BALLAST WATER DISCHARGE STANDARDS

REPORT AND RECOMMENDATION OF THE
CALIFORNIA ADVISORY PANEL ON
BALLAST WATER PERFORMANCE STANDARDS

MINORITY REPORT

SUMMARY OF ADVISORY PANEL RECOMMENDATION

Representatives of the Shipping industry are submitting the following as a minority report. We
are attempting to incorporate the Majority Panel report within and highlight the differences in
our opinion in order to facilitate the ease in which SLC is able to submit their final report.

In most cases we concur with the findings and “collective memory” of events that unfolded
during the meetings. However, in a number of instances contained within the Majority Report
minority opinions are expressed. We have amended or deleted these instances to better reflect
the opinion of the Panel.

The Majority of the Advisory Panel recommends that the State of California adopt the ballast
water discharge standards described below in order to reduce the possible introduction of
harmful nonindigenous aquatic species into California's coastal waters. The recommended
standards are more stringent than those proposed in either the International Maritime
Organization (IMO) Convention or in proposed Congressional legislation (SB-363). A majority
on the Panel has decided that those standards are inadequate to sufficiently reduce the risk of
introduction of new nonindigenous aquatic species that could have significant damaging impacts
on California's aquatic ecosystems and on its economy. The industry representatives are
recommending alignment with proposed IMO standards and USCG standards based on work
currently underway, or alternatively those found in SB-363 should it be signed into law. The
shipping industry supports global regulations which they feel will facilitate reduction of
invasions globally and facilitate development of treatment technologies in a timelier manner.
This opinion is further explained in the letter in Attachment 1.

Existing technologies are capable of achieving the recommended standards in a land-based
wastewater treatment setting. The primary challenge is to adapt these technologies for
application to shipboard conditions and operational requirements of ballast water discharges. It
should also be noted that unlike shoreside waste water treatment systems which are designed for
specific tasks, ballast water treatment systems will need to handle millions of possible unknown
species, silt and debris, saltwater, etc. To date, there have been only a few demonstrations of
ballast water treatment systems onboard ships. To help in facilitating the proposed requirements,
the Panel recommends a phased and tiered implementation approach consistent with timelines
proposed by IMO and USCG.



The Panel did not have time or resources to consider many key aspects of implementing
discharge standards, including program funding, monitoring of discharges, environmental
monitoring and assessment of program effectiveness. It would be helpful to either reconvene this
Panel or to convene a new independent panel of appropriate expert and stakeholder parties to
make recommendations on these issues in the future as the program matures, economically
proven technology is developed and studies are completed.

LEGISLATIVE AUTHORITY

California Public Resources Code §71204.9 directed the State Lands Commission (SLC) to
convene an Advisory Panel to make recommendations to the Commission on the content,
issuance and implementation of performance standards for the discharge of ballast water into the
waters of the state, or into waters that may impact waters of the state. The standards are to
protect the beneficial uses of affected and potentially affected waters, based on the best available
technology economically achievable. SLC is to consider the Advisory Panel's recommendations
in submitting recommendations on ballast water standards to the Legislature by January 31,
2006.

The Advisory Panel consisted of representatives from the shipping industry, from stakeholder
industries that are affected by nonindigenous aquatic species introduced in ballast water
discharges, from environmental organizations, scientific experts, and representatives from state
and federal agencies (Appendix 1). The Panel met five times in the spring and summer of 2005.

BRIEF OVERVIEW OF THE CHALLENGE

It is not necessary here to revisit in detail the nature of the ecological and socio-economic
problems caused by nonindigenous aquatic species. The impacts of some invasions have been
well documented and necessitate an effective response. Due to inherent limits on its
effectiveness, ballast water exchange and retention (which are the two viable management
techniques under California's current regulatory approach) cannot completely prevent the
introduction of nonindigenous species into state waters.

The question therefore becomes what is the standard of treatment needed to reduce the number
of viable organisms in ballast water discharges to a level that lowers the risk of invasion to an
acceptable threshold? The Panel and SLC staff assembled data and consulted experts to guide the
Panel's consideration of this question.



ADVISORY PANEL RECOMMENDATION

The Majority Advisory Panel recommends that California adopt the discharge standards in Table
1 in order to reduce the risk of introduction of new nonindigenous aquatic species. The Interim
Standards should be phased in according to the schedule in Table 2, which is the same
implementation schedule as contained in the IMO Convention and in pending Congressional
legislation. The Long-term Standard of no detectable viable organisms in the discharge should be
subjected to a technical review to be conducted no later than 2016. The review should determine
if this goal can reasonably be achieved and recommend an appropriate implementation schedule.

It is expected that private industry will play the main role in developing effective technologies
once standards are adopted; and that industry will determine which technologies to use based on
their ship and voyage characteristics, as long as the method chosen satisfies the standards and all
other applicable regulatory requirements. The Panel's shipping industry representatives
expressed interest in having the State certify technologies that achieve the applicable standards.

Table 1. Recommended ballast water discharge standards

Organism type or size class Discharge standard
Interim Standards Environmentally-protective limits
Organisms greater than 50 microns in No detectable living organisms

minimum dimension:

Organisms 10-50 microns in minimum No more than 10-2 living organisms per

dimension: milliliter
Ofggnisms 1.335 th.an 10 microns in No more than 103 colony-forming-units of
minimum dimension: bacteria per 100 milliliters

No more than 104 viruses per 100 milliliters

Public health-protective limits

Escherichia coli: No more than 126 colony-forming-units per
100 milliliters

Intestinal enterococci: No more than 33 colony-forming-units per
100 milliliters

Toxicogenic Vibrio cholerae (serotypes ~ No more than 1 colony-forming-unit per 100
O1 and O139): milliliters

No more than 1 colony-forming-unit per
gram of wet zoological samples

Long-term Standard Al size classes No detectable living or culturable organisms




Table 2. Recommended | mplementation Schedule for Interim Standards

Applied to vessels in this size class Applied to other vessels in
Ballast capacity of vessel that are constructed in or after this size class starting in
<1500 metric tons: 2009 2016
1500-5000 metric tons: 2009 2014
>5000 metric tons: 2012 2016

RATIONALE FOR THE RECOMMENDED STANDARDS

After some discussion, the Panel agreed to consider standards that set limits on organism
concentrations in ballast water discharges within the organism size classes and on the
implementation schedule used in the IMO Convention and in the current drafts of two bills
pending in the U.S. Senate (S. 363 and S. 1224). As noted by the Panel's shipping industry
representatives, this implementation schedule takes into account the limited availability of dry-
dock facilities, time for private industry to develop technology, and provides a workable time
frame for scheduling vessels for retrofit.

Within this framework, the Panel considered a range of concentration standards, including the
IMO standards, the standards in the Senate bills, the standards that were recommended to the
U.S. representatives to the IMO conference, and various forms of zero discharge standards. The
Panel compared these, on an order-of-magnitude basis, to the mean and median values for
organism concentrations in untreated ballast water discharges, as determined from various
studies. These figures are shown in the first table in Appendix 2.

Biological Basis for Standards

The Panel was unable to find any written or reported explanation of the biological rationale for
the concentration standards in the IMO Convention, the proposed standards in the Senate bills, or
the standards advocated by U.S. representatives at the IMO Convention. While these standards
appear to have been derived in part from technical workshops convened by the U.S. Coast Guard
or IMO, the published materials from these workshops do not give any explanation or indication
of the effect that these standards are expected to have on the rate of invasions due to ballast water
discharges (USCG 2002; MEPC 2003). In some cases, it's not clear if these standards would
result in a significant reduction from current, untreated discharge levels (e.g. compare the IMO
standard for the 10-50 micron size class with untreated concentrations, in Appendix 2, Table 1).

The basis for a zero detectable living organism discharge standard is that nonindigenous aquatic
species, unlike conventional chemical pollutants, can reproduce and increase over time, persist
indefinitely and may spread over large regions. The actual mechanisms of invasion for the large
universe of potential nonindigenous aquatic species are currently not known. From this



perspective, the only biologically perfect standard is no discharge of nonindigenous aquatic
species. The Panel noted that in practice "zero discharge" might refer to a variety of distinct
standards, including no detectable discharge of viable organisms, no discharge of organisms, no
discharge of viable organisms and no discharge of ballast water. Additional information on zero
discharge standards is provided in the memo in Appendix 3.

It should be noted that panel members representing regulatory agencies stated the ability to
detect a “zero discharge standard” is problematical as the ability to detect “zero” changes as new
detection technologies are developed. In addition it is often very difficult with current
technology to determine if organisms are “alive”.

One biologically-based standard that is less stringent than zero discharge is a "natural invasion
rate standard," which would reduce the discharge of organisms in ballast water to a level where
the rate of invasion due to these discharges is approximately equal to the natural invasion rate.
The calculation of concentration limits to achieve this is described in Appendices 4 and 5 which
were prepared by one member of the Panel. As stated by a Panel member representing the
scientific community, it should be noted that these calculations are based on data with a great
deal of uncertainty and were omitted from the IMO convention for this reason. The minority has
left this information in this report to acknowledge that the topic was discussed but would like to
emphasize it was not supported by the Majority of the Panel and to state there was significant
disagreement between the scientists that were on the Panel.

Technical and Economic Considerations

The basic task involved in meeting ballast water discharge standards is to remove or inactivate
organisms contained in a tank of water. The size, voyage duration and configuration of ballast
water tanks on vessels vary greatly. Several land based technologies could potentially be used
for this purpose, including methods that are routinely used to disinfect quantities of water and
wastewater, but these need to be adapted to work on the variety of organisms present in ballast
water, over the range of physical and chemical parameters that are characteristic of ballast water,
and to function in a shipboard or onshore system in a manner that is consistent with ship
operational requirements. Many treatment systems cover many acres of land and require
hundreds of employees to maintain them. With this in mind it is important to note that the
development of ballast water treatment technologies is still in its infancy and very few
technologies have been tested onboard ships. Unfortunately, the efficiency of these few tested
systems has not been adequately evaluated due to the fact that uniform testing protocols have not
been established. Due to these uncertainties, we encourage the Commission to adopt IMO or
Federal standards. In addition, it should be noted that the few treatment systems that have been
installed on vessels do not meet the standards as proposed in the majority panel recommendation.
Finally, land based technologies depend heavily on chemical treatment, such as chlorine, which
has not been deemed acceptable in ballast water discharges into state waters and impacts
adversely with structural integrity of steal and coatings within ballast tanks.

The Majority report includes language by the author as a minority opinion with regard to the
shipping industry’s ability to finance the investment in new ballast water treatment technology.
The topic of industry profits or losses did come up on a few occasions but the Panel was



reminded this was beyond their purview. The legislation states “best available technology
economically achievable”. It is not the responsibility of the shipping industry to fund research
and development of the technology. Once proven technology is available for shipboard
installation the question of industry profits and losses to determine what is “economically
achievable” can be discussed. Normal market forces will dictate directions for technology
development that will naturally accommodate the economics of the maritime industry.

Recommended Standard for Organisms >50 Microns in Minimum Dimension

Most Panel members feel that a standard of no detectable discharge of organisms >50 microns in
minimum diameter is feasible, and therefore recommended that this be adopted as an Interim
Standard for implementation between 2009 and 2016. In the majority report it refers to filtration
technology. The panel consistently stated that specific types of treatment systems were not to be
part of the Panels recommendation, but rather let private industry develop the technology to meet
the standards.

Recommended Standard for Organisms 10-50 Microns in Minimum Dimension

Most of the Panel recommended that an Interim Standard for this organism size class of no more
than 0.01 living organisms per milliliter of ballast water discharge be implemented between 2009
and 2016, and that the State evaluate by 2016 if a Long-term Standard of no detectable discharge
could be implemented.

Recommended Standard for Organisms <10 Microns in Minimum Dimension

Most of the Panel recommended that an Interim Standard of no more than 103 bacteria and no
more than 104 viruses per 100 milliliters of ballast water discharge be implemented between
2009 and 2016, and that the State evaluate by 2016 if a Long-term Standard of no detectable
discharge could be implemented.

Recommended Standard to Protect Public Health

The Senate bills (S. 363 and S. 1224) contain concentration limits for certain pathogens and
pathogen indicator species. These are based in part on the U.S. EPA water quality criteria for
water contact recreation (standards for Escherichia coli and intestinal enterococci), and in part
on evidence that ballast water has transported epidemic strains of the bacterium that causes
cholera (standards for Vibrio cholerae). Although one Panel member argued that the water
contact recreation criteria were insufficiently protective of public health, the Panel found that the
public health protective standards in these Senate bills were reasonable and feasible and
recommended that they be adopted as an Interim Standard.

CONCLUSION

The Advisory Panel strove to identify an approach to reduce the risk of preventing harmful
introduction of nonindigenous aquatic species that was scientifically based, effective and



reasonable. The recommended approach is similar to other proposed approaches in terms of
implementation schedule, organism size classes, health indicator organisms, allowable
technologies and application to various classes of ships. It differs from other approaches in that it
proposes more stringent limits on the number of viable organisms that would be allowed in
ballast water discharges. The Panel majority recommends these more stringent limits because it
concluded that other adopted and proposed standards would be less effective in accomplishing
the objective of preventing the introduction of potentially harmful organisms. Because the
environmental and socio-economic impacts of nonindigenous aquatic species have been so
significant to date, the Panel Majority believes that strong standards are essential to the success
of a preventive strategy.

The Panel Minority who work on this issue in global terms are aware of the impacts that may
occur due to invasions. We feel that through support and alignment with International and
Federal regulations, treatment systems will more quickly be developed and installed. Ultimately
this will facilitate better treatment systems that will be able to more quickly meet more stringent
standards. California continually prides itself on leading the world in many environmental areas.
Industry feels that by differentiating itself from this global problem, California may actually
cause delays in solving it. Less than 10% of the world’s vessels will ever call in California ports.
In addition there are in excess of 5000 vessels that come to California for the first time each year
and many of these may never return or return on an infrequent basis. Vessel owners that have a
committed trade to California will install treatment systems that meet the requirements proposed
in the Majority Report (assuming there is such a treatment system available) but operators that
only have to meet International or Federal standards will purchase and install the least expensive
option that covers anticipated trade. By implementing differing standards the potential for
significant negative economic impacts to the multibillion dollar goods movement in California is
likely to occur We also feel that it is premature to adopt standards based on a natural invasion
rate that has been calculated based on questionable data. We strongly encourage CSLC to
support additional research that can be used to evaluate ballast discharge standards with
defensible scientific methodologies.
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June 15, 2005

Suzanne Gilmore

Marine Facilities Division
California State Lands Commission
100 Howe Avenue, Suite 100 South
Sacramento, CA 95825

Re: Califor nia Public Resour ces Code — Ballast Water Per for mance Standards

Dear Suzanne:

Pursuant to the SB 433 (Nation - statutes of 2003), the State Lands Commission
(Commission) has convened and consulted with an advisory panel to develop a report
to the Legislature with recommendations on specific performance standards for the
discharge of ballast water. The undersigned companies, representing many of the
vessels calling in California’s ports, appreciate the opportunity to participate in this
process. We have worked closely with one another in an effort to ensure that the
maritime industry’s concerns and interests are adequately expressed within the
framework of the advisory panel and more broadly, within the statute. We would like
to offer the following recommendations to the panel as guidelines for the development
of these standards.

The development of performance standards for discharge of ballast waters is one of the
most important steps to take in the development of treatment technology. Although
many public and private sector efforts have been made, and are currently underway to
develop and analyze treatment technologies, establishing a standard for removal or
destruction of invasive species will provide a benchmark for further development and
refinement. However based on the data presented in previous panel meetings, the
quantification of open water exchange efficiency as well as development of alternative
treatment technologies are still in the infancy stages. Data on the correlation of
microorganism concentrations in ballast water and the introduction of invasive species
are also scarce. Therefore, we recommend caution in developing performance
standards without sound scientific testing and analysis. We fully support provisions
that will allot CSLC the necessary funding to develop the data needed to make
defensible decisions regarding ballast water performance standards.



Efforts to develop standards are taking place in the international arena, through the
International Maritime Organization (IMO) as well as nationally through both federal
legislation and research being done by the United States Coast Guard (USCG). Our
industry applauds the efforts by the Commission to coordinate and align the California
ballast water statutes and regulations with the USCG and the IMO. As the majority of
ocean going vessels entering California waters operate throughout the world, the
adoption of harmonious regulations results in greater ease of application, less
disruption to industry and most importantly - greater compliance. In the case of ballast
water management, the shipping industry has been exposed to a variety of state and
local requirements that, in some cases, have varied from international and federal
requirements. Continuing this patchwork-quilt approach would be catastrophic for the
environment and the industry and undermine the progress that we can make on this
issue by the establishment of a strong, uniform federal program. Although California’s
major ports are some of the largest in the world, it is unrealistic to assume that capital
investment will be put toward technology to treat ballast water to a standard different
from the rest of the world. We can not foresee multiple treatment systems on-board
vessels, each treating to a different standard.

For this reason, our suggestion to the advisory panel is to await the development of
standards from the USCG or the IMO and consider those standards as guidelines for a
recommendation to the Legislature. We realize that such standards may not be available
for review prior to the January 31, 2006 deadline established under AB 433, however
our understanding is that work is already being done on these and any delay should be
minor. We also believe the Commission has the ability to provide the Legislature with
an interim recommendation to await national or international standards and to act upon
those standards once in place.

We will be happy to discuss this recommendation further with the advisory panel.

Sincerely,

John Berge - Pacific Merchant Shipping Association

Lisa M. Swanson - Matson Navigation Company

Bradly Chapman - Chevron Shipping Company



APPENDIX 2: COMPARISON OF POTENTIAL STANDARDS

Table 1. Order-of-magnitude comparison of organism concentrationsin ballast water and potential discharge
standards

Concentration Standard
in untreated,  Standard in US position based on Zero
Organism unexchanged MO Standard in at IMO natural discharge
Size Class Units ballast water ~ Convention  Senate Bills conference  invasion rate standard
>50 pm /m3 102-103 10 10! 102 10-3-102 0
10-50 um /mL 10-102 10 10-1 102 104-103 0
<10 pm /100 mL 108-109 - - - 103-104 0

Table 1 compares the organism concentrations in untreated ballast water discharges and a range
of potential concentration standards for ballast water discharges.

Columns 1-2: The organism size classes and units are those used in the IMO Convention and in
the current drafts of two bills in the U.S. Senate (S. 363 and S. 1224). The organism size classes
refer to the minimum dimensions of the organisms.

Column 3: The concentrations in untreated and unexchanged ballast water are order-of-
magnitude estimates based on statistical summaries of a range of studies, which are described
further in Table 2 below. For the >50 micron and 10-50 micron organism size classes, the ranges
approximate the median and mean values for zooplankton and phytoplankton respectively; for
the <10 micron size class, the range approximates the mean values for bacteria and virus-like
particles, respectively.

Columns 4-6: The IMO Convention, Senate bills and the standards advocated by the U.S.
representatives at the IMO conference include public health protective standards that limit the
concentration of certain pathogenic and pathogen indicator species that are less than 10 microns
in minimum dimension, but do not contain any general restriction on the discharge of organisms
in this size class to protect the environment from invasions. The full standards in the IMO
Convention and Senate bills are given in Table 3 below.

Column 7: The ranges given for a standard based on the natural invasion rate are based on a 10°-
fold reduction from the range of concentrations given for untreated, unexchanged ballast water.
Scientists on the Panel or consulted by Panel members estimated that the appropriate reduction
could be between 104-fold and 106-fold, based on their range of estimates of the natural invasion
rate. This range could raise or lower the figures in Table 1 by one order of magnitude.

Column 8: Several types of zero discharge standard were discussed by the Panel, including no
discharge of ballast water, no discharge of living organisms, and no detectable discharge of
living organisms.




Table 2. Organism concentrationsin untreated and unexchanged ballast water

Type of Organism Number of Ships Sampled Median Concentration Mean Concentration
Zooplankton 429 0.4/liter 4.64/liter
Phytoplankton 273 13,300/liter 299,202/liter
Bacteria 11 8.3 x 10%/liter
Virus-like Particles 7 7.4 x 10%/liter

Table 2 shows the IMO's statistical data on organism concentrations in ships' ballast water
(MEPC 2003). These data were the basis for the order-of-magnitude concentrations given in
Column 3 of Table 1, and were derived from studies that sampled ballast water of coastal origin
with a broad range of ages that had not been exchanged or treated. MEPC (2003) suggested that
median values are a useful frame of reference for considering ballast water standards (the
definition of median is that half the tanks had higher concentrations than the median value, and
half had lower.)

Table 3. IMO Convention and Senate Bill standardsfor permissible concentration limitsin ballast dischar ges

Organism Type or Class IMO Convention S. 363 and S. 1224
Living organisms >50 microns in minimum dimension 10/m3 0.1/m3

Living organisms 10-50 microns in minimum dimension 10/mL 0.1/mL
Colony-forming units of Escherichia coli 250/100 mL 126/100 mL
Colony-forming units of intestinal enterococci 100/100 mL 33/100 mL
Colony-forming units of toxicogenic Vibrio cholerae 1/100 mL 1/100 mL
(serotypes O1 & O139)

Colony-forming units of toxicogenic Vibrio cholerae 1/gram wet weight of 1/gram wet weight of
(serotypes O1 & O139) zoological samples zoological samples
References
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APPENDIX 3: MEMO ON ZERO DISCHARGE STANDARDS

Subject: Background and Possible Basis for a Zero Discharge Standard
To: Ballast Water Treatment Standards Committee

From:  Andrew Cohen

Date: August 4, 2005

Various standards might be considered zero discharge standards, including;:
* no detectable discharge of living organisms
* zero discharge of living organisms
* no discharge of ballast water

The scientific basis for a zero discharge standard is that nonindigenous aquatic organisms,
unlike conventional chemical pollutants, can:
1) reproduce and increase over time:
2) persist indefinitely: and
3) spread, sometimes in high concentrations, over very large and even continental
distances once they have been discharged to a new continent.

Such invasions can result from a single pair of mated organisms, or in the case of
asexually-reproducing species, a single individual. An example of the latter is the
tropical seaweed Caulerpa taxifolia, whose invasion over thousands of acres in the
Mediterranean Sea and in two bays in California consists of a single clone, and thus
derives from a single individual.!

In 1998, the San Francisco Bay Regional Water Quality Control Board (Region 2)
proposed and the State Water Resources Control Board approved listing nonindigenous
aquatic species discharged in ballast water as a priority pollutant impairing the waters of
San Francisco Bay, under Clean Water Act §303(d) (SFBRWQCB 1998). In subsequently
considering how to set a total maximum daily load (TMDL), Region 2 concluded (at
least informally) that zero-discharge of nonindigenous aquatic organisms was the only
scientifically-supported standard available.

1 The import and sale of Caulerpa taxifolia, dubbed the "Killer Alga," was banned in the U.S. in

response to a petition from over 100 scientists who were alarmed at its impacts in the Mediterranean. It
was subsequently discovered growing in two small bays in California, where its eradication (which is
nearly complete after 4 years of effort) probably cost over $10 million (Raloff, 1998, 2000; Jousson et al.
2000).



The U.S. Coast Guard convened two technical workshops on Ballast Water Treatment
Standards in the spring of 2001, bringing together experts in the fields of ballast water
treatment, invasion biology and standards development. The East Coast Workshop
recommended a long-term (within 5 years) standard of 100% removal or inactivation of
coastal holoplankton, meroplankton, and demersal organisms (including all life stages) and
photosynthesizing organisms (including phytoplankton, cysts and algal propagules), which
includes a variety of organisms down to 2 um in size. The West Coast Workshop
recommended a short-term (within a few years) standard of zero discharge for
organisms >50 pm and a long-term (within 10 years) standard of zero discharge for all
organisms (USCG 2002a).

Based on these workshops, meetings of the Ballast Water and Shipping Committee of
the Aquatic Nuisance Species Task Force, and an IMO GloBallast workshop, the U.S.
Coast Guard published an Advance Notice of Proposed Rulemaking in the spring of
2002 (USCG 2002b). This notice listed alternative short-term standards, including
removing, killing or inactivating all organisms >100 pm, and no discharge of organisms
>50 um; and alternative long-term goals, including no discharge of zooplankton and
photosynthetic organisms (including holoplanktonic, meroplanktonic, and demersal
zooplankton, phytoplankton, and propagules of macroalgae and aquatic angiosperms),
inclusive of all life-stages.

An International Workshop on Ballast Water Discharge Standards was held by the State
Department and the U.S. Coast Guard at NSF headquarters on Feb. 12-14, 2003.
Participants included IMO representatives and technical experts from 7 IMO member
states. Of the Workshops three working groups, Group 1 recommended an initial
standard of no detectable organisms >50 pm; and Group 3 recommended an initial
standard of no detectable organisms >100 pm to go into effect by 2006, no detectable
organisms >50 um to go into effect by 2009, and no detectable organisms >25 um to go
into effect by 2015. A synthesis of the groups' recommendations was suggested, which
included a standards of no detectable organisms >50 um to go into effect by 2006, and
no detectable organisms >10 um to go into effect by 2015 (MEPC 2003).

Several assessments and studies of ballast water treatment have employed filtration
either as the initial or sole treatment process. The filter sizes used in these assessments
range from 150 pm to 50 um or less,? suggesting that zero detectable discharge of
organisms above these sizes would be routinely achieved by these treatments.

2 Some examples of ballast treatment systems using filtration that have been investigated include:

* filtration to 150 um: a single-pass 150 um wedgewire strainer on ballasting at 1,250 and 2,500 m3/hr
(Pollutech 1992); a single-pass 150 pm wedgewire strainer on ballasting at 2,500 m?/hr and UV at 420
mW-S/cm? (Pollutech 1992); a recirculating system with 150 pm wedgewire strainer and UV at 420 mW-
S/cm? (Pollutech 1992);



Until 1992, the largest containerships built were of the Panamax type, with widths no
greater than the 106' maximum that is permitted to pass through the Panama Canal. As
containerships tried to carry greater numbers of containers per ship, containers were
stacked progressively higher on the decks through the 1980s, with correspondingly
increasing amounts of ballast water needed to provide stability. Beamier Post-Panamax
containerships, which increasingly dominate the fleet,® are inherently more stable and
carry and discharge much less ballast water per voyage —on the order of a few hundred
tons rather than several thousand tons for Panamax ships (Herbert Engineering 1999) —
while carrying much larger numbers of containers. Some can also shifting ballast
internally to adjust the ship's list and trim. Ship designers are considering further
modifications to ships' piping systems that would eliminate the discharge of ballast
water in port (Herbert Engineering 1999; Schilling 2000). This may also be feasible for a
few other types of vessels, such as passenger ships (Schilling 2000).

References

AQIS. 1993. Ballast Water Treatment for the Removal of Marine Organisms. Ballast Water Research Series
Report No. 1, Gutheridge Haskins and Davey Pty Ltd. for the Australian Quarantine and Inspection
Service, Canberra, Australia (June 1993).

Battelle. 1998. Ballast Water Secondary Treatment Technology Review. Battelle for Northeast Midwest
Institute, Washington, DC (August 1998).

* filtration to 100 um: a continuous deflective separation unit operated at normal ballast pump flow rates
filtering to 50-100 um (Victoria ENRC 1997); 100 pum filtration at 270 and 1,800 m3/hr, with UV, thermal
or ultrasonic treatment (Battelle 1998); a self-cleaning 100 um filter at 135 m3/hr (Ropell & Voight 2002);

* filtration to 50 um: a single-pass 50 pm wedgewire strainer on ballasting at 1,250 and 2,500 m3/hr
(Pollutech 1992); a single-pass 50 pm wedgewire strainer on ballasting at 2,500 m3/hr and UV at 210 mW-
S/cm? (Pollutech 1992); an in-line 50 um stainless steel strainer with automatic backwash (AQIS 1993); 50
pm filtration during ballasting (Dames & Moore 1999); continuous backwash filtration to remove particles
and organisms down to 50 pm size (URS/Dames & Moore 2000); a 50 pum filter screen at 340 m3/hr with
and without a prefilter (Cangelosi & Harkins 2002); a self-cleaning 50 um filter at 135 m3/hr (Ropell &
Voight 2002); a self-cleaning 50 um screen at 340 m3/hr (Waite & Kazumi 2004);

* filtration to 25 um: a self-cleaning 25 pm woven mesh screen filter at 1,000 m?/hr (Carlton et al. 1995); 25
um filtration at 270 and 1,800 m3/hr, with UV, thermal or ultrasonic treatment (Battelle 1998); a 25 um
filter screen at 340 m3/hr with and without a prefilter (Cangelosi & Harkins 2002);

* filtration to 20 um: 20 pm filtration during ballasting (Dames & Moore 1999); 20 um filtration and
cyclone during ballasting (Dames & Moore 1999).

Dames & Moore (1999) concluded that on-board filtration systems appear "potentially viable with
filter sizes between 20 and 50 pm". Oemcke (1999) noted that self-cleaning stainless steel screens can filter
down to 10-20 pm without flocculants, and that membrane filters to filter surface waters down to 0.2 pum
cost 35-49¢ per m? of filtrate in 1990 (i.e. $2.7-3.8 million to filter the 7.8 million m? of ballast water
discharged in California in 2004), but that costs had been dropping as technology improved and market
share increased.

3 The Port of Oakland projects that Post-Panamax sized containerships, which accounted for 10%
of port visits in 1996, will account for 75% of port visits in 2010 (Port of Oakland 1999).
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APPENDIX 4: MEMO ON A NATURAL INVASION RATE STANDARD

Subject: Basis for a Standard Based on the Natural Rate of Invasion
To: Ballast Water Treatment Standards Committee

From: Andrew Cohen

Date: August 7, 2005

Biological Rationale for a Standard Based on the Natural Invasion Rate

Biological invasions of marine ecosystems are natural, at least in the sense that on rare
occasions a coastal organism must have by accident drifted or rafted across the ocean
and established an isolated colony on the other side. However, human activities —
prominently including the transport and discharge of ballast water —have greatly
increased the rate at which such colonies are established, creating a novel level of rapid
alteration of ecosystems and (because a portion of these species have harmful impacts
on economic or recreational activities or public health), elevated the stresses on human
communities.

A performance standard that reduced the rate of invasion due to ballast water
discharges to around the average rate of invasion under natural conditions would
implicitly allow a doubling of the natural invasion rate as a result of ballast discharges
alone. However, in contrast with a standard that allowed a 10x or 100x increase in the
invasion rate,! this is still reasonably close to the natural rate and possibly within the
normal range of variation, and would thus be reasonably protective of the environment.
Because it would entail a substantial decrease in the current rate of invasion, it would
also reduce the impacts on human uses. Such a standard would thus be reasonably
protective of the various environmental, recreational and economic beneficial uses of
California's waters.

Calculation of a Standard Based on the Natural Invasion Rate

To a first approximation, in order to reduce the rate of invasions due to ballast water to
roughly the average natural invasion rate, we need to reduce the concentration of living

1 Based on the calculations below, the standards in S. 363 and S. 1224 represent about a 10x-100x
increase over the natural invasion rate for organisms >50 microns, and about a 100x-1,000x increase for
organisms in the 10-50 micron size class. The standards in the IMO Convention represent about a 1,000x-
10,000x and about a 10,000x-100,000x increase over the natural invasion rate for >50 micron and 10-50
micron organisms, respectively.



organisms in ballast water discharges by the ratio between the natural invasion rate and
the invasion rate due to the discharge of untreated and unexchanged ballast water.?
We'll call this ratio the Reduction Factor:

Natural invasion rate
Invasion rate due to untreated
and unexchanged BW

(1) Reduction Factor

Then, the concentration standard for living organisms in ballast water discharges that
will meet this goal is:

Concentration of organisms in

X Reduction Factor?
untreated & unexchanged BW

(2) Concentration Standard =

2 This approximation implicitly assumes that the Discharge/Invasion Curve is roughly linear, that
is, that an X% increase or decrease in the number of organisms discharged during a period of time will
produce about an X% increase or decrease in the number of invasions that occur during that time as a
result of those discharges. We don't, in fact, know the shape of this curve and a variety of shapes are
theoretically possible, but the assumption of linearity is both the simplest possible assumption and
consistent with standard regulatory practice. For example, the US EPA routinely makes the precisely
analogous assumption when assuming that the Dose/Response Curves for a variety of suspected
carcinogens and other toxins are linear in order to extrapolate responses from rodent bioassays
conducted at high dose levels to chronic human exposures projected at low dose levels.

3 In reality, it's not the concentration of organisms in ballast water that needs be reduced by the
Reduction Factor, but rather the rate at which organisms are discharged. This is equal to the concentration
of organisms times the rate of ballast water discharge. If Cy;,, = the concentration of organisms in

untreated, unexchanged ballast water, D, = the rate of ballast discharge during the baseline period that
corresponds to Cgy, and D, = the rate of ballast discharge during the future period when the
Concentration Standard is in effect, then:

Concentration Standard x D, = Cg,, x D; x Reduction Factor

If D, = D,, then this equation reduces to Equation (2). If the rate of ballast water discharge is decreasing
over time (D; > D,), then Equation (2) will calculate a Concentration Standard that is too low (i.e. too
stringent), and if it's increasing, it will calculate a standard that is too high (too lenient). For the container
fleet, the increasing number of Post-Panamax ships, which carry and discharge less ballast water per ship
while carrying more containers suggests that the rate of ballast water discharge could decline (Herbert
1999). For example, the Port of Oakland (1998) projected that while the number of containerships arriving
at the Port and the amount of cargo carried by them would increase from 1996 to 2010, the amount of
ballast water they discharged would decrease by 42%. On the other hand, for other types of vessels such
as bulk carriers and tankers, significant decreases in the amount of ballast water discharged per ton of
cargo are unlikely (Herbert 1999). The larger volumes of ballast water carried by these ships, and the
projected increases in cargo tonnage handled by California ports suggests that the overall rate of ballast
discharge will increase. In neither case, however, is the change likely to approach an order of magnitude,
and so Equation (2) seems reasonable as a first approximation.



Estimate of concentration in ballast water: Order-of-magnitude estimates of the
concentration of living organisms in untreated and unexchanged ballast water at the
end of transoceanic voyages are:

e for organisms >50 microns in width ~ 102-103 per m3
e for organisms 10-50 microns in width 10-102 per mL

e for organisms <10 microns in width ~ 108-10° per 100 mL

These estimates are derived from statistical data on studies that sampled ballast water
of coastal origin that had not been exchanged or treated. Specifically, the concentration
ranges for >50 micron and 10-50 micron organisms are based on the mean and median
values for zooplankton and phytoplankton samples, respectively, and the concentration
range for <10 micron organisms is based on the mean values for bacteria and virus-like
particles. More detail on these data is provided in Table 2 of "Attachment F:
Comparison of Potential Standards" which SLC sent to the Committee before the July
meeting, in Greg Ruiz's presentation at the April meeting, and in MEPC (2003).

Estimate of natural invasion rate: A natural marine invasion is defined as a marine
organism that is transported across an ocean by drifting, rafting or some other natural,
irregular and rare transport mechanism and becomes established initially as a disjunct,
isolated population in waters on the other side. It excludes organisms that have a
continuous range that includes both sides of the ocean (such as, in the Pacific,
organisms that have a continuous range from northern Japan and Siberia across to
Alaska and British Columbia by way of the Bering Strait or the Aleutian Islands),
organisms that have regular, natural genetic exchange between populations on opposite
sides of the ocean (such as may occur with pelagic organisms that regularly migrate
across the ocean, or organisms with teleplanic larvae that are regularly advected across
the ocean), and organisms occurring in disjunct, transoceanic populations that are relics
of formerly genetically-continuous populations. The natural, one-way invasion rate (i.e.
from one side of the ocean to the other) can be estimated as:

The number of species common to both sides of the
Natural _ 0.5 X' 5cean that are thought to result from natural invasion

) invasion rate The length of time it takes for isolated

populations to become morphologically distinct

Based on a review of the biogeographical literature and other relevant data, the number
of species of invertebrates and fish* common to both sides of the Pacific Ocean that are
thought to be the result of natural invasions is estimated as <10 (J. Carlton estimate) or

4 The available biogeographical data for other types of organisms, including protozoans, fungi,
bacteria and viruses, are too poor to provide a basis for even a rough estimate of the natural invasion rate.



<100 (A. Cohen estimate). The length of time that it takes for isolated populations of
invertebrates or fish to become morphologically distinct (i.e. such that they would be
considered separate species based on morphological evidence) is estimated as 1-3
million years.5 If we conservatively® estimate the number of naturally invaded
invertebrate or fish species common to both sides of the ocean to be 100, and the
relevant period to be 1 million years, then the natural invasion rate from the western to
the eastern Pacific shore for species in these two categories of organisms is 50 species
per million years, or 5 x 10-> species per year.

Estimate of invasion rate due to unexchanged, untreated ballast water: The Federal law that
tirst set up a voluntary program of mid-ocean ballast water exchange was passed in
1996, and the California law that required mid-ocean ballast water exchange was passed
in 1999. Data from a period immediately prior to the passage of these laws would
therefore be appropriate for estimating the rate of invasion resulting from the discharge
of unexchanged and untreated ballast water.

From 1961-1995, the rate of invasion into the San Francisco Bay and Delta was one
species every 14 weeks, or 3.7 species per year; with the rate increasing over time to 5.2
species per year in 1991-95 (Cohen & Carlton 1997).” The fraction introduced by ballast
water also increased over time. For invertebrates and fish, the rate was 2.9 species per
year in 1961-1995, with ballast water responsible for introducing 0.7-1.7 species per year
(24-59% of the total); in 1991-1995 the rate was 4.2 invertebrate and fish species per year,
with ballast water responsible for 1.6-3.2 (38-76% of the total).

These figures probably substantially underestimate the true number of invasions, by
missing invasive species that (a) haven't been collected, (b) have been collected but not
identified, or (c) have been identified but whose status as invasive or native has not yet

5 For example, closely-related populations of marine organisms on either side of the Panamanian

isthmus, which have been separated for about 2.8 million years, are variously considered by taxonomists
to have morphologies that range from being very similar but capable of being distinguished (and
therefore are considered separate species) to being so similar that they cannot be distinguished (and
therefore are usually identified as the same species).

In the July meeting, Greg Ruiz noted that Vermeij (1991) reported that 11 gastropod species from
the western Pacific had invaded the eastern Pacific in the last 18 million years. This rate of 0.6 invading
gastropods per million years seems reasonably consistent with an estimate of <100 fish and invertebrates
per million years.

6 In this memo, "conservative" is taken to mean supporting a smaller reduction from the
concentration of organisms in untreated discharges and a less-stringent standard. Here, for example, it
means using the numbers — out of the range of reasonable estimates — that produce the highest estimate of
natural invasion rate. If the calculation instead used 10 for the number of common species and 3 million
years for the period, the natural invasion rate would be less than 2 species per million years.

7 The invasion numbers discussed in this section are based on the date of discovery (first
observation or collection) of the invading species.



been resolved (cryptogenic species). These missing species could raise the total by
probably 50-100%.8 In addition, these figures refer only to species established in the San
Francisco Bay/Delta system; if species established elsewhere in California are included,
the total could rise by at least another 50-100%.? When these factors are taken into
account, ballast water is estimated to be responsible for introducing 2-7 invasive
invertebrates and fish into California waters each year if 1961-95 is used as the baseline
for the estimate, and 4-13 invertebrates and fish if 1991-95 is used as the baseline.

Calculation of Reduction Factor and Concentration Standards: Using the above estimates
and Equation (1), the Reduction Factor is:

e for the 1961-95 baseline: 0.7-2.5 x 10-5
e for the 1991-95 baseline: 0.4-1.3 x 10-°

To an order of magnitude, the Reduction Factor is 10-5.10 The corresponding
Concentration Standards are:

e for organisms >50 microns in width ~ 10-3-10-2 per m3
* for organisms 10-50 microns in width 10-4-10-3 per mL

e for organisms <10 microns in width ~ 103-104 per 100 mL
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APPENDIX 5: ADDENDUM TO THE MEMO ON A NATURAL INVASION RATE
STANDARD

Footnote 5 incorrectly reported data from Vermeij (1991). Vermeij actually stated that 11
gastropod species from the Line Islands in the Central Pacific had invaded the eastern Pacific in
the last 2 million years, or a rate of about 5.5 invading gastropods per million years. At the
August 2005 Advisory Panel meeting, after some discussion of technical issues related to the
records in this paper and other paleontological data, Greg Ruiz stated that he was more
comfortable with a natural invasion rate estimate of <1,000 fish and invertebrates per million
years. Thus, three invasion biologists provided the Panel with different estimates of the natural
invasion rate, corresponding to calculations of different Reduction Factors and concentration
limits, as follows:

Concentration Concentration Concentration
Estimate of natural limits for limits for limits for
invasions of invertebrates ~ Reduction organisms organisms organisms
Biologist and fish per million years Factor >50 microns 10-50 microns <10 microns
J. Carlton <10 10-6 10-4-10-3 10-3-10-4 102-103
A. Cohen <100 10°3 10-3-102 104-10-3 103-10*
G. Ruiz <1,000 104 10-2-10"! 10-3-102 104103

The Panel considered the wider range of concentration limits indicated by this range of estimates
as potentially pertaining to a natural invasion rate standard.




APPENDIX 6: MEMO ON TECHNICAL FEASIBILITY, TREATMENT COSTS AND
ECONOMIC INDICATORS

Subject: Some Data on Treatment Costs and Economic Indicators
To: Ballast Water Treatment Standards Committee
From: = Andrew Cohen

Date: August 7, 2005

Technical Feasibility and Scale

The basic task to be achieved is to remove or kill organisms that are trapped in a tank
of water.

Relative to the volumes handled by existing programs to remove or kill organisms in
water or wastewater, the amount of ballast water to be treated is modest. Less than 7.8
million cubic meters of ballast water were discharged into California waters in 2004
(Falkner et al. 2005). In contrast, over 3.2 billion cubic meters of wastewater are treated
and discharged to the San Francisco Bay Estuary each year (Gunther et al. 1987)1, or
more than 150 times the volume of ballast water discharged to the entire state. Each
year, 24 different wastewater treatment plants in the Bay Area each treat more than the
total volume of ballast water discharged to the entire state. Two Bay Area plants each
treat more than 23 times the total volume of ballast water discharged to the entire state.

Comparable or even larger volumes of water are treated by the Bay Area's water
districts.

From the perspective of water or wastewater treatment, treating all of California's
ballast water is a small-scale project — the volume equivalent of a single small water
treatment plant for the entire state.

1 These data are from a 1987 review, based on wastewater treated in 1984-86. With 20 years of
rapid population growth, the volume of wastewater treated in the Bay Area is no doubt substantially
larger today.



Estimated Treatment Costs for all Ballast Water Discharged into California

The figure below from URS/Dames & Moore 1998 is from a study commissioned by
the California Association of Port Authorities that included site-specific cost estimates
for essentially all ports in the state. The other figures were developed by multiplying
per metric ton costs derived from the cited sources by the State Lands Commission's
data on the total amount of ballast water discharged into California waters in 2004 (7.8
million metric tons — Falkner et al. 2005). For the most part, these studies estimated the
major, identifiable costs but did not necessarily estimate all costs. Costs given in
Australian or Canadian dollars were converted to US dollars using recent exchange
rates. Costs were not inflated to current dollars.

$million/year

Filtration & UV (onshore)

AQIS 1993 2-5

Pollutech 1992 3-9

URS/Dames & Moore 1998 8
Chlorine (500 ppm)

Pollutech 1992 13

Rigby et al. 1993 19
Filtration & UV (shipboard)

Pollutech 1992 22

Schilling 2002 32
Hydrocyclone & UV (shipboard)

Schilling 2002 27
Glutaraldehyde

Lubomudrov, Moll 32-48
Glycolic Acid

RNC Consulting 50



Shipping Industry - Economic Indicators

CALIFORNIA-WIDE INDICATORS

* Cargo handled by California Ports
$260 billion in 2003 (DOT Statistics 2003)
$300 billion/year (ILWU)

* Revenues, Costs & Profits of California Shipping Industry (rough calculation based
on comparison with Jones Act Fleet data)
Revenues ~$14 billion/ yr
Capital & Operating Costs ~#$12.5 billion/yr
Profits ~$1.5 billion/ yr

PORT/REGION INDICATORS
* Bay/Delta ports: $34 billion in foreign trade in 1992 (Port of Oakland 1998a, b)
* Annualized net direct benefit of -50' dredging project to ships using the Port of
Oakland:
$156-229 million/ year (Port of Oakland 1998a)
* Federal subsidy for Port of Oakland's -50' dredging project:
$82.5 million (Port of Oakland 1998b)

PER VESSEL INDICATORS
* Capital & Operating Costs per Vessel
Containerships:  $10,000-15,000/ day - new 1,000-3,500 TEU (OCS 2004)
$42,000/ day while in port, $53,000/day while at sea - 73,000
DWT containership (Port of Oakland 1998c)
Bulk Carriers: $11,000-19,000/ day - various ages & sizes (OCS 2004)
$24,000/ day - 10-year-old Capesize (Stopford)
Tankers: $32,000-43,000/ day - new VLCC (OCS 2004)

* Profits per Vessel
Containerships:  $3,000-27,000/ day - 300-3,500 TEU (OCS 2004)
Bulk Carriers: $15,000-38,000/ day - various sizes (OCS 2004)
Tankers: $9,000-32,000/ day - various sizes (OCS 2004)

* Average Tanker Freight Rates
$19,000-$55,000/ day (2002-2004) (Naval Institute 2005)



OTHER

* Shipping Industry - Net Profit Margin of 28.0%, the 2nd highest of 212 industries
listed (2nd only to Healthcare Re-insurers) (Yahoo Finance, accessed Aug. 5, 2005).

* Shipping Industry - Return on Equity of 33.6%, the 9th highest of 212 industries
listed (Yahoo Finance, accessed Aug. 5, 2005).



Shipping Industry - Growth Trends

Los Angeles/Long Beach harbors
In 1995, Long Beach Harbor and Los Angeles Harbor were the 2nd and 3rd busiest
container ports in the US, after New York/New Jersey Harbor (Port of Oakland 1998c).

The number of containers handled at Long Beach Harbor more than doubled between
1994 and 2004, from 2.6 million to 5.8 million, for an average growth of 8.35% per year
(data from "Attachment B: Economic Trends" in the materials provided by SLC for the
July meeting).

Container traffic at Los Angeles/Long Beach harbors is expected to rise 13% this year,
according to the Pacific Maritime Association (San Francisco Chronicle, July 15, 2005).

Port of Oakland
In 1995, the Port of Oakland was the 4th busiest container port in the US and the 19th
busiest container port in the world (Port of Oakland 1998c).

Cargo tonnage at the Port of Oakland has grown 8.3% /yr over the past 5 years (Port of
Oakland 1998c).

Projected growth is from 1.4 million TEU in 1996 to 3.4 million TEU in 2007. Future
growth is projected at 7-8% per year (Jordan Woodman Dobson 1998).

"It's Full Steam Ahead at the Port of Oakland"
(San Francisco Chronicle 12/18/03)
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