
Technologies, 2013a). This unit can be configured to provide 0.4 to 1.5 gpm, depending on the
number of membranes provided with the unit. All configurations have the same overall
dimensions and approximately the same weight. The PWG has a length of 48 inches (in), a depth
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of 14 in, and a height of 27 in. The vendor recommends clearances of two ft on each side of the
unit and two to three ft in front of the unit. No clearance is required behind the unit. This analysis
uses the four-membrane S3-4125 model configuration, which provides up to 1.5 gpm. While this
analysis assumes four membranes, vessel operators may choose to select systems with redundant
capacity (i.e., additional membrane filters, beyond the minimum required). This would allow the
system to operate below 100 percent capacity and would increase pump, seal, and membrane
life.

An issue that could impact PWG technology selection is the environment in which the
vessel operates. In river and commercial ports, the water can include chemical contaminants and
hydrocarbon products. Most operating procedures require RO systems to be used only in clean
waters; therefore, adding an oil separator and one-micron filter would need to be considered for
any proposed configuration.

The new PWG would replace the existing unit and would be located in the same
approximate location, as shown in Figure 4-3. In addition to the PWG, a chlorinator is included
in the study to ensure potable water quality. The chlorinator consists of a cylindrical, 30-gal tank
with a peristaltic pump mounted on top of the tank. The tank has a 21-in diameter and a height of
36 in. The vendor recommends a clearance of two ft above the tank and two to three ft in front of
the tank. No clearance is required on the sides or rear of the tank. The chlorinator would be
located outboard of the PWG above the grating, which provides access to the transducer housing
(Figure 4-3). The chlorinator would be mounted on the bulkhead to allow access beneath the
unit.

Given the dimensions of the PWG and chlorinator systems, and the vessel’s available
machinery space, there is sufficient clearance to remove the existing PWG and install the new
PWG and chlorinator units. Access to the space would be through the main machinery ladder
way and the watertight door into the auxiliary machinery space. Piping from the chlorinator to
the ballast system would be routed through the watertight bulkhead at frame 27, athwartships
through the void located under the operating level between frames 27 and 28, and then to the
ballast manifold.

Stability and Trim

The combined weight of both the PWG and the chlorinator is 545 1b. This is the sum of
the PWG weight (175 Ib (AXEON Water Technologies, 2013a)) and the chlorinator tank weight,
including water (370 1b). The weight of the chlorinator tank is based on the assumption that the
30-gal tank is constructed of Y4-in steel (80 Ib) and includes miscellaneous fittings (20 1b), a 20-
Ib pump, and 30 gal of water (250 1b; 30 gal x 8.34 1b/gal). The weight of the existing PWG is
approximately 200 1b, based on a review of similarly rated Sea Recovery PWGs. The lightship
weight of the Pelican is approximately 280 long tons, or 627,200 lb, based upon data for
similarly sized vessels. Therefore, the total weight change (sum of additions and subtractions)
from PWG retrofitting is only 0.1 percent of the total lightship weight [(545 Ib - 200 1b)/627,200
Ib)]. Such a change would have negligible impact on vessel stability and trim.
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PWG service requirements

Because the new unit is replacing the existing unit at the same location, tying into the
existing potable water system would be straightforward since it would use the current PWG’s
existing electrical, seawater, and brine connections. The new PWG draws 11.5 to 12.5 amps at
220 volts (AXEON Water Technologies, 2013a), resulting in a connected load of just less than 3
kW (12.5 amps x 220 volts = 2,750 watts). This load would account for approximately 1.5
percent of the vessel’s current electrical capacity of 198 kW (LUMCON, no date).

4.1.3 Alternative Arrangement

An alternative arrangement would retain the existing PWG and install a new unit,
independent of the existing potable water system (Figure 4-4). In this case, the new PWG could
be installed on a rack above the bilge manifold, with the new chlorinator located adjacently. This
arrangement would have the advantage of grouping together all ballast-related components and
would avoid the possibility of contaminating the onboard potable water system. Further, this
alternative would allow the Pelican to produce potable water at a greater overall rate, assuming
installation of the 0.4- to 1.5-gpm PWG discussed previously. Installing the new PWG in this
manner, while retaining the existing system, also would eliminate costs associated with removing
the existing PWG. The disadvantages associated with having two PWGs onboard would be the
increased power consumption and greater frequency of PWG maintenance operations.

4.1.4 Conclusion

Overall, the analysis demonstrates it is feasible to retrofit the R/V Pelican with a PWG
capable of generating potable water at rates that would compensate for fuel consumption and that
also would meet additional potable water demands met by the currently installed PWG. The
machinery space provides sufficient clearance for PWG installation and subsequent
operation/maintenance. The impact on vessel stability and trim from the weight differential
associated with the retrofit would be negligible since it would result in a change of only 0.1
percent. Finally, the PWG electrical load is relatively small compared to the vessel’s electrical
capacity.

The total capital investment cost for retrofitting the Pelican, based on a linear
interpolation of Table 3-9 cost data for 1.0- and 15-gpm PWG-chlorination systems, would be
$53,000. The daily O&M cost would be approximately $7 per day, or approximately $2,600 per
year (assuming 365 days per year). The O&M costs are similarly derived from linear
interpolation of Table 3-10 cost data.
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4.2 INLAND RIVER TOWBOAT

This section provides a brief characterization of a 150-ft towboat owned by the USACE,
its machinery arrangement, and an analysis of PWG retrofit requirements and impacts on space,
stability, and PWG service connections.

4.2.1 Vessel Characteristics

The USACE vessel operates in the Great Lakes, western rivers, and other inland
waterways and ports, and is representative of commercial towboats of its size operated on the
inland river system of the United States. It measures roughly 150 by 42 ft (Iength and beam,
respectively). The vessel is propelled by twin propellers, each driven by a geared diesel engine.
Table 4-2 summarizes relevant vessel characteristics and mechanical systems.

Table 4-2. Summary of USACE Vessel
Characteristics and Mechanical Systems

Dimension or
Vessel Mechanical System
Characteristic Description
Length (overall) 150.0 ft
Beam 42.0 ft
Depth 11.7 ft
Draft (full load) Unknown
Displacement 736 long tons
Gross registered tonnage | Unknown
Total persons aboard 14
Fresh water tank volume | 12,500 gal
Ballast tank volume Unknown
Fuel tank volume 60,000 gal
Propellers Two (twin-screw propulsion)
Propulsion system Geared diesel engines
Shaft Horsepower 2,320 each shaft, 4,640 total
Generators Two 175-kW generators

Source: ERG, personal communications, December 24, 2013

Machinery Space

The USACE vessel has a main machinery room and two auxiliary machinery rooms
located below the main deck, as well as an auxiliary machinery room located on the main deck,
as indicated in Figure 4-5. The main machinery room is located about amidships. Vessel
diagrams provided by USACE indicate that this room has dimensions of 34 by 34 ft (length and
breadth, respectively). Auxiliary machinery rooms are located immediately aft of the main
machinery space, forward of the main machinery room, and on the main deck level. Their
respective lengths and breadths are 20 by 30 ft, 16 by 30 ft, and 40 by 30 ft.
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The main machinery room contains the following major items:

. Two diesel engines.
o Two reduction gears.
. Fuel oil system (including pumps and strainers).

The aft auxiliary machinery room contains the following major items:

o Two air receivers.
o Two propulsion shafts.
. Ballast system (pumps).

The forward auxiliary machinery room contains the following major items:

. Marine sanitation device.

o Potable water system (pumps, pressure tank, and water heater).

The auxiliary machinery room located on the main deck has cutouts for the main engines,
which are located in the deck below, and contains the following major items:

o Two diesel generators.

. Exhaust system for main engines.

The existing equipment on the main machinery room and aft auxiliary machinery room is
shown in Figure 4-6.

Ballast System

The vessel has six ballast tanks as shown in Figure 4-5. All ballast piping is run to the aft
auxiliary machinery space. Also located in this area are two ballast/fire pumps.

PWG System

The vessel currently does not have a PWG. Operating on inland rivers, the vessel has
ready access to municipal water supplies, which it uses to fill its potable water tanks.
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4.2.2 PWG Retrofit Analysis

The PWG retrofit analysis for this vessel evaluated the following considerations:

o Machinery space — consideration of PWG space requirements, accessibility to the
intended installation space, and PWG accessibility to any existing ballast and
potable water systems.

o Stability and trim — consideration of PWG installation impacts on vessel weight
and center of gravity.

o Service requirements — consideration of PWG accessibility to electrical power,
seawater, and brine discharge connections.

For the purpose of this study, the PWG must be sized to allow ballasting at a rate equal to
that of the vessel’s fuel consumption rate, plus any additional capacity needed to meet existing
potable water demands. Specific fuel consumption for the main engines is 0.33 1b/hp-hr
(Caterpillar, 2002). Therefore, main engine fuel consumption is1,540 1b/hr (2,320 hp/engine x 2
engines x 0.33 Ib/hp-hr). This is equal to 25.7 Ib/min (1,540 1b/hr/60 min/hr) or 3.6 gpm based on
an assumed No. 2 diesel oil density of 7.2 pounds per gallon (Ib/gal). The full load fuel
consumption for each diesel generator is 12.8 gal/hr, or 0.2 gpm (12.8 gpm/60 min/hr). Based
upon two generators and a typical load factor of 50 percent, the fuel consumed by the generators
1s 2x 0.2 x 0.5=0.2 gpm. The load factor is based on the fact that the ship’s service generators
are usually sized to allow the complete load to be carried with one generator off-line.

Overall fuel consumption for the vessel is 3.8 gpm (3.6 gpm for the main engines plus 0.2
gpm for the generators). This rate is equivalent to 27.1 Ib/min based on an assumed No. 2 diesel
oil density of 7.2 Ib/gal. The equivalent PWG rate necessary to offset 27.1 1b/min would be 3.3
gpm (27.1 Ib/min/8.3 Ib/gal). There is no existing PWG generator. Therefore, the total PWG
production needs only to compensate for fuel consumption, which is 3.3 gpm.

Machinery Space

Based on the fuel consumption scenario discussed above, the USACE vessel would
require a PWG capable of producing 3.3 gpm. A representative PWG used in the marine industry
is the Axeon R2 Series Reverse Osmosis System (AXEON Water Technologies, 2013b). This
unit can be configured to provide from 1 to 6.3 gpm, depending on the number of membranes
provided with the unit. All configurations have the same overall dimensions and approximately
the same weight. The PWG has a length of 32 in, a depth of 26 in, and a height of 61 in. This
analysis considered the four-membrane, R2-4140 model configuration, which provides up to 4.2
gpm. While this analysis assumes four membranes, vessel operators may choose to select
systems with redundant capacity (i.e., additional membrane filters, beyond the minimum
required). This would allow the system to operate below 100 percent capacity and would
increase pump, seal, and membrane life.
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Figure 4-7 shows where the new PWG would be located in the aft auxiliary machinery
space near the existing ballast pumps. In addition to the PWG, a chlorinator is included in the
study to ensure potable water quality. The chlorinator consists of a cylindrical, 30-gal tank with a
peristaltic pump mounted on top of the tank. The tank has a 21-in diameter and a height of 36 in.
The vendor recommends a clearance of two ft above the tank and two to three ft in front of the
tank. No clearance is required on the sides or rear of the tank. The new chlorinator would be
located between the new PWG and the ballast pumps.

Given the dimensions of the PWG and chlorinator systems, and the USACE vessel’s
arrangement, it appears as if there is sufficient clearance to install the new PWG and chlorinator
unit. Access to the space would be through the ladder way providing access to the aft auxiliary
machinery space.

Stability and Trim

The combined weight of both the PWG and the chlorinator is 1,020 lb. This is the sum of
the PWG weight (650 1b (AXEON Water Technologies, 2013b)) and the chlorinator tank weight,
including water (370 lb). The weight of the chlorinator tank is based on the assumption that the
30-gal tank is constructed of “4-in steel (80 Ib) and includes miscellaneous fittings (20 1b), a 20-
Ib pump, and 30 gal of water (250 Ib; 30 gal x 8.3 1b/gal). The lightship weight of the USACE
vessel is approximately 466 long tons, or 1,043,800 Ib. The lightship weight was estimated by
subtracting deadweight items (193 long tons of fuel, 47 long tons of fresh water, and 30 long
tons for miscellaneous deadweight items) from the displacement of 736 long tons. Miscellaneous
deadweight items include crew and effects, stores, spares, towing gear, and sewage. Therefore,
the total weight addition from PWG retrofitting is only 0.1 percent of the total lightship weight
[(1,020 1b)/1,043,800 Ib)]. Such a change would have negligible impact on vessel stability and
trim.

PWG Service Requirements

The new unit is located near the existing ballast pumps. Therefore, tying into the ballast
system would be straightforward. Electrical, seawater, and brine connections would have to be
provided. Seawater would be supplied from the vessel’s main seawater suction, which is located
in the same compartment as the new PWG. Brine would be piped to an overboard discharge. The
new PWG draws 13.6 amps at 220 volts (normal operating amps, AXEON Water Technologies,
2013Db), resulting in a connected load of just less under 3kW (13.6 amps x 220 volts = 2,992
watts). This load would account for approximately 1 percent of the vessel’s current electrical
capacity of 350 kW (ERG, personal communications, December 24, 2013).

Existing Potable Water System

The USACE vessel does not have an existing PWG. Potable water is supplied from a
tank, which is filled from municipal water. The new PWG proposed in this analysis would be
used exclusively for ballast and would not be connected to the existing potable water system.
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4.2.3 Conclusion

Overall, this analysis demonstrates that it is feasible to retrofit the USACE vessel with a
PWG capable of generating potable water at rates that would compensate for fuel consumption.
The machinery space provides sufficient clearance for PWG installation and subsequent
operation/maintenance. The impact on vessel stability and trim from the weight differential
associated with the retrofit would be negligible since it would result in a change of well under 1
percent. Finally, the PWG electrical load is relatively small compared to the vessel’s electrical
capacity.

The total capital investment cost for retrofitting the USACE vessel, based on a linear
interpolation of Table 3-9 cost data for 1.0- and 15-gpm PWG-chlorination systems, would be
$66,400. The daily O&M cost would be approximately $12 per day, or approximately $4,400 per
year (assuming 365 days per year). The O&M costs are similarly derived from linear
interpolation of Table 3-10 cost data.

4.3 RESEARCH CLASS VESSEL

This section provides a brief characterization of the Oscar Dyson and its machinery
arrangement, as well as an analysis of PWG retrofit requirements and impacts on space, stability,
and PWG service connections.

4.3.1 Vessel Characteristics

The Oscar Dyson is a fisheries survey vessel owned and operated by the National
Oceanic and Atmospheric Administration (NOAA). The primary mission of the vessel is to
perform fisheries surveys. This vessel’s homeport is in Kodiak, AK, and is a support platform to
study and monitor Alaskan pollock and other fisheries, as well as oceanography in the Bering
Sea and the Gulf of Alaska. The Oscar Dyson measures roughly 208 by 49 ft (length and beam,
respectively) and has an internal volume of 2,139 GRT. The vessel is propelled by a single
propeller driven by two electric motors and four diesel generators that power the electric motors.
Table 4-3 summarizes relevant vessel characteristics and mechanical systems.

Table 4-3. Summary of Oscar Dyson Vessel
Characteristics and Mechanical Systems

Vessel Dimension or
Characteristic Mechanical System Description
Length (overall) 206.7 ft
Beam 49.2 ft
Depth 28.4 ft
Draft (full load) 19.7 ft
Displacement 2,400 long tons

Gross registered tonnage | 2,139

Total persons aboard 39

Fresh water tank volume | 9,300 gal
Ballast tank volume 38,900 gal (147 m?)
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Table 4-3. Summary of Oscar Dyson Vessel
Characteristics and Mechanical Systems

Vessel
Characteristic

Dimension or
Mechanical System Description

Fuel tank volume

113,100 gal

Propellers

One (single-screw propulsion)

Propulsion system

Single-screw diesel electric

Shaft Power

Two 1,125-kW electric motors on
single shaft (2,250 kW total)

Generators

Two 1,360-kW generators and two
960-kW generators. Total electrical
generating capability of 4,540 kW.

Sources: ABS, 2014b; NOAA, no date ¢

Machinery Space

As indicated in Figure 4-8, the Oscar Dyson has a main machinery room, an auxiliary
machinery room, and a domestic equipment space. The main machinery room is located just aft
of amidships. Vessel diagrams provided by NOAA indicate that this room is 45 ft long and spans
the breadth of the boat. The auxiliary machinery room is located immediately forward of the
main machinery space on a single level and has dimensions of 20 by 41 ft (length and breadth,
respectively). The domestic equipment space is located immediately forward of the auxiliary
machinery room and has dimensions of 20 ft by 28 ft (length and breadth, respectively).

The main machinery room has two levels. The lower level contains the following major

items, as shown in Figure 4-9:

o Four diesel generators.

. Two electric propulsion motors.

o Two propulsion transformers.

o Two ship’s service transformers.

o Main seawater system (including pumps and strainers).

o Bilge manifold.

The upper level contains the following major items as shown in Figure 4-10:

. Air conditioner chiller plant and pumps.

. Diesel generator expansion tanks and heat exchangers.

o Distilling units.

. Diesel generator exhaust system (not shown on drawing).

Each level also contains various electrical panels.

The auxiliary machinery room is located on a single level and contains the following

major items:
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o Fuel oil system (including purifier, pumps, and manifold).
o Engineer’s workshop (with various pieces of workshop equipment).
. Ballast manifold.
o Storage area.

This space also contains various electrical panels.

The domestic equipment space contains the following major items:

o Potable water system components (ultraviolet purifiers, pressure tank, and hot
water system).

. Marine sanitation device.

o Bow thruster drive transformers and controller.

The existing equipment in the auxiliary machinery room and domestic equipment space is shown
in Figure 4-11.

Diesel electric propulsion systems for vessels of this size are common, with applications
including offshore service vessels and small passenger vessels. However, overall machinery
space on the Oscar Dyson is larger than that found on many similar sized vessels due to the low-
noise features found on the vessel. These features include the large propulsion motors located in
the main machinery space and the resilient mounting of much of the machinery. A more common
arrangement would locate the propulsion motors outside the main machinery space using Z-drive
units. The diesel generators are resiliently mounted on a large steel frame, which in turn is
resiliently mounted to the ship. This intermediate frame results in a larger space requirement than
a more common installation.

Since the additional space requirements are compensated for with a larger overall
machinery space (which includes the auxiliary machinery room), EPA believes that the
challenges of the PWG installation aboard the Oscar Dyson are typical of other vessels of its
size.

Ballast System

The Oscar Dyson has four ballast tanks, which have a combined volume of 38,900 gal
(147 cubic meters) (ABS, 2014b). The corresponding ballast capacity ranges from 144.7 long
tons (147.1 metric tons) (fresh water) to 148.5 long tons (150.9 metric tons) (salt water) based on
standard conversion factors.”® All ballast piping is run to the ballast manifold located in the

7 This document uses the following standard conversion factors provided by the Society of Naval Architects and
Marine Engineers: 8.34 Ib/gal for fresh water and 8.56 1b/gal for salt water. These densities are taken at 60°F and,
for salt water, at a salinity of 3.5% (Comstock, 1967).

8 Fresh water: (15,656 gal)(8.34 1b/gal)/(2,240 Ib/long ton) = 58.3 long tons.
Salt water: (15,656 gal)(8.56 1b/gal)/(2,240 1b/long ton) = 59.8 long tons.
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forward port corner of the auxiliary machinery room. Also located in this area is one of the
vessel’s bilge/ballast/fire pumps.

PWG System

The Oscar Dyson currently has two Alfa-Laval JWP-16-C-40 distillation units to
generate fresh water. Each unit is rated at 1.3 gpm (NOAA, no date c). Heat for the units is
supplied by the diesel engine jacket water cooling system supplemented with electric heaters.
The units are located port and starboard on the upper level of the main machinery room. Fresh
water is stored in two tanks with a total capacity of 9,300 gal and is disinfected by an ultraviolet
purifier located in the domestic equipment space.
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4.3.2 PWG Retrofit Analysis

The retrofit analysis for this vessel evaluated the following considerations:

o Machinery space — consideration of PWG space requirements, accessibility to the
intended installation space, and PWG accessibility to any existing ballast and
potable water systems.

o Stability and trim — consideration of PWG installation impacts on vessel weight
and center of gravity.

o Service requirements — consideration of PWG accessibility to electrical power,
seawater, and brine discharge connections.

To simplify installation and minimize costs, it is recommended that the existing distillers
remain in place and in operation to service the vessel’s domestic potable water requirements.
Therefore, for the purpose of this study, the PWG must be sized to allow ballasting at a rate
equal to that of the vessel’s fuel consumption rate only. In this case, the reported fuel
consumption rate for the Oscar Dyson is 1.7 gpm of diesel fuel (ERG, personal communications,
August 1, 2013), which is equivalent to 12.6 Ib/min, based on an assumed No. 2 diesel oil
density of 7.2 1b/gal. The equivalent PWG rate necessary to offset 12.6 Ib/min would be 1.5 gpm
(12.6 1b/min/8.3 1b/gal).

The reported fuel consumption of 1.7 gpm represents a typical consumption rate. A more
conservative estimate would consider the vessel’s maximum fuel consumption rate. The
maximum fuel consumption rate for the engines would be 66.9 gal/hr for each Cat 3508 unit and
90.9 gal/hr for each Cat 3512 unit (Caterpillar, no date). Based on an estimated overall generator
load factor of 75 percent, the fuel consumption would be (66.9 gal/hr x 2 + 90.9 gal/hr x 2) x
0.75, or 236.7 gal/hr. The load factor represents the vessel’s worst-case electrical load, from
trawling in 13-ft seas. This is equal to 28.5 Ib/min (236.7 gal/hr x 7.2 1b/gal/60 min/hr). The
equivalent PWG rate necessary to offset 28.5 Ib/min would be 3.4 gpm (28.5 Ib/min/8.3 lb/gal).

Machinery Space

Based on the typical and conservative fuel consumption scenarios discussed above, the
Oscar Dyson would require a PWG capable of producing 1.7 gpm to 3.4 gpm.

Two different representative PWG units were considered for this analysis:

o The Axeon R2 Series Reverse Osmosis System (AXEON Water Technologies,
2013b). This unit can be configured to provide from 1 to 6.3 gpm, depending on
the number of membranes provided with the unit. All configurations have the
same overall dimensions and approximately the same weight. This analysis
considered the four-membrane, R2-4140 model configuration, which provides up
to 4.2 gpm. The PWG has a length of 32 in, a depth of 26 in, and a height of 61 in.

o The Sea Recovery Coral Sea System (Sea Recovery, 2013). This unit can be
configured to provide 1.9 to 4.7 gpm, depending on the membrane configuration.
This system can accommodate up to six membrane filters. All configurations have
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approximately the same dimensions and weight. This analysis considered the
5200/4V model, which provides 3.6 gpm. This PWG has a length of 30 in, a depth
of 35 in, and a height of 53 in.

This feasibility analysis uses the Coral Sea system and assumes the system would have
six membranes. The system has been designed to allow the system to operate below 100 percent
capacity and would increase pump, seal, and membrane life.

It should be noted that the Coral Sea System is also available in a modular configuration.
Though not selected in this analysis, the modular configuration allows the control unit, pumps,
filters, and membrane vessels to be separately located, and would allow the system to be
installed in locations without the space for an integrated unit.

There are three potential locations for the PWG installation:

o On the upper level of the main machinery room where the existing distiller units
are located.

o In the auxiliary machinery room adjacent to the ballast manifold.

. In the domestic equipment space adjacent to components of the existing potable

water system.

Locating the new PWG in place of the existing distiller units is not practical due to the
way the existing distiller is located between the diesel generators’ heat exchangers and expansion
tanks. There is not sufficient space for the new PWG elsewhere in the main machinery room.

Locating the new PWG in the domestic equipment space is not practical due to lack of
sufficient space in the area for additional equipment. Accordingly, the new PWG would be
located on the port side of the auxiliary machinery room adjacent to the ballast manifold. This
space also contains an electrical workbench, various electrical panels, and has an area designated
as storage. It should be noted that the new PWG would take up some of the existing storage
space, which may be limited on a vessel of this type and size.

In addition to the PWG, a chlorinator is included in the study to ensure potable water
quality. The chlorinator consists of a cylindrical, 30-gal tank with a peristaltic pump mounted on
top of the tank. The tank has a 21-in diameter and a height of 36 in. The vendor recommends a
clearance of two ft above the tank and two to three ft in front of the tank. No clearance is
required on the sides or rear of the tank. The new chlorinator would be located outboard of the
ballast manifold near the existing ballast pump. Figure 4-12 shows the recommended locations
for a new PWG and chlorinator.

Given the dimensions of the PWG and chlorinator systems, and the vessel’s arrangement,
it appears as if there is sufficient clearance to install the new PWG and chlorinator unit. Access
to the space would be through the ladder way going into the auxiliary machinery room. Seawater
piping from the chlorinator to the ballast system would be straightforward as the chlorinator is
located within a few feet of the ballast manifold.
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Figure 4-12. Auxiliary Machinery Room after Retrofitting the Oscar Dyson
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Stability and Trim

The combined weight of both the PWG and the chlorinator is 1,120 Ib. This is the sum of
the PWG weight 750 1b (Sea Recovery, 2013) and the chlorinator tank weight, including water
(370 1Ib). The weight of the chlorinator tank is based on the assumption that the 30-gal tank is
constructed of %4-in steel (80 1b) and includes miscellaneous fittings (20 1b), a 20-Ib pump, and
30 gal of water (250 Ib; 30 gal x 8.3 1b/gal). The lightship weight of the Oscar Dyson is
approximately 1,750 long tons, or 3,920,000 Ib, based upon data for similarly sized vessels.
Therefore, the total weight addition from PWG retrofitting is only 0.03 percent of the total
lightship weight [(1,120 1b)/(3,920,000 1b)]. Such a change would have negligible impact on
vessel stability and trim.

PWG Service Requirements

The new unit would be located near the existing ballast manifold; therefore, tying into the
ballast system would be straightforward. Electrical, seawater, and brine connections would have
to be added. Seawater would be supplied from the vessel’s main seawater system located in the
main machinery room (lower level), with brine being discharged overboard by way of the
auxiliary machinery room. The new PWG draws 36.6 amps at 220 volts (normal operating amps,
Sea Recovery, 2013), resulting in a connected load of just over 5 kW (36.6 amps x 220 volts =
8,052 watts). This load would account for approximately 0.2 percent of the vessel’s current
electrical capacity of 4,540 kW (NOAA, no date c).

4.3.3 Conclusion

Overall, this analysis demonstrates it is feasible to retrofit the Oscar Dyson with a PWG
capable of generating potable water at rates that would compensate for fuel consumption and that
also would meet additional potable water demands met by the currently installed PWG. The
machinery space provides sufficient clearance for PWG installation and subsequent
operation/maintenance. The impact on vessel stability and trim from the weight differential
associated with the retrofit would be negligible since it would result in a change of well under 1
percent. Finally, the PWG electrical load is relatively small compared to the vessel’s electrical
capacity.

The total capital investment cost for retrofitting the Oscar Dyson, based on a linear
interpolation of Table 3-9 cost data for 1.0- and 15-gpm PWG-chlorination systems, would be
$67,200. The daily O&M cost would be approximately $12 per day, or approximately $4,400 per
year (assuming 365 days per year). The O&M costs are similarly derived from linear
interpolation of Table 3-10 cost data.

4.4 PARAMETRIC ANALYSIS TO EXTRAPOLATE THE CASE-STUDY FINDINGS

Parametric design data are often used in the marine industry by naval architects and
marine engineers in early stages of ship design. A parametric analysis uses vessel design
characteristics, such as vessel length, beam, hull coefficients, required power, and weights, and
presents these characteristics as a function of other vessel characteristics, either in a graphical
form or by mathematical formulas. In this way, data from previously designed and built vessels
or previously conducted des