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Executive Summary

This study evaluated a number of existing ballast treatment technologies based on their
compatibility with small vessels operating exclusively in fresh water. This segment of the
shipping fleet represents only a small percentage of global tonnage and, therefore, a minor
market in the eyes of technology developers. An unintended consequence is that such vessels
have limited options for treating ballast water since few treatment systems are designed
specifically for their needs.

This study examined seven (7) different treatment technologies. The field of candidates was
narrowed based on compatibility with fresh water and ability to meet the IMO D-2
performance standards with minimal hold/contact time. This selection process yielded a list of
five (5) commercially available technologies which was then supplemented with two (2)
technologies still under development which have undergone testing in fresh water.

Evaluation of the treatment systems was accomplished through analysis of vendor-supplied
information regarding efficacy, residual toxicity, size/weight, electrical load, lifecycle costs,
and safety. During evaluation it was revealed that two of the technologies are ruled out
entirely because they are commercially unavailable (globally or to the Great Lakes market).
The technologies remaining may be categorized as those having IMO type approval (Hyde,
Unitor) and those which do not (Siemens, Sodium Hydroxide, and Sodium Hypochlorite). The
former group has the benefit of having completed the full IMO evaluation, while selection of
the latter requires a willingness to await further evaluation. A graphical depiction of the
evaluation process is shown below.

All available treatment technologies

l

Field narrowed based on IMO type approval, stated compatibility with fresh water, or documented
testing in fresh water

Alfa Laval Hyde Unitor Siemens NaOCl NaOH Hitachi
Unavailable Removed
to Great from market
Lakes
market v 4 4 4 4
IMO type approved Not IMO type approved
Fewer unknowns for Owners must be willing to await further
Owners seeking immediate testing and evaluation
installation
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Section 1 Introduction

The development of ballast water treatment technologies to date has been largely focused on
finding solutions for large ships operating internationally on the open seas. The market offers
a variety of treatment solutions for ships that carry high volumes of salt water ballast for
extended periods. Small vessels that operate exclusively in fresh water are at a disadvantage
when it comes to finding treatment solutions suited for their needs. The disadvantage stems
from several factors which include limitations in physical size, short voyage durations, and
operation in low salinity water.

The intent of this study is to document known information on available Ballast Water
Treatment System (BWTS) technologies and, where possible, to evaluate them based on their
compatibility with small vessels operating exclusively in fresh water. A total of seven (7)
BWTS devices in various stages of development have been chosen for this evaluation. The
result of this study is a comparison that will allow owners and operators of such vessels to
determine which technologies are best suited for their specific applications.

Isle Royale National Park 1 The Glosten Associates, Inc.
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Section 2  Ballast Water Treatment Regulations

The treatment of ship’s ballast water is the subject of overlapping and disparate regulations
that are in various stages of implementation. U.S. registered ships operating exclusively in the
Great Lakes could potentially be required to comply with laws enforced by international,
national, and local bodies. A brief discussion of the rules is included here to provide context
for this evaluation.

2.1 International

The International Maritime Organization (IMO) has adopted the International Convention for
the Control and Management of Ships’ Ballast Water and Sediments (Reference 1). The
Convention sets forth rules and a phased timeline for ballast water treatment requirements.
Pertinent facts are identified below.

e The Convention will apply to all vessels flagged in countries Party to the Convention
(vessels operating exclusively in the waters of one Party may be exempt).

e Regulation D-2 of the Convention prescribes discharge standards for organisms and
pathogens that may be discharged with ship’s ballast water.

e Protocols have been published for evaluating system performance relative to IMO
standards (IMO G8 and G9 guidelines). These protocols do not specifically require testing
in fresh water or testing with short-duration residence times (time that treated ballast water
must be retained in tanks).

e An existing small capacity vessel (<1,500 m) built prior to 2009 will be required to meet
the D-2 standard following its first intermediate or renewal survey starting in 2017.

e There are currently a wide variety of commercially available treatment systems that have
demonstrated compliance with the D-2 standard and have gained IMO type approval.

Once ratified, U.S. registered ships operating exclusively in the Great Lakes could be subject
to the IMO regulations if they discharge ballast in both U.S. and Canadian waters. However,
enforcement on this basis has yet to be seen and will remain unknown until the Convention is
ratified. At this time, the implications of IMO for small vessels within the Great Lakes are
unclear.

2.2 National

The United States currently has a proposed rule for ballast water treatment. As with the IMO
Convention, this proposed rule sets forth a timeline for ballast water treatment requirements.
Pertinent facts are discussed below.

e The regulation will apply to all commercial ships discharging ballast in U.S. waters.
Vessels operating exclusively in one Captain of the Port (COTP) zone would be exempt.

e The proposed rule prescribes discharge standards for organisms and pathogens that may be
discharged with ship’s ballast water. There are two phases of implementation, each with
its own timeline and performance standard.

Isle Royale National Park 2 The Glosten Associates, Inc.
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e The Phase 1 performance standard is consonant with the IMO D-2 standard. Small
capacity vessels (<1,500 m’) built prior to 2012 would be required to meet Phase 1
standard by the time of first drydocking after 1 January 2016.

e The Phase 2 performance standard is, in some cases, up to 1000 times more stringent than
Phase 1. Small capacity vessels (<1,500 m®) built prior to 2012 would be required to meet
Phase 2 requirements 1) by the time of first drydocking after 1 January 2016, or ii) five
years after a Phase 1 system is installed, whichever is later.

e The proposed rule is subject to further evaluation, which may influence final rule
requirements.

e There are currently no systems available that have documented compliance with the Phase
2 standard. Formal testing protocols to demonstrate compliance have only recently been
published.

U.S. vessels are also regulated by the Environmental Protection Agency (EPA) Vessel General
Permit (VGP) program. This program regulates incidental discharges from vessels that occur
as part of normal operation such as deck-run-off, bilge water, and waste water. Pertinent facts
are discussed below.

e Treatment of ballast water for all vessels is not an explicit requirement under the VGP
program.

e There is a requirement that prohibits the discharge of untreated or un-exchanged ballast
water within designated federally protected waters.

e Federally protected waters in the Great Lakes include (but are not limited to) Isle Royale
National Park, Grand Portage National Monument, and Pictured Rocks National
Lakeshore.

If passed into law, U.S. registered ships operating exclusively in the Great Lakes could be
subject to the Phase 1 and Phase 2 standards if their service requires them to operate in more
than one COTP zone. Vessels that operate in or near any of the federally protected waters will
be required to treat or exchange ballast water under the VGP requirements.

2.3 Local

A number of states bordering the Great Lakes have existing or proposed laws which overlap
the national and international regulations discussed above.

e Michigan is the first state to have implemented a permitting program, requiring oceangoing
ships discharging ballast water to obtain a permit from the state.

¢ Illinois, Indiana, Minnesota, and Ohio have proposed requirements that are consistent with
the IMO D-2 standard.

e New York and Pennsylvania have introduced proposed rules that exceed D-2.

e Some states have lists of approved ballast treatment technologies that may be installed on
vessels. These lists have provisions allowing new technologies to gain acceptance.

A vessel would be required to carry multiple state-issued permits and comply with each state’s
individual ballast water requirements if a vessel transited from one state’s waters to another’s.
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In summary, U.S. vessels operating on the Great Lakes could be subject to potential regulation
from each of the bodies described above. However, the IMO standard is the most prevalent
used in the development of commercial treatment technologies. At this time, commercial
treatment technologies that meet national and state regulations have not been developed.
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Section 3 Platform Vessel

3.1 General

Treatment system evaluation is based on compatibility with vessels similar to the M/V Ranger
I11. The subject vessel is a U.S. registered steel hull passenger ship operating exclusively on
the Great Lakes. The vessel is inspected by the U.S. Coast Guard under the provisions of
Subchapter H (Passenger Vessels), and is classed by the American Bureau of Shipping.
Pertinent data is shown below.

Principle Characteristics

Length Overall.........cccooooviieiiiieiiee e 165'-0"
Beam: ...oooiiie 34'-0"
Depth: .o 15'-0"
Ballast Capacity: ......ccccoeveeeiienieniienieeieeeeeeeenes 37,000 gal
BUilt: oo 1958
Official NUmMber: ......c.coooiieiiiiiieiieieeeee e 277361
IMO NUMDET: ... 7618234

Figure 1 — M/V Ranger 111

3.2 Service Profile

M/V Ranger Il carries passengers and cargo between Houghton, MI and the Isle Royale
National Park located on Lake Superior. The route is 76 statute miles, a distance covered in
approximately 6-1/2 hrs.

The vessel’s operating season is subject to ice conditions on Lake Superior, but generally lasts
from May to October each year. During peak season, the vessel makes a single one-way
crossing per day and stays overnight at the destination, completing the return crossing the
following day.

For evaluation it is assumed that the platform vessel has a service profile similar to that of
Ranger Il1; the primary characteristics being the area of service (all voyages taking place on
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the Great Lakes) and the voyage duration and frequency (one voyage per day lasting
approximately 6-1/2 hrs).

3.3 Ballasting Cycles

Due to stability limitations, the Ranger Il must carry ballast during each crossing. The
ballasting scheme will vary depending on the cargo loading plan. In approximately 1/3 of all
crossings ballast is taken on after the vessel has left the dock (to avoid drawing in sediment),
but before the boat reaches the exposed waters of Lake Superior. Upon arrival at the
destination, the vessel must discharge ballast in order to stay within draft restrictions, and in
some cases, to trim the vessel to avoid interference between the cargo loading doors and the
dock. For these reasons, uptake and discharge of ballast must occur within the same 6-1/2
hour window in which the single crossing takes place.

The ballast system utilizes a single stage self-priming centrifugal pump capable of delivering
180 GPM at 30 ft TDH. In general, the vessel operates with few slack ballast tanks, thereby
requiring that most tanks be either completely empty or completely full.

For evaluation, it is assumed that the platform vessel will have similar ballasting requirements
as Ranger |1l with the uptake and discharge of ballast water taking place within the single-
voyage timeframe on 1/3 of all voyages. It is assumed that the ballast pumping system must
operate for 1 hour per crossing (30 minutes each for uptake and discharge) at the 180 GPM
flow rate. The treatment system operating hours will vary based on the method of treatment.
Systems that treat only on uptake will have half the operating hours of systems that treat on
uptake and discharge.

3.4  Electrical Loads and Generating Capacity

The Ranger 111 is fitted with two 55 kW ship service generators capable of operating in
parallel. Under normal at-sea conditions, both generators are paralleled (for redundancy) and
share a combined load of approximately 20 kW. This load does not include the ballast pump.

The high amount of reserve generating capacity on the Ranger Il is uncharacteristic of most
small vessels. For evaluation it is assumed that the platform vessel will have the same at-sea
loads but with a reduced generating capacity of only 60 kW.
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Section 4 Evaluation Procedure

4.1  Evaluation Categories

Candidate ballast water treatment system (BWTS) technologies are evaluated based on their
characteristics in a number of categories. Within each category, the technologies are assigned
a numerical ranking; the value 1 represents the highest degree of compatibility with the
platform vessel (or 1 place) and higher numbers representing diminished compatibility. The
rankings are based on quantitative comparisons of measurable values. For instance, systems
with larger space envelopes or higher costs receive diminished scores (2 = 2™ place, 3 = 3™
place, etc). The following evaluation categories are used: efficacy, residual toxicity,
equipment size and weight, electrical load, lifecycle costs, and safety.

41.1 Efficacy

Efficacy is a measure of a treatment system’s effectiveness at killing or removing organisms
from ballast water. Evaluation in this category is based on published results of biological
efficacy tests. The best score is assigned to the system that can demonstrate the highest levels
of efficacy in fresh water with minimal hold time.

4.1.2 Residual Toxicity

Residual toxicity is a measure of the potential harm that treated water may cause to the
environment upon discharge. This characteristic is measured by testing for acute and chronic
toxicity across multiple species, and by measuring residual levels of active substances.
Evaluation in this category is based on whether a system uses active substances, and levels of
residual biocide that are discharged in the ballast water. The best score is assigned to the
systems that do not utilize active substances. Systems utilizing active substances will be
scored progressively lower based on personnel exposure to those substances and compliance
with national and state limits on residual biocides. Such limits are identified in Reference 27.

4.1.3 Equipment Size and Weight

Equipment size and weight are significant factors for small vessels. In most cases, a small
vessel will have limited space to add equipment and minimal tolerance to weight growth.
Weight increases may have an impact on vessel payload and stability. The approach taken for
evaluation in this category is to assign the best score to the system that occupies the smallest
footprint and has the lowest weight.

414 Electrical Load

Electrical load is another practical consideration that may challenge certain treatment systems.
Small vessels generally do not have large power generation capacity. Installation of larger
generators and switchboards incur significant engineering and shipyard costs. Therefore
evaluation in this category is based on the magnitude of electrical power required to operate
the treatment systems. This electrical load takes into account the load of the treatment device
itself plus any additional auxiliaries required to support its operation. The intent is to illustrate
the ‘delta’ in electrical load between the vessel’s current loads during ballasting and the loads
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that would exist if the system were to be installed. The best score is assigned to the system
with the lowest electrical power demand.

415 Lifecycle Costs

Lifecycle costs are determined by developing estimated costs in two discreet categories: 1)
capital costs, and ii) operating/maintenance costs.

Capital costs are those associated with the one-time purchase and installation of a treatment
system. Costs in this category include indirect costs associated with shipyard labor, materials,
equipment relocation, engineering services, drydocking, and other temporary services needed
to provide a permanent and fully approved installation.

Operating/maintenance costs are those costs necessary to operate and maintain a system over
time. Costs in this category include those associated with operation, preventive maintenance,
spare parts, consumables, and fuel (attributed to higher electrical loads).

Evaluation in this category is based on estimated lifecycle costs over 25 years.

4.1.6 Safety

Safety is a concern in systems which require the storage or transfer of harmful chemical
agents. Evaluation in this category is based on several metrics which are enumerated below.

e The relative severity of the hazardous substances employed (according to the NFPA rating
system)

e The quantities of hazardous substances stored on the vessel
e The frequency and type of handling procedures
e Possible effects of single point failures in the system.

The best score is assigned to systems that have the smallest degree of risk in each of these
areas.

4.2 Indirect Considerations (Corrosion)

A significant concern that may influence treatment system selection is that of corrosion. Steel
vessels operating in fresh water are afforded much lower corrosion rates than vessels operating
in a seawater environment. This service factor has allowed fresh water vessels to operate
without the use of protective coatings inside ballast tanks.

Some treatment systems discussed in this report rely on the use of chemical oxidizing agents
that are added to ballast water and held in the ballast tanks for a prolonged period of time. It is
known that direct exposure of oxidizing agents to bare steel will accelerate corrosion. A vessel
owner must consider how this may increase their operational costs; requiring new protective
coatings or increasing the frequency of steel renewal (or both).

Corrosion rates are dependent on a vast array of factors which include salinity, temperature,
oxygen content, chemical concentration, and exposure duration. The sheer number of
variables makes it difficult (if not impossible) to quantify the degree to which corrosion will be
accelerated on any particular vessel. In this evaluation the risk of corrosion as a cost factor is
identified where it applies, but scoring or ranking of this variable is not included.
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4.3  Global Assumptions
The following global assumptions are used throughout the evaluation:

e Fuel consumption characteristics for shipboard generators are based on published data for
four stroke high speed engines rated at less than 100 brake horsepower. This data is shown
in Appendix C.

e For the purpose of generating projected lifecycle costs over 25 years, annual inflation rates
of 3% for labor and spare parts and 8% for fuel are assumed. The cost of No. 2 diesel fuel
in 2011 dollars is taken as $2.90 per gallon (Reference 24).

e Shipyard hourly labor rates are assumed to be $60/hr.

¢ Shipboard engineering labor rates are assumed to be $100/hr.
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Section 5  Candidate Technologies

5.1 Selection Process

An initial field of seven (7) ballast treatment technologies is chosen for evaluation. The field
has been narrowed from published lists of commercially available treatment technologies
(References 2 and 3) as well as other known technologies still under development. This
narrowing of the field has been based on compatibility with fresh water and ability to meet the
IMO D-2 performance standards with minimal hold/contact time. For systems still under
development, selection has been based on the system having undergone testing in fresh water.

As noted in Section 2, there are a number of proposed regulations that contain discharge
standards exceeding the IMO D-2 requirements. There is no guarantee that a system that
meets IMO D-2 will comply with more stringent standards. At present the IMO protocol is the
only standard in use by which treatment system performance is validated. Absent any other
evaluation protocols, IMO testing has been used as a starting point for consideration.

In some cases there are multiple systems offering the same method of treatment. For instance,
there are at least four manufacturers whose systems utilize U/V sterilization in conjunction
with filtration. In such cases, it has been chosen to identity only one system of each type so
that a representative cross section may be evaluated. The selected treatment systems are
described below.

51.1 Alfa Laval PureBallast

The Alfa Laval system relies on a reaction between a titanium dioxide catalyst and ultraviolet
(UV) light. This reaction generates free radicals which chemically disinfect the water. This
process is supplemented by mechanical filtration. The system requires no additives and does
not require neutralization of discharged ballast water. The manufacturer indicates there is no
minimum residence time (time that treated ballast water must remain in the tank).

5.1.2 Hyde Guardian Ballast Water Treatment System

The Hyde system relies on disinfection from direct exposure to UV radiation in conjunction
with mechanical filtration. The system uses no additives and does not require neutralization of
discharged ballast water. The system is fully functional in fresh water and requires no
minimum residence time.

5.1.3 Unitor Ballast Water Treatment System

The Unitor system relies on induced cavitation inside a reaction chamber as a means to
damage cell walls of organisms. This process is supplemented by the injection of either
sodium hypochlorite (via electro-chlorination in seawater) and ozone from an O generator.
The concentration of hypochlorite and ozone is claimed to be low enough (<1 ppm) that tank
corrosion and neutralization of discharged ballast water are not a concern. The manufacturer
indicates that the system is fully functional in fresh water and that no minimum residence time
is required.
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514 Hitachi ClearBallast Purification System

The Hitachi system relies on the use of coagulants and magnetic powder to bind organisms
into clusters. These clusters are filtered from the ballast water via magnetic separation. The
resulting ballast effluent is claimed to carry no harmful substances and may be discharged
without neutralization. The separated sludge must be retained on board and periodically
discharged. Consumable supplies of coagulant and magnetic power must be replenished.

5.1.5 Siemens SICURE Ballast Water Management System

The Siemens SICURE system relies on sodium hypochlorite to disinfect ballast water. For
vessels operating in seawater the hypochlorite is generated on board through electro-
chlorination (using only a partial volume of the full ballast flow rate). For vessels operating in
fresh water, the use of stored sodium hypochlorite (commercial bleach solution) may be used
in lieu of electro-chlorination. Mechanical filtration is used in conjunction with the
disinfection process during uptake. After a specified residence time, the water may be
discharged overboard. Neutralizing agent is added to the effluent as it is discharged
overboard.

5.1.6 Sodium Hydroxide Dosing (under development by USGS)

This system currently under development by the United States Geological Survey (USGS)
relies on the injection of sodium hydroxide solution (caustic soda) into the ballast water upon
uptake. The injection raises the pH of the ballast water to levels that are toxic to organisms.
After a specified residence time, the pH is returned to normal levels by neutralization with CO,
prior to discharge overboard.

5.1.7 Sodium Hypochlorite Dosing (under development by NPS and
Michigan Technological University)

This system currently under development by the United States National Park Service (NPS)
and Michigan Technological University relies on the injection of sodium hypochlorite solution
(commercial bleach) into the ballast water upon uptake. After a specified residence time, the
residual hypochlorite is neutralized with sodium sulfite solution prior to discharge.

5.2 Market Limitations

At the time that selection of candidate technologies began in 2010, there were ten (10) known
commercial treatment systems on the market with IMO type approval. During the selection
process it was discovered that at least one system had been removed from the market after the
manufacturer (Hamann AG) learned that performance could not be maintained in extremely
cold temperatures.

During the course of evaluation it was subsequently revealed that the Hitachi and Alfa-Laval
systems were commercially unavailable for fresh water applications. In the case of Hitachi,
the system has been pulled from the market completely while Alfa-Laval is only refraining
from marketing to Great Lakes vessels. The circumstances surrounding these actions are
described in subsequent sections of this report.

The factors which led to the removal of these three devices from the market are different in
each case but are indicative of a broader issue; that compliance with IMO requirements is not
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analogous to compatibility with every set of service conditions. Of the ten systems that began
with type approval, only seven remain available to the subject market.
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Section 6  System Discussion

6.1 Alfa Laval PureBallast

Note: Alfa-Laval has indicated that the PureBallast system will not be commercially available
to vessels operating on the Great Lakes. This stems from a land based test in fresh water in
which the device did not function properly. While the specific causes and possible resolution
of the issue have been identified (Reference 26), the manufacturer has elected not to pursue
further testing in fresh water and has indicated their desire to pursue only the seawater (IMO)
market. A discussion of the pertinent system data is included in this report for information
only.

6.1.1 Description

The Alfa Laval PureBallast treatment system utilizes a combination of mechanical filtration
and photocatalytic reaction to remove or inactivate organisms in the ballast stream. Ballast
water is treated during both uptake and discharge.

During uptake, the ballast water is pumped through a filter assembly. Organisms and
particulates separated by the filter are back flushed and returned overboard to the uptake
source. Following filtration, the ballast water passes through a reactor where UV light is
directed toward a titanium dioxide catalyst thereby generating radicals which disinfect the
water. These radicals exist only for a brief period and dissipate before the water leaves the
reactor. This process works in tandem with sterilization resulting from direct exposure to UV
radiation. During discharge, the ballast water bypasses the filter manifold and passes through
the reactor only before being discharged overboard.

The smallest standard device available from Alfa Laval utilizes a single reactor and has a
minimum processing capacity of 220 GPM (50 m*/hr). Reduced flow rates through the reactor
are not permissible. Therefore, evaluation of this system will be based on the assumption that
the ballast pump must be upsized to accommodate the increase in flow rate to 220 GPM
(although it is possible for the existing piping to accommodate the higher flow rate).

Ballasting operations Deballasting operations

SValve open
T Valve closed

Wallenius AOT © Valve open
D Valve closed

Wallenius AQT

Fiping system

Piping system

Ballast tanks Ballast tanks

Figure 2 — Alfa Laval PureBallast (image from Reference 4)

The system requires a variety of support system connections. Separate circuit fresh water
cooling is required for cooling the electronics in the reactor assembly. Auxiliary fresh water
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and compressed air connections are also required to enable reactor flushing and filter back-
flushing.

6.1.2 Efficacy

The PureBallast system has been tested in accordance with Convention protocols and has been
granted IMO type approval (References 2 through 4). Detailed results of efficacy tests have
not been made available by the manufacturer and it is unknown whether testing occurred in
fresh water. The manufacturer indicates that efficacy can be achieved with no minimum
residence time. Because the system is type approved it is known that the tests demonstrated
efficacy levels within the following limits.

Table 1 - Efficacy Limits

Organisms > 50 Organisms >10um Intestinal Toxicogenic
pm and <50um Escherichia Coli Enterococci Vibrio Cholerae
(per m®) (per mL) (cfu/100 mL) (cfu/100 mL) (cfu/100 mL)
<10 <10 <250 <100 <1

6.1.3 Residual Toxicity

It is known that the Alfa-Laval system uses active substances in the form of radicals that are
generated internally by the photocatalytic reaction. Detailed results of residual toxicity tests
have not been made available by the manufacturer. However, it is known that the process does
not cause the formation of chlorine or bromine. The radicals are similar to those that occur
naturally in the surface layer of seawater exposed to the sun (Reference 28).

6.1.4 Equipment Size and Weight

The PureBallast system is comprised of several independently mounted components. These
include the filter assembly, reactor vessel (or AOT unit), CIP unit, and control cabinet. A
summary of the total footprint and weight is shown below.

Table 2 — Summary of Total Footprint and Weight

Footprint (sq ft) Weight (Ibs)

Filter Assembly 6 1,014
AOT Unit 13 1,460
CIP Unit 7 430
Control Cabinet 2 110
Total 28 3,014

6.1.5 Electrical Load

The electrical load for the system is 36 kW for the reactor unit plus 1 kW for the controller.
The system will also incur a 5 kW load increase due to the operation of a ballast pump with
higher head capacity (assuming 220 GPM at 60 ft TDH with a pump efficiency of 50%). An
electrical load of 250 watts is also introduced due to the addition of a fresh water cooling
pump (assuming 5 GPM at 30 ft TDH with a pump efficiency of 50%). In conjunction, these
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components bring the total load to 42 kW. It is noted that this substantial electrical load can be
accommodated by Ranger 111 but falls beyond the assumed generating capacity of the platform
vessel. Some small vessels would require installation of larger generators and switchboards to
compensate.

The system is configured to operate on 480 VAC power. Therefore, a dedicated transformer
bank will be required.

6.1.6 Capital Costs

The estimated one-time capital costs for installing an Alfa Laval PureBallast treatment system
on the platform vessel are $465,000. This estimated cost reflects installation of a new ballast
pump and utilization of existing system piping. The installation tasks can be accomplished
with the vessel afloat. Confined space entry is not required. Temporary removal/restoration of
some machinery space outfitting will be required. Auxiliary fresh water cooling and
compressed air connections are required, thereby requiring some modification to existing
systems (see Appendix A).

6.1.7 Operating and Maintenance Costs

The estimated annual operating and maintenance costs for a PureBallast treatment system are
$1,434 per year ($1,175 in maintenance costs and $259 in fuel costs). Routine preventive
maintenance tasks include replacement of the UV lamps every 3,000 hours and replenishment
of the clean-in-place fluid annually. Fuel costs reflect both generators operating at 100% of
their maximum continuous rating (MCR) (see Appendix B).

6.1.8 Safety

The Alfa Laval system utilizes UV lamps which contain small amounts of mercury
(milligrams per UV lamp). This substance is defined as a category 3 (serious) health hazard.
Short term exposure can result in irritation or damage to the skin, eyes, or respiratory tract.

Handling of UV lamps only occurs after 3000 operating hours or every 10 years based on the
platform vessel ballasting cycles. Exposure to mercury is only a concern if the bulb is broken
during replacement. Minor injuries can result in this scenario from broken glass or incidental
exposure to small quantities of mercury. However the risk of injury can be managed through
the use of protective clothing and safe clean-up procedures.

There is no threat of exposure to the UV radiation employed internal to the device.
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6.2 Hyde Guardian Ballast Water Treatment System

6.2.1 Description

The Hyde Guardian treatment system utilizes a combination of mechanical filtration and UV
sterilization to remove or inactivate organisms in the ballast stream. Ballast water is treated
during both uptake and discharge.

During uptake, the ballast water is pumped through a 50 micron disc filter manifold.
Organisms and particulates separated by the filter are back flushed and returned overboard at
the uptake source. Following filtration, the ballast water passes through a UV treatment
chamber where the water is exposed to UV radiation emitted by a series of high intensity
lamps.

During discharge, the ballast water bypasses the disc filter manifold and passes through the
UV treatment chamber only before being discharged overboard.

The HG60 is the standard device with a maximum processing capacity of 264 GPM

(60 m3/hr). The manufacturer indicates that the reduced flow rate of 180 GPM through the
treatment device is permissible. The evaluation shall be based on the assumption that all
existing piping is retained. The increase in back pressure due to the filter assembly will
require installation of booster pump.

FILTER

BACK FLUSH
-

BALLASTING

|

|

|
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BALLAST TANK

v

Figure 3 — Hyde Guardian BWTS (image from Reference 7)

6.2.2 Efficacy

The Hyde Guardian system has been tested in accordance with Convention protocols and has
been granted IMO type approval. It is known that testing has occurred in seawater, but not in
fresh water. However, the UV sterilization process is not reliant on salinity and does not
require a minimum residence time after treatment occurs. A summary of published test results
(References 9 and 10) is shown below.
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Table 3 — Efficacy: Summary of Published Test Results

Organisms
Organisms > 50 >10pum and Intestinal Toxicogenic
pm <50um Escherichia Coli Enterococci Vibrio Cholerae
(per m?) (per mL) (cfu/100 mL) (cfu/100 mL) (cfu/100 mL)
Land Based Test Results
24-29 <10 <0.1' <1 Information not

available
Shipboard Test Results
0 0.002 - 1.18 nd nd-3.4 0

‘nd’ denotes not detectable
1 - denotes measurements in cfu/mL

6.2.3 Residual Toxicity

The Hyde system does not utilize or generate active substances. By-products from a UV
treatment process may arise either as a direct result of photochemical reactions, or indirectly as
a result of reactions with products of photochemical reactions. At the level of dosing used in
the Hyde system, these effects are not present or not detectable. Testing found no significant
differences between the toxicities of treated and non-treated ballast water (References 9
through 11).

6.2.4 Equipment Size and Weight

The HG60 treatment device is available as a skid mounted unit (all components mounted on a
common frame) or as loose components installed separately. Total footprints and weights for
the loose mounted option are shown below.

Table 4 — Loose Mounted Options, Footprint and Weight

Footprint (sq ft) Weight (Ibs)

Filter Assembly 10

UV Chamber 7

Power Panel

Control Cabinet 1

Booster Pump 3

Total 25 972

6.2.5 Electrical Load

The electrical power demand for the HG60 is 15 kW. The additional load due to the booster
pump is estimated to be 2.2 kW, bringing the total load to 17.2 kW. The unit can be
configured to operate using a variety of 3 phase voltages, thereby mitigating the need for a
separate transformer.
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6.2.6 Capital Costs

The estimated one-time capital costs for installing an HG60 treatment system on the platform
vessel are approximately $304,000. This estimated cost reflects utilization of existing system
piping and includes tasks that can be accomplished with the vessel afloat. Confined space
entry is not required. Temporary removal/restoration of some machinery space outfitting will
be required. An auxiliary compressed air connection is required to operate the automated
valves that are mounted on the device (see Appendix A).

6.2.7 Operating and Maintenance Costs

The estimated annual operating and maintenance costs for an HG60 treatment system are
$3,244 per year ($3,165 in maintenance costs and $79 in fuel costs). Routine preventive
maintenance tasks include (but are not limited to) winterization, annual disc stack cleaning,
annual cleaning of quartz sleeves and UV sensor, and replacement of UV lamps every five (5)
years. Fuel costs reflect both generators operating at 60% MCR (see Appendix B).

6.2.8 Safety

The Hyde Guardian utilizes UV lamps which contain small amounts of mercury (200
milligrams per UV lamp). This substance is defined as a category 3 (serious) health hazard.
Short term exposure can result in irritation or damage to the skin, eyes, or respiratory tract.

Handling of lamps only occurs after 3000 operating hours or every 5 years. Exposure to
mercury is only a concern if the bulb is broken during replacement. Minor injuries can result
in this scenario from broken glass or incidental exposure to small quantities of mercury.
However the risk of injury can be managed through the use of protective clothing and safe
clean-up procedures.

There is no threat of exposure to the UV radiation employed internal to the device.
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6.3  Unitor Ballast Water Treatment System

6.3.1 Description

The Unitor treatment system employs a combination of cavitation, chemical treatment, and
filtration to remove or inactivate organisms in the ballast stream. Ballast water is treated on
uptake only. During uptake water is drawn through an in-line reactor vessel installed on the
suction side of the ballast pump. The reactor houses both the cavitation and chemical
treatment processes. A 40 micron filter downstream of the ballast pump separates organisms
and sediments which are back-flushed overboard at the uptake source.

The cavitation process creates shear forces in the fluid which rupture the cell walls of
entrained organisms. Chemical treatment is achieved with sodium hypochlorite (produced via
electro-chlorination) and ozone (produced via separately mounted generator). These agents
are injected into the reactor at low concentrations (< 1.0 ppm) and are neutralized almost
immediately after injection. Chemical neutralization is not required.

Power is continuously supplied to both the hypochlorite and ozone generators. If the vessel
operates in fresh water, the fall-off in hypochlorite generation is compensated for by the
continued generation of ozone. A vessel operating in fresh water will rely primarily on the
production of O3 for disinfection with only minimal amounts of hypochlorite being generated.
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SEA
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Figure 4 — Unitor Ballast Water Treatment System (image from Reference 12)

The manufacturer indicates that the smallest unit available has a minimum processing capacity
of 440 GPM (100 m*/hr). The evaluation of this system will be based on the assumption that
the ballast pump and piping are upsized to accommodate the increase in flow rate.

6.3.2 Efficacy

The Unitor system has been tested in accordance with Convention protocols and has been
granted IMO type approval (References 3 and 12). Detailed results of efficacy tests have not
been made available by the manufacturer, but the issuance of an IMO type approval indicates
that efficacy levels have been demonstrated to meet or exceed the parameters shown below.
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Table 5 — Efficacy Limits

Organisms Organisms > 10um Escherichia Intestinal Toxicogenic
> 50 um and < 50pm Coli Enterococci Vibrio Cholerae
(per m®) (per mL) (cfu/100 mL) (cfu/100 mL) (cfu/100 mL)

<10 <10 <250 <100 <1

Published literature from the manufacturer indicates that the system can achieve the same
efficacy in fresh water or salt water (Reference 12). The manufacturer has also indicated that
no minimum residence time is required to achieve efficacy.

6.3.3 Residual Toxicity

The Unitor system utilizes active substances (hypochlorite or ozone) which are generated
within the device itself. Total residual oxidant (TRO) levels in treated discharged ballast water
do not exceed 0.09 mg/L (Reference 13). It is noted that the IMO advisory panel
recommended a minimum residence time of 3 hours based on the time required for the
breakdown of hypochlorite in high salinity, low organic water. The required residence time
may be less for a vessel operating in fresh water, although 3 hours is compatible with the
platform vessel’s voyage profile.

6.3.4 Equipment Size and Weight

The Unitor system is comprised of several independently mounted components. These include
the reactor vessel, filter, ozone generator, chiller, and control cabinet. A summary of the total
footprint and weight is shown below.

Table 6 — Summary of Total Footprint and Weight

Footprint (sq ft) Weight (Ibs)

Reactor Vessel 8
Filter Assembly 3
ECA/Ozone Cabinet 6
Chiller 4
Control Cabinet 5
Total 26 3,750

6.3.5 Electrical Load

The electrical power demand for the Unitor system is 5 kW. The electrical load to drive the
larger ballast pump is estimated to be approximately 10 kW (assuming 440 GPM at 60 ft TDH
with a pump efficiency of 50%), thereby bringing the total electrical load to 15 kW. The unit
can be configured to operate using a variety of 3 phase voltages, thereby mitigating the need
for a separate transformer.

6.3.6 Capital Costs

The estimated one-time capital costs for a Unitor treatment system are approximately
$790,000. This estimated cost reflects complete rip-out and replacement of existing ballast
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system piping and components with those suited for the higher flow rate required by the
treatment device. The scope of work requires drydocking of the vessel and tank cleaning/gas
freeing. Temporary removal/restoration of some joiner and outfitting will be required (see
Appendix A).

6.3.7 Operating and Maintenance Costs

The estimated annual operating and maintenance costs for the Unitor system are $4,255 per
year ($4,062 in maintenance costs and $40 in fuel costs). Routine preventive maintenance
tasks include filter candle replacement every 5 years and electrode replacement every 2.5
years. Fuel costs reflect both generators operating at 60% MCR (see Appendix B).

Ozone does have oxidizing properties which would be a corrosion concern if the agent
remained active in the ballast piping and tanks for extended periods. The manufacturer
indicates that the ozone remains active for only short duration inside the reactor vessel and that
accelerated corrosion is not a concern.

6.3.8 Safety

The Unitor system utilizes ozone gas (O3). This substance is defined as a category 4 (severe)
health hazard. Short term exposure can cause lung damage, burns, or pulmonary edema.
Ozone is only generated in small quantities when the system is in use. Normal system
operation does not result in direct exposure. The agent is not stored in any quantity and is only
present (in concentrated form) in the length of pipe between the ozone generator and the
dosing eductor.

Ozone is produced as air is drawn through an ozone generating cell at below atmospheric
pressure; the vacuum being generated by the flow of ballast water through an educator. Small
leaks in the piping will result in air being drawn into the piping rather than ozone leaking out
of the piping. In the event that the ozone pipe is completely ruptured the production of ozone
will cease entirely. It is possible that a small volume of ozone gas (the volume trapped in the
pipe between the ozone cell and the educator) may escape in this scenario but no additional
agent will be released.

Isle Royale National Park 21 The Glosten Associates, Inc.
BWTS Evaluation for Small Vessels, Rev. A File No0.10141.01, 1 June 2011



6.4  Hitachi ClearBallast Purification System

Note: At the time of this study, Hitachi indicated that the ClearBallast system has been
temporarily removed from the market to undergo a redesign to make the system smaller and
more affordable. A comprehensive analysis of system performance across all evaluation
categories is not possible at this time. Instead, a general overview of the technology is
presented here.

6.4.1 Description

The Hitachi ClearBallast purification system is a multi-stage process which relies on magnetic
separation of coagulated flocs to effect treatment. Ballast water is treated on uptake only.
During uptake, water is pumped through a mixing tank into which magnetic power and
coagulants are introduced. The coagulant causes sediments and organisms to floc together
along with the magnetic powder. When the water passes through the separator the flocs adhere
to magnetic discs. Following magnetic separation, the water is filtered before entering the
ballast tanks.

Because this system relies on magnetic separation, it can function regardless of ambient
salinity.

Magnetic Powder Collected Flocs
a Inorganic Coagulant [=T=T=]=]
M Magnetic Discs Spray Nozzle

Ii lg ; n Filter Drum | k
Flash Mixer Tank Flocculator Tanks Magnetic Filter Separator Ballast Tank
* Separator
4

Seawater

| ‘ : Organic Flocculant

Il 0

(=T

Figure 5 — Hitachi ClearBallast Purification System (image from Reference 14)

6.4.2 Efficacy

Before being removed from the market for cost and size issues, the Hitachi system was tested
in accordance with Convention protocols and had been granted IMO type approval
(References 2 and 3). Detailed results of efficacy tests have not been made available by the
manufacturer. It is unknown whether testing occurred in fresh water. Because the system is
type approved, it is known that the tests demonstrated efficacy levels within the following
limits.

Table 7 — Efficacy Limits

Organisms Organisms > 10um Escherichia Intestinal Toxicogenic
> 50 um and < 50pm Coli Enterococci Vibrio Cholerae
(per m3) (per mL) (cfu/100 mL) (cfu/100 mL) (cfu/100 mL)
<10 <10 <250 <100 <1
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The manufacturer has indicated that the system can achieve the same efficacy in fresh water or
salt water (Reference 14). The manufacturer has also indicated that no minimum residence

time is required to achieve efficacy.

6.4.3 Residual Toxicity

(Cannot be evaluated at this time.)

6.4.4 Equipment Size and Weight

(Cannot be evaluated at this time.)

6.4.5 Electrical Load

(Cannot be evaluated at this time.)

6.4.6 Capital Costs

(Cannot be evaluated at this time.)

6.4.7 Operating and Maintenance Costs

(Cannot be evaluated at this time.)

6.4.8 Safety

(Cannot be evaluated at this time.)
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6.5 Siemens SICURE Ballast Water Management System

6.5.1 Description

The Siemens SiCURE ballast water management system employs a combination of filtration
and electro-chlorination to remove or inactivate organisms in the ballast stream. Ballast water
is treated on uptake and discharge.

During uptake the ballast water is pumped through a 40 micron filter. Organisms and
particulates separated by the filter are back flushed and returned overboard at the uptake
source. Following filtration a portion of the ballast flow is diverted to a hypochlorite
generator. The resulting sodium hypochlorite is introduced back into the main flow in order to
achieve dosing up to a maximum of 6 mg/L of chlorine. The actual dosage is controlled by a
module which measures the oxidation reduction potential in the ballast stream and adjusts
chlorine production in response.

During ballast discharge the ballast water chlorine levels are monitored. Levels greater than
0.1 mg/L are neutralized by a dosing unit (dechlorination module) that injects sodium sulfite.

Filtration
Package

Electrochlorination
Package

Figure 6 — Siemens SICURE Ballast Water Management System (image from Reference 15)

Siemens has proposed a variant to the standard SICURE system for vessels operating on the
Great Lakes. The proposed variant would utilize injected chlorine in lieu of chlorine generated
from seawater (Reference 16). Disinfection will occur in the same way regardless of whether
the source of chlorine is bottled hypochlorite or hypochlorite generated from seawater
(Reference 23). The required dosage level can be achieved with approximately 0.5 gallons of
12.5% chlorine solution (commercial bleach) for every 10,000 gallons of ballast. The dosage
of neutralizing agent is approximately 0.32 gallons of 15% sodium sulfite solution for every
10,000 gallons of ballast.

To minimize system footprint and hazards associated with storage and transfer of bulk
chemicals, it is assumed that this system would utilize two small permanently installed dosing
tanks approximately 4.5 gallons (20 liters) in volume. Chemicals would be added to these
tanks manually as needed. Bulk quantities of sodium hypochlorite and sodium sulfite solution
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could be purchased at the beginning of each season with the consumables being taken aboard
as needed prior to each voyage. The increase in back pressure due to the filter assembly will
require a larger ballast pump to maintain the same flow rate.

6.5.2 Efficacy

At present, the SICURE system does not have IMO type approval, but has made significant
progress toward it. In 2009, the system underwent land based testing in fresh water at the
Great Ships Initiative (GSI) facility and land based testing in seawater at the Maritime
Environmental Resource Center (MERC) facility. Both series of tests were conducted in
accordance with Convention protocols, and in both cases, the system demonstrated compliance
with the IMO D-2 performance standard (References 17 and 18). A summary of published test
results is shown below.

Table 8 — Efficacy: Summary of Published Test Results

Organisms
Organisms >10 um and Intestinal Toxicogenic
> 50 um <50 um Escherichia Coli Enterococci Vibrio Cholerae
(per m®) (per mL) (cfu/100 mL) (cfu/100 mL) (cfu/200 mL)
Land Based Test Results (5 day hold time)
02-9 0-6.8 01 <1-107.4' nd - <1
Land Based Test Results (24 hour hold time)
1.2 0 0 0.33 0

‘nd’ denotes not detectable

1 - One trial resulted in an abnormally high count of enterococci in excess of the limits imposed by D-2. The
testing authority identified why the data point could be dismissed and concluded that the system meets D-2
requirements.

6.5.3 Residual Toxicity

The Siemens system utilizes active substances. At present, the Siemens system does not have
IMO type approval and, therefore, the residual toxicity is still under evaluation. Total residual
chlorine was found to be below 0.1 mg/L in both series of land based tests (References 17 and
18). A single test was conducted by MERC to determine residual chlorine levels after a
reduced 24 hour hold time. This test measured chlorine levels upstream and downstream of
the Siemens dechlorination module. Measurements taken before neutralization found chlorine
levels to be 0.59 mg/L, while measurements taken after neutralization found levels to be below
0.1 mg/L.

6.5.4 Equipment Size and Weight

The Siemens system is comprised of several independently mounted components. These
include the filter vessel, ORP module, chlorination module, and dechlorination module. The
treatment device is available as a skid mounted unit (all components mounted on a common
frame) or as loose components installed separately. A summary of the total footprint and
weight is shown below.
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Table 9 — Summary of Total Footprint and Weight

Footprint (sq ft) Weight (Ibs)

Filter Assembly

ORP Module

Dechlor Module

Dosing Module

Sodium Hypochlorite Storage Tank
Sodium Sulfite Storage Tank

Total

6.5.5 Electrical Load

The electrical power demand for the Siemens system is approximately -, which is used to
operate the filter back-flushing mechanism and chemical dosing modules. The higher capacity
ballast pump will require an increase in motor size (assuming 180 GPM at 45 ft TDH with a
pump efficiency of 50%), adding approximately 3 kW of additional electrical load and
bringing the total to Jfl]. The system can be configured to operate using a variety of 3 phase
voltages, thereby mitigating the need for a separate transformer.

6.5.6 Capital Costs

The estimated one-time capital costs for installing a Siemens SICURE treatment system on the
platform vessel are $385,000. This estimated cost reflects utilization of existing system piping
and tasks that can be accomplished with the vessel afloat. Confined space entry is not
required. Temporary removal/restoration of some machinery space outfitting will be required.
An auxiliary compressed air connection is required for filter back-flushing (see Appendix A).

6.5.7 Operating and Maintenance Costs

The estimated annual operating and maintenance costs for the SICURE treatment system are
$2,325 per year ($2,280 in maintenance costs and $45 in fuel costs). Routine preventive
maintenance tasks include weekly replenishment of chemical additives and annual replacement
of ORP probes. Fuel costs reflect both generators operating at 50% MCR (see Appendix B).

The treatment of ballast water with bleach is a corrosion concern. The Ranger |11 has
uncoated ballast tanks. The addition of an oxidizing agent to the ballast water will cause
corrosion, but the impact to lifecycle costs cannot accurately be predicted. Corrosion rates will
vary based on the concentration of the chemical agent and duration of exposure.

6.5.8 Safety

The Siemens system utilizes sodium hypochlorite and sodium sulfite solutions, both of which
are defined as a category 2 (moderate) health hazards. Short term exposure to either agent can
cause can cause irritation of the skin, eyes, and respiratory tract. Both agents are stored on
board the vessel in small quantities (approximately 4 gallons or less). Replenishment requires
carrying small (1 gallon bottles) and pouring them into the dosing tanks on a weekly basis.
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Exposure to the agents is a concern during weekly replenishment, but may also arise in the
event of piping system failure (pipe leak or rupture). In the case of the latter, the worst case
scenario is the release of the entire 4 gallon volume of either chemical agent into the space.
This relatively small quantity would likely accumulate in the bilge where it could be pumped
to a holding tank or facility. Additional clean-up of the nearby walkways or surfaces may be
required.

Regardless of which scenario, the risks associated with release of chemical agent into the
space can be managed with the use of personal protective equipment (PPE) including gloves,
goggles, and face shields.
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6.6 Sodium Hydroxide Dosing

6.6.1 Description

The sodium hydroxide dosing system is currently under development. The system utilizes an
added dosage of sodium hydroxide solution (also known as caustic soda) during uptake to
increase ballast water pH to levels that are toxic to aquatic organisms.

The sodium hydroxide solution is stored in a tank at 50% concentration (by weight). This
solution is drawn via educator into a stream of water parallel to the ballast stream, resulting in
a diluted solution that has less than 4% sodium hydroxide concentration. This solution is then
injected into the ballast stream on the discharge side of the ballast pump to achieve a pH of 12
(or approximately 0.05% NaOH concentration).

Neutralization of the water is accomplished by injection carbon dioxide gas into the water to
create carbonic acid. This occurs as the ballast water is recirculated via permanently installed
recirculation lines and isolation valves. The carbonic acid brings the pH back to levels
acceptable for discharge to the environment. At the dosing levels described above, the system
will consume 0.75 Ibs per minute of caustic soda during uptake and 0.85 Ibs per minute of CO,
during neutralization.

Note: the Ranger Il has already been outfitted with recirculation piping described above. In
order to provide a more accurate cost analysis of this option, it is assumed that the pipes have
not yet been added.

NAOH €02
TANK SOURCE

DOSING PUMP

TO BALLAST TANKS (UPTAKE)
TO OVBD CONN (DISCH)

P
B B
FROM SEA CHEST (UPTAKE) ( = BB @ =
FROM BALLAST TANKS (DISCH) 7 : STATIC MIXER

BALLAST PUMP

Figure 7 — Sodium Hydroxide Dosing System

A previous study which examined installation of this system on a larger vessel assumed that
the chemical agents would be stored in large permanent tanks (Reference 19). In the case of
Ranger Il the low ballast volumes and flow rates require a proportionately smaller amount of
chemical agent. The system developers have proposed storing the sodium hydroxide and
carbon dioxide in portable containers hoisted on and off the vessel once per season. Seasonal
usage requires a portable NaOH tank approximately 100 gallons (1200 Ibs) and portable
vacuum insulated pressure vessels with an aggregate capacity of 92 gallons (750) Ibs of liquid
CO,.

It should be noted that the vessel operator has the flexibility of selecting what volume is
carried on board. The volumes described here represent those necessary to support a full
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season of vessel operation. Smaller volumes can be used with the trade-off of increased
replenishment frequency, and consequently an increase in operational and lifecycle costs. The
selection of larger containers for this study stems from the Ranger 111’s manpower limitations
which make more frequent loading of CO, storage cylinders impractical.

The portable nature of the tanks assumed here requires that they be installed in locations where
they may be efficiently loaded or offloaded. On the Ranger III this location may be in the
weather at the Boat Deck or in the cargo hold below the Main Deck. If below-deck installation
is chosen certain safety measures should be implemented. The compartment with the CO,
tanks should be fitted with forced ventilation and leak detection instrumentation. If installed in
a cargo hold, the tanks and associated piping must be shielded from damage due to cargo
operations or cargo shifting.

Operators should be cognizant of the impacts that installation on a superstructure deck will
have on stability. In this case, the magnitude of the weight increase does not present a
significant concern, but the characteristics will be different for every vessel.

Permanent foundations or mounting brackets to which the tanks may be secured should be
installed during the operating season. Connection between the tanks and the permanent
shipboard piping would be accomplished via flexible hose connections that are drained and
cleaned before and after connection to the system.

6.6.2 Efficacy

To date, the only published test results available are from bench-scale testing performed at the
GSI facility. These tests are intended to be used as a tool to help refine system designs and
treatment protocols, but they are not intended to meet the requirements set forth in the
Convention protocols. Subsequent land based testing on a larger scale has been performed at
GSI but detailed results of those tests are not yet published.

The results of these tests after 24 hours of dosing are tabulated below. It should be noted that
this data is not presented in a way that allows direct comparison with the test data from
systems tested in accordance with IMO guidelines.

Table 10 — Efficacy

Newly Hatched Rotifer Resting

Daphnids Adult Copepods Rotifers Eggs Green Alga
(survival %) (survival %) (survival %) (survival %) (survival %)
0% 0% 0% not measured 41%

6.6.3 Residual Toxicity

The sodium hydroxide system utilizes active substances. At present, the sodium hydroxide
system does not have IMO type approval. The residual toxicity tests that were performed as
part of the bench scale testing did not achieve neutralization with carbonic acid as described
above. Instead, the pH of the treated water was returned to normal levels through dilution
(Reference 20).

It is known that the neutralization of sodium hydroxide solution with carbonic acid yields
sodium carbonate and sodium bicarbonate as by-products (Reference 25) and that these are not
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considered harmful to marine life (Reference 19). Provided that neutralization sufficiently
lowers the pH level the system can be operated without negative impact to ambient marine life.
Documentation that demonstrates this result at full scale is not yet available.

It should be noted that variations in the pH of ambient water can influence the toxicity of the
water being discharged.

6.6.4 Equipment Size and Weight

The sodium hydroxide system is comprised of several independently mounted components.
The most significant components are the storage tanks for the chemical agents. The NaOH
and CO, tanks are DOT-regulated containment vessels similar to those used in bulk chemical
shipment by rail or truck.

A summary of the estimated footprint and weight is shown below.

Table 11 — Summary of Total Footprint and Weight

Weight

Footprint (sq ft) (Ibs)
NaOH Tote 14 1,500
CO, Cylinders 6 1,300
pH Sensor 1 20
Controller 0 4
NaOH Eductor 0 15
CO, Eductor 0 15
Static Mixer 0 25
Total 21 2,879

6.6.5 Electrical Load

The electrical load for the sodium hydroxide system equipment is minimal, being only that
required to run the pH instrumentation and controller. Additional load is imposed by the
added compartment ventilation if the CO2 tanks are stowed below deck. This load is
estimated at approximately 1.5 kW.

Note: The Ranger Il1 is fitted with electrically actuated isolation valves in the recirculation
lines for ease of operation. The use of valve actuators (as opposed to manually operated
valves) is not required in order for the system to function. For the purpose of the study, the
electrical loads attributed to valve actuators and their control panel are excluded.

There is additional power consumption due to the required recirculation of all treated ballast
water, since this step is not required by other treatment systems. This load is represented by
the full electrical load of the ballast pump (2.2 kW) over a period of approximately 1 hour per
crossing.
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6.6.6 Capital Costs

The estimated one-time capital costs for installing a sodium hydroxide treatment system on the
platform vessel are approximately $199,000. This estimated cost reflects utilization of
existing system piping and tasks that can be accomplished with the vessel afloat. Confined
space entry is required for the addition of recirculation piping. Temporary removal/restoration
of some machinery space outfitting will be required (see Appendix A).

6.6.7 Operating and Maintenance Costs

The estimated annual operating and maintenance costs for the sodium hydroxide treatment
system are $1,735 per year ($1,718 in maintenance costs and $17 in fuel costs). Routine
preventive maintenance tasks include replenishment of chemical additives, annual
inspection/maintenance of the pH sensors, and maintenance associated with the CO,
refrigeration/vaporization plant. Fuel costs reflect both generators operating at 45% MCR (see
Appendix B).

Between the temperatures of 65° F and 115° F, caustic soda does not represent a significant
corrosion concern for uncoated steel pipe or tanks (Reference 19). Provided that the system
does not retain any of the chemical during winter lay-up, there should be no significant steel
corrosion issues.

6.6.8 Safety

The sodium hydroxide system utilizes caustic soda solution and liquid carbon dioxide, both of
which are category 3 (moderate) health hazards. Short term exposure to caustic soda can cause
irritation or burns to the skin and respiratory tract, and blindness in the event of eye contact.
Short term exposure to liquid CO, can cause tissue damage (frostbite), dizziness, or
asphyxiation.

The agents are stored on board the vessel in quantities of 1200 lbs (sodium hydroxide) and 750
Ibs (carbon dioxide). Replenishment of these volumes requires a crane and standby personnel.
Exposure to the agents is a concern during these handling operations. A dropped container of

this size may result in release of chemical agent, injury to personnel (either from the impact or
from the release of chemical), or damage to the vessel.

Release of large volumes of chemical agent is also a concern in the event of a pipe leak or pipe
rupture. The severity of the hazard would be proportional to the volume of the container that
the operator has selected. Release of the larger volumes of the two agents would incur a
significant clean-up effort and could impact the vessel’s service schedule.
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6.7 Sodium Hypochlorite Dosing

6.7.1 Description

The sodium hypochlorite dosing system is a non-commercial treatment solution developed
jointly between the United States National Park Service (NPS) and Michigan Technological
University. The system relies on an added dosage of chlorine during uptake to disinfect the
ballast water. Chlorine is injected on the suction side of the ballast pump via a stainless steel
injection quill. Injection ‘upstream’ of the pump ensures that the chemical is mixed with the
ballast water as the two are agitated by passage through the pump. The system can dose the
ballast water up to a maximum of 10 mg/L on uptake. A continuous chlorine analyzer
monitors chlorine levels in the ballast water stream (downstream of the pump). Monitoring of
the chlorine level and adjustment of the metering pump flow rate is accomplished manually.

Al
Contineous Chlorine

-
-
e

______

Chlorination/De chlorination
Dosing system

Figure 8 - Sodium Hypochlorite Dosing System (image from Reference 21)

Following uptake, the treated ballast water within each tank is recirculated via permanently
installed recirculation lines and isolation valves. As it is being recirculated, a dose of
neutralizing agent (Sodium Sulfite or Ascorbic Acid) is introduced via the injection quill. This
process continues until the chlorine levels in the ballast tank are below acceptable discharge
levels. At this point, the water may be discharged to the environment without additional
treatment. The system requires the addition of new ballast piping to allow the contents of any
one ballast tank to be recirculated.

Note: The Ranger 11l has already been outfitted with recirculation piping as described above.
In order to provide a more accurate cost analysis of this option, it is assumed that the pipes
have not yet been added.
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6.7.2 Efficacy

To date, this treatment system has only undergone bench-scale testing at the GSI facility.
These tests are intended to be used as a tool to help refine system designs and treatment
protocols, but they are not intended to meet the requirements set forth in the IMO G8 or G9
protocols.

The results of these bench scale tests after 24 hours of dosing are tabulated below. It should be
noted that this data is not presented in a way that allows direct comparison with the test data
from systems tested in accordance with IMO guidelines.

Table 12 — Efficacy Bench Test Results

Daphnids  Adult Copepods Newly Hatched Rotifers Rotifer Resting Eggs  Green Alga
(survival %) (survival %) (survival %) (survival %) (survival %)

0% 0% not measured not measured 0%

6.7.3 Residual Toxicity

The sodium hypochlorite system utilizes active substances. At present, the system does not
have IMO type approval. Bench scale testing revealed that water treated with 3.0 mg/L
chlorine and neutralized with 9.0 mg/L of ascorbic acid was found to have residual chlorine
levels below the detection limit of 0.002 mg/L immediately after neutralization (Reference 22).

6.7.4 Equipment Size and Weight

The sodium hypochlorite system is comprised of several independently mounted components,
which occupy a minimal amount of space within the vessel. These components include two
(2) 20 liter carboys or chemical tanks for the disinfecting and neutralizing agents, a dosing
pump, and continuous chlorine analyzer, and controller. A summary of the total footprint and
weight is shown below.

Table 13 — Summary of Total Footprint and Weight

Footprint (sq ft) Weight (Ibs)

Dosing pump 1 23
Chlorine Tank 1 50
Neutralizer Tank 1 50
Chlorine Sensor 1 20
Controller 0 4

Total 4 147

6.7.5 Electrical Load

The electrical load of the added system components is minimal. The combined power
consumption of the pump, chlorine analyzer, and controller is less than 1 kW. This increase in
power consumption is so small as to have an imperceptible effect on generator fuel
consumption. All components can be fed from a single phase 120 VAC circuit.
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Note: The Ranger Il is fitted with electrically actuated isolation valves in the recirculation
lines for ease of operation. The use of valve actuators (as opposed to manually operated
valves) is not required in order for the system to function. For the purpose of the study, the
electrical loads attributed to valve actuators and their control panel are excluded.

There is additional power consumption due to the required recirculation of all treated ballast
water, since this step is not required by other treatment systems. This load is represented by
the full electrical load of the ballast pump (2.2 kW) over a period of approximately 1 hour per
crossing.

6.7.6 Capital Costs

The estimated one-time capital costs for installing a hypochlorite dosing system on the
platform vessel is $92,000. This estimated cost reflects utilization of existing system piping
and tasks that can be accomplished with the vessel afloat. The scope of work requires tank
cleaning/gas freeing for installation of new recirculation piping. Temporary
removal/restoration of some machinery space outfitting will be required (see Appendix A).

6.7.7 Operating and Maintenance Costs

The estimated annual operating and maintenance costs for the hypochlorite dosing system are
$1,197 per year ($1,180in maintenance costs and $17 in fuel costs). Maintenance tasks
include replenishment of consumables (treatment chemicals), inspection of sensors, and
replacement of sensor membranes (see Appendix B).

The treatment of ballast water with bleach is a corrosion concern. The Ranger |11 has
uncoated ballast tanks. The addition of an oxidizing agent to the ballast water will cause
corrosion, but the impact to lifecycle costs cannot accurately be predicted. Corrosion rates will
vary based on the concentration of the chemical agent and duration of exposure.

6.7.8 Safety

This system utilizes sodium hypochlorite and sodium sulfite solutions, both of which are
defined as a category 2 (moderate) health hazards. Short term exposure to either agent can
cause can cause irritation of the skin, eyes, and respiratory tract. Both agents are stored on
board the vessel in small quantities (approximately 4 gallons or less). Replenishment requires
carrying small (1 gallon bottles) and pouring them into the dosing tanks on a weekly basis.

Exposure to the agents is a concern during weekly replenishment, but may also arise in the
event of piping system failure (pipe leak or rupture). In the case of the latter, the worst case
scenario is the release of the entire 4 gallon volume of either chemical agent into the space.
This relatively small quantity would likely accumulate in the bilge where it could be pumped
to a holding tank or facility. Additional clean-up of the nearby walkways or surfaces may be
required.

Regardless of which scenario, the risks associated with release of chemical agent into the
space can be managed with the use of personal protective equipment (PPE) including gloves,
goggles, and face shields.
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Section 7  Ranking

7.1.1 Efficacy

Due to the absence of full scale efficacy testing for prototype systems, the ranking shall be
divided into two groups based on whether test results at full scale are available. For systems
that have undergone full scale testing ranking is based on a system’s type approval status,
known compatibility with fresh water (demonstrated through empirical test results or
published statements from the technology developers), and achievement of efficacy in less
than 6 hours. The two prototype systems are compared side by side based on the performance
metrics used in bench scale testing (% survival across multiple species).

Table 14 — Efficacy Ranking

Alfa Laval Hyde Unitor Hitachi Siemens NaOH NaOCI
> 50um daphnids
(per m3) <10 0-29 <10 <10 02-9 0% 0%
<50um & adult copepods
>10 um <10 <10 <10 <10 0-6.8 0% 0%
(per mL)
Escherichia newly hatched
Coli (cfu/ <250 nd - <0.1' <250 <250 0-1 rotifers ot
100 mL) 0%
measured
Intestinal rotifer resting eggs
Enterococci 1 <] -
(cfu/100 <100 nd-34 <100 <100 5796 not not
mL) measured measured
Toxicogenic green alga
Vibrio <1 0 <1 <1 <1 o 0
(cfu/mL) 47% 0%
IMO Type v v v v
Approved
Compatible
w/ fresh unknown known Staltlf? by start:l:? by known known known
water g g
Required no no no no
residence . . . . 24 hrs? variable’  variable®
time mininum minimum minimum  minimum
Ranking 4 1 1 1 5 not ranked

‘nd’ denotes not detectable

1 - measurements shown are per mL

2 - required residence time will vary based on concentration of biocides added

3 - 24 hours was the minimum hold time used to demonstrate efficacy. It may be possible to achieve efficacy in
less time if concentrations are varied.
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The comparison of the two prototype systems reveals that a conclusive ranking of efficacy
cannot be reached because not all of the parameters were measured in all of the tests. National
Park Service water quality experts will review future efficacy test results in detail and may
assign rankings at a later date.

7.1.2 Residual Toxicity

Ranking of residual toxicity is based on whether active substances are used, and if so whether
residual levels are within limits imposed by U.S. and state laws. The ranking shown below is
predicated on each system achieving the same efficacy. Notable exceptions for the Sodium
Hydroxide and Sodium Hypochlorite system are addressed below.

Sodium Hydroxide is a unique exception in this category. The byproducts of treatment
(sodium carbonate and sodium bicarbonate) are known to be benign to fresh water species
(References 19 and 25). It is understood that scaling up the system will release more of these
byproducts to the environment but their benign characteristics remain constant. In this respect,
the Sodium Hydroxide system has an advantage over systems utilizing oxidizing agents.
Provided that the agent is neutralized to bring the pH to an acceptable level, it can be expected
that full scale operation will produce the same result.

The residual levels for the Sodium Hypochlorite system at bench-scale are only a fraction
(roughly I/SOth) of those for commercial systems utilizing the same active substance. Similar
levels have been exhibited by a prototype of the system currently installed on Ranger I11.
However the system is substantially similar to earlier designs attempted by a commercial
manufacturer and which later incorporated a filter to reduce dosing and residual levels. It is
unknown whether the low residual levels of the Sodium Hypochlorite system can be
maintained without sacrifices in performance.

Table 15 — Toxicity Ranking

Alfa Hyde Unitor Hitachi Siemens NaOH NaOClI

Laval
Residual oxidant none none ;Og?g re;()rie d <0.1 mg/L (n/a)’ 0.002 mg/L
Within VGP Cl limits (n/a)  (n/a) v repnoortte q v (n/a) v
E;;cifsptions to state Cl (n/a) (n/a) Hl,\,/[;II\I, . pr;or‘i » III,\;&\II\I, (n/a)
Ranking 1 1 5 raﬂokte ] 5 3? 4

1 — Byproducts of neutralization are sodium carbonate and bicarbonate. These are benign byproducts which do
not have oxidizing properties.

2 — Rank is based on the assumption that neutralization achieves a pH less than 9 at full scale.

3 — Residual toxicity at full scale is unknown. Score is tentative based on bench scale.

National Park Service water quality experts will review future toxicity test results for the two
prototype systems and may revise rankings at a later date.
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7.1.3 Equipment Size and Weight

Footprint and weight receive a combined score. This score is assigned based on the product of
square footage and weight. For instance, a system occupying 20 ft* and weighing 500 Ibs has
a composite value of 10,000 ft*-1b. The analysis shows that the composite values may be
categorized in the following groups: values less than 10,000, values between 10,000 and
40,000, and values greater than 40,000.

Table 16 — Footprint and Weight Ranking

Alfa Laval Hyde Unitor Hitachi Siemens NaOH NaOCI
Zczlogrint 28 25 26 re;)()ried I 21 4
m‘zi)ght 3,014 972 3,750 repnoortte , 2,879 147
Ranking 4 2 4 ra’;?(te ; 2 4 1

7.1.4 Electrical Load

Ranking is strictly assigned based on the electrical load needed to operate the system and any
supporting auxiliaries that are additional to the vessel in its current configuration. The analysis
shows that electrical loads may be categorized in the following groups: negligible loads, loads
between 1 and 10 kW, loads between 10 and 20 kW, and loads greater than 20 kW.

Table 17 — Electrical Load Ranking

Alfa Laval Hyde  Unitor Hitachi Siemens NaOH NaOCI

Electrical Load 42 kW 17.2kW 15kW not reported - 1.5 kW negligible

Ranking 6 4 4 not ranked 2 2 1

7.1.5 Lifecycle Costs

Ranking of lifecycle costs is based on a plot of the all costs accumulated over 25 years. Figure
9 illustrates the one-time capital costs (represented by the initial y-axis offset) and the
cumulative operating and maintenance costs (represented by the upward sloping line) for each
system. The analysis shows that lifecycle costs fall into the following groups: lifecycle costs
less than $200,000, between $200,000 and $400,000, costs between $400,000 and $600,000,
and lifecycle costs greater than $600,000.
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Table 18 — Lifecycle Cost Ranking

Alfa Laval Hyde Unitor Hitachi Siemens NaOH NaOCI
Capital
Costs $465,000 $304,000 $790,000 notreported $385,000 $199,000 $92,000
ggl\ljlaICosts $1,434 $3244  $4062 notreported  $2,325  $1,735  $1,197
Ranking 3 3 6 not ranked 3t 2 1t
1 - Denotes systems where corrosion due to chemical agents may increase lifecycle costs
Cummulative Lifecycle Costs
51,000,000 -
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Figure 9 - Comparison of System Lifecycle Costs
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7.1.6

Safety

Safety is ranked based on the use of active substances, whether handling of such substances is
required, and the risk of environmental pollution or injury.

Table 19 — Safety Ranking

Alfa Laval Hyde Unitor Hitachi Siemens NaOH NaOCl
Harmful bleach/ caustic bleach/
mercury mercury ozone unknown sodium  soda/liquid sodium
Substances
sulfite CO, sulfite
NFPA
Health 3 3 4 unknown 2 3 2
Rating
Qty Stored <200 mg unknown 4 gallons 100 4 gallons
n/a unknown gallons/92
on Vessel per lamp mg per lap each each
gallons
Handling lamp lamp reﬁ.H reﬁ'll load/unload reﬁ'll
Required replacement replacement n/a chemical chemical tanks chemical
q p p tanks tanks tanks
Handling every 3000 every 3 n/a unknown weekly  seasonally  weekly
Frequency hrs years
small small small Viifﬁi . small
Hazards of volume volume volume release volume
Handling release, release, n/a unknown release, in'uries’ release,
Mishap minor minor minor \gessel ’ minor
injuries injuries injuries injuries
damage
. leakage of leakage leakage of leakage
Pipe Leak . of . of
n/a n/a n/a chemical . chemical .
Hazards agents chemical agents chemical
& agents & agents
Pipe small unknown small large small
Rupture n/a n/a volume volume volume volume volume
Hazards release release release release release
. not
Ranking 1 1 1 ranked 4 6 4

Isle Royale National Park

BWTS Evaluation for Small Vessels, Rev. A

39

The Glosten Associates, Inc.
File No.10141.01, 1 June 2011



Section 8 Conclusions

U.S. vessels operating in Great Lakes service are faced with approaching regulations with
which technology is still catching up. The IMO Convention, although not yet ratified, is the
most fully developed standard available. The Convention identifies not only what
performance is required but also provides the road map (in the form of testing guidelines) for
demonstrating performance. As a result, there is already an array of commercially available
technologies fully compliant with the Convention. However, IMO compliance does not
guarantee compatibility with all forms of vessel service. As was revealed during the course of
this study, a system may pass IMO’s testing regimen and gain type approval only to be
subsequently removed from service.

In the case of national and state regulations, the performance standards have been identified
but the road maps are still being developed. As such, there are currently no technologies that
clearly demonstrate compliance with the more stringent standards. A vessel owner
considering treatment system installation is therefore left to choose from a field that has only
demonstrated compliance with the IMO Convention. The selection may be further limited by
financial considerations which deter companies from entering a particular market.

Evaluation of the seven candidate technologies revealed both major and minor factors which
influenced their respective compatibilities with the platform vessel. It was discovered that
commercial barriers immediately rule out installation of the Alfa-Laval and Hitachi systems.

The technologies that are not ruled out may be broadly categorized into two groups: those
having IMO type approval (Hyde, Unitor) and those which do not (Siemens, Sodium
Hypochlorite, Sodium Hydroxide). Selection from the former group represents less technical
risk since these technologies have completed the full battery of evaluation required by IMO.
Selection of the latter requires a willingness to await further evaluation. The Siemens system
is projected to have type approval in 2011 and therefore is a reasonably safe option within the
latter category.

The relative merits of the treatment technologies are summarized below:

e Alfa Laval PureBallast — The technology shows promise in fresh water but is ineligible
for consideration due to removal from the fresh water (Great Lakes) market.

e Hyde Guardian — The system is IMO type approved. The treatment process is
compatible with fresh water and requires no minimum residence time after treatment.
The size and weight characteristics are among the best of the commercially marketed
technologies evaluated. The electrical load is moderate but still manageable for a small
vessel. The lifecycle costs are relatively low due primarily to the relatively
inexpensive purchase price of the treatment device and the minimal need for vessel
system modifications. The system has minimal safety risks.

e Unitor BWTS — The system is IMO type approved and the manufacturer indicates that
efficacy can be achieve in fresh water with no minimum hold time. The size, weight,
and electrical characteristics are moderate but still feasible for a small vessel to
accommodate. The lifecycle costs are the most expensive due to the required
modifications driven by the minimum ballast flow rate of 440 GPM (100 m’/hr).
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Drydocking and extensive piping system rip-outs would be required. The system has
minimal safety risks.

e Hitachi ClearBallast — The technology shows promise in fresh water but must ruled
out due to its removal from the market.

e Siemens SICURE — The system has undergone IMO testing in fresh water but has not
completed the full testing regimen necessary to obtain IMO type approval. Efficacy at
durations less than 24 hours is unknown. The size, weight, and electrical
characteristics are among the best of the commercially marketed technologies
evaluated. The lifecycle costs are moderate although corrosion issues may ultimately
lead to costs much greater than those estimated. There are minor safety concerns
attributed to the handling of bleach and sodium sulfite solutions, but these can be
managed with the proper use of PPE and safe handling of portable containers.

e Sodium Hydroxide Dosing — The only published test results available at this time are
for bench scale testing in fresh water. Performance relative to IMO D-2 requirements
and with short duration hold times is unknown. Lifecycle costs are low. The electrical
load is low, but the size and weight are moderate due to the scale of the tanks used to
sustain seasonal operation. The risks associated with the handling and storage of large
volumes of chemical agents are more pronounced than those of any other systems.
However, adherence to safety procedures can mitigate these risks.

e Sodium Hypochlorite Dosing — The system has only undergone bench scale testing in
fresh water. Performance relative to IMO D-2 requirements and with short duration
hold times is unknown. The electrical load, size, and weight are negligible. The
lifecycle costs are the lowest of all systems evaluated due largely to the low initial cost
of installation, although corrosion issues may ultimately lead to costs much higher than
those estimated. There are minor safety concerns attributed to the handling of bleach
and sodium sulfite solutions, but these are manageable with the proper use of PPE and
safe handling of portable containers.
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Appendix A Capital Cost Estimates
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Appendix B Operating and Maintenance Cost
Estimate

Isle Royale National Park The Glosten Associates, Inc.
BWTS Evaluation for Small Vessels, Rev. A File No0.10141.01, 1 June 2011



Appendix C  Assumed Generator Fuel Consumption
Characteristics
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