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EXECUTI VE SUMVARY

The Air Resources Board (ARB) staff is proposing regulations
to reduce em ssions of hydrocarbons (HC) and oxides of nitrogen
(NOx) from spark-ignition marine engi nes, specifically, outboard
mari ne and personal watercraft engines. Developnent of this
proposal was undertaken to address the significant em ssions
i npact fromthese categories of marine engines.

Based on the | atest em ssions estimtes, outboard and
personal watercraft engines account for 777 tons per day of
reactive organic gas (ROG and NOx em ssions on weekend sunmer
days (days which are associated with peak ozone episodes). An
exanple of the inpact of em ssions froma single engine is the
conpari son between the operation of a personal watercraft to the
em ssions of a passenger car. The operation of a 100 horsepower
personal watercraft for 7 hours results in nore ozone precursor
em ssions (hydrocarbons + oxides of nitrogen) than the operation
of a 1998 passenger car over 100,000 mles. Carbureted
t wo- st roke engi nes, commonly used in outboard and personal
wat ercraft engi nes di scharge as much as 25 to 30 percent unburned
fuel into the water and subsequently into the air. For exanple,
a typical personal watercraft consumng five gallons of gasoline
per hour and operated 41 hours per year, discharges between 50
and 60 gall ons of unburned gasoline into the environnent.
Consequently, in addition to air quality inpacts, since marine
engi nes exhaust through the water, water quality is also
I npact ed.

Al t hough the United States Environnmental Protection Agency
(U.S. EPA) adopted regul ations that reduce em ssions from
out board and personal watercraft engines by 75 percent by 2025,
the benefits of that programw ||l not be sufficient to neet
California' s air quality goals.

The proposed regul ation is designed to harnoni ze as cl osely
as possible with the federal programthrough the foll ow ng:

. Em ssion standards that are a percentage of the U S. EPA
2006 standards curve.

. Use of U S. EPA test procedures for certification and in-use
testing.

. Acceptance of U. S. EPA test data for in-use conpliance
testing.

. Use of U S. EPA s Cumul ative Sum net hod and Sel ective
Enf orcenent Audit procedures.

. Use of U S. EPA s certification |abel format with additional

| anguage added for California, elimnating the need for a
second California specific certification engine |abel.



Central to the proposal are the exhaust em ssion standards
that are phased in over three tiers. The first tier, starting in
nmodel year 2001, inplenents the U S. EPA 2006 standards. This
effectively accelerates the U S. EPA program by five years. Tier
2, inplenented in nodel year 2004, sets the exhaust em ssion
standards at 80 percent of U S. EPA' s 2006 standards. The Tier 2
st andards were proposed by the National Marine Manufacturer’s
Association. Tier 3, inplenented in nodel year 2008, |owers the
standard to 35 percent of U S. EPA s 2006 standard. The proposed
standards are graphed in Figure 1 to illustrate the nuneri cal
val ues of the proposed standards across the avail abl e hor sepower
ranges.

Figure 1
Proposed Exhaust Em ssion Standards
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Addi tional features of the proposal include establishnment of
an environnental |abel program extended em ssion warranty
requi renents and flexible in-use conpliance provisions.

The environnmental |abel programis proposed in order to
establish 3 tier designations for consunmer awareness and water
quality protection prograns. The |abels would establish criteria
for low, very low and ultra | owem ssion engines. These
desi gnations serve to educate consuners about the relative
em ssions inpact of new engines. The |abels also establish a
st andar di zed nechanismfor clearly identifying clean technol ogy
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engi nes for use by water agencies to enforce water quality
related activity restrictions.

In 1994, the Air Resources Board (ARB) approved a revision
to the State Inplenentation Plan (SIP) which contains clean air
strategi es needed to neet the health-based, 1-hour, federal ozone
air quality standard. The ozone SIP includes neasures to reduce
em ssions from nobil e sources under state control (including
passenger cars, heavy-duty trucks, and off-road equi pnment) as
wel | as federal assignnents to control em ssions from sources
under exclusive or practical federal control (such as planes,
mari ne vessels and | oconotives). The responsibility to adopt
em ssion standards for marine pleasurecraft (nmeasure ML6) was
assigned to U S. EPA. In addition to the nobile neasures, the
SIP relies on the devel opnent of additional advanced technol ogy
measures (the nobile source “Black Box”) to provide another 75
tons per day ROG plus NOx needed for attainnment in the South
Coast A r Basin.

At the tinme the 1994 SIP was adopted staff believed that
mari ne pleasurecraft emtted far fewer em ssions than we know
they do today. The dramatic four fold increase® in the em ssions
frompleasurecraft is a result of the explosive increase in the
use and horsepower of personal watercraft. So, although U S. EPA
adopt ed the em ssion standards for pleasurecraft described in the
1994 SIP, staff believes that further em ssion reductions are
feasi ble, cost-effective, and necessary. The staff’s proposal
wi |l provide additional em ssion reductions to address the
i ncreased em ssion inpact. The reductions will also provide
progress toward neeting state and new federal air quality
standards for ozone and particulate matter.

The estimated statew de benefits total 110 tons per day of
ROG and NOx emi ssion reductions in 2010 and 161 tons per day in
2020°. These estimated benefits are above and beyond the U S.
EPA program The estimted benefits in the South Coast Air Basin
fromstaff's proposal total 31 tons per day of ROG and NOx
em ssion reductions in 2010 and 35 tons per day in 2020°.

The cost-effectiveness of this proposal ranges from$0.32 to
$3.57 per pound. This translates to average price increases
rangi ng from approxi mtely $150 to $2, 300 per new engine to
conply with this regulation. For the 1998 nodel year, the

a Conparing the SIP inventory estimate to current typical sumer day

em ssi ons inventory estimates.

b Emi ssion reducti ons on a weekend sunmer day.
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typi cal average suggested retail price for a personal watercraft
is $6,700. The average cost of an outboard engine in 1997 was
$6, 600, with a range of $600 to $20, 000 across the diverse

hor sepower ranges. The higher end of the estimate of the cost per
engi ne applies to these higher horsepower outboard engines. The
cost-effectiveness of the proposal is well within the range of

ot her nobile source neasure costs. The staff recomends that the
Board adopt the staff proposal.
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| nt r oducti on

This report provides a description of the spark-ignition
marine engine regulatory proposal. It includes a discussion of
the technological feasibility for marine engines conplying with
t he proposed em ssion standards and an anal ysis of the economc
i npacts engendered by them Since marine engines emt into both
air and water, this proposal considers nmultinedia environnental
effects.

Al though California s air quality has inproved dramatically
over the last 40 years, nore progress is essential to neet the
obj ective of neeting health-based anbient air quality standards.
At present, six regions in California are in non-attai nnment for
the federal one-hour standard for ozone: the South Coast Air
Basin, the Sacramento Metropolitan area, the San Diego Air Basin,
the San Joaquin Valley Air Basin, the South East Desert Air
Basin, and Ventura County. Wth a new federal eight-hour
standard for ozone in effect, these regions nmust neet a limt
even nore stringent than the one for which they are currently in
non-attainment. It is also likely that additional areas that are
in attainment for the one-hour standard will be designated as
non- attai nment under the new eight-hour standard. The foll ow ng
areas of California do not attain California s one-hour anbient
air quality standard for ozone: the San Franci sco Bay Area, the
Sout h Coast Air Basin, the South Central Coast, San D ego, the
Sacranento Vall ey, the San Joaquin Valley, the South East Desert
and the Muntain Counties.



Mobi | e sources, consisting of passenger cars, trucks,
heavy-duty vehicles, off-road vehicles and equi pnment and mari ne
engi nes, account for about 70 percent of ozone precursor
em ssions statewi del. Control of these npbile sources is vital
to attaining health-based air quality standards. The California
Clean Air Act (CCAA), as codified in Health and Safety Code
Sections 43013 and 43018, grants the Air Resources Board (ARB)
authority to regulate off-road nobile sources of em ssions.
These nobil e sources include, but are not limted to marine
vessel s, | oconotives, utility engines, off-road notorcycles, and
of f - hi ghway vehicles. Spark-ignition marine engines are
therefore a subcategory of off-road engi nes subject to ARB
regul ation.

The United States Environnmental Protection Agency (U. S. EPA)
adopted Title 40 Code of Federal Regulations Parts 89, 90, and
91: Air Pollution Control; Gasoline Spark-lgnition Marine Engines
in 1996 with inplenentation in 1998 for outboard engi nes and 1999
for personal watercraft. These regulations are designed to
reduce em ssions of hydrocarbons (HC) from mari ne engi nes by 75
percent from baseline levels by 2025. As the staff report wll
show, the ARB proposal differs fromthe federal rule primarily
Wi th respect to timng and stringency, while the rest of the
proposal is harnonized with the federal regulation wherever
possi bl e.

The ARB i s pursuing exhaust em ssion standards through this
proposed regul ation, which will further reduce em ssions from
marine engines significantly beyond the federal standards. These
reductions are a necessary step towards neeting the federal and
state air quality standards in California.

A. Not es About Thi s Report

The ternms ROG and HC are used throughout this report.
Reactive organi c gases are a subset of hydrocarbons. In terns of
em ssions inventory, the ARB is nostly concerned with ROG the
hydr ocar bons nost involved with the formati on of ozone. The
exhaust em ssion standards and test procedures are established
for HC, consistent with the U S. EPA.  Evaluation of em ssions on
an engi ne by engi ne basis has been perfornmed in HC for this
report. Differences between ROG and HC have been accounted for
in the calculation of the em ssions inventory estimtes provided
in this report.

Several tables in this report provide summary totals of the
information provided in the table. Differences in these totals
to a summation of the provided data are attributed to adding with
addi tional significant figures and then roundi ng.



I1. Backgr ound

A. Federal Requirenents

The U. S. EPA adopted exhaust em ssion standards for
spark-ignition marine engines in 19962 These conbi ned HC and
oxi des of nitrogen (NOx) standards are a function of rated power
as described in Equation 1

557

PO.9

Equation (1) HC+NOx =Ax( 151+ 22 4B

where HC + NOx is in units of grans per kil owatt-hour
(g/kWhr), A and B are coefficients that decrease each
year of the inplenentation, and p is the rated power of
t he engi ne.

Figure 2 shows how the U. S. EPA standards decrease between
initial inplementation in 1998 and nodel year 2006. The U. S. EPA
standard is based upon a curve, as expressed in equation 1
because typically it is nore difficult to control em ssions from
smal | horsepower engines than from |l arger horsepower engines.

Figure 2
U. S. EPA Mddel Year 1998 to 2006
Exhaust Em ssi ons Standards Curves
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B. Af f ect ed Engi ne Cat egori es

The proposed regul ati on would apply to all outboard marine
engi nes and personal watercraft including jet boats. At this
time, the ARB is not pursuing exhaust em ssion standards for
i nboard and sterndrive mari ne engi nes because these engi nes are
based on autonobil e engi nes that have | ower em ssions.

Devel opnent of exhaust em ssion standards for inboard and
sterndrive marine engines will require additional research.

1. Qut board Engi nes

Spar k-ignition outboard engines are avail able in power
ratings from2 to 300 horsepower. They are used in a w de
vari ety of applications including fishing, water skiing and
wat er - borne transportation. The total popul ation of gasoline
power ed outboard engines in California was 373,200 in 1990% New
out board engines are typically produced and provided to boat
manuf acturers and sold as part of a package conprising boat and
engi ne. These packages are then sold through deal ershi ps.
Qut board engines are al so avail abl e separately and can be
pur chased as replacenent, or auxiliary engines for existing
boats. Exanples of typical two-stroke and four-stroke outboard
engi nes are shown in Figure 3.

Figure 3
Typi cal Two- Stroke and Four- Stroke Qut board Engi nes

Two- St r oke Engi nes Four - St r oke Engi nes
2 to 300 hp 2 to 130 hp



Spar k-ignition outboard engines include carbureted, fuel

injected and direct-injected two-stroke, and carbureted and fuel
injected four-stroke configurations. The market is currently
dom nated by carbureted two-stroke engines that are available in
hor sepower ratings between 2 and 300. Four-stroke engines are
avai lable with ratings between 2 and 130 horsepower and are a
growi ng segnent of the market. Direct fuel injection two-stroke
engi nes are recent introductions in the higher horsepower range,
i ncludi ng 90, 115, 135, 150, 175, 200 and 225 horsepower. Direct
fuel injection is also being considered by manufacturers for much
| ower horsepower engi nes because of its inproved fuel econony and
| ower em ssions.

Aggregat e sal es of outboard engines total ed approximately
302,000 nationally in 19974 California sales account for
approxi mately 10 percent of the United States narket. The
average cost of an outboard engine in 1997 was $6,600°%° with a
range of $600 to $20, 000 across the diverse horsepower ranges.

2. Personal Watercraft

Personal watercraft are defined by U S. EPA as marine
vessel s that are not outboards, inboards, or sterndrive, but they
can nore accurately be defined as small craft on which the rider
sits or stands during operation. This enconpasses Jet Skis, Wave
Runners, Sea Doos, etc. The one exception to this definitionis
the jet boat which is in a class of inboard style vessels but
uses propul sion units derived fromthose used in traditional
personal watercraft. Personal watercraft are primarily used for
recreation, including touring, and water skiing. They are also
used in energency response applications. Typical exanples of
personal watercraft and jet boats are pictured in Figure 4.

Figure 4

Typi cal Personal Watercraft and Jet Boat

Typical Personal watercraft 80 - 135hp Typical Jet Boat 80 - 270 hp

Personal watercraft utilize, alnost exclusively, carbureted
t wo- stroke engi nes and are propelled by a water “jet” produced by

9



an engine-driven punp. In the 1999 nodel year it is anticipated
t hat sonme engi ne manufacturers wll introduce el ectronic fuel
injection and direct fuel injection on sonme nodels of personal
watercraft. California sales of personal watercraft accounted
for 12 percent of the 176,000 units sold nationally in 1995.

3. Esti mat ed Popul ati on of Qutboard Engi nes and
Personal Watercraft

Table 1 shows the estimated popul ati on of outboard and
personal watercraft in 1997, 2010 and 2020. As shown in Table 1
t he popul ation of personal watercraft is projected to double by
2020 because of continued growth and popularity of this category
of marine engine. This wll have a significant inpact on the
em ssions inventory attributed to this category.

Table 1

Estimat ed Popul ati on of Qutboard Engi nes and Personal
Watercraft in 1997, 2010 and 2020 in California

1997 2010 2020
Qut boar ds 346, 000 349, 000 333, 000
Personal Watercraft 162, 000 293, 000 354, 000
Tot al 508, 000 642, 000 687, 000
Sour ce: Air Resources Board, Proposed Pleasurecraft Exhaust Emissions Inventory,

July 7, 1998, Mail Qut# MSC 98-14

C. Water Quality Concerns

Engi ne exhaust from marine engines is generally routed to
bel ow the waterline for cooling, silencing and to mnim ze
exposure to exhaust. Thus since the exhaust is emtted through
water, the ARB has asked the State Water Resources Control Board
to evaluate the proposed regulation in the context of water
qual ity.

In recent nonths, water quality and distribution agencies
have voi ced concerns about detected |evels of gasoline
constituents in water supplies. These constituents include, but
are not limted to nethyl-tertiary-butyl-ether (MIBE)
pol y-aromati ¢ hydrocarbons (PAHs), xylenes, ethyl benzene,

t ol uene and benzene. Agencies such as the East Bay Muini ci pal
Uility District (EBMJUD), the Tahoe Regi onal Pl anni ng Agency
(TRPA), and the Santa Clara Valley Water District have determ ned
that one way to mtigate the | evels of gasoline constituents

10



found in water supplies is to restrict or ban the use of marine
engi nes. O her agencies within and outside California are al so
considering restrictions on marine engine activity due to

envi ronnental concerns. The follow ng actions have been

undert aken by t hese water agenci es®.

1. TRPA

On June 25, 1997, TRPA adopted an ordi nance anendi ng Chapter
81 of its Code of Ordinances. This section prohibits the
di scharge of unburned fuel and oil from carbureted two-stroke
engi nes commenci ng June 1, 1999 into Lake Tahoe, other Tahoe
Regi on wat erways, or the Truckee River within the Tahoe Regi on.
TRPA has indicated that they will consider nodifying this section
to align its restrictions with the exhaust em ssion standards
established by this proposed regul ati on.

2. EBMUD

On March 10, 1998, EBMJUD adopted Resol ution Nunber 33088-98
amendi ng Section 5 of the Watershed Rul es and Regul ati ons
prohi biting the use of high em ssion notor engines at San Pabl o
Reservoir effective January 1, 2000. The resolution added a new
subsection Z to Section 5.01 of the D strict Watershed and
Recreation Rules and Regul ations. Section 510 (Z2) allows the use
of only zero-em ssion nmarine engines, inboard gasoline powered
engi nes, and four-stroke gasoline outboard engines or equival ent.
Additionally, starting January 1, 2002, San Pabl o Reservoir wll
be restricted to marine engines with zero em ssions into the
wat er .

3. Santa Clara Valley Water District

On April 21, 1998 Santa Clara Valley Water District adopted
a proposal to restrict, but not entirely ban, boating on
Anderson, Cal ero, and Coyote reservoirs due to water quality
concerns. These restrictions took effect during the sumer of
1998. Boaters nust secure reservations in order to | aunch on
t hese wat erways, thus allowing a restriction on the nunber of
gasol i ne- powered mari ne engi nes during peak periods between My
and Cctober. Exceptions to these restrictions may be allowed for
mari ne engi nes not using gasoline with MIBE, or for marine
engi nes that are proven to have high efficiency engines. Calero
W ll be restricted to use by personal watercraft only, and
Anderson will be reserved for notorized boats (i.e. with the
excl usion of personal watercraft). Coyote will be open to both
personal watercraft and notorized boats.

11



Santa Clara Valley Water District’s programof restrictions
and reservations is structured to allow shifts in the
requi renents to respond to changes in neasured | evels of MIBE
For exanple, in |late August 1998, MIBE | evels in Coyote Reservoir
i ncreased beyond acceptable | evels due to increased use by
personal watercraft. Santa Clara Valley Water District responded
by shifting the reservation requirenents and activity
restrictions between the Calero and Coyote to | ower MIBE | evel s
in Coyote through the end of Cctober.
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[11. Need for Control

A. Ozone

Ozone, which is created by the photochem cal reaction of NOx
and ROG causes harnful respiratory effects, including chest
pai n, coughing, and shortness of breath, affecting people with
conprom sed respiratory systens and children nost severely. 1In
addition, NOx itself can directly harm human health. Beyond
their human health effects, other negative environnental effects
are al so associated with ozone and NOx. For exanple, ozone
injures plants and materials. NOx contributes to the secondary
formati on of particulate matter (PM in the formof nitrates,
aci d deposition, and excessive growh of algae in coastal
estuari es.

California has nmade significant progress in controlling
ozone. Statew de exposure to unheal thful ozone concentrations
has been cut in half since 1980. The frequency and severity of
pol l uti on episodes is declining, and em ssions are on a downward
trend. Mre needs to be done however to reach state and federal
heal t h-based air quality standards for ozone and particul ate
matter. Nearly all Californians breathe air that violates one or
nore of these standards.

The 1994 Ozone State I nplenentation Plan (SIP) is
California s plan for attaining the federal one-hour ozone
standard. The SIP calls for new neasures to reduce em ssions of
ozone precursors fromnobile sources to half of what em ssions
woul d have been under regul ations existing in 1994.

While the U S. EPA has adopted the standards described in
SI P nmeasure ML6, and those standards will result in hydrocarbon
em ssion reductions of 75 percent, that |evel of reduction wll
not be reached until the year 2025. The 1994 SIP relied on the
U S. EPA regulation to reduce emssions in the South Coast Air
Basin by 12 tons per day in ROG-NOx 2010, from a baseline of
32 tons per day ROGHNOx (if the source were uncontrolled in 2010)
| eaving an inventory controlled to 20 tons per day ROG+NOx in
2010.

Si nce devel opnent of the 1994 SIP, the em ssions inventory
has been further refined, taking into account the changes in the
mari ne engine industry, including a substantial increase in the
popul ati on of personal watercraft.

Em ssions from outboard and personal watercraft in
California in 1997 totaled 1297 tons of ROG+NOx per day. Table 2
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lists the em ssion inventory for pleasurecraft and the

subcat egori es of outboard engi nes and personal watercraft in
1997, with estinated values for 2010 under the inplenmentation of
the U S. EPA program

Table 2
Statewi de Em ssions Inventory from Pl easurecraft in 1997 and
Esti mated for 2010 Under U.S. EPA Program
Year Cat egory ROG NOX ROG+NOx
Personal Watercraft 66 0.5 66. 5
1997 | Qut board Engi nes 63 1 64
Tot al 129 1.5 130.5
Personal Watercraft 45 8 53
2010 |[Qutboard Engi nes 38 2 40
Tot al 83 10 93
Sour ce: OFF- ROAD | nventory Conputer Model, October 19987

The em ssions levels listed in Table 2 are in tons per day
averaged over 365 days. The em ssions inventory attributed to
mari ne engi ne use on a typical sumer weekend day when their
em ssions are of greatest concern, was 777 tons per day of
ROG+NOx statewi de in 1997 (Six tines greater than the annual
average). In the South Coast Air Basin these typical sunmer
weekend eni ssions were 168 tons per day of ROGHNOx®

In addition to providing needed em ssion reductions in the
Sout h Coast Air Basin, the proposed marine engi ne regul ati ons
wi Il also help achieve and maintain: the federal 1-hour ozone
standard in regions such as the San Joaquin Valley and the
Sacranento area, the federal 8-hour ozone and particulate matter
standards in a nunber of areas, and the State ozone and
particul ate matter standards throughout California.

B. Wat er

The i npacts of outboard and personal watercraft two-stroke
engi ne operation on California water bodies have not been
guantified because the extensive use of personal watercraft has
occurred recently. Ongoing studies such as the Lake Tahoe
Watercraft Study are not conpleted but will provide nore
definitive information on the aquatic environnent. Although the
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actual inpact has yet to be determned, a threat to water quality
certainly exists. The threat can be qualitatively assessed by
reviewing ARB statistics regarding watercraft operation on
California water bodies. A qualitative threat of this nagnitude
is a sufficient basis for regulatory actions by state agencies
other than the State Water Resources Control Board (SWRCB),

provi ded that such actions do not infringe on SWRCB's prinmary
role in reducing such threats.

The nunber of two-stroke engi ne powered personal watercraft
has i ncreased by 240 percent since 1990 and is expected to double
again by 2010. Current estinmates show 162, 000 personal
wat ercraft are being used on an average of 41 hours per craft per
year on California s |akes and rivers. Fuel consunption is
estimated at 5 to 10 gallons per hour. Unlike autonobile
em ssions, which are exhausted to air, all marine engi nes exhaust
directly into the water. All exhaust pollutants, therefore, are
brought into intimte contact with the water body thereby
enhanci ng pollutant transfer. |In addition, ARB information
i ndi cates that two-stroke carbureted engi nes discharge an
unburned fuel/oil mxture at |evels approaching 20 to 30 percent
of the fuel/oil m xture consumed. Such unburned fuel includes
oil required for lubricating all two-stroke engines.

Based on current and future outboard usage and the expandi ng
use of personal watercraft and the potential per vessel discharge
of unburned fuel fromboth marine engine types, mllions of
gal l ons of gasoline could be discharged to water bodies of the
State. This unregul ated di scharge of fuel and oil threatens
degradation of high quality waters and pollution affecting the
beneficial uses of the State’s waters. The proposal to control
em ssions fromspark-ignition marine engines is of considerable
interest to the SWRCB since inplenmentation of these regul ations
wll effect significant reductions in the discharge of gasoline
and oil .

The di scharge of gasoline to waters of the State is
general ly addressed by State and federal | aw and adopted Policy
as outlined bel ow

1. Federal and State Mandates for the Protection of
Water Quality

The Porter-Col ogne Water Quality Control Act
(Porter-Cologne) is the principal |aw governing water quality
regulation in California. The SWRCB and ni ne Regi onal Water
Quality Control Boards (RWMXBs) are charged with inplenenting its
provi sions. Porter-Col ogne establishes a conprehensive program
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for the protection of water quality and the beneficial uses of
wat er .

The U. S. EPA has approved California s Water Quality Control
Program aut hori zed by Porter-Col ogne as a satisfactory way to
ensure inplenmentation of the Federal Clean Water Act in
California. The SWRCB and RWMQCBs are specifically required to
i npl enent the C ean Water Act provisions through their planning
and regul atory actions (Section 13370 of the California Water
Code [CQWC]) .

It is the policy of the State of California, as set forth by
the Legislature in Porter-Col ogne (Section 13000 of the CWC) that
the quality of all the waters of the State shall be protected,
that all activities and factors affecting the quality of water
shall be regulated to attain the highest water quality within
reason, and that the State nust be prepared to exercise its ful
power and jurisdiction to protect the quality of water in the
State fromdegradation. |In fact, State agencies in carrying out
activities that affect water quality are required to conply with
State policy for water quality control as promul gated by the
SWRCB (Sections 13146 and 13247, CQWO).

The SWRCB i s mandated by federal and State requirenents to
protect and enhance water quality. Inportant to this issue is
t he Federal Antidegradation Policy (40 CFR 131.12) and the
SWRCB' s adoption of that policy in SWRCB Resol ution No. 68-16, a
conponent of the State's policy for water quality.

The current Federal Antidegradation Policy states that
existing streamwater uses and the water quality necessary to
protect them nmust be maintained. |In addition, where high quality
wat ers constitute an outstandi ng national resource, such as
waters of national and State parks and wldlife refuges and
wat ers of exceptional recreational or ecol ogical significance,
that water quality shall be maintained and protected. In
California, Lake Tahoe and Mono Lake have been designhated as
Qut st andi ng Nati onal Resource Waters.

The SWRCB policy enunciated in Resolution No. 68-16 is
broader than the federal policy because it covers both surface
and ground water and protects potential as well as actual uses.
The SWRCB has interpreted Resolution No. 68-16 to incorporate
federal policy where applicable. 1In addition to the preservation
of existing water quality, Resolution No. 68-16 al so states that
di scharges to existing high quality waters will be controlled as
necessary to assure that pollution or a nuisance will not occur,
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and that the highest water quality consistent wth maxi num
benefit will be maintained.

Porter-Col ogne requires adoption of Water Quality Pl ans
whi ch contain the guiding policies of water pollution managenent
in California. There are a nunber of statew de water quality
control plans adopted by the SWRCB. Regional water quality
control plans, comonly referred to as Basin Plans, have al so
been adopted by each of the RWXBs.

Al water quality control plans identify the existing and
potential beneficial uses of waters of the State and establish
water quality objectives to protect these uses. For exanpl e,
nost surface and ground waters of the State are presuned to be
suitable for beneficial use as drinking water. (SWRCB Resol ution
88-63.) The water quality control plans also contain an
i npl enentation, surveillance, and nonitoring plan. Wter Quality
Control Plans include enforceable prohibitions against certain
types of discharges.

Statewi de plans and all nine RWXBs al so have narrative and
numeric objectives in their Basin Plans to protect water quality,
i ncl udi ng nuneric objectives for gasoline conponents. The latter
are based on the Departnent of Health Services’ primary and
secondary Maxi mum Contam nate Levels for drinking water. O her
numeri c objectives are intended to protect beneficial uses (fish
and wldlife habitat, recreational uses, etc.). Narrative
obj ectives are used where the data needed to establish nuneric
obj ectives are unavail able. Exanples of the narrative objectives
for the San Diego RAM)XCB Basin Plan are described below. This
narrative |language is typical of, if not identical to, that found
in Basin Plans of the other ei ght RWXBs.

Water Quality bjective for Ols, Grease, Waxes, or other
Mat eri al s:

Waters shall not contain oils, greases, waxes, or other
materials in concentrations which result in a visible film
or coating on the surface of the water or on objects in the
wat er or which cause nui sance or which otherw se adversely
af fect beneficial uses.

Water Quality (bjectives for Taste and Odor:

Waters shall not contain taste or odor produci ng substances
at concentrations which cause a nui sance or adversely affect
beneficial uses.
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The natural taste and odor of fish, shellfish, or other
regi onal water resources used for human consunption shal
not be inpaired in inland surface waters and bays and
estuari es.

Water Quality Objectives for Toxicity:

Al'l waters shall be maintained free of toxic substances in
concentrations that are toxic to or that produce detrinental
physi ol ogi cal responses in human, plant, animal, or aquatic
life. Conpliance with this objective will be determ ned by
use of indicator organisns, analysis of species diversity,
popul ati on density, growth anomalies, bioassays of
appropriate duration, or other appropriate nethods as

specified by the RAMXB

The ARB' s proposed regul ati ons of marine engi nes and equi pnent
could affect water quality of the State and are therefore
required to pronote attai nment of water quality objectives
(Sections 13146 and 13247, CQWO).

As nentioned above, the nunerical objectives based on
Maxi mum Cont am nant Levels are intended to protect public health.
Addi ti onal nuneric objectives are being devel oped for this
purpose. Presently, however, little is known of the
environmental fate of many exhaust, gasoline, and lubricating oil
conponents. An analysis of the inpacts of marine engi ne exhaust,
i ncl udi ng unburned gasoline, on the aquatic environnent is
difficult due to the highly variable physical and chem cal
natures of the exhaust conponents and the variety of gasoline
formul ati ons and additives. Evaporation, deposition, and
degradation rates of each of these conponents, as well as other
environnental conditions, all would influence each conpound’ s
fate, transport and toxicity. Both in-situ and in-tank studies
have been conducted on mari ne engi ne exhausts while the degree of
i npact on the aquatic environnment is still under investigation.

However, public health and other beneficial uses (e.gqg.
aquatic) are also protected by narrative standards wth respect
to pollutants for which nuneric objectives have not been
devel oped. There is no doubt that the chem cals being di scussed
are detrimental to the water quality needed to sustain beneficial
uses of water and that occurrence of these chemcals is expected
to increase dramatically absent adequate controls. Wth few
exceptions, surface and ground waters of the State are consi dered
to be suitable, or potentially suitable, for beneficial use as a
muni ci pal or domestic water supply (SWRCB Resol ution No. 88-63,
as inplenmented by RWMXBs). Marine engines are now di schargi ng
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significant quantities of pollutants into such waters with
further significant increases anticipated. ARB s proposed
regulations will significantly reduce the discharge of pollutants
to waters of the State.

Di scharges to water from mari ne engi nes and equi pnment are
therefore threatening to pollute or otherw se adversely affect
wat er quality for one or nore beneficial uses and are threatening
to violate State and regional water quality narrative objectives
for Ols, Grease, Waxes or other Materials. Such discharges are
al so threatening to pollute waters or otherw se adversely affect
water quality for one or nore beneficial uses and are threatening
to violate State and regional water quality narrative objectives
for Tastes and Odors. Such discharges are also threatening to
violate State and regional Toxicity narrative objectives because
such waters may not be maintained free of toxic substances in
concentrations producing detrinmental physiological responses in
human, plant, aninmal, or aquatic life. Finally, such discharges
are threatening to adversely inpact water quality for one or nore
beneficial uses of Lake Tahoe, an outstanding National resource
water, in violation of SWRCB Resol ution 68-16.

G ven the adverse effects of the constituents in question on
water quality, the best approach is to limt, as best as
possi bl e, the total amount of material exhausted. This is
especially true of the unburned gasoline and |ubricating oi
conponent generated by two-stroke engines.
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V. Summary of Proposal

A. | nt r oducti on

The proposed spark-ignition marine engi ne regul ati ons
consi st of exhaust em ssion standards, certification test
procedures, conpliance provisions, and consumer provisions such
as environnental |abeling and warranty requirenents for new
spark-ignition marine engines. \Were possible the proposal
follows the framework of the U. S. EPA regul ations for
spark-ignition marine engines. To allow California-specific
conpl i ance assurance, several of the provisions are witten to
give authority to ARB to inplenent independent enforcenent
prograns that denonstrate conpliance with the California
standards and requirenents.

The ARB staff has nmet with various stakeholders to discuss
the regul atory proposal. The staff held individual neetings
during the nonths of April and May 1998, and a general public
wor kshop was held on July 9, 1998. Staff net again with
manuf acturers and ot her stakehol ders individually during August
and Septenber of 1998. Staff also held a series of working group
nmeetings to discuss the specific issue of environnental |abeling
with industry representatives, water agencies and environnental
groups. To the extent possible, this proposal incorporates the
coments and suggestions of all interested parties.

The following is a discussion of each elenent of the
regul atory proposal including a description of the provisions, an
expl anation of the intent, and where appropriate, a conpari son of
the provisions to the U S. EPA regulation. The text of the
proposed regul ation is contained in Attachnment A and the
em ssions test procedures are contained in Attachnent B.

B. Applicability

The proposed regul ati ons apply to new spark-ignition
out board engi nes and personal watercraft produced in nodel year
2001 and later. These are the sane classifications of marine
engi nes regul ated by the U S. EPA 1996 Spark-lgnition Marine
Engine regulations. As in the US EPA s regulation, this
proposal does not address inboard and sterndrive engi nes or
conpression-ignition engines. It is anticipated that ARB wi ||
pur sue exhaust em ssion standards for these engines at a |later
dat e.
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C. Definitions

The definitions included in the proposal are consistent with
those listed in the federal marine engi ne rul emaking, wth
addi tional definitions added for programelenents specific to
California. Qutboard engines are defined as mari ne engi nes that,
when properly nmounted on a marine vessel in the position to
operate, house the engine and drive unit external to the hull of
the marine vessel. Personal watercraft engines are defined as
marine engines that do not neet the definition of outboard
engi nes, inboard engi nes, or sterndrive engines.

D. Em ssion Standards and Test Procedures

1. Exhaust Eni ssi on St andards

A maj or goal, throughout the devel opnent of the proposal,
was to harnoni ze as nmuch as possible with the U S. EPA
regul ation. Consequently, the proposed exhaust em ssion
standards are based on a percentage of the U S. EPA 2006 em ssion
standards curve which varies with engi ne power. The proposal
consists of a three tiered inplenentation schedule using this
approach. The proposed standards are outlined in Table 3. The
three tiers are further illustrated in Figure 5.
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Tabl e 3

Cor porate Average HC + NOx Em ssion Standards

Tier 1 Tier 2 Tier 3

I mpl erent ation in Mdel 2001 2004 2008
Year
Percent of U S. EPA 100 % 80 % 35 9%
2006
Equation Used to
Det er mi ne Exhaust 0. 25+(151+221) +6. 00 0. 20+(151+221) 4. 80 0.0875+(151+220) 2. 10
Eni ssi on Standards® for P P P>
Engi nes Greater than
4.3 kW (6 hp)
Standard for Engines 81 g/ kW hr 65 g/ kW hr 30 g/ kW hr
less than 4.3 kW (6 hp)
Maxi mum Fani |y Eni ssion 134 g/ kW hr 80 g/ kW hr?2 44 g/ kW hr
Level (FEL)?

1. VWere p is the sal es-wei ghted power of the engine famly in kilowatts.

The standard is in units of grams per kilowatt-hour (g/kWhr).
2. For each engine fanmly, the manufacturer famly em ssion | evel used

for corporate averagi ng may not exceed the value given in this row.
Source: Air Resources Board, Proposed Gasoline Spark-lgnition Mrine Regul ations, Mil Cut
#MBC 98- 08, June 8, 1998,

Figure 5
Exhaust Em ssion Standards Curves
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2. Fam |y Em ssion Level (FEL)

The FEL is the designated em ssion |level to which the
manuf acturer certifies the engine. This |level may be higher or
| oner than the standard required by the exhaust em ssion
standards curve as described in the next section - Corporate
Aver agi ng. Engines may not exceed their applicable FELs during
their useful life. As such, manufacturers include deterioration
factors to account for changes in em ssion performance through
use, and conpliance margins to account for test and production
variability.

3. Cor por at e Aver agi ng

The standards bei ng proposed are corporate average exhaust
em ssion standards. On a sal es and horsepower wei ghted basis,
manuf acturers’ engi ne production nust on average conply with
val ues set by the curve. This nmeans manufacturers nay produce
engi nes with em ssions above the curve as | ong as ot her engines
are produced wth em ssions sufficiently below the curve to
of fset the excess em ssions on a sal es and horsepower wei ghted
basis. This approach provides a manufacturer flexibility and
reduces the cost of conpliance. Equation 2 is used to calculate
positive and negative credits for determ ning corporate average
conpl i ance.

I%(PRCD]X)(FEL]X)(P)

i =STDca

EQUATI ON (2 n .
QATIEN (2) E (PROD) ) (P)
i =

wher e:

n = the total nunber of engine famlies (by category)

PRODj x = t he nunber of units of each engine famly j
produced for sale in California in nodel year x

FELj x = the Fam |y Em ssion Level for engine famly j in
nodel year X

P = t he average power (sal es-weighted) of engine
famly j produced for sale in California in node
year X

STDca = an engi ne manufacturer’s corporate average HC +

NOx exhaust em ssions fromthose California
spark-ignition marine engines subject to the
California corporate average HC + NOx exhaust
em ssi on standard.

Thi s equation uses sal es volune and horsepower to average
mass em ssions for the engine being certified and, thereby allows
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of fsetting of higher emtting engines with lower emtting

engi nes. There woul d, however, be an upper bound limt on the
hi gher emtting engines. This FEL cap is shown in Table 3 above
and i s necessary to encourage manufacturers to abandon
conventional high-emtting carbureted two-stroke technol ogy,

t her eby reducing individual or point exposure to extrenely high
pol | uti ng engi nes.

The proposal also prohibits the averagi ng of personal
watercraft with outboard engines. The U S. EPA programis
simlar in not allow ng cross tradi ng between outboard engi nes
and personal watercraft in the early years of the program The
proposal is consistent with this elenent of the U S. EPA program
which cites the concern that allow ng trading may del ay
application of clean technol ogies to both categories of marine
engines. In addition, by allowi ng unrestricted tradi ng between
the categories, manufacturers that do not manufacture both
personal watercraft and outboard engi nes woul d be penali zed.
These manufacturers, for exanple, would not be allowed to use
corporate averaging credits generated by their existing | ow
em ssion four-stroke outboard engine fleet. Although consistent,
t he proposal does differ fromthe U S. EPA program (which all ows
tradi ng between personal watercraft and outboard engi nes after
2001) by prohibiting cross-category trading throughout the
program

4. | n-Use Standard

The exhaust em ssion standards proposed are in-use
standards. Consequently, the manufacturer certifies that the
engine will not emt nore than the certification |evel over the
useful life of the engine. Useful life, applied here, is the
period of tinme when 50 percent of the nodel year fleet is no
| onger in use. The useful life is 16 years for outboard engi nes
and nine years for personal watercraft. An in-use standard
requires that manufacturers to include appropriate deterioration
factors in the calculation of the FEL. The use of an in-use
standard is consistent with the U S. EPA regul ation.

5. Test Procedures

The certification test procedures proposed by staff are
identical to the U S. EPA test procedures. The proposal
i ncorporates the test procedures by reference to the “California
Exhaust Em ssion Standards and Test Procedures for 2001 and Later
Model Year Spark-lgnition Marine Engi nes” docunent which contains
the U S. EPA procedures in their entirety. Certification results
and docunentation are required to be processed by the ARB to
obtain an Executive Oder to allow sales of engines in
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California. It is the intent of the proposal to require no
unnecessary additional burden to engine manufacturers for
certification of engines for the California program

E. Certification Labeling Requirenents

In order to clearly identify all California-certified,
spark-ignited marine engi nes, staff proposes that each be affixed
with a permanent engine |abel. The certification |abel would be
| ocated on the engine, inside the cowing or engine conpartmnent.
The | abel would indicate that the subject engine conplies with
the California regulations and al so serves as an effective tool
for in-use testing and other enforcenment prograns. As such, the
| abel would be required to display various em ssion-rel ated
i nformation, including the manufacturer designated HC + NOx
standard which reflects certification on a corporate average
basis. The | abel provisions also allow engine manufacturers to
i nclude other information or statenents that denonstrate
conpliance wth the requirenents of other agencies. Engine
certification |labels are currently required as part of
California’ s on- and off-road nobile source regul ations. The
requirenents for the certification | abel are not substantially
different fromthe U S. EPA requirenents and will require m nima
nodi fi cation by engi ne manufacturers.

Since it is comopn for engine manufacturers to sell their
certified engines to equi pment or vessel manufacturers, the
proposal allows for sone flexibility in the |abeling provisions.
For exanple, instead of the engine manufacturer’s name on the
certification | abel, the engine manufacturer is permtted to
i ndi cate the corporate nane and tradenmark of an equi prment
manufacturer, or third-party distributor. This wll facilitate
mar keti ng decisions in which the secondary parties wsh to be
identified as the sole manufacturer of their equipnment or vessel,
including the engine itself. This action will not inpact the
certifying manufacturer since its unique identification code is
integrated into the engine famly nanme. Also, staff proposes
that these secondary parties be held responsible for the proper
content and application of supplenental |abels, where applicable.
Thi s includes being subjected to any potential renedies
associ ated with suppl enental | abel nonconpliance.
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F. Envi ronnent al Labeli ng Prograns

1. Pur pose

The proposal includes requirenents for engi ne manufacturers
to apply a standardi zed permanent environnental |abel to the
exterior of the engine cowing or personal watercraft hull. The
purpose of this requirenment is two-fold. Its prinmary purpose is
to informconsuners of the relative em ssions |evel of new
engi nes, and to educate the public on the benefits of clean
engi ne technol ogies. Staff anticipates that this increased
consuner awareness of these engines may establish a market trend
towards popularity of clean technol ogi es, thereby accelerating
the benefits of the program by encouragi ng the acquisition of
engi nes that conply with nore advanced emn ssion standards than
required at the tinme of purchase.

A second purpose of the environnental |abel is to provide
wat er agencies with a nechanismto clearly identify clean engine
technologies in order to control access and activity on sensitive
wat erways. As discussed in Section Il (Background), water
authorities such as TRPA, EBMJD, and Santa Cl ara Metropolitan
Water District are restricting access to Lake Tahoe, San Pabl o
Reservoir, and Cal ero, Coyote, and Anderson Reservoirs,
respectively, to engine technol ogies with denonstrated | ower
em ssion levels. These agencies have identified the need for a
standar di zed, permanent, and easily visible environnmental [ abel
systemin order to effectively enforce these restrictions. For
that reason, ARB is proposing a | abel programthat neets both of
t hese goal s; consunmer awareness of relative em ssion benefits and
st andar di zed, permanent |abels that can be used by water agencies
to inplenent activity restriction prograns that protect water
qual ity.

2. Requi renent s
Staff proposes a three tier |abel program follow ng the

structure of the proposed exhaust em ssion standards. The three
tiers are described in Table 4.
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Tabl e 4

Summary of Environnental Labels

Label Name Em ssion Level Col or
Tier 1 |Low Eni ssion Engi ne 100 % of U. S. EPA 2006 Red
Tier 2 | Very Low Em ssion Engine 80% of U.S. EPA 2006 G een
Tier 3 |Utra-Low Em ssion Engi ne 35% of U.S. EPA 2006 Bl ue

Source: Air Resources Board, Proposed Gasoline Spark-lgnition Marine Engi ne Regul ations, Mil
Qut # MSC 98-08, July 8, 1998.

All of the described | abels are required to have the
foll ow ng characteristics:

. Round i n Shape

. 4 inches in dianeter

. Per manent and/or destructed upon renoval

. Refl ective

Figure 6 shows a sanple of the proposed |labels. |In order to

protect against fraudul ent placenment on non-eligible engines,
this proposal also requires that |abels be non-transferable

bet ween engi nes and not avail able as a replacenent part. The
regul ation requires that the | abels be applied on new engi nes (or
vessels in the case of personal watercraft) by the manufacturer.
It would al so be required that engi ne manufacturers provide
consuners with an expl anation of the environnental | abel

| anguage. Exanple |anguage is included in the text of the

regul ation. This explanation of the | abeling program woul d be
included in the manufacturer’s literature attached to new engi nes
(hang tag), and in the owner’s manual .

Figure 6

Proposed Environnental Labels

6;, ‘qf l?f) 7
®F than EpA Y®°  than EPAYE?
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Through the devel opnent process, staff and the water
agenci es recogni zed the need to incorporate existing clean
technol ogy engines in the environnental |abel program To
excl ude existing four-stroke and direct-injection two-stroke
engines in the |labeling programin some manner woul d adversely
i npact marine engi ne owners that have purchased environnental |y
friendly marine engine technol ogies in the absence of a
regul ation.

Staff is proposing the inclusion of a fourth |abel in the
environnent al | abel programto accommopbdate these existing
engines. This fourth |label, pictured in Figure 7, would be
yellow in color and will be denoted by “C ean Engi ne Technol ogy”
(CET). The CET |l abel will be required to include the
manuf acturer’s name and an uni que serial nunber as part of its
design. In all other respects the label will followthe
requi renents as established for the Tier 1 through 3
Envi ronnment al Label s as di scussed above.

Figure 7

Proposed C ean Engi ne Technol ogy Label
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* Manufacturer name *
Serial # XXX

Omers of pre-2001 nodel year four-stroke or
direct-injection two-stroke engi nes that do not have an
environnental |abel attached at the tinme of purchase will be able
to have the CET |l abel installed on their marine vessel by
equi prent manufacturers, distributors or deal erships. The engine
manufacturer is ultimately responsible for ensuring that the CET
| abel is adm nistered properly (i.e., |labels are placed only on
el i gi bl e engi nes or vessels).

The environnmental |abel provision is unique to the
California proposal and is not required by the U S. EPA program
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The environnmental |abel program was designed with the help
of a working group conprised of National Mrine Manufacturers
Associ ati on (NMVA) nenbers, the Association of California Water
Agency nenbers, the Bl uewater Network, the APEX G oup, marine
engi ne deal ers associ ations, and TRPA. A discussion of the
| abeling alternatives evaluated through this process is |ocated
in Section VIII (CQutstanding |Issues).

G | n-Use Conpliance Program

Certification with the mari ne engi ne regul ations requires
manuf acturers to denonstrate that the engines will conply with
the em ssion standards during the useful |life of the engine. It
is the intent of staff’s proposal to make use of data obtained
through the U S. EPA in-use testing programto determ ne
conpliance with ARB s exhaust em ssion standards. The proposal
al so includes the authority for ARB to conduct California
specific in-use testing. California specific prograns wl|
follow the same process used by the U S. EPA to inplenent
testing. This includes appropriately timed notification to the
engi ne manufacturer for the need to test an engine famly, sanple
size, test engine selection, em ssion testing protocol, and data
reporting requirenents.

If an engine fam |y exceeds the applicable HC + NOx standard
on average, the subject engine famly would be subject to
remedi al action designed to mtigate the increased em ssions
caused by the nonconpliance. These progranms may include a
conbi nati on of the follow ng:

. Paynent of a mtigation fee to be used for off-road
em ssion reduction or verification prograns.

. Adj ust nent of the corporate average standard for
foll ow ng nodel years.

. Accel erated turn-over programto retire ol der
t echnol ogy engi nes, carried out by the manufacturer.

. Denonstration of advanced innovative, em ssion-reducing

t echnol ogy on future production engines.

Under this program manufacturers would not be permtted to
utilize federal in-use credits to offset nonconpliance. The
conpliance plan used to mtigate increased em ssions from
non-conpliance with the in-use em ssion standards wll| be
determ ned through a consultative process wwth the ARB and

approved by the Executive Oficer. |If a conbination of these
prograns is found to be ineffective at mtigating the increased
em ssions resulting fromnonconpliance, the manufacturer wll be

subject to an engine recall order.

H. Defects Warranty Provi sions and Eni ssion Control
VWarranty St at enent
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Staff is proposing that engi ne manufacturers ensure that the
engines they build will have em ssion-rel ated conponents that are
reliable, durable and capable of conplying with the applicable
em ssion standards. However, since subjecting each conponent to
separate durability tests is costly and time-consumng, it is
beli eved that an adequate defects warranty woul d act as an
i ncentive for both engi ne manufacturers and part suppliers alike
to produce an overall, high-quality product. Currently, nost
engi ne manufacturers provide standard warranti es of between one
and three years. Staff's proposed em ssions defects warranty
woul d provide a coverage period of four years or 250 hours,
whi chever occurs first, for outboard and personal watercraft
engi nes. The yearly periods represent approximtely 25 and 44
percent of the outboard and personal watercraft engines' average
useful life, respectively. A greater percentage of the useful
life of personal watercraft is warrantied because of the higher
em ssions that would result frominproperly functioning personal
wat ercraft engines. Staff believes that these warranty periods
are appropriate given the cost and duty cycles of the engines.
Requi renment of an extended em ssion warranty is consistent with
ot her ARB npbil e source regul ati ons and appropriate given the
| evel of em ssions and purchase price associated with marine
engines. In addition, this provision offers a recognizable
benefit of the regulation to consuners.

The addition of an hourly limtation ensures that marine
engi nes that encounter very heavy usage (e.g., conmerci al
applications) do not exceed their designed |ife prior to the
yearly warranty period. Determ nation of hourly use and warranty
coverage thereof will encourage engine manufacturers to include
hour neters on engi nes.

The proposed warranty requirenents apply to engine
conponents that affect em ssions performance. The warranty
requi renents do not cover routine and schedul ed nmai nt enance, and
do not warranty parts past their designed replacenent interval

The U. S. EPA regul ations al so require | engthened warranty
provisions. Table 5 lists the U S. EPA warranty requirenments as
they are phased in over the inplenmentation period and conpares
themto the proposed ARB requirenents.
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Table 5

Conpari son of Federal and California
Em ssions Related Parts Warranty Requirenents

U S. EPA Requirenents ARB Proposal
Model Year of Parts Covered Warranty Parts Warranty
| npl enent ati on Peri od Covered Peri od
1998- 2000 Al l Em ssion 1 Year N A N A
Rel ated Parts
Em ssi on 1 Year
2001- 2003 Rel ated parts
Maj or Emi ssion | 3 Years or Al
Rel at ed Parts? 200 Hours Emi ssi on 4 Years or
. Rel at ed 250 hours
2004 and Em ssi on 2 Years or Part s
Beyond Rel ated Parts 200 Hours

Maj or Emi ssion | 3 Years or
Rel at ed Parts!? 200 Hours

1. Maj or em ssion related parts are limted to catal ysts, exhaust gas
recircul ation systenms, air injection and other parts added only for the
direct control of enissions.

Source: U S. EPA, Control of Air Pollution; Final Rule for New Gasoline Spark-lgnition Marine

Engi nes; Exenptions for New Nonroad Conpression-lgnition Engines at or Above 37 Kilowatts and New

Nonroad Spark lgnition Engines at or Below 19 Kilowatts, Title 40, Code of Federal Regul ations

Parts 89, 90 and 91, Cctober 4, 1996; and ARB, Proposed Gasoline Spark-lgnition Marine Engine

Requl ations, Mail Qut # MSC 98-08, July 8, 1998.

For each new marine engine sold in California, engine
manuf acturers woul d be required to include an expl anation of
their em ssions defect warranty, the warranty responsibilities of
t he owner, and proper maintenance instructions in the owner's
manual .

| . Pr oducti on-Li ne Testing

Staff proposes a production line testing requirenent to
ensure that manufacturers are building their engi nes as designed.
This programw |l follow the procedure used for the U S. EPA s
Currul ati ve Sum procedure. This procedure replicates the
statistical foundation of a federal conpliance programknown as a
“Sel ective Enforcenent Audit,” while providing greater
opportunity for a quick decision of conpliance. Therefore, the
Cumul ative Sum procedure woul d reduce the manufacturer’s testing
burden, especially for those engine famlies consistently bel ow
the em ssion standard by a wide margin. The m ni nrum nunber of
tests required is only two and the maximumis thirty.
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The existing federal Cunul ative Sum procedure is proposed to
be nodified to ensure year-round sanpling; this will provide sone
assurance that engines neeting the standard in the first or
second quarters of production do not encounter conpliance
problens in later quarters. Additionally, the use of federal
FELs and em ssion credits will not be applicable.

J. Sel ective Enforcenent Audit (SEA) Program

In addition to the other enforcenent prograns proposed, the
proposal woul d inplement an SEA programto di scourage
i nappropriate production line testing and/or reporting of data.
This programis procedurally identical to that finalized by the
U.S. EPA and, as the nane inplies, would be used when the
Executive O ficer determnes that a manufacturer’s production
test data are questionable or not representative of the engine
famly. Since the possibility of an SEA can be inposed at any
ti me under short notice, manufacturers are nore likely to ensure
that their production engines are built exactly as certified
rather than risk the assessnent of potential nonconpliance
penal ties.
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V. Technol ogi cal Feasibility

A. Overvi ew

The marine engine industry is currently in a transition
period in response to a changi ng marketpl ace and because of the
need to devel op products which conply with the U S. EPA's
national em ssion standards. Figure 8 shows the certification
| evel s of all 1998 outboard engines. The taller bars represent
traditional outboard engines of the carbureted two-stroke
configuration which have high em ssions, relatively poor fuel
econony and rudinentary oil injection systens which cause exhaust
snoke under many operating conditions. These engines are
i ncapabl e of neeting the em ssion standards proposed by staff,
unl ess the averagi ng provisions of the proposal are used to
of fset their high em ssions and they are controlled to the
cappi ng standard.

Over the | ast decade, four-stroke engi nes have enjoyed
i ncreasi ng market share in | ow and m d- hor sepower outboard
engi nes (under about 130 horsepower). Figure 9 shows that nost
of these engines are currently capable, with a 30 percent
conpliance margin, of neeting staff’s first (2001) and second
(2004) tier proposed em ssion standards, and the |ower-emtting
versions neet the third (2008) tier as well. Wile the
four-stroke engines typically cost nore to purchase, they are
qui eter, have less vibration, and use about 30 percent |ess fuel
conpared to carbureted two-stroke engines. They also do not
produce the objectionabl e snoke or odor associated with
carbureted two-strokes. These advantages have caused conti nued
growh in the four-stroke market segnent.

Despite the advantages of four-stroke outboards, a market
continues to exist for two-strokes in applications requiring
lower initial cost (low horsepower engines) or high horsepower
Wi th m ni mum wei ght (hi gh horsepower engines). This has caused
t he devel opnent and marketing of | ower-em ssion two-stroke
engi nes using special fuel injection systens. These
“direct-injection” engines are currently being marketed as
prem um hi gh- hor sepower engines. The direct-injection engines
shown in Figure 9 are primarily those engines over 130 horsepower
(the 90 and 120 horsepower OMC engi nes are al so direct
injection). Manufacturers have product introductions planned for
| ower horsepower applications in the future. The current
versions of these engines enjoy fuel econony approaching
four-stroke engi nes, reduced snoke and odor, and good
performance. They do not currently match the em ssions
capability of optim zed four-stroke engi nes; nost
direct-injection engines are capable of neeting the first and
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second tier standards proposed by staff, but will have difficulty
meeting the third tier standards w thout exhaust aftertreatnent.

Figure 8
Al U S EPA 1998-1999 Certified Marine Engine Famlies
| ncl udi ng Two- Stroke Carbureted, Two-Stroke Direct-Injection, and
Four - St roke Technol ogi es
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Figure 9

U S. EPA Certified Four-Stroke and Direct-Injection Two-Stroke
Qut board Marine Engine Models with a 30 Percent Conpliance Margin
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The mari ne engi ne manufacturers are transitioning their
t wo-stroke product lines to include numerous direct-injection
nodel s to conply with the national em ssion standards. The
standards all ow the use of corporate averaging to offer a ful
m x of conventional two-strokes, direct-injection two-strokes,
and four-strokes. Staff’s proposed em ssion standards refl ect
three concerns regarding the national program First, the
expl osive grom h of the personal watercraft popul ation has
created a nuch larger em ssions inpact frommarine two-stroke
engi nes than was envi si oned when the national standards were
adopted. Second, the national standards are inplenented too
slowy to achieve the short-term em ssion reducti ons which
California needs, and third, the ultimate | ong-term goals of the
nati onal program do not achi eve sufficient reductions for
Cal i fornia.

The staff’s proposal accelerates the inplenmentation of the
federal standards, then establishes Iong termgoals which wll
require additional efforts by industry and produce greater
em ssion reductions. In the follow ng sections, the ngjor
techni cal options which the mari ne engi ne manufacturers have for
conpliance with the proposed standards wi |l be discussed.

B. Techni cal Options

1. Conventi onal Two- Stroke Engi nes

Al'l internal conbustion piston engi nes, whether they be used
in amnowers, autonobiles, or watercraft, produce power by
burning a fuel which heats the gases in the engine s cylinder
causing themto “push” on the piston in the cylinder. This
linear notion of the noving piston is converted to rotary notion
t hrough a connecting rod and crankshaft, just as any
hand- operated crank converts reciprocating notion of a person’s
armto rotational notion. The major variations in basic engine
design relate to the process used to get a conbustible m xture
into the cylinder in the first place, igniting it, and expelling
t he products of conbustion to nake room for the next charge of
conbustible m xture. These processes are described as engi ne
cycles. For exanple, a two-stroke cycle engine is one which
conpl etes the processes of charging, conbusting fuel, and
exhausting waste products in one upward and one downward pi ston
stroke (one rotation of the crankshaft). By the sane logic, a
four-stroke cycle engine requires two upward and two downward
strokes (twp rotations of the crankshaft) to do the sane
process.

Figure 10 provides a cutaway rendition of a two-stroke
engine. The piston is located at its | owernost position, where
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t he process of exhausting spent conbustion products and inducting
fresh fuel and air happen sinultaneously through openings in the
cylinder called ports. One can further visualize that as the
crankshaft rotates, the piston will nove upwards, the ports wll
be sealed, and the fresh fuel/air m xture conpressed. Wen the
pi ston reaches the top, a spark plug ignites the m xture,
creating the pressure in the cylinder which forces the piston
down, creating power. As the piston approaches the bottom of the
cylinder, the ports are again uncovered, and cycle starts over.
Figure 10

Two- St roke Engi ne Di agram

spark plug

incoming charge 1_-—51. : "'"- ﬁib exhaust

piston

crankshaft

connecting rod

Source: Air Resources Board, J. Swanton, October 1998.
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The advant ages of conventional two-stroke engines are
sinplicity, light weight, and good power. The di sadvantages are
poor efficiency (resulting in high fuel consunption), high
em ssions, and the need to use an oiling systemwhere |ubricating
oil is used once, then expelled as part of the exhaust. The | ow
efficiency and high em ssions result fromthe chargi ng and
exhausti ng processes occurring simnmultaneously. As Figure 10
shows, some of the fresh fuel and air comng into the cylinder is
able to escape with the exhaust. In typical carbureted
t wo- stroke engines, up to one third of the fuel being delivered
to the engi ne goes straight through the engine wthout being
burned. This unburned fuel represents very high HC em ssions.

One nethod of capturing nore of the fuel/air in a carbureted
two-stroke engine is by using a special exhaust system (called an
expansi on chanber) which reflects a pressure pul se caused by the
exhaust port opening back to the port at the precise tinme when
fuel is starting to escape. This pressure pul se bounces the
fuel/air back into the engine, increasing horsepower and
efficiency. This type of systemtypically works well in a fairly
narrow speed range where the returning pulse arrives at exactly
the right time, but efforts to broaden the speed range typically
reduce the power gains.

2. Direct-Injection Two- Stroke Engi nes

The basi c probl em which causes the short circuiting of fuel
t hrough a conventional two-stroke engine is that the fuel and air
are prem xed into a conbustible m xture outside of the engine in
a carburetor. If fuel introduction could be delayed until after
t he piston noves up to cover the ports, all of the fuel would be
avai l abl e for conbustion in the engine. This could be done by
inducting air instead of fuel/air mxture, then injecting the
fuel later. Two-stroke direct-injection engines are configured
i ke the engine shown in Figure 10, except that a fuel injector
is placed next to the spark plug.

Several manufacturers are using direct-injection two-stroke
technol ogy for their nore powerful outboards to | ower exhaust
em ssions and inprove fuel econony. Also, conversion to direct
fuel injection is relatively straight forward for existing
t wo- st roke engi ne designs, involving a new cylinder head for the
injectors, renoval of the carburetors, providing a high pressure
fuel punp, and providing a conputer to manage the fuel system
Currently there are two maj or manufacturers of direct fuel
i njection systens, Ficht by OMC and Orbital by Mercury Marine.
Both systens inject fuel at very high pressures at rates of up to
100 to 150 tines per second. This is done in different ways for
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each system The Orbital system uses conpressed air, whereas the
Fi cht system uses an el ectronechanically controlled piston.

This technology is generally considered new to the marine
industry. Data fromfederally certified engi nes show t hat
em ssions are about 85 percent |ower than carbureted two-stroke
out board engi nes.

Through precise delivery of oil as needed, oil consunption
during idle and low throttle operation is very low. At higher
throttle operation, oil consunption of a two-stroke
direct-injection engine is nmuch closer to that of carbureted
two-strokes, resulting in em ssions associated with oi
consunption. Overall, however, two-stroke direct-injection
engi nes consune approximately 50 percent |ess oil during
operation conpared to carbureted two-stroke engines.

Al t hough the nunber of nodel introductions with direct fuel
injection has been |imted thus far (only two nari ne engine
manuf acturers produce them-- see Table 6), other engine
manuf acturers have plans to introduce additional nodels using
direct fuel injection in 1999. Industry has stated that nore
than $500 nmillion has already been invested in application of
direct fuel injection technology to outboards and personal
wat ercraft®.

Tabl e 6

1998 and 1999 Model Two- Stroke
Direct-1njected Qutboard Engines

0- 100 hp 101- 150 hp 151- 200 hp >200 hp
Mer cury 115, 135, 150 200 225
ovC 90 115, 150 175 200, 225
1. Mercury Engines Uses Orbital Direct-Injection Systens
2. OMC Engi nes Uses Ficht Direct-Injection Systens
3. Four - St roke Engi nes

While the direct-injection two-stroke engi ne represents a
| arge i nprovenment in em ssions performance conpared to
conventional two-stroke engines, the four-stroke engine is
typically even cleaner. This is because the process of
exhausting and charging the direct-injection two-stroke is very
time constrained, since it must occur while the piston passes
through the | ower part of the cylinder. Efficient exhausting and
chargi ng woul d suggest that the ports should be large and high to
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provide tinme for these processes to occur, but high ports would
cause the power stroke to be shorter, wasting energy which could
instead be put to work pushing the piston. These tradeoffs are
maj or design constraints.

The four-stroke engi ne devotes separate conplete strokes to
t he exhaust and charging functions. As shown in Figure 11, the
chargi ng and exhaust functions are controlled by nechanically
activated valves at the top of the cylinder. The timng of the
openi ng and cl osing of these valves can be optim zed for proper
chargi ng and exhausti ng (exhaust stroke shown in Figure 11) and
the i ntake and exhaust valves do not need to be open at the sane
time preventing short circuiting.

Because of the good m xture control provided by four-stroke
engi nes, they typically produce | ower em ssions than
direct-injection two-stroke engi nes. Conpared to conventi onal
carbureted two-stroke engines, the emssions difference is
dramatic, typically 75 to 90 percent | ower.

Figure 11

Four - St roke Engi ne D agram

spark plug

intake axhaust

piston

connecting rod

crankshaft

Source: Air Resources Board, J. Swanton, October 1998
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Addi tionally, four-stroke engines do not consune oil as part
of the combustion cycle, thus reducing introduction of conbusted
and unburned oil products to the air and water. Although nost
out board engi ne manufacturers do not manufacture their product
lines exclusively with four-stroke technol ogy, there has been an
increase in its application since the U S. EPA inplenented the
national regulation in 1998. Em ssions data collected by the
U. S. EPA have shown that existing four-stroke engines can easily
conply with the proposed California Tier 1, and Tier 2 standards
and many currently conply with the proposed Tier 3 standards.
The cl eanest four-stroke outboard engi nes, the Honda 115 and 130
hp, are al nost 95 percent cleaner than a conparably rated
carbureted two-stroke engi ne. These outboard engi nes are based
on one of Honda' s popul ar aut onobil e engi nes and use advanced
multi-port fuel injection. Oher manufacturers including Suzuk
are also utilizing engines fromtheir autonotive applications.
Table 6 shows the broad range of currently avail abl e out board
engines that utilize four-stroke technol ogy.

Tabl e 7

1998 and 1999 Model Four-Stroke Qutboard Marine Engi nes
Manuf act ur er 0-20 hp 21-40 hp | 41-60 hp 61-80 hp >80 hp
Honda 2,5,9.9,15 25, 30, 40 50 75 90, 115*, 130*
Mer cury 4,5,9.9,13,15 25, 30 40, 45, 50 75 90
ovc 5,6,8,9.9,15 40 50* 70%*
Suzuki 9.9,15 40 50*, 60* 70%*
Yamaha 4,9.9,15 25 40, 50 80 100

* Engi nes equi pped wth electronic fuel injection.

Engi ne manuf acturers have expressed concern about
four-stroke engines, including their |arger size, heavier weight,
and increased cost. However, this has not been found to be the
case for nost outboard engines with power output |ess than or
equal to 75 kilowatts (100 horsepower). Mst engines in this
class require little equi pnment repackaging, offer simlar
power -t o-wei ght ratios, and consune |ess fuel and oil, thereby
of fsetting increased purchase costs. Manufacturers have
indicated that they plan to introduce nore four-stroke nodels in
t he under 100 horsepower range. It should be noted that
certification data from four-stroke engines indicate greater
chal l enges with controlling em ssions fromsnaller engines, (see
Figure 9) although em ssion levels even at small horsepowers are
consi derably | ower than carbureted two-stroke engines.
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Currently no four-stroke outboard engi nes are produced for
sal e above 130 horsepower. Trade journals have stated that at
| east one manufacturer is currently working on a 200+ hor sepower
four-stroke outboard and that it appears |likely that other engine
manuf acturers will eventually focus on this power range, perhaps
i ncorporating nore advanced autonotive engines. Note that
sterndrive inboard engines are avail able at power |evels
exceedi ng 400 horsepower that utilize autonotive type four-stroke
t echnol ogy, so hi gh horsepower outboards are not the only neans
of attaining high horsepower pleasurecraft.

4. Exhaust Aftertreat nent

One of the | argest breakthroughs in autonotive em ssion
control was the introduction of catalytic converters in 1975.
These devices are sinply a porous ceramc or netal substrate
coated with precious netals which cause the chem cals in exhaust
to react. They have no noving parts and (autonotive catal ysts)
range in size froma small pet food can to larger than a | arge
coffee can. Catalysts in autonobiles are used to reduce NOx and
conmbust HC and CO simultaneously elimnating these em ssions at
ef ficiencies exceeding 90 percent. Catalysts were such a
significant devel opnent because they freed engi ne designers to
focus on performance and efficiency while depending on the
catal yst to performnuch of the em ssion control. Mbdern
autonotive catal ysts reduce em ssions by orders of magnitude
conpared to what was possible by controlling em ssions in the
engi ne itself.

The mari ne engi ne control |evels proposed by staff for 2001
and 2004 are attainable through engine nodification or
substitution as described in the sections above. For the third
tier of control proposed for 2008, catalysts are a control option
which will be considered by outboard engi ne manufacturers. For
exanpl e, staff projects that noderate efficiency (50 percent)
catal ysts could be used to reduce em ssions fromdirect-injection
t wo-strokes to conplying |evels.

The application of catalysts to outboard engines is
different from autonotive applications for several reasons.
First, two-stroke engi ne exhaust contains oil which could
contam nate the catal yst reducing efficiency. Second, water
coul d damage a catal yst by causing a thermal shock which would
mechani cal | y damage the substrate and third, catalysts only
perform properly at elevated tenperatures (this is a concern
because marine engi nes typically cool the exhaust as much as
possi bl e for safety reasons and because the direct-injection
t wo- strokes have relatively | ow exhaust tenperatures).

41



Despite these potential problens, US. EPAin its analysis
supporting the national em ssions standards, cited catalysts as a
potential control technol ogy for two-stroke marine engines in
their Regulatory Inpact Analysis report. |t should be noted that
catal ysts are being used on other production and denonstration
t wo- stroke engi ne applications with success as shown in Table 8.

Tabl e 8
Cat al yst Equi pped Two- Stroke Applications
Type of Application Typi cal Efficiency
Utility Engi nes(Husqvarna)!? 64%
Mopeds ( Tai wan) 2 40% to 60%
Personal Watercraft? 21%to 74%
1. ARB Certification Data, 1996, 1997.
2. Asi a Technical Departnent, L. Chan, C. Waver, Mtorcycle Enission
St andards and Emi ssion Control Technol ogy, Septenber 1994.
3. H Fujimto, A Isogawa, and N. Matsunmoto, “Catalytic Converter
Applications for Two-Stroke, Spark-1gnited Marine Engines,” SAE Paper
951814.

In addition to these production applications, staff believes
that catal ysts are indeed feasible for mari ne two-stroke engi nes.
| sol ating the catalyst fromwater contam nants woul d be
acconpl i shed by nounting the catalyst(s) close to the engine
above the waterline which would al so maxi m ze the operating
tenperatures or by placing a one-way valve in the exhaust stream
to prevent water fromentering. Note that engi ne damage can
occur if water enters the engine itself, so the sanme approaches
used to protect engines would need to be applied to the catal yst.
Catal yst tenperatures would need to be controll ed through
i nsul ation and/or water cooling to maintain a proper operating
envi ronnent for good conversion efficiency. Thernmal managenent
is required for all catalyst systens, so nethods of nanagi ng
tenperatures are already well known.

Qut board engi ne manufacturers cite excessively | ow (bel ow
400° C) exhaust tenperatures as a potential problemfor catalysts
applied to direct-injection two-stroke engi nes. However, this
problemis not insurnountable. Catalysts are available with
operating tenperatures extending down to 175° to 250° C, and sone
intake air throttling could be used at light |oad conditions to
mai ntai n catal yst operation. |If throttling were used, efficiency
and engi ne-out em ssions would suffer, but used judiciously, this
could be available to maintain catalyst activity. At
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internediate to high loads the unthrottl ed operation of
direct-injection two-stroke engines is ideal for catal yst use,
since the air needed for conversion is already in the exhaust.

Wth respect to oil contam nation, the successful use of
catal ysts on other types of two-stroke engi nes has shown that
this problem can be nmanaged t hrough an approach cal |l ed open
washcoat structure which prevents the ash produced from oi
conmbustion frominterfering with catal yst activity.

In summary, staff recognizes that there are potenti al
chal l enges wth catal yst application to two-stroke outboards, but
the exi stence of potential technical solutions suggests that
catal ysts can be applied, given the nine-year |eadtine for the
Ti er 3 standards.

In addition, staff is also recommending a technol ogy review
for a 2006 tinmeframe to assess industry’ s progress in achieving
t he proposed 2008 standards. Although there are engines
currently on the market which neet the proposed Tier 3 standards,
staff wants to insure that there is sufficient product
avai lability and that the above technical issues are resolved in
a cost-effective manner.

5. Technol ogy Summary

Tabl e 8 sunmari zes the di scussion of avail abl e technol ogy.
At the bottomof the Table, “typical” em ssions required by the
staff proposal are cited for each tier. For conparison, baseline
carbureted two-stroke engines are shown. A 50 percent efficient
catal yst applied to an uncontroll ed two-stroke engine could
reduce these em ssions by half, but the em ssions would still
exceed all 3 tiers of the staff proposal. Hi gher catalyst
efficiencies are feasible, but the concerns regarding
contam nation and thernmal managenent becone nore severe as
efficiency is increased. The direct-injection two-stroke is
capabl e of neeting the first and second tiers of the proposed
standards, but conpliance with the third tier would |ikely
require addition of a catalysts. Since carbureted four-stroke
engi nes can neet all 3 tiers of the proposal. Sone of the
current four-strokes use fuel injection which further |owers
em ssions. Mst current fuel injected four-stroke engi nes woul d
conply with all three tiers of standards. Finally, if a 50%
efficient catal yst was used on the cl eanest four-strokes,
em ssions would drop well below Tier 3 standards. Wile all of
t he options shown are feasible and may be used because of the
flexibility provided by the averaging provisions of the proposed
regul ations, staff expects manufacturers to focus on
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direct-injection two-strokes, direct-injection two-strokes with

catal ysts, and four-strokes.
Table 9
Summary of Technol ogy
Technol ogy Typi cal Conpl exity/l evel of Devel oprment
Emi ssi ons
o/ kW hr *

Car bur et ed two- stroke 100 - 600 Si npl e/ | ow cost/ devel oped
Car bur et ed two- stroke 50 - 100 Mbdest/ not yet on the market
with Catal yst

Direct-injection 2-st 24 - 45 Mbdest / Devel oped - current

i ntroduction

Direct-injection 2-st 10 - 13 Mbdest / Not devel oped yet

wi th Catal yst

Car bur et ed 4- st 15 - 35 On the market/ Devel oped
Fuel |njected 4-st 8 - 25 On the market/ Devel oped
Fuel Injected 4-st 4 - 12 Devel oped for other applications
wi th catal yst

Average Em ssion Level for Tier 1 - 48 g/ kWhr

Tier 2 - 38 g/ kWhr
Tier 3 - 17 g/ kWhr

It is also noteworthy that outboard engines are not the only
choice for marine propulsion. |In particular, sterndrives are
very popul ar. They conbi ne an autonotive engine, with em ssion
capabilities of the four-stroke engines shown in Table 9, with
the bottom portion of an outboard. Thus, the engine is nounted
i nside the boat, and power is transmtted through a shaft and
gears to outside the hull to an outboard drive unit which nounts
to the propeller. Sterndrives are nore fuel efficient than
carbureted two-stroke outboards, and are avail abl e at power
| evel s exceedi ng the nost powerful outboard. Both Mercury and
OMC are mgjor sterndrive manufacturers. Sterndrives are al so
potentially | ess expensive than high-horsepower direct-injection
out boards, as shown in Table 10.
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Tabl e 10
CQut board Vs. Sterndrive Costs!
HP Qut board DI _Qut board Sterndrive
90 $6, 200 $7, 000
150 $9, 000 $10, 300
200 $9, 600 $12, 200 $10, 200!
1. 190 horsepower engine and drive unit.

Source: Literature survey, Deal er phone survey, October 1998.

C. Compliance Capability

The followi ng sections review the industry’ s conpliance
capabilities for each of the em ssions standards proposed.
Because of differences in technical readi ness and engi neering
constrai nts outboards and personal watercraft are discussed
separ at e.

1. Qut board Engi nes
a. Tier 1

Conpl yi ng engi nes are already on the narket at all the
popul ar horsepower |evels. Thus the industry can neet the 2001
Tier 1 standards in that it can provide conplying product. The
concerns rai sed by outboard engi ne manufactures relate to
production capacity and nodel availability.

Tabl e 11 provides staff’s estimte of the nunber of
controlled engines for California that manufacturers woul d have
to provide by horsepower under the national and proposed Tier 1
standards in 2001. The table was generated assum ng that each
hor sepower group nust conply on average. Since all horsepower
groups can average with each other, the bal ance anpong the
hor sepower categories could be shifted by producing nore
controlled engines in one category and | ess in another.

Tabl e 11 shows that two to eight tinmes nore conplying
engi nes woul d be needed in California under the staff proposal
for each horsepower grouping. On the other hand, since
California sales are only 10 percent of the national sales, the
wor st case woul d be a doubling of production of conplying
engi nes, and a nore typical case would be a nore nodest increase.
G ven these results, staff believes that industry can provide
enough product in 2001.
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Estimat ed Nunber of Controlled Engines to Meet ARB Tier

Tabl e 11

1 St andards

HP % of Aver age Annual Aver age Aver age Eni ssi ons Eni ssi ons Eni ssi ons Federal # CA # of Nunmber of
Range Pop. ! HP CA U 'S EPA CA from Carb from Carb from of Control |l ed Engi nes
Sal es Eni ssi ons Eni ssi ons 2-st.? 2-st. DI * 4-st.® Control |l ed Engi nes to Meet
Std. 2 Std. 2 Engi nes CA Std.?
(g/ kW hr) (g/ kW hr)
0-2 0.93 2 202 204 81 302 0 57 20 182 162
3-15 51.73 6 11159 201 80 319 0 34 4626 9354 4729
16- 25 14. 06 20 3032 137 56 165 0 22 584 2309 1726
51-120 13.72 37 2960 123 51 171 0 21 941 2370 1429
51-120 12. 07 79 2603 114 47 146 59 0 958 2954 1996
51-120 12. 07 79 2603 114 47 146 0 18 653 2013 1360
51-120 12. 07 79 2603 114 47 146 690 2126 1437
121-175 5.57 145 1202 110 46 126 33 0 208 1033 825
176- 250 1. 60 196 345 109 45 127 33 0 68 299 231
251-500 0. 32 247 70 108 45 129 0 0 708 708 0

4-st.

ounhkwnE

Pop. neans popul ation
Std. nmeans Standard
Carb 2-st.

nmeans car bureted two-stroke
DI neans direct-injection
nmeans four-stroke

Al'l engines in the 251-500 horsepower range are all
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The second issue is product availability, which concerns
bot h deal ers and manufacturers. The tables in the previous
section showed that the major manufacturers have conplying
products covering the range of power |evels required by the
mar ket, al though it may be necessary for consunmers to upsize or
downsi ze slightly, where it would previously have been possible

to select fromnore horsepower “steps.” As manufacturers
continue to introduce conplying products, selection will inprove.
b. Tier 2

The Tier 2, 2004 standards are set at 80 percent of the
U. S. EPA 2006 standards curve. This level and inplenentation
date was proposed by NMVA as an achi evabl e | evel above and beyond
the U S. EPA 2006 curve. Staff anticipates that engine
manufacturers will neet these requirenments with a conbination of
two-stroke direct fuel injection and four-stroke technol ogi es.
The | evel s at which engi ne manufacturers are currently certifying
direct-injection two-stroke engines are close to the levels
required by this tier. Since the comrercial introduction of
direct fuel injection technologies is fairly recent, it is
anticipated that refinenents in the em ssion |evels of the direct
fuel injection technology will also be seen in the com ng years.
Such refinenents have occurred with other ARB regul at ed
i ndustries including on-road passenger cars. The Tier 2 standard
will likely result in less credit generation and coupled with a
| ower upper limt on certification levels will nmean very fewif
any carbureted two-stroke engines will be certified under this
tier. Staff anticipates that fewer credit generating engine
lines will be necessary by 2004 because of projected new product
introductions. Further, NMVA' s support of this portion of the
staff proposal suggests that manufacturers are confident of
product availability in 2004 to support a full line of
| ow em ssi on engi ne nodel s.

C. Tier 3

As was shown in Table 9, the only currently known
t echnol ogi es capabl e of neeting the 2008 Tier 3 standards are
direct-injection two-strokes with catal ysts, and the range of
four-strokes. Since the four-stroke engines are avail abl e and
al nost capabl e of neeting the proposed 2008 standards today, the
proposed nine-year lead tinme is provided for further optim zation
of the direct-injection two-stroke engi nes and devel opi ng durabl e
catalyst installations. Wile this |lead tinme nmay seem | ong,
recall that the first six years (through 2004) will be devoted to
conversion of existing nodels to four-stroke or direct-injection
t wo-stroke configurations to neet the Tier 2 standards. During
that time, staff anticipates that manufacturers will continue to
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devel op catal yst systens to prepare for conpliance wth the 2008
levels. 1In addition, four-stroke nodels will be introduced with

t he 2008 standards in m nd.

Tabl e 12 suggests a possi bl e 2008 conpl yi ng out board engi ne
nmodel m Xx.

Table 12
Exanpl e 2008 Qut board Engi ne Conpl yi ng Model M x
Car bur et ed Fuel 1njected Direct-Injected
hp 4- Stroke 4- Stroke 2- Stroke
with catal yst
0 - 10 100%
11 - 20 100%
21 - 30 95% 5%
31 - 50 60% 10% 15% 15%
51 - 75 20% 30% 25% 25%
76 - 100 20% 40% 15% 25%
101 - 125 35% 25% 25% 20%
126 - 150 5% 15% 40% 40%
151 - 200 5% 40% 55%
>200 40% 60%

In 2008, carbureted four-strokes will |ikely be used
excl usi vely bel ow about 30 horsepower because the cost of adding
direct-injection will likely be higher than using existing
four-stroke technology. |In the m d-horsepower range (30 to 100

hor sepower) both direct-injection two-strokes with catal ysts and
four-strokes will conpete with each other at roughly conparable
cost. Staff currently projects that the high-horsepower market
(over 100 horsepower) will continue to be dom nated by

t wo- strokes, which will be equipped with direct fuel injection
and catal ysts.

However, based upon Honda' s introduction of 115 and
130 hor sepower outboards which use fuel injected four-stroke
aut onotive engi ne designs, staff projects that these types of
engi nes could enjoy growi ng popularity in the 100-150 horsepower
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range. In fact, staff may be underestinmating the potential for
aut onoti ve based engi nes because autonpotive engi nes are produced
in nmuch greater quantities than marine two-stroke outboards, so
producti on econom es of scale could nmake these engi nes
cost-conpetitive with the marine engines, despite their
conplexity. For exanple, a 115 horsepower Honda aut onobil e
engi ne wi t hout accessories, currently retails for approximtely
$2,500 at the deal ership. An OMC 115 horsepower two-stroke
direct-injection replacenent engine simlarly equipped retails
for $7,800. dGven that the two-stroke engines would stil
requi re catalysts, one can see the potential for over 100

hor sepower auto-derived four-stroke outboards.

2. Personal Watercraft

Personal watercraft differ fromoutboards in a nunber of key
areas. First, personal watercraft have the engine and drive unit
inside of the hull. Qutboards are specifically designed to be
nmount ed outside of the hull as a single unit which includes the
engi ne, transm ssion, and drive (propeller). The whole engine is
turned to maneuver the boat for outboards, while personal
wat ercraft are maneuvered by changing the direction of the nozzle
whi ch ejects water to provide thrust. Qutboards provide thrust
to nove a boat through a propeller which turns freely in the
wat er, while personal watercraft suck water from under the hul
and punp it through a nozzle to provide thrust. The power unit
for a personal watercraft is an engine connected directly to a
wat er punp. This type of jet propul sion has been used for
decades in | arger boats equi pped with autonotive engines as a
| ow-cost drive systemwhich is safe because no noving parts are
outside of the boat hull. Jet drive units, whether they are used
in full sized boats or personal watercraft, typically have poor
fuel econony because of water friction inside the drive and
because pulling water fromunder the hull tends to “suck” it into
more firmcontact with the water, which increases hull drag.

When these drive unit characteristics are conbined with a
carbureted two-stroke engi ne which wastes up to 30 percent of its
fuel, fuel econony is very poor and HC and oil em ssions are very
hi gh.

The two-stroke engines used in personal watercraft are
typically purpose-designed and were derived primarily fromearly
snownobi | e engines. Their basic design is simlar to two-stroke
out boards, but they are optim zed for the power absorption
characteristics of the jet punp rather than a propeller.
Propellers require a broad power band for acceptable | ow and
m d- speed perfornmance while the power absorption of a jet drive
is very low at | ow and m d-engi ne speeds, then becones very high
near maxi num speed. This allows for personal watercraft engine
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designs to use larger/higher ports which increase peak power at
t he expense of |low and m d-range power, and highly-tuned
expansi on chanber exhausts.

The maj or personal watercraft manufacturers are devel opi ng
direct-injection two-stroke engines for this application.
Pol ari s and Ti gershark have both announced 1999 nodel s using
OMC' s Ficht direct-injection two-stroke technol ogy (See Figure 12
Below). Initial em ssion test results have shown that just
installing direct fuel injection on personal watercraft engines
may not produce the sane em ssion reductions expected for
out boards. Sone of this may be because the personal watercraft
manuf acturers are purchasing this technol ogy and are hence about
a year behind in its application. Staff believes that the engine
port tim ng and expansi on chanber exhaust used for personal
watercraft engines is further limting the early test results.

Figure 12
Direct-Injection Personal Watercraft

Polaris Tigershark

A potential solution to this problemis to use the port
timng and exhaust design currently being applied to outboards
and to adjust the engine size to provide the requisite
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horsepower. In sone cases this could possibly be done with

exi sting engine blocks, in others, a new bl ock could be required.
Because personal watercraft have the engines inside the hull,
they do not suffer from packaging constraints as severe as with
out boards which have a tight-fitting streamined cover. Thus,
changi ng engi ne size or design is |ess problematic for personal
wat ercraft.

a. Tier 1

Staff believes that the major personal watercraft
manuf act urers have nodels wth direct-injection two-stroke
engi nes slated for introduction in 1999, so there will be
conpl ying product available in California. However, because they
are | aggi ng behind the outboard engi ne manufacturers, the ful
range of products will not |ikely be available in 2001.

Based upon the relatively narrow horsepower range of
personal watercraft (about 70 to 130 horsepower), a personal
wat ercraft manufacturer should be able to cover the entire range
of hulls with two basic engines; one for 70-100 horsepower
applications and another for over 100 horsepower applications.
The practice of producing engines in nmultiple sizes/ratings is
normal to the outboard engine industry and is transferable to the
personal watercraft industry.

Staff expects that devel oping two basic engi nes by 2001 is
feasi ble for personal watercraft manufacturers, given that the
first ones will be introduced in 1999. The problemw || be
t hat adapting the new engines into existing and pl anned hul
configurations may require nore than the two years provided,
which will result in some product availability limtations in
2001.

b. Tier 2

G ven that the personal watercraft manufacturers supported
NMVA' s proposal of neeting standards 20 percent bel ow t he
nati onal standards in 2004, which is the second tier of the staff
proposal, we expect a full line of conplying products to be
avai | abl e before 2004.

C. Tier 3

For 2008 third tier standards conpliance, staff expects the
personal watercraft manufacturers to coll aborate with outboard
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engi ne manufacturers in the devel opnent of catal yst systens and
to achieve simlar |levels of control. A technology review wl|l
be provided in 2006 to assess progress in catal yst devel opnent
and other technical options. Finally, it is noteworthy that
several of the personal watercraft manufacturers are al so
not or cycl e manuf acturers whi ch produce hi gh-horsepower
four-stroke notorcycle engines. These manufacturers will |ikely
consi der using these engines in personal watercraft because of
the economes of scale resulting fromnultiple applications for
these engines. (They are already em ssion controlled to | ow

| evel s for conpliance with the on-road notorcycle standards.) It
may turn out that high-performance four-stroke engines wll
becone the preferred option for future personal watercraft. In
addition, staff is also aware of two separate conpani es who are
in the prototype stages of devel opnment of a four-stroke or rotary
engi ne which could be used in this nmarket.
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VI. Cost of Conpliance/ Cost Benefit

A. Cost Met hodol ogy

The first step taken by the staff in assessing costs was to
define the systens and technol ogies that would |ikely be used by
manuf acturers to neet the required em ssion |levels. Based on
ARB' s experience with autonotive em ssion controls, other
categories of off-road engines, and discussions with industry
engi neers and conponent suppliers, the nost |ikely em ssion
control technol ogi es needed to neet the proposed requirenents
were identified in the Technol ogi cal Feasibility section. For
near termgoals, the cost to the manufacturers for nost
i ndi vi dual conponents in each of the systens currently under
devel opnent are fairly well established and retail prices of
conpl ete conplying engines are avail able. For nore distant
goals, projections are required. Fromhistoric discussions, it
appears that manufacturers tend to overestinmate the | evel of
t echnol ogy and anmount of hardware needed, and therefore the costs
to neet distant devel opnent goal s.

Once em ssion systens have been defined and hardware costs
determ ned, ARB s assessnent of further costs to manufacturers
for research, devel opnent, warranty, shipping, and dealer
flooring are needed, and they may vary significantly wthin the
i ndustry. Further, manufacturers did not provide the necessary
| evel of detail in their subm ssions to support a detailed
anal ysis of these costs. As wll be discussed, staff has
eval uated these costs for other industries and will apply the
result to this analysis.

The cost effectiveness nunbers presented herein are to be
conpared with $5 per pound of HC + NOx, which is a typical value
for recent em ssion control activities in California, and to $11
per pound which is considered an upper threshold.

B. Costs of Tier 1 and 2 Standards for Qutboards

Engi nes which neet the proposed Tier 1 and Tier 2 em ssion
standards are currently on the market, along with higher-emtting
carbureted two-strokes. Em ssion certification data are
avai l abl e for these engines. The actual prices being charged for
t he various engines are also available. Assumng that the entire
price difference between engi nes which do not neet the Tier 1
and 2 em ssion standards and those which neet the standards are
due to the production costs of those engines, the follow ng
cost-effectiveness anal yses are perfornmed. This assunption is
very conservative because at | east part of the price difference
may be due to higher demand for |ow polluting engines.
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To performthe analysis, a spreadsheet was used which
contains entries by horsepower rating, annual engine sales,
em ssion control requirenents under the National and California
standards, carbureted two-stroke and control |l ed engi ne em ssion
| evel s, incremental engine prices, and fuel econony inprovenents
and associ ated savings. This allowed staff to cal cul ate, by
hor sepower, the nunber of additional controlled engi nes which
woul d have to be sold, the associated retail prices, and lifetine
em ssion benefits. The results of the calculation are summarized
in Table 11 for Tier 1 and Table 12 for Tier 2.

The cost benefit of Tier 1 standards for outboards by engine
size (Table 13) ranges from $0. 33 per pound of HC + NOx em ssions
reduced to $1.52. The overall cost effectiveness, derived as a
sal es wei ghted average from Table 13, is $0.97 which conpares
favorably with other control neasures. While the table shows
that the cost effectiveness estimates of controlling the | ower
hor sepower outboards are high, this is offset by the very | ow
cost effectiveness for the higher horsepower engines. Further,
in the | ow horsepower applications, conplying products already
exi st, so the proposed regul ati on woul d cause the market to
sel ect the cleaner products at average price increases of $900
per engi ne/vessel, which is about 14 percent of the average
engi ne purchase price.

Tabl e 13
Cost Benefit of Tier 1 - CQutboards

HP Range CA Price Total Cost | Enission Tot al Cost
Sal es! Difference | Difference | Benefit Em ssion | Effective-

[ per Benefit ness
pe(l;jOIEIr;I?IS)ne (dol lars) Engi ne (eprcl)ﬁndls (dollars
(pounds HC+NOX) per pound)

HC+NOX)

0-2 162 150 24, 300 99 16, 038 $1.52
3-15 4,729 250 1, 182, 250 293 1, 385, 597 $0. 85
16- 25 1,726 900 1, 553, 400 654 1,128, 804 $1. 38
26-50 1,429 1, 350 1,929, 150 1,081 1,544,749 $1. 25

51-120 1,437 1, 900 2,730, 300 2,124 3, 052, 188 $0. 89
121-175 825 2,100 1,732,500 3,752 3, 095, 400 $0. 56
176- 250 231 2, 300 531, 300 5, 008 1, 156, 848 $0. 46
251-500 34 2, 300 78, 200 6, 925 235, 450 $0. 33
Tot al 9, 761, 400 11, 615, 074 $0.97 3
. OF conplying engines needed.

2. Does not include savi ngs due to inproved fuel econony.
3. Sal es weighted average.
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Tabl e 14
Cost Benefit of Tier 2 - CQutboards
HP Range CA Sal es!? Price Total Cost Em ssi on Tot al Cost
Di fference Di fference? Benefi t Eni ssi on Ef fecti ve-
per Engi ne (dol I ars) per Benefit ness
(dol I ars) Engi ne (pounds (dollars
(pounds HC+NOX) per pound)
HC+NOX)

0-2 54 150 8, 100 53 2,862 $2.83
3-15 251 250 629, 500 156 392, 808 $1. 60
16- 25 929 900 836, 100 352 327,008 $2. 56
26-50 773 1, 350 1, 043, 550 585 452, 205 $2.31

51-120 708 1, 900 1, 345, 200 1, 152 851, 616 $1. 65
121-175 429 2,100 900, 900 2,038 874, 302 $1.03
176- 250 132 2,300 303, 600 2,722 359, 304 $0. 84
251-500 20 2,300 46, 000 3,766 75, 320 $0. 61
Tot al 5,112, 950 3,335, 425 $1.81 °
1. O conplying engi nes needed.
2. Does not include savings due to inproved fuel econony.

3. Sal es wei ghted average.

Overall, the cost effectiveness of Tier 2 standards for
out boards by engi ne size (Table 14) ranges from $0. 61 per pound
of HC + NOx emi ssions reduced to $2.83. The overall cost
ef fecti veness, derived froma sales weighted average from Tabl e
14, is $1.81. Al these values conpare favorably with the cost
ef fecti veness of other control neasures.

C. Cost of Tier 3 Standards for Qutboards

Si nce outboard engines are not currently manufactured with
catal ysts, the cost nethodol ogy outlined above cannot be applied
based upon the retail prices of actual controlled/uncontrolled
engines in the marketplace. Instead, it was necessary to
estimate the cost of control based upon the additional hardware
whi ch woul d be required for conpliance. This is shown in
Tabl e 15 for a m d- horsepower engi ne which woul d be typical of
“average” conpliance costs. The catalyst price shown is based
upon a catalyst volunme of 1.0 liter on a 3 liter engine, which
the catal yst suppliers believe would be required for this |evel
of control. The price for engine reconfiguration to package the
catalyst is an estimte because no data were provided on this by
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the industry. The nine year |eadtine provided prior to

i npl ementation of the Tier 3 standard will allow manufacturers to
i nclude revisions to the engi ne package and catal yst as part of
routi ne product introduction and updates, so the cost wll range
fromzero to substantially higher than the staff estimate,
depending on the timng and technical difficulty of the specific
catal yst installation.

Tabl e 15
Cat al yst Conponent Costs for a 100 Hor sepower Engi ne
Conponent Manuf acturer’s Costs Consuner Costs
Cat al yst 70 154
Cat al yst Packagi ng 10 22
Revi si ons to Engi ne 170 374
Tot al 250 550

The staff accounted for assenbly shipping, warranty, support
costs, investnent recovery, and dealer costs through a
mul tiplicative factor of 2.2 which is based upon a nore detailed
anal ysis perfornmed for on-road notorcycl es!® which considered al
these factors for an industry of conparable size and nunber of
different products. The on-road notorcycl e anal ysis consi dered
three cases shown in Table 16, wth resulting val ues rangi ng
between 1.20 and 2.2, and category averages of 1.77 and 1.47. The
2.2 multiplier was selected as a very conservative estimate to
i ncl ude consi deration of increased investnent cost recovery for
research and devel opnent to introduce new conplying products.

Tabl e 16
Consuner Price Factors from Mdtorcycle Analysis
Smal | Engi ne Large Engi ne
Lax Standard 2.20 1.65
Stringent Standard 1.35 1.20
Aver age 1.77 1.47

As shown in Table 15, the estinmated increnental retail price
increase for a catalyst installation on a md-size (100
hor sepower) outboard engine is $550. This value will track
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engi ne size, so a first approximation of a catalyst installation
on a 200 horsepower outboard would be $1,100. These estimates
were used for the high horsepower direct injection two-strokes in
Tabl e 17 whi ch shows that the cost benefit of Tier 3 standards
for outboards by engi ne size ranges from $0. 32 per pound of HC +
NOx emi ssions reduced to $3.57.

Tabl e 17
Cost Benefit of Tier 3 - Qutboards
HP Range CA Sal es! Price Total Cost Em ssi on Tot al Cost
Di fference Di fference Benefit Em ssi on Ef fecti ve-
per Engine per Benefit ness
(dol Il ars) (dol I ars) Engi ne (pounds (dollars
(pounds HC+NOX) per pound)
HC+NOX)

0-2 60 150 9, 000 42 2,520 $3. 57
3-15 3,923 250 980, 750 126 494, 298 $1.98
16- 25 1, 465 900 1, 318, 500 293 429, 245 $3. 07
26-50 1,223 1, 350 1, 651, 050 492 601, 716 $2.74

51-120 1, 253 1, 900 2,380, 700 979 1, 226, 687 $1.94
121-175 717 550 415, 860 1,741 1, 248, 297 $0. 32
176- 250 258 825 206, 400 2,328 600, 624 $0. 36
251-500 70 1,100 76, 720 3,225 225,750 $0. 34
Tot al 7,038, 980 4,829, 137 $2.08 3

1. O conplying engi nes needed.
2. Does not include savings due to inproved fuel econony.
3. Sal es wei ghted average.

D. Costs of Tier 1 and Tier 2 Standards for Personal
Watercraft

There are currently no personal watercraft on the narket
whi ch use two-stroke direct fuel injection engines, so it was
necessary for staff to estimate those costs in a manner simlar
to the catal yst estimates just discussed. Table 18 shows the
staff’s retail price increase estimte to be $1, 070.
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Tabl e 18
I ncrenental Cost Estimate for Direct-Injection Two- Stroke
Personal Watercraft

Conponent Manuf acturer’s Consuner

Cost s Cost s
Revi sed Cylinder Head 35 77
Fuel Injectors 90 198
El ectroni ¢ Fuel Punp + Punping 45 94
Throttl e Body + Air C eaner 35 77
Ol injection |Inprovenents 45 99
Larger Alternator 30 66
Conput er + Harness + Sensors 250 550
Renmoval of Carburetors (2) - 60 -96

Tot al $470. 00 $1, 070

The resulting estimate conpares well with the average retai
price difference between direct fuel injection two-stroke and
conventional two-stroke outboards shown in Tables 13 and 14 as
rangi ng between $1, 900 and $2,300. Staff expects outboard price
differences to be higher because of packagi ng i ssues and because
they are typically four cylinder engines (conpared to two
cylinders for personal watercraft). The lifetine em ssions
benefit reduction for controlling a personal watercraft to Tier 2
| evels is 2,843 pounds of HC+NOx. This produces a cost
ef fectiveness of $0.38 per pound. The personal watercraft
manuf act urers supported the NMVA proposal which is the Tier 2
staff proposal.

E. Costs of Tier 3 Standards for Personal Watercraft

Because the primary estimate of catal yst cost for outboards
was performed for a 100 horsepower engine, the catal yst portion
of the cost estimate will not change for personal watercraft
whi ch are typically above 100 horsepower. The packagi ng
constraints on a personal watercraft are | ess severe than for an
out board, but the level of exhaust tuning is also higher, which
wi |l conplicate catalyst installation. Because of these
of fsetting issues, the $550 outboard estinmate is reasonable for
personal watercraft, the lifetine benefit of controlling a Tier 2
conpliant personal watercraft to Tier 3 levels is 509 pounds of
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HC + NOx giving cost/benefit of $1.08 per pound. The cost
effectiveness for all three tiers of standards for personal
wat ercraft conpare favorably to the cost effectiveness of other

recently adopted em ssion control neasures.
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VIl. Alr Quality, Environnental and Econonic | npacts

A. | nt r oducti on

This section addresses the overall em ssion reductions that
wi |l be achieved by inplenenting these regulations. It also
covers inpacts to the environment, including water quality.
Finally, analyses are included on the econom c inpacts of the
regul ation.

The primary em ssions inpact estimates provided herein are
for sumrer weekend days because the use of outboard marine
engi nes and personal watercraft are highly seasonal and hi ghest
on weekends. This approach is appropriate because eni ssions
occurring on summer weekends contribute to the highest ozone
exceedences of the year. Annual average inpacts are also
provi ded for conparison with other control neasures, but they are
| ess rel evant.

The ARB's regulations inplementing its California
Environmental Quality Act (CEQA) obligations require Staff
Reports to assess significant beneficial as well as adverse
inpacts. (Title 17 California Code of Regul ations, Section
60005(b).) This section describes the potential inpacts of the
proposed regul ations. Since both the proposed regul ation and al
alternatives considered woul d reduce anobunts of both exhaust
em ssions to air and raw fuel entering waters of the state, only
beneficial inpacts are discussed. The proposal would not have
any significant adverse effects on the environnent and therefore
no alternatives or mtigation nmeasures are proposed to avoid or
reduce any significant effects on the environnent.

B. Ar Quality |npacts

The em ssions from out board mari ne engi nes and personal
watercraft are significant. Table 19 shows the 2010 statew de
sumer weekend day inventory for passenger cars conpared to
out board mari ne engi nes and personal watercraft controlled to the
U. S. EPA standards. Note particularly that projected ROG
em ssions from outboard and personal watercraft engines nearly
equal em ssions from passenger cars.

Tabl e 19

Conpari son of Pl easurecraft
Em ssions to Passenger Car Em ssions in 2010

ROG NOx ROGH+NOX
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Tabl e 19

Conpari son of Pleasurecraft
Em ssions to Passenger Car Em ssions in 2010

Qut boards and Personal Watercraft!? 304 38 342
Passenger Cars (2010 On-road Fl eet) 333 519 852
1. Reflects effect of U S. EPA em ssion standards.

1. Statewide Air Quality Inpacts

The proposal is designed to achieve em ssion reductions
earlier and significantly greater than the U S. EPA standards.
Tables 20 and 21 |ist the expected em ssion reductions of ROG and
NOx for personal watercraft and outboards for 2010 and 2020

respectively. The reductions are above and beyond t hose that
will result fromthe U S. EPA program

Tabl e 20

2010 Statew de Em ssion Reductions Over U S. EPA Program
(Weekend Sumrer Day)
(Tons per Day)

ROG NOX ROG+NOX
Qut board Engi nes 26 0.5 27
Personal Watercraft 81 2 83
Tot al 107 3 110
Source: OFF-ROAD I nventory Computer Mdel, Cctober 1998.

Tabl e 21

2020 St atew de Em ssion Reductions Over U.S. EPA Program
(Weekend Sumrer Day)
(Tons per Day)

ROG NOx ROG+NOx
Qut board Engi nes 32 6 38
Personal Watercraft 96 27 123
Tot al 128 33 161
Source: OFF-ROAD I nventory Computer Mdel, Cctober 1998.

Tabl e 20 shows that conbi ned weekend sumrer day em ssions
from out board engi nes and personal watercraft of ozone form ng
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pol lutants ROGFNOx wi || be reduced by 110 tons per day in 2010
statewide fromthe U S. EPA 2010 baseline levels. 1n 2020

em ssions of HC + NOx w Il be reduced by 161 tons per day from
the U S. EPA 2020 baseline as shown in Table 21. G eater
reductions are projected for 2020 because by 2020 nost outboard
mari ne engi nes and personal watercraft in use will conply with
t he proposed standards.

2. Sout h Coast Air Basin 2010 Inpacts

Tabl e 22 provides the sumrer weekend day em ssions for the South
Coast Air Basin. These em ssions are of significant concern and
illustrate the need for the additional controls proposed by
staff.

Tabl e 22

2010 Pl easurecraft Inventory in the South Coast Air Basin
(Weekend Sumrer Day)
(Tons Per Day)

ROG NOx ROG+NOx

Uncontrol |l ed Em ssion Inventory 284 37 321
Em ssion Reductions From U. S. EPA 140 -9 131
St andar ds
Addi tional Em ssion Reductions from 30 1 31
Staff Proposal
Source: OFF-ROAD I nventory Conputer Mdel, Cctober 1998.

3. | npacts on the 1994 State Inplenentation Plan for

Ozone

In 1994, ARB approved a revision to the SIP which contains
clean air strategies needed to neet the health-based, one-hour
federal ozone standard in the six areas wth the nost serious
snog problem The 1994 SIP includes neasures to reduce em ssions
from nobil e sources under state control (including passenger
cars, heavy-duty trucks, and off-road equi pnent) as well as
assignnments to U S. EPA to control em ssions from sources under
exclusive or practical federal control (such as planes, marine
vessels and | oconotives). The responsibility to adopt national
em ssion standards for marine pleasurecraft was assigned to U. S
EPA in SIP neasure ML6.

In addition to the specific neasures defined in the
1994 SIP, the South Coast Air Basin needs approximtely 75 tons
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per day of ROG plus NOx em ssion reductions from nobile sources
to attain the one-hour federal ozone standard. These additi onal
em ssion reductions are often referred to as the ARB' s nobil e
source “Black Box.”

a. Em ssion Inventory Conparison

At the tine the 1994 SIP was adopted, we believed that
mar i ne pl easurecraft produced far fewer em ssions than we know
they do today. Unlike the weekend sumrer day em ssions
previ ously presented el sewhere in the report, the em ssions and
reduction estimates in this section are based on an average
sumer day, consistent with 1994 SIP. As seen in Table 23, in
the 1994 SIP, the uncontrolled inventory projection for
pl easurecraft in the South Coast in 2010 was 32 tons per day of
ROG plus NOx em ssions, with 12 tons per day of em ssion
reducti ons expected to result frominplenentation of M6. Since
1994, we have inproved the em ssions inventory for pleasurecraft,
with revised em ssion factors, activity data, and growth factors.
These changes reflect a significant increase in the use and
hor sepower of personal watercraft. As a result, the current,
uncontrol l ed inventory projection for the South Coast in 2010 is
144 tons per day of ROG plus NOx em ssions on an average summer
day, nore than four tinmes higher than expected in the 1994 SIP
Al t hough ARB did not specifically commt in the SIP to reduce
pl easurecraft em ssions beyond U S. EPA s national standards,
staff now believes that further em ssion reductions are
necessary, feasible, and cost-effective.

b. SIP Inpacts of the Staff Proposal

Tabl es 23 and 24 conpare the uncontroll ed em ssions, the
reducti ons expected fromstate and federal standards, and the
controlled em ssions estimated for the South Coast in 2010 under
the 1994 SIP (14 vs. 12), with the correspondi ng nunbers using
current inventory estimates and the staff’s proposal. Wth the
current inventory, the staff proposal would renove nore tons of
pollutants fromthe air than expected in the 1994 SIP (63 vs.
20). The staff proposal would al so provide greater overal
control, expressed as the percent reduction in conbi ned ROG pl us
NOx em ssions -- a 51 percent reduction versus a 38 percent
reduction in the SIP. Although the |evel of controlled em ssions
woul d remai n higher than anticipated in the 1994 SIP, the nore
effective control achievable with the staff proposal would help
to offset the increased inventory, cover shortfalls in defined
ARB neasures, and nmake progress toward the Bl ack Box.
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Tabl e 23

1994 SIP Em ssions Estimate of 2010 Pl easurecraft Inventory
in the South Coast Air Basin
(Typi cal Sumrer Day)
Tons Per Day

ROG NOx ROG+NOx
Uncontrol | ed Em ssi ons 29 3 32
Em ssi on Reduction Conmm tnent for 12 -- 12
Measure ML6
Control |l ed Em ssi ons 17 3 20

Source: OFF-ROAD I nventory Computer Mdel, Cctober 1998.

Tabl e 24
Current Inventory Em ssions Estimate of 2010 Pl easurecraft
I nventory in the South Coast Air Basin
(Typi cal Sumrer Day)
(Tons Per Day)

ROG NOx ROG+NOX

Uncontrol | ed En ssions 127 17 144
Em ssi on Reductions from 63 -4 59
U. S. EPA Standards

Addi ti onal Em ssion Reductions from 14 0 14
Staff Proposal

Control |l ed Em ssi ons 50 21 71

Source: OFF-ROAD I nventory Computer Mdel, Cctober 1998.

C. 1994 SIP Currency Anal ysis

Since the staff proposal goes beyond the defined neasures in
the SIP, we believe that the prior paragraph provides the nost
rel evant and appropriate anal yses to evaluate the inpact on the
1994 SIP (see Table 24). However, for neasures devel oped to
fulfill ARB's SIP conmtnents, the staff reports generally
i nclude an anal ysis of the inpact of each proposal in the
“currency” of the 1994 SIP. For pleasurecraft, the SIP currency
anal ysis woul d i nvol ve applying the standards in the staff
proposal to the controlled emssions in the 1994 SIP. As a
result, the em ssions that would hypothetically be avail able for
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further control are 20 tons per day, yielding less than five tons
per day of em ssion reductions fromthe staff proposal in 1994
SIP currency. Although this analysis provides an “apples to

appl es” conparison to the 1994 SIP, it does not fully reflect the
need for the staff proposal or the potential air quality
benefits.

d. St atewi de Need for Staff Proposal

Al though the South Coast is the only area of the State with
a Bl ack Box, due to the magnitude of its snog problem the
em ssion reductions fromthe staff proposal are needed statew de.
Begi nning in 2001, the proposed pl easurecraft regulations wll
hel p achi eve and maintain: the federal one-hour ozone standard in
regi ons such as the San Joaquin Valley and the Sacranento area,
the federal eight-hour ozone and particulate matter standards in
a nunber of areas, and the State ozone and particul ate matter
standards throughout California.

3. O her Statewde Air Quality Benefits

Current carbureted two-stroke technol ogy use results in the
di scharge of enornous quantities of gasoline into the
environnent. As nmuch as 25 to 30 percent of fuel consunmed by
carbureted two-strokes is not burned in the conbustion cycle.
Considering this, as much as 50 to 60 gallons of fuel per year is
di scharged into the environnment from one average persona
wat ercraft operated for 41 hours per year. Conversion to
technol ogi es that do not cause this rel ease of unburned fuel
woul d have obvi ous HC (ozone precursor) reduction benefits, as
well as other significant benefits as di scussed bel ow.

A positive benefit fromthe inplenentation of this
regul ation is reduced exposure to toxic air contamnants found in

gasol i ne and gasol i ne- powered engi ne exhaust. This is the result
of i nproved technol ogi es being inplenented with increased fuel
efficiency, and although not quantified for this proposal, it is
estimated to be significant to users of marine engines who are
directly exposed to exhaust during marine engine operation.

Resulting fromuse of nore oil efficient technol ogies, staff
antici pates that em ssions from conbusted and unburned
lubricating oil will be reduced. Four-stroke technol ogy
typically generates very few em ssions associated with oi
consunption because oil is not mxed with the fuel in the
conbustion cycle. Two-stroke direct-injection engines consune
approxi mately 50 percent |ess oil during operation conpared to
carbureted two-stroke engines. Use of each of these technol ogies
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(four-stroke and two-stroke direct-injection) will result in
i nproved em ssions related to oil consunption.

C. Water Quality | npacts

Because the proposed regul ati ons on mari ne engi nes and
equi prent will qualitatively reduce di scharges of pollutants to
waters of the State of California, such qualitative reductions
will pronote attainment of or reduce the threat of violation of
narrative objectives regarding “Ols, Gease, Waxes or other

Materials,” “Tastes and Qdors,” and “Toxicity,” and federal and
State narrative antidegradation and policies described in section
[111.B] above. The pollutant reductions potentially achieved

fromthe proposed regulations will assist individual dischargers
and water nmanagenent agencies in nmaintaining water quality
obj ectives and beneficial uses of waters of the State.

The SWRCB therefore fully endorses staff’s proposal to
control em ssions fromnew spark-ignition marine engines. This
action is in concert with agency coordination prescribed in
Porter-Col ogne (CWC 13163). |In addition, the source control
acconpl i shed by the proposed regulation is an initial and
fundanmental principle of water quality regulation [as enbodied in
Sections 13325a and 13225b, OAC).

Consi dering the substantial quantities of gasoline and oil
currently estimated to be discharged into the aquatic

envi ronnent, continued evaluation and nonitoring wll be
necessary to assess the effectiveness of the proposed regul ation
in reducing water quality inpacts. |[If inpacts are not mnim zed,

additional actions nmay be necessary to elimnate potential water
quality inpairnments

D. Econom c | npacts

Overall, The proposed regul ations are not expected to inpose
a significant cost burden on marine engi ne manufacturers. These
manuf acturers tend to be large and are nostly | ocated outside
California. Annual costs of the proposed regul ations are
estimated to be around $33 nillion in 2001, $20 million in 2004
and $21 mllion in 2008. These costs are expected to be passed
on by manufacturers to marine engi ne buyers, resulting in an
i ncrease of about 14 percent in average retail prices of a marine
engine. NMVA has indicated that mari ne engi ne sal es decrease by
2.3 percent for every one percent increase in price of the
product. Though likely denonstrated in the past, this price
elasticity may be overcone with the inplenentation of the
proposed regul ati ons as the products being introduced to the
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mar ket offer additional value to consuners including inproved
fuel and oil econony, reduced snoke and in sonme cases, inproved
performance. The price increase is not expected to danpen the
demand for marine engines significantly. As a result, and as
explained in further detail below staff expects the proposed
regul ations to i npose no significant adverse inpacts on
California conpetitiveness, enploynent, and busi ness status.

1. Legal Requirenent

Section 11346.3 of the Governnment Code requires State
agencies to assess the potential for adverse econom c inpacts on
California business enterprises and individuals when proposing to
adopt or anend any adm ni strative regulation. The assessnent
nmust include a consideration of the inpact of the proposed
regul ation on California jobs, business expansion, elimnation,
or creation, and the ability of California business to conpete.

Al so, State agencies are required to estimate the cost or
savings to any state, |ocal agency and school district in
accordance wth instructions adopted by the Departnent of
Fi nance. The estinmate nmust include any nondi scretionary cost or
savings to |local agencies and the cost or savings in federal
funding to the state.

2. Busi nesses Affected

Any busi ness whi ch invol ves manuf acturi ng outboard mari ne,
personal watercraft, and jet boat engi nes would potentially be
affected by the proposed regul ations¢. Also potentially affected
are busi nesses which manufacture boats, supply parts to these
manuf acturers, and distribute and service marine engi nes.

The mari ne engine industry consists of about 40
manuf acturers worl dwi de, which produce over 1,200 distinct
engi nes and narket them through nunerous distribution channel sl
The ten | argest manufacturers control over 90 percent of the
mar ket 2. None of nmmjor engine manufacturers are located in
California although sone of their operations are within the
state. Table 25 provides a list of the 14 | argest conpanies in
the mari ne engi ne industry.

C

These manufacturers fall into the industry identified by SIC 3519.
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Tabl e 25
Maj or Conpanies in the Marine Engine Industry

Qut board Personal Watercraft Jet Boats
Qut board Mari ne Yanaha Bonbar di er
Cor p. Kawasaki Yamaha
Mercury Mari ne Arctic Cat Products |Mercury Marine
Yanaha Bonbar di er
Suzuki Pol ari s
Tohat su
Honda
Ni ssan

Source: U.S. EPA, Regul atory Inpact Analysis, Control of Air Pollution Em ssion Standards for
New Nonroad Spark-Ignition Marine Engi nes, June 1996.

3. Potential |npact on Engi ne Manufacturers

Engi ne manufacturers currently have numerous options to neet
the requirenents of the proposed regul ations, including
converting current two-stroke engine technology to four-stroke,
direct-injection two-stroke, or equi pping engines with catalytic
converters in sone applications. These technol ogies are not new
to engi ne manufacturers and have been used for sone marine
applications. For exanple, four-stroke engine technol ogy has
been used in production of inboard vessels since their inception
and in the production of outboard notors since 1972. The
direct-injection two-stroke technology is being used in
production of personal watercraft by sonme manufacturers in nodel
year 1999.

Based on the application of a conbination of these
technol ogi es, staff estimates that the proposed regulations wll
i ncrease average annual i zed costs of nmanufacturing marine engi nes
by about $33 million in 2001, $20 million in 2004 and $21 nillion
in 20083, A small nunber of well-diversified manufacturers will
i ncur the bulk of the cost increase. Low volume manufacturers
are unlikely to spend nuch of their own resources on this effort;
they are nore likely to rely on their suppliers. There are a
| arge nunber of | ow vol une producers in the industry that tend to
fill special market niches. These manufacturers tend to conpete
in the market based on non-price factors such as unique features
of their products and superior service. These manufacturers are
usual |y able to pass on the cost increase because their custoners
are less sensitive to price changes in the market. Large
manuf acturers are also likely to pass on the cost increase to
consuners in the long run if they are unable to |lower their
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production costs. Thus, the proposed regul ations are not expected
to have a noticeabl e adverse inpact on affected manufacturers.

| ndustry representatives, however, have indicated that boat
buyers are usually very sensitive to any price changes. They
cite an industry study which estimated a |long-termprice
el asticity of 2.3 for boats, inplying that boat sales will fall
by 2.3 percent for every one percent increase in boat prices.
Al though the initial boat price is a major factor in a buyer
decision, it is not the crucial factor according to an industry
study. The purchase of boat is a major decision for nost boat
buyers and usually it usually takes a boat buyer about six nonths
of research before nmaking a decision to purchase. Most boat
buyers are concerned about the overall affordability of
purchasing a boat. Mny factors affect affordability including
personal income, boat financing, the initial price and
mai nt enance routines. As a matter of fact, the industry’ s own
study shows that maintenance routines are nore inportant to a
prospective buyer than the actual cost of a boat. The study also
i ndi cates that nost buyers would |ike to negotiate price because
they believe that they can gain nore specific product information
during the negotiation process that justifies the purchase.
Thus, it is nost |ikely that boat buyers are willing to pay
hi gher prices for new boats which are nore fuel efficient ant
require |l ess mai ntenance. Mst manufacturers, therefore, should
have no difficulty passing on the cost increase to consuners in
the long run if they are unable to |lower their production costs.
As a result, the proposed regul ations are not expected to have a
noti ceabl e adverse inpact on affected manufacturers.

4. Potential Inpact on Distributors and Deal ers

Most engi ne and vessel manufacturers sell their products
t hrough distributors and deal ers, of which sone are owned by
manuf acturers and sonme are i ndependent. Sone | ow vol une
manuf acturers al so deal directly with their custoners. These
distributors and dealers are not directly affected by the
proposed regul ati ons. However, the regul ations may affect them
indirectly in two ways. First, because of consumer sensitivity
to price changes, an increase in prices of marine engines could
potentially reduce sales volune, thereby resulting in a reduction
of revenues for these dealers and distributors. Second, sone
deal ers have indicated that adequate supplies of new engines
across the product line may not be available in a tinely manner,
resulting in a loss of sales. Staff’s survey of personal
wat ercraft deal ershi ps showed that they generally do not rely on
a single manufacturer for inventory and that many personal
wat ercraft deal erships also sell other recreational equipnent and
vehicles. These data indicate that tenporary fluctuations in the
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availability of full personal watercraft product |ines would not
have a significant inpact on their ability to remain viable.

Qut board engi ne manufacturers have indicated that given their
product plans to introduce clean technol ogy engines, there wl|
be few gaps in product lines. Also, conpliance with the proposal
may result in a reduction in the diversification of nodel

sel ection as manufacturers reduce the total nunber of nodels

sol d.

On the other hand, the devel opnent of | ow em ssion marine
engi nes may stinulate sales of marine engines. This is because
sone distributors and deal ers have recently experienced a
significant fall in their sales of high-polluting marine engines
due to uncertainty created by the considerations of inposing bans
or restrictions by the National Park Services and sone |ocal
agencies on the use of high-polluting marine engines in water
reservoirs and | akes. At the sane tinme, distributors and deal ers
are experiencing a surge in demand for | ow polluting marine
engines. In fact, one manufacturer has recently raised its
retail prices for direct-injection two-stroke engines by 15
percent in response to increased demand for their prem um
engi nes. Any conbi nation of potential bans or restrictions
statewide is likely to accelerate the shift from hi gh-polluting
to | owpolluting mari ne engi nes despite higher prices for
| ow pol | uting mari ne engi nes.

5. Potenti al | npact on Consuners

The potential inpact of the proposed regul ati ons on the
retail prices of marine engines hinges on the ability of
manuf acturers to pass on the cost increases to nmarine engi ne
custoners. Assumi ng that manufacturers are able to pass on the
entire costs of conpliance to mari ne engi ne custoners, staff
estimates the average price of a marine engine would increase by
about $150 to $2,300 for California custoners. This represents
an average increase of about 14 percent in the price of a nmarine
engine. The price increase is well within the range of
California personal income gains in recent years. During 1990 to
1997, California personal inconme rose about 2.2 to 8.2 percent
annual | y4.

The price increase may actually be offset partially by the
cost savings that would result frominproved performance of new
mari ne engines (fuel and oil efficiencies). |Inproved engine
durability would potentially reduce the need for parts and
services, resulting in cost savings to consumers. Thus, the
estimated price increase is not expected to have a significant
i npact on the marine engi ne demand in California.
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6. Potential |npact on Business Conpetitiveness

The proposed regul ati ons woul d have no significant inpact on
the ability of California marine engi ne manufacturers to conpete
W th manufacturers of simlar products in other states. This is
because all manufacturers that produce nmarine engines for sale in
California are subject to the proposed regul ati ons regardl ess of
their location. None of major manufacturers of marine engines
have manufacturing facilities located in California although they
have sone presence here.

7. Potenti al |npact on Enpl oynent

California accounts only for small share of manufacturing
enpl oynment in marine engine production. According to the
U S. Departnent of Commerce, California enploynent in the
i nternal conbustion engines (not el sewhere classified) industry
whi ch includes manufacturers of marine engi nes was | ess than
2,500 in 1995 or about 0.1 percent of total manufacturing jobs in
California. These enployees work in 23 establishnents across the
state. One establishnment had over 500 enpl oyees, one had between
100 to 500 enpl oyees and the rest had | ess than 100 enpl oyees.
There were also 131 retail outlets in California in 1995, which
were primarily involved in the retail sale of new and used
not or boats and ot her marine engi nes, marine supplies, and
out board notors. These retail outlets enployed an esti mated
2,000 enmpl oyees with an annual payroll of approximtely $48
mllion. These enployees are not expected to be affected
adversely because a small price increase is unlikely to danpen
t he demand for personal watercraft in California substantially,
and the retail outlets also market products other than marine
engi nes. Thus, the proposed regul ations are not expected to
cause a noticeabl e adverse inpact on the California enpl oynent.

The bans or restrictions on the use of high-polluting marine
engi nes being inplenented by sone water agencies, however, may
stinul ate demand for new | ess-polluting engines, resulting in
creation of sone jobs. On the other hand, sone jobs may be | ost
i n busi nesses supplying parts and providing services for marine
vessels. This is because new engi ne technol ogi es are expected to
be nore durable, reducing the need for parts and services as old
t echnol ogi es are phased out.
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8. Potential |npact on Business Creation,
El i m nati on, or Expansion

The proposed regul ati ons woul d have no noticeabl e i npact on
the status of California marine engi ne manufacturers. As stated
above, the regulations would potentially increase retail prices
of marine engi nes by an average of about 14 percent. The
increase in prices is unlikely to danpen demand for regul ated
products significantly because the inpact of a price increase is
expected to be offset by a faster rise in California personal
i ncone.

The regul ati ons may actually i nduce sal es of marine engi nes
by requiring the industry to accelerate the introduction of
| ess-pol luting marine engines. Recent concern about water
pol lution has pronpted sonme water districts to ban or restrict
the use of high em ssion marine engi nes on waterways and ot her
wat erways may consi der such bans or restrictions in the future.
As di scussed under “Potential Inpact on Distributors and
Dealers,” the uncertainty created by these considerations has
al ready caused a reduction in demand for sone marine engines. An
actual ban or restriction will further reduce the demand for
mari ne engi nes unl ess | ess-polluting marine engi nes becone
avai lable in the market. An accel erated devel opnent of
| ess-polluting marine engines may |l ead to an absolute increase in
sales of marine engines for sone California dealers and
distributors, or at least an increase in sales over likely sales
in the absence of the regulations. Several water agencies have
indicated a preference to replace bans with restrictions allow ng
operation of only | owem ssion vessels.

9. Potential Inpact to State, Local or Federal
Agenci es

Sone state agencies now receive, and nay continue to
recei ve, funding based on nmarine engine fuel taxes. Because
cl eaner-burning marine engines may yield inproved fuel
efficiency, the regulation could indirectly reduce the anount of
fuel sold and could therefore reduce the anmount of tax revenue
recei ved. However, the predicted nmarine engine inventory shows
that the population is expected to increase with the introduction
of the cleaner-burning technology. Therefore, staff believes
that there will be no significant inpact on fuel tax revenues.
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VI, Al ternatives

Staff evaluated at four alternatives to the currently
proposed regul ations. These i ncl uded:

. Rely on the U. S. EPA program for em ssion reductions,
as planned in the SIP

. NVMA' s proposed inplenentation of U S. EPA s 2006
standards with a 20 percent reduction in 2004.

. Staff’s initial July 9, 1998 Wrkshop proposal
(Mail Qut #MsC 98-08, June 8, 1998).

. Staff’s internedi ate proposal (100, 80, 50 percent of
U.S. EPA)

A. U.S. EPA Reqgul ati ons

The first option evaluated was allowing the U S. EPA
regul ation to achi eve the em ssion reductions from mari ne engi nes
needed to neet our air quality goals. This proposal would have
had no inpact on manufacturers selling marine engines in
California. However, as denonstrated in earlier sections of this
report, this option would have fallen significantly short of
meeting California s air quality goals.

B. Nati onal Marine Manufacturers Association's Proposal

The second proposal evaluated was the NVMA's proposal .
Recogni zing California’ s need for further em ssion reductions
frommari ne engi nes beyond the U S. EPA program NWWA proposed
i npl enentation of the 2006 standards in 2004 with a 20 percent
reduction. This represents a two year acceleration of the U S.
EPA programw th a reduction of 20 percent beyond the U S. EPA
standards. NWMVA identified this option as the |imt to feasible
reducti ons beyond the U S. EPA program given their substanti al
i nvestment and technol ogy devel opnent work to nmeet the U S. EPA s
program over the next seven years.

The NMVA proposal would yield insufficient em ssion benefits
to meet California s air quality goals. This is primarily
because of the date of inplenentation, which is key to achieving
substantial em ssion benefits by 2010. It also |lacks a stringent
third tier which will guarantee continued reductions beyond 2010.
However, the NMVA's proposal has been incorporated into the
current staff proposal as the mddle tier of the inplenentation
schedul e.
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C. Staff’s Initial Wrkshop Proposal

Staff’s initial Draft Wrkshop Proposal presented at the
July 9, 1998 Public Wrkshop proposed the standards listed in
Tabl e 26.

Tabl e 26
Exhaust Em ssion Standards as Proposed in the July 9, 1998
Wor kshop Package
g/ kW hr
Tier 1 Tier 2 Tier 3
Model Year |nplenentation 2001 2004 2007
Qut boards Less than 100 hp 20 17 13
Qut boards Greater than 100 hp 40 27 13
Personal Watercraft 40 27 13

Source: Air Resources Board, Proposed Gasoline Spark-lgnition Marine Engi ne Regqul ations, Mil
Qut # MSC 98-08, July 8, 1998.

This proposal would bring the em ssions inventory statew de
down to 52 tons per day ROGtNOx for outboard engi nes and personal
watercraft in 2010 if all three tiers were inplenented as
proposed. This is 12 tons per day |ower than the current
proposal. The em ssions inventory in the South Coast Air Basin
in 2010 fromthese categories under this proposal would be 15
tons per day ROGHNOX.

Wil e this proposal provides additional em ssion reductions
that are needed to achieve air quality goals, representatives of
the mari ne engi ne manufacturers rai sed concerns regarding
significant technical and econom c chall enges that may be created
with the adoption of this alternative. The follow ng major
i ssues contributed to the staff’s decision to nodify the initial
wor kshop proposal :

. Lack of a “curve” to set the em ssion standard.
I ndustry representatives denonstrated, through
submttal of certification em ssion test results, the
chal | enges associated with reducing em ssions from
smal | er horsepower engines. The curve shape devel oped
by the U S. EPA is preferable because it takes into
account these engi ne power/em ssions characteristics.
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. Tier 3, 13 g/kWhr Em ssion Standard. Wile sone
engi nes have denonstrated em ssion levels as |ow as 13
g/ kW hr, and though the average em ssion |evel for
currently certified four-stroke engines is 14 g/ kWhr,
it becane apparent that neeting a 13 g/ kWhr standard
across the entire product |line would be extrenely
difficult for very small engines, especially given the
need to include a margi n between the certification
| evel and the famly em ssion |level for conpliance
assurance. The proposed standards range from 28 g/ kW hr
for the smallest engines to approximtely 16 g/ kW hr
for the |argest engines in Tier 3.

. Product Availability. Tier 2 and 3 posed significant
concerns about product availability across a
significant portion of manufacturers’ product |ines.
Staff revised the proposal to include a Tier 2 that was
suggested by NVMA and a Tier 3 that includes a curve to
accommodat e snal | er horsepower engines. Staff wll
conduct a product availability review prior to the
i npl enentation of Tier 3.

D. Staff’'s I nternedi ate Proposal

The internedi ate proposal considered by staff during the
devel opnent of the current proposal was a strategy based on
exhaust em ssion standards |isted in Table 27.

Tabl e 27

I nternmedi ate Staff Proposal HC + NOx Exhaust Em ssion Standards
(gramns/ ki | owat t - hour)

Tier 1 Tier 2 Tier 3
| mpl ement ati on Date 2001 2004 2007
Percent of U S. EPA 2006 Standard 100% 80% 50%

Source: Air Resources Board, Letter Regarding: “Proposed Spark-lgnition Watercraft
Regul ations,” Ml Qut #MSC 98-22, Septenber 8, 1998.

As can be seen in Table 27, the only differences between the
internmedi ate staff proposal and the presented proposal are the
Tier 3 inplenmentation date and em ssion level. The projected
ROG+tNOx em ssions inventory in 2010 and 2020 for this alternative
was 130 and 101 tons per day ROGFNOx, respectively. This
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alternative was rejected by staff sinply because further em ssion
reductions are economcally and technically possible.

In order to provide additional tinme for conpliance and to
achi eve greater em ssion reductions in the long term staff
nodi fied this internmedi ate proposal, pushing back the Tier 3
i npl enmentation date to 2008 and | owering the standard to 35
percent of the U S. EPA 2006 standard.

E. Summary of Consi dered Proposal s

Tabl e 28 sunmari zes the various proposals evaluated by staff
during the regul atory devel opnment process. It should be noted
that the nunbers presented in this conparison are in annual
average tons per day. For planning purposes, the higher weekend
summer day average tons per day inventory nunbers are used
t hroughout the report.

Tabl e 28
Summary of Proposal s Eval uat ed
Sunmary of St at ewi de St at ewi de SCAB Concer ns
Pr oposal 2010 2020 2010
HC+NOx HC+NOx HC+NOx
Em ssions' | Em ssions® | Em ssi ons?

U S. EPA No California 94 75 27 I nadequat e

Specific air quality

Regul ati ons benefit
NIVIVA 80% of U.S. 82 61 23 I nadequat e

EPA 2006 in air quality

2004 benefit
Initial Straight line
St af f st andar ds Econoni c
Vor kshop from40 to 13 52 24 15 concerns
Pr oposal 9/ kW hr
I ntermedi ate | 100% 80% and 65 40 18 Furt her
St af f 50% of U. S. reductions
Pr oposal EPA are possible
Curr ent 100% 80% 64 31 18 Proposed for
Pr oposal and 35% of Adopt i on

U.S. EPA 2006
. Annual Tons per day ROG+NOx from outboard and personal watercraft engines

Sour ce: OFF- ROAD | nventory Computer Mbdel, Cctober 1998.
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| X. CQutstandi ng |Issues

A. | nt r oducti on

Staff presented the concepts for the proposed regul ations
t hrough a wor kshop and numerous i ndividual neetings with
st akehol ders. Marine engi ne manufacturers supported nost areas
of the proposed regul ations as reasonabl e, especially where
harnoni zation with the U S. EPA was achi eved. However, issues
did arise as to the feasibility of reasonable conpliance with the
Ti er 3 exhaust em ssion standards, warranty requirenents, |ead
time for 2001, and the establishnent of a multiple tiered
environnmental | abel program The follow ng discussion briefly
summari zes the outstanding issues pertaining to the proposal as
of submttal for publication

B. Product Availability in 2001

Personal watercraft manufacturers have indicated that ful
product lines will not be available in 2001 that neet the Tier 1
exhaust em ssion standards. Manufacturers claimthat they wll
have converted only 20 to 50 percent of their product lines to
cl eaner technol ogies by 2001. Because of the desirability of
conplying craft, staff does not expect this to translate fully
into |l ost sales. As discussed in Section V (Technol ogi cal
Feasibility), personal watercraft manufacturers can cover a broad
range of product wth two conplying engines, so this projection
may al so reflect |ess popular |ines not being converted and
eventual |y being dropped. Staff has eval uated the possible
inpact to California dealerships if a limted range of persona
watercraft was available. Fromthis analysis staff found that
nost deal erships carry lines fromnore than one manufacturer
sel|l additional recreational equipnent and vehicles, and often
have carryover from previ ous nodel years. Deal erships indicated
that nost of their incone is derived fromaftermarket parts and
service. Guven this information, staff projects that there wll
be m nimal inpact to deal erships, suggesting that this |evel of
product unavailability will be acceptable.

C. Product Availability in 2004

Mari ne engi ne manufacturers have expressed simlar concerns
about neeting the Tier 2 standards as they have expressed about
the Tier 1 standard, nanely that while the standard may be
technol ogically feasible, conversion of a significant anmount of
their product line in tinme for inplementation of Tier 2 in 2004
may be challenging. While there may be sone unavail abl e products
in 2004, NMMA's proposal of the Tier 2 standards contained in the
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staff proposal indicates that nenber conpanies believe they wll
be able to provide sufficient conplying product.

D. Product Availability in 2008

The exhaust em ssion standard proposed for Tier 3 in 2008 is
35 percent of the U S. EPA 2006 em ssion curve. As discussed in
Section V (Technol ogi cal Feasibility), staff anticipates that
manuf acturers will enploy a conbination of four-stroke engi nes
and two-stroke direct-injection engines with aftertreatnment.
Engi ne manuf acturers have expressed concern that these standards,
i f achi evable technologically, would be difficult to fulfill
across their product lines. Staff will conduct a review of
product availability which conplies with the Tier 3 standard
prior to its inplenentation. However, given the long lead tine
provided in the inplenentation schedul e, conpliance with the
standard across a significant portion of the product line is
achi evabl e.

E. Warranty Requirenents

The proposal establishes a four year or 250 hour em ssion
related parts defect warranty requi renent. Mnufacturers have
expressed concern about requiring such extended warranty peri ods,
citing difficulties wwth determ ning appropriate warranty cl ai ns.
Staff believes em ssions related parts warranty periods provide
an added assurance that em ssions performance will be maintai ned
t hroughout a significant portion of the engine’s life. This
requirenent is consistent wth other nobile source regul ati ons.

F. Multiple Tier Environmental Label Program

Through the working group process, several alternative
proposal s were suggested and eval uated. However, consensus was
not reached within the working group on the nunber of |abels, the
design of the |labels, or the em ssion |levels at which | abel s
shoul d be required. The proposal s included:

NMVA Proposal: A single | abel set at the 2004 standard of 20
percent lower than the U S. EPA s 2006 standard. This suggestion
proported to offer sinplicity while avoiding potential confusion
for consuners. Most clean technol ogy engi nes would be eligible
for the | abel. The proposal was nodel ed after the U S. EPA s
Energy Star Program wth the features of easy recognition and
under st andability.
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ARB staff proposed the a nmulti-tier |abel programin order
to establish a nechanismto identify relative |levels of em ssion
performance. The multi-tier |abel programwould be simlar to a
snog index rating or the on-road’ s “l ow em ssion vehicle”
programis “transitional”, “low, “ultra” and “super-ultra | ow
em ssion vehicl e designations, which pronbte consuner purchase of
t he cl eanest technol ogy.

Bl uewat er Network’s Proposal: A three | abel systemwth the
hi ghest emtting | evel set at an em ssion standards curve simlar
to the U S. EPA 2006 standard and the | owest |abel |evel using a
curve that approaches 8 g/kWhr. This approach establishes
multiple tiers that water agencies can choose fromfor setting
activity restrictions while setting at |east one of the curves at
a |l evel beyond today’s avail able technology as a goal for future
I nprovenents.

The water agenci es expressed support for a multi-tiered
program follow ng Bluewater’s framework. 1In fact, East Bay
Municipal Uility District expressed support for a further fourth
or fifth Ievel indicating even |ower |evels including
zero-em ssion | evels.

NVMA opposed this proposal for the reasons cited in their
singl e | abel proposal, and because it provides water agencies
with the ability to distinguish between the various |evels of
em ssion controlled engines. NWMVA believes that the water
agencies woul d use this labeling systemto allow only the
cl eanest engines to operate on their waterways.

Proposed Environnmental Label Provisions: The | abel
provi sions proposed incorporate a three | abel structure simlar
to that proposed by Bl uewater Network. However, rather than
adopt the | evels proposed by Bluewater, the proposal establishes
t he exhaust em ssion standards for 2001, 2004 and 2008 as the
criteria for the three | abels.
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X. Concl usi ons

Staff’s goal in developing this regulation was to propose
mari ne engi ne regul ati ons that achi eved the greatest possible
em ssion reductions in a technol ogically feasible and cost
ef fective manner.

Staff recomends adoption of the proposed regul ation which
w || achieve an annual average 30 ton per day reduction over the
U. S. EPA program by 2010, a 32 percent inprovenent. By 2020 the
regul ation will achieve, on an annual average basis 59 percent
greater reductions over the U S. EPA programor 44 tons per day.
On a weekend summer day basis, the proposed regulations wll
achieve a 110 tons per day reduction over the U S. EPA program by
2010.

The proposed Tier 1 and 2 exhaust em ssion standards are
technol ogically achievable wwth a m x of clean technol ogies
currently being used, or recently introduced including
four-stroke engine technol ogy and direct fuel injection
t wo-stroke technol ogy. Tier 3 exhaust em ssion standards are
achievable with four-stroke engines and with direct-injection
t wo- stroke engi nes coupled with aftertreatnent.

The proposed regul ati ons are necessary to neet air quality
em ssion reduction goal and are supported by the State Water
Resources Control Board as being beneficial to water quality.

No alternative considered by the agency woul d be nore
effective in carrying out the purpose for which the regulation is
proposed or would be as effective or |ess burdensone to affected
private persons than the proposed regul ation.
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