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GLOSSARY

Adjustment factors: Used to adjust emissions or engine load or other situations for non-
standard conditions.

Assist mode: Period when a tugboat is engaged in assisting a ship to/from the harbor and to/from
its berth.

Auxiliary engine: Used to drive on-board electrical generators to provide electric power or to
operate equipment on board the vessel.

Auxiliary power: Typically electric power generated via the auxiliary engine.

Barge: A flat-bottomed craft built mainly for water transport of heavy goods and, in this report,
dredge spoils. Most barges are not self-propelled and need to be moved by tugboats
towing or towboats pushing them.

Bollard pull class: A power measure of the tug’s capacity to push or pull ships.

Brake-specific fuel consumption (BSFC): This is the measure of the engines efficiency in terms
of the fuel consumption rate (weight of fuel burned per hour) divided by the engine load
or output (e.g. kilowatts). For marine engines a different term, standard fuel oil
consumption (SFOC), is sometimes used to describe the identical efficiency measure.

Cargo handling equipment: Equipment used to transfer cargo or containers. Cargo handling
equipment is used to move containers from one mode of transportation to another, or
from a storage area to a truck chassis, for example. Typical cargo handling equipment at
the Port of Oakland include yard trucks, RTG cranes, top and side picks, forklifts, and
other general industrial equipment.

Clamshell dredge: Hangs from an onboard crane, or is carried by a hydraulic arm, or is mounted
like on a dragline and grabs dredge material.

CO: carbon monoxide.

Cutter head dredge: Also known as a suction dredge, this dredge uses a suction tube with a
cutter head at the suction inlet, to loosen the earth and transport it to the suction mouth.
The cutter can also be used for hard surface materials like gravel or rock. The dredged
soil is usually sucked up by a wear resistant centrifugal pump and discharged through a
pipe line or to a barge. From Wikipedia.

Cruise modes: The vessel mode while traveling in the open ocean or in an area without speed
restrictions.

Dead weight tonnage (DWT): Dead Weight Tonnage (DWT) is the weight of the ship, all her
stores and fuel, pumps and boilers, crews quarters with crew and the cargo. In other
words, how much water the vessel displaces when loaded.

Deep draft marine vessel: Deep draft vessels are larger vessels typically with draft in excess of
14 feet measured at the highest waterline and the bottom of the vessel. Other works
describe this type of vessel as only Ocean-Going Vessels (OGV), but deep draft is used in
this report to distinguish and avoid confusion between these larger vessels and smaller
ocean-going tugs, supply vessels, and fishing vessels that could also be considered
“ocean-going vessels”.

DPM: Diesel particulate matter

Dredging: An excavation activity or operation carried out underwater typically for the purpose
of the removal of materials from the bottom of channels and berths to allow vessels with
deep drafts.

Emission estimation: Method by which the quantity of a particular pollutant emission is
estimated.



Emission factor: The average emission rate of a given pollutant for a given source, relative to a
unit of activity. For example, grams per kilowatt of actual power or grams per hour of
engine operation.

Emissions inventory: A listing of all the pollutant emissions included in the study.

g/kW-hr: This is the unit for reporting emission or fuel consumption factors, and means the
grams per kilowatt-hour of work performed. Work and energy are used synonymously in
this context.

HC: hydrocarbon emissions

Hotelling: On-board activities while a ship is in port and at its berth or anchored nearby.

Hydrolyze: To add water to a chemical compound.

Hydrated sulfuric acid: sulfuric acid to which water had been added.

Installed power: The engine power available on the vessel. The term most often refers only to
the propulsion power available on the vessel, but could incorporate auxiliary engine
power as well.

Intermodal site: Location where cargo is transferred from one form of transportation to another,
for example between an ocean-going vessel and a railroad car.

Knot: A nautical unit of speed meaning one nautical mile per hour and is equal to about 1.15
statute miles per hour.

Link: A defined portion of a vessel’s, train’s, or truck’s travel. For example a link was
established extending from the November Buoy out in the ocean to the location where the
pilot boards the vessel. A series of links defines all of the movements within a defined
area or a trip.

Load: The actual power output of the vessel’s engines or generator. The load is typically the
rated maximum power of the engine multiplied by the load factor if not measured
directly.

Load factor: Average engine load expressed as a fraction or percentage of rated power.

Maximum power: A power rating usually provided by the engine manufacturer that states the
maximum continuous power available for an engine.

Medium speed engine: A 4-stroke engine used for auxiliary power and rarely, for propulsion.
Medium speed engines typically have rated speeds of greater than 250 revolutions per
minute.

Mode: Defines a specific set of activities, for example, a tug’s transit mode includes travel time
to/from a port berth while escorting a vessel.

NOX: nitrogen oxides. Includes all different nitrogen oxide compounds.

Ocean-going vessels (OGV): Vessels equipped for travel across the open oceans. These do not
include the vessels used exclusively in the harbor, which are covered in this report under
commercial harbor craft. And in this report OGV are restricted to the deep draft vessels
that carry containers.

Off-Road activity: Activity that occurs off of established roadways. Activity within a marine
terminal yard is considered off-road activity.

On-road activity: Activity that occurs on established roadways.

Operation mode: the current mode of operation for a ship — cruise, RSV, maneuver, or berth.

Pilot Buoy: used to mark a maritime administrative area to allow boats and ships to navigate
safely.

PM10: particulate matter emissions less than 10 micrometers in diameter.

PMZ2.5: particulate matter emissions less than 2.5 micrometers in diameter

Port of Call (POC): A specified port where a ship docks.

Port berth: A location in a port or harbour used specifically for mooring vessels.

Propulsion engine: Shipboard engine used to propel the ship.

Propulsion power demand: Power used to drive the propeller and the ship.



Rated power: A guideline set by the manufacturer as a maximum power that the engine can
produce continuously.

Reefer plug: Plug allowing a refrigerator container to plug into an outlet connected to the ship's
power generation.

ROG: reactive organic gas; all hydrocarbon compounds that can assist in producing ozone
(smog). Includes HC plus aldehyde and alcohol compounds minus methane.

Roll on/roll off vessels: Ships designed to carry wheeled cargo such as automobiles, trailers, or
railway carriages that drive or are pulled onto the vessels.

RSZ: Reduced speed zone.

RTG Crane: Rubber tired gantry (RTG) crane is sometimes but rarely called a straddle crane
because the crane ‘straddles’ a row of containers stored in the terminal yard as it drives
up and down the row.

Shoaling: Shoaling is term used in this report to describe subsidence of the shore or other filling
of the navigation channel near shore.

Ship Lift: Lifting a container (box) from or onto a vessel.

SO,: Sulfur dioxide.

SOx: Oxides of sulfur. Interchangeable term with sulfur dioxide but include some other minor
forms of sulfur oxides.

Spatial allocation: Areas on a map allocating a specific set of activities.

Spatial scope: A specified area on a map that defines the area covered in study.

Slow speed engine: Typically a 2-stroke engine or an engine that run below 250 rpm’s.

Standard fuel oil consumption (SFOC): See brake specific fuel consumption (BSFC).

Steam boiler: Boiler used to create steam or hot water using external combustion.

Steam turbines: A mechanical device that extracts thermal energy from pressurized steam, and
converts it into useful mechanical work.

Tender: a utility vessel used to service another type of vessel, for example, servicing a clamshell
dredge.

Time in mode: The amount of time a vessel remains in a specified mode, for example the
amount of time a ship spends in the reduced speed zone.

Tons: Represents short tons (2,000 Ibs) unless otherwise noted.

Tonnes: Metric tons (1,000 kg)

Transit mode: The time a tug spends traveling to/from its berth to the pick-up location.

Tug class: A tugboat’s Bollard pull class designation.

Two-stroke engine: Engine designed so that it completes the four processes of internal
combustion (intake, compression, power, exhaust) in only two strokes of the piston.
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EXECUTIVE SUMMARY

The Port of Oakland (Port) 2005 Seaport Air Emissions Inventory (Emissions Inventory)
identifies and quantifies air emissions from the Port’s maritime activities, organized by the major
source categories:

Deep-Draft Ocean-Going Marine Vessels (OGV)
Commercial Harbor Craft (dredging and assist tugs)
Cargo Handling Equipment (CHE)

Trucking (container movements)

Locomotives

Since 1927, the Port of Oakland has managed the efficient movement of goods in and out of the
region, bringing the benefits of the global marketplace to the San Francisco Bay Area. The Port
manages maritime, airport and commercial real estate operations along 19 miles of waterfront on
the eastern shore of San Francisco Bay. The Port’s seaport is the fourth busiest container port in
the United States. The container terminals, which are leased to terminal operators, encompass 19
active deepwater berths and 37 gantry container cranes. The Port is an independent department
of the City of Oakland, acting through the Board of Port Commissioners. All Port activities are
funded through operating income or through revenue bonds; no state or local tax money is used
to support operations.

The Port of Oakland voluntarily chose to prepare an air emissions inventory of its seaport in
advance of any regulatory directive. This emissions inventory highlights the Port’s commitment
to improve understanding of the nature, location and magnitude of emissions from its maritime-
related operations. The Port is committed to conducting its operations in the most sustainable
and environmentally sensitive manner possible.

The purpose of this inventory is to better understand the emissions that occur from typical Port
activities so the Port can better address its impact on air quality. The inventory will:

Establish a baseline for evaluating changes in Port emissions as air pollution control
regulations are phased in.

Provide an input to regional air quality plans — plans that are required by the Federal
and State Clean Air Acts and are designed to map the region’s approach to attaining
Federal and State ambient air quality standards.

Inform local, state and federal regulatory decision-makers in their effort to reduce air
emissions from Port-related sources and improve air quality.

Provide air quality background information to be used in future environmental
documents.

Provide Port specific emission inventory data to inform and support special studies
such as the West Oakland Health Risk Assessment, currently under development by
the California Air Resources Board (ARB).

As the Port develops an air quality plan for the Seaport, the emissions inventory will
provide a technical basis for setting priorities and evaluating the cost-effectiveness
and potential benefits of air pollutant control measures.

Port of Oakland
2005 Seaport Air Emissions Inventory — Review Copy ES-1
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The inventory provides estimates for emissions of five “criteria” air pollutants, reported as tons
per year. The pollutants are:

Reactive organic gas (ROG)

Carbon monoxide (CO)

Nitrogen Oxides (NOXx)

Particulate matter (including diesel) (PM)
Sulfur dioxides (SOx as SO2)

The particulate matter estimated in this report is primarily diesel particulate matter (DPM),
which is also a toxic air contaminant that has been listed by ARB. A small percent of particulate
matter emissions, typically less than 5% of the total, come from boilers and LPG-powered
engines, and thus are not DPM.

Introduction, Scope and Coordination

This is an inventory of the air emissions generated by maritime activities conducted by the Port
of Oakland’s tenants. On the water side, the spatial domain of the inventory includes Port-
related marine vessel transit from dockside out through the Golden Gate Bridge, to the first outer
buoys beyond the Pilot Buoy, approximately 30 miles away from the Port. On the landside, the
spatial scope of the inventory includes nine marine terminals, one rail yard, and the road traffic
between those facilities and the nearest freeway interchanges. The Port area was defined
approximately by the boundaries of 1-80, 1-880, and the Howard Terminals (Berths 67 and 68)
adjacent to Jack London Square. Within this defined geographic area, three significant areas
were specifically excluded: the Schnitzer Steel terminal, the Union Pacific rail yard, and the
former Oakland Army Base located between Maritime Street and 1-880. These areas were not
controlled or operated by the Port of Oakland in 2005. Figures 1-1 and 2-1 in the body of the
report illustrate the spatial scope of the inventory.

With the exception of a limited roll-on and roll-off activity at Berth 34, the Port of Oakland
operated almost exclusively as a container port in 2005. The Port discontinued much of the roll-
on and roll-off activity during 2005. All 1,916 calls were by deep-draft vessels designed as
container ships, or built for other uses but converted to transport containers. On the land side,
Port terminals operated as a collection of intermodal sites where cargo handling equipment
transferred containers to and from vessels to truck or rail transportation.

ENVIRON International, with assistance from the Sierra Nevada Air Quality Group, prepared
the emissions inventory for the Port. ENVIRON assembled the emissions inventory by
analyzing the time-in-mode, load or speed, and engine characteristics of the marine vessels and
other equipment used to transport container cargo. The time-in-mode characteristic allowed for
the emissions inventory to be spatially (locationally) defined. Input data from previous studies
and literature reviews, or ARB input data or models, were used when more precise estimates
could not be generated during the period of this study.

Port of Oakland
2005 Seaport Air Emissions Inventory — Review Copy ES-2
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ENVIRON and the Port worked closely with ARB and the Bay Area Air Quality Management
District (BAAQMD) in preparing this inventory, coordinating through weekly conference calls
which included discussion of many input factors and review of emissions inventory
methodologies. Additionally, in January 2007 the Port released to the public a draft working
document presenting the Port-proposed methodology for estimating emissions for each source
category, along with ARB’s comments on the proposed methodology. Public comment on the
methodology was accepted through a Port-sponsored meeting on January 31, 2007; no comments
directly related to the methodology were received.

The Port and its contractors provided ARB with detailed spatial information on particulate

emissions so the inventory could be used as input to the dispersion modeling that ARB will
perform for the West Oakland Health Risk Assessment.

Technical Approach to Major Source Categories

Emissions were estimated for the five source categories as described below, and a summary of
the emission results are presented in Table ES-1.

Ocean-going Marine Vessels. Ocean-going vessel emissions were estimated in several
operating modes: cruising, cruising in the reduced speed zone (RSZ) inside the Bay,
maneuvering (lower speed operation between the Bay Bridge and their berths in the Inner or
Outer Harbors), and hotelling (vessels at berth being loaded and offloaded and at anchor in the
Bay). Separate mode estimates are important because of location, especially the proximity to on-
shore areas like West Oakland. Emissions sources included the vessels’ main propulsion
engines, auxiliary engines, and small auxiliary boilers. Except for the boilers, all emission
sources in ocean-going vessels were diesel engines.

About three-fourths of the ocean-going vessels that called at the Port of Oakland in 2005 were
classified as “larger” vessels (750 feet or longer). The age of vessels ranged from new to 35
years. Newer vessels that were five years old or less made about one-third of the vessel calls.

Harbor Craft. Smaller marine vessels are included in a category described as “Commercial
Harbor Craft”. Vessels in this category are associated with Port maritime operations and consist
primarily of assist tugs and a few small boats that supported maintenance dredging. One or two
tugs assist all vessels during the maneuvering mode as they enter and leave the Port. At least
eight tug companies provided assist services, some located in the immediate vicinity of the Port
and others in San Francisco and Richmond. Information from several data sources was used to
characterize the tug fleet and installed equipment. The inventory includes tug emissions
estimates in two operating modes, vessel assist and transit to and from the vessel assist point.
Emissions sources include tug main propulsion and auxiliary diesel engines.

The inventory also addresses emissions from operation and maintenance dredging, which occurs
annually to maintain safe depths in Federal channels and at Port berths. Dredging activity was
low in 2005 compared to average years. Emissions were estimated from dredges, dredge
tenders, crew and work boats, and tugs that push barges containing dredged material to disposal
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or reuse areas. Dredging equipment is typically powered by diesel engines, though in 2005 most
maintenance dredged materials were removed by an electric powered dredge, which was at the
Port deepening the berths to -50 feet.

Cargo Handling Equipment. ENVIRON collected specific activity information for cargo
handling equipment used in the Port of Oakland in 2005 to move containers within maritime and
rail yards. ENVIRON and ARB determined annual emissions for each piece of equipment
according to engine characteristics (model year, rated power, and equipment type) and
equipment operation (hours of operation and fuel consumption rates). Yard trucks (sometimes
called hostlers), side picks and top picks were the most prevalent types of equipment. Other
equipment included rubber tired gantry cranes, forklifts, and tractors. Nearly 90% of the
equipment was powered by diesel engines and many units had been retrofitted with emissions
control devices or repowered under a Port incentive program. About 10% of the cargo handling
units were fueled by liquid petroleum gas (LPG).

An important input to calculating emissions from cargo handling equipment is load factor, which
describes the average relative load in-use as a fraction of maximum power. Load factors can be
difficult to discern because the duty cycle of equipment can vary widely during normal
operation, with periods of high power operation interspersed with periods of extended zero-load
idling. The load factor methodology as used in the emissions estimates, therefore, represents an
approximate estimate for overall activity reflecting typical engine loads during normal
equipment operation. Emissions estimates for container handling equipment are reported as a
range in Section 4 to reflect the uncertainty in the average load.

Trucking. Maritime operations create a demand for a significant number of truck trips,
including short trips within the Port moving containers from marine terminals to other locations.
Trucks arrive at the Port terminals primarily via freeway interchanges or rail yards, and leave
through the same general exits. Even if trucks arrive via surface streets, the trips primarily pass
through the intersections that define the primary freeway interchanges. The spatial scope of the
truck emissions inventory was therefore defined to include truck routes from the marine
terminals to each of three freeway interchanges and the two rail yards. This inventory does not
include emissions from Port trucks operating on freeways.

ENVIRON'’s general approach to estimate truck emissions was to determine truck travel by
estimating the number of truck trips to and from the marine terminals, the trip mileage to and
from the terminals, and the average link and trip speed. Input activity data used to develop the
emission estimates was derived from several sources. To estimate the truck trips, the Port of
Oakland conducted an in-depth survey with the terminal operators to determine the gate counts
by configuration of each truck (as a tractor only or the tractor with a trailer) at the entrance and
exit to the terminals. ENVIRON then estimated truck trips from truck gate count data and
container lift data provided by the port.

Emissions from trucks depend on the age distribution of the transport trucks as well as site-
specific conditions. Age distribution plays a significant role because of regulations over the past
decades that make newer trucks significantly cleaner than older trucks. In the past, some studies
have shown that Port trucks tend to be older than average. In 2006, as part of the emissions
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inventory effort, the Port conducted a specially designed study, reviewed by ARB, to determine a
Port of Oakland specific truck age distribution. The results of this study showed the near
nonexistence of post-1999 trucks (trucks younger than 6 years) at the Port of Oakland. The age
distribution of the fleet serving the Port was primarily between model years 1993 and 1999,
inclusive, accounting for 80% of all truck trips.

ENVIRON estimated emissions for four truck operating modes: idling at terminal queues, in-
terminal idling, in-terminal driving, and over-the-road driving to and from the rail yard and
freeway exits. ENVIRON used the most recent version (at the time of this study, January 2007)
of the EMFAC2007 model to estimate emission rates for the various modes, as presented in
Section 5. For consistency with previous ARB studies, a pre-release beta version of EMFAC
was used for the truck emissions presented in Table ES-1.

Locomotive. The Oakland International Gateway (OIG) rail yard is a Port of Oakland terminal
operated under a lease by Burlington Northern Santa Fe (BNSF) railway. BNSF uses the OIG as
a near dock transfer point for Port of Oakland maritime traffic and only Port containers are
handled at the yard. Locomotives and trains enter the general port area from the north via the
Union Pacific (UP) lines, and leave in the same direction via tracks going north through
Richmond and onto BNSF lines out of the Bay Area. The Union Pacific rail yard (UP Railport)
that sits adjacent to the Port terminals serves as an intermodal yard for freight movements
through the port, but it is not included in the Port’s emissions inventory because it is
independently operated and also handles non-Port cargo. UP has provided the ARB with an
independent analysis of the emissions from its Oakland facility.

Because different locomotive and engine models have different emission characteristics, it was
important to characterize the types and models of the locomotives that arrive/depart and are
serviced at OIG. ENVIRON estimated the locomotive fleet fractions for different locomotive
types and models using data provided by BNSF. The number of engines moving through the
yard was determined from a BNSF-supplied train arrival and departure database. One switching
engine is usually assigned to the OIG yard with very similar engine models used for this purpose,
and its operations were included in this emission estimates.

Results
The results of the Port of Oakland Seaport Emissions Inventory are summarized in Table ES-1.

Table ES-1. Port of Oakland emissions summary by emission source category — tons in 2005.

Emission Source Category ROG CO NOXx PM SO2

Ocean-going vessels (OGV) 117 235 2,484 219.5" 1,413
Harbor Craft 22 83 345 13.4° 3
CHE 53 408 766 21.7"° 7
Truck 49 149 334 15.9° 2
Locomotive 7 11 76 2.0 2
Total 248 886 4,005 272.5 1,427

A small portion of the particulate in these categories includes boiler or LPG engine emissions; most of the emissions

5208.5 tons from OGV and 21.2 tons from CHE) are from diesel exhaust.
Alternative emission estimates, primarily for assist tugs, cargo handling equipment and trucks, are presented in

sections 3, 4 and 5 of the report, respectively, to reflect technical uncertainty inherent in making emissions estimates
of complex activities and the sensitivity of the estimate to site-specific versus general inputs.
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Ocean-going vessels constitutes the largest source category for all pollutants, producing 80-85%
of estimated particulate matter emissions and the major portion of other pollutants within the
scope of this emissions inventory. Table ES-2 shows a more detailed assessment of ocean going
vessel emissions by mode of operation. Trucks, harbor craft, and cargo handling equipment each
produced 5-10% of the estimated Port-related particulate matter emissions. Locomotives from
the one rail yard included in this study produced a small fraction of the total emissions.

It is important to keep in mind that location of emissions is often as significant as the total
quantity because emissions generated close to community receptors will have a greater effect on
human health risk on a per ton basis. The impact of the various source categories on West
Oakland air quality will not necessarily be directly proportional to the magnitude of their
emissions because proximity to the community is not addressed in this emissions inventory. For
example, the particulate matter emissions from ocean-going vessels in cruising mode, which
occurs outside the Golden Gate, will have less impact to sensitive receptors in Oakland than
emissions that occur closer to shore during the maneuvering or hotelling modes. The greater the
distance is between the emission source and affected area, the lower the pollutant concentration
IS at a sensitive receptor.

Table ES-2. OGV emissions summary by mode, using ARB-specified activity emission factors
— tons in 2005.

Emission Mode ROG CO NOXx PM SO2
OGV - Cruise 16 46 588 52.4 383
OGV - RSZ 27 63 647 60.2 395
OGV — Maneuver 53 58 458 43.6 157
OGV — Berth 21 65 767 61.3 464
OGV - Anchorage 1 2 24 2.0 15
OGV subtotal 117 235 2,484 219.5 1,413

An emissions inventory is best understood as an estimate of the quantity of pollutants that a
group of sources produce in a given area, over a prescribed period of time. Emissions
inventories should be used with care and in conjunction with other information and tools to
evaluate and assess air quality problems.

Port of Oakland
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1. INTRODUCTION

1.1 Purpose and Background

The Port of Oakland (Port) has prepared this 2005 Seaport Air Emissions Inventory (emissions
inventory) for the purpose of identifying and quantifying the air quality impacts from the
maritime operations of the Port and its tenants. With a baseline inventory, the Port will be better
able to target its air quality improvement measures at emissions reductions within the major
categories of maritime equipment:

Deep-Draft Ocean-Going Marine Vessels (OGV)
Commercial Harbor Craft (dredging and assist tugs)
Cargo Handling Equipment (CHE)

Trucking (container movements)

Locomotives

The Port voluntarily chose to prepare an air emissions inventory of its seaport to help in air
quality planning and to meet its commitment to develop and implement a criteria pollutant
reduction program that defines measurable reductions within specific time periods, aimed at
reducing or off-setting Port-related emissions in West Oakland from its maritime-related
operations." Because annual emissions from operations vary over time due to changes in cargo
volume and to the phasing in of regulations that control emissions, the most recent year for
which complete data was available — calendar year 2005 — was chosen as a baseline for future
comparisons.

This emissions inventory highlights the Port’s commitment to improve understanding of the
nature, location and magnitude of emissions from its maritime-related operations.

1.2 Considerations When Using Emissions Inventories

Emissions inventories are used for multiple purposes: to analyze air quality, to develop pollutant
control strategies or plans, and to track and communicate progress toward air quality goals.
Emissions inventories are essential tools, but they have some inherent shortcomings that are
often overlooked and lead to misconceptions about their use and value. The term “inventory” is
something of a misnomer because it implies greater precision in “counting” emissions than is
really the case. An emissions inventory is better understood as an estimate of the quantity of
pollutants that a group of sources produce in a given area, over a prescribed period of time. The
methods of making estimates are usually very technical in nature, a characteristic that makes the
limitations of emissions inventories less transparent to the general public.

The accuracy of emissions estimates varies due to a number of factors. Even a well-conducted,
detailed and professional inventory, such as this one, does not have access to direct emissions
measurements from the specific, individual sources being studied. As a result, it is necessary to
rely on surrogate information to characterize sources, describe source activities, and specify

! Oakland Army Base Redevelopment Area Final Environmental Impact Report, Mitigation Monitoring and
Reporting Program (Mitigations 4.4-3 and 4.4-4), 2002.
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pollutant emission rates. Emissions estimation methodologies are continuously in flux, changing
and evolving over time as better and more accurate information becomes available. Historically,
emissions inventory updates have revealed previously overlooked information about sources and
source activity that has substantially changed overall emissions estimates. For example, because
of new information made available in 2006, the Air Resources Board (ARB) changed its on-road
vehicle emission model, EMFAC, resulting in higher per-truck diesel particulate emissions rates
than those originally used to estimate truck emissions from the Ports of Los Angeles and Long
Beach in 2004. As a result, emissions inventories conducted even a few years apart may not be
directly comparable. Another important consideration in interpreting emissions inventories is the
somewhat counter-intuitive fact that there can be a poor correlation between the magnitude of
emissions and an air quality impact. The importance of a given ton of emissions may differ from
another ton because of the location at which it is emitted, because of the meteorological
conditions that affect its dispersion, or because of the chemical reactions that occur in the
atmosphere. Emissions inventories should be used with care and in conjunction with other
information and tools to evaluate and assess air quality problems.

1.3 Important Features of the Port of Oakland Seaport Emissions Inventory

Some features of the Port emissions inventory that should be kept in mind throughout this report
are described below.

Scope

The inventory estimates emissions from the Port’s, tenants’ and other maritime operations that
occurred in the calendar year 2005. It is not intended to represent emissions in other years, or
emissions outside the geographic domains identified for each major source category, as
described below in “Technical Approach”. Tenants for which emissions were estimated include
shipping lines, marine terminal operators, and the railyard operator. Non-tenant maritime
operations for which emissions were estimated include truckers, dredgers, tugs, and other assist
vessels.

Sources

The inventory focuses on the largest sources of air emissions from maritime operations, which,
except for ship boilers, are all diesel engines powering ocean-going vessels, harborcraft assisting
those vessels and dredging vessel berths, cargo handling equipment at marine terminals and
railyards, and locomotives and trucks engaged in transport of maritime cargo containers. The
inventory does not address other sources, such as gasoline-powered, light-duty vehicles, that
operated at the Port.

Port of Oakland 1-2
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1.4 Criteria Air Pollutants

The inventory provides estimates for emissions of five “criteria” air pollutants described here,
reported as tons per year.”

Reactive Organic Generally colorless gases that are emitted during combustion or
Gases through evaporation. They react with other chemicals in the ambient
air to form ozone or particulate matter, both of which can have
adverse health effects at higher concentrations

Carbon Monoxide Colorless gas that is a product of incomplete combustion. Has an
adverse health effect at higher concentrations.
Nitrogen Oxides Nitrogen oxides include nitric oxide and nitrogen dioxide. Nitrogen

dioxide is a light brown gas formed during combustion from
reactions with both the nitrogen in the fuel or the combustion air.
Nitrogen dioxide has adverse health effects at higher concentrations.
Both nitrogen dioxide and nitric oxide participate in the formation of
ozone and particulate matter in the ambient air.

Particulate Matter Solid or liquid particles that form from a variety of chemical
reactions during the combustion process. Solid particulate may also
be emitted from activities that involve abrasion or friction. Have
adverse health effects at higher concentrations.

Sulfur Dioxide Gas that is formed during combustion of a fuel that contains sulfur.
Has adverse health effects at higher concentrations and participates in
the formation of particulate matter in the ambient air.

1.5 Particulate Matter

The particulate matter estimated in this report is primarily diesel particulate matter, which is a
toxic air contaminant as listed by the ARB. A small portion of particulate emissions was from
non-diesel LPG fueled cargo handling equipment, as noted in Section 4.

1.6 ARB Health Risk Assessment

The ARB, in cooperation with the Bay Area Air Quality Management District (BAAQMD), is
conducting modeling studies to estimate the health risks from diesel exhaust in West Oakland.
The Port and the Union Pacific Railroad are both providing information on their local marine and
rail operations for these health risk assessments, while ARB and BAAQMD are compiling
information on other sources of diesel emissions (including non-Port marine operations) that may
affect the West Oakland community. A draft report is expected to be ready in late 2007.

Therefore, the inventory was closely coordinated with the ARB and BAAQMD, and major
refinements were made to the inventory during its development so its estimates of diesel
particulate matter could be used for the West Oakland health risk assessment. The most
important refinements were:

2 The term “criteria” pollutant is applied to pollutants for which an ambient air quality standard has been set, or
which are chemical precursors to pollutants for which an ambient air quality standard has been set.
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e Emissions were temporally and spatially distributed so they could be used as input to the
ARB’s air quality dispersion model. These spatial distributions will be discussed in the
health risk assessment report that will be prepared by ARB, but are not addressed in this
report.

e For some source categories, primarily assist tugs and cargo handling equipment, both
ARB and Port of Oakland-specific emissions estimates were included in order to provide
emissions consistent with the emissions estimation methodologies used by ARB in
previous studies. As a result, this Port inventory contains a range of annual emissions
estimates for these categories, rather than a single value.

1.7 Technical Approach
This report outlines the maritime emissions inventory from mobile sources at the Port of Oakland

in 2005 and includes the input data and methodology used in estimating emissions. The
emissions inventory includes the following major source categories:

Deep-Draft Ocean-Going Marine Vessels (OGV)
Commercial Harbor Craft (dredging and assist tugs)
Cargo Handling Equipment (CHE)

Trucking (container movements)

Locomotives

This is an inventory of the air emissions generated by maritime activities conducted by the Port
of Oakland’s tenants. On the water side, the spatial domain of the inventory includes Port-
related marine vessel transit from dockside out through the Golden Gate Bridge, to the first outer
buoys beyond the Pilot Buoy, approximately 30 miles away from the Port. On the landside, the
spatial scope of the inventory includes nine marine terminals, one rail yard, and the road traffic
between those facilities and the nearest freeway interchanges. The Port area was defined
approximately by the boundaries of 1-80, 1-880, and the Howard Terminal (Berths 67 and 68)
adjacent to Jack London Square. Within this defined geographic area, three significant areas
were specifically excluded: the Schnitzer Steel terminal, the Union Pacific rail yard, and the
former Oakland Army Base located between Maritime Street and 1-880. These areas were not
controlled or operated by the Port of Oakland in 2005. Figures 1-1 and 2-1 illustrate the spatial
scope of the inventory.

Port of Oakland 1-4
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Figure 1-1. Port of Oakland Maritime Facilities — 2005.

The inventory was prepared by ENVIRON, the consultant hired by the Port, by analyzing all
maritime activity in 2005, including the time in different modes of operation, the load or speed,
and the engine characteristics of all equipment and vessels used in the Port’s maritime
operations. To obtain this data, Port, State, and terminal and rail operator records were used,
along with special studies that are included in the appendices. Previous studies and literature
reviews, and ARB input data or models estimates were used when more precise estimates could
not be generated during the period of this study. ENVIRON also provided the Port and ARB
with detailed spatial and temporal allocations for each emission source.

ENVIRON and the Port worked closely with ARB and the BAAQMD in preparing this
inventory, coordinating through weekly conference calls, which included discussion of many
input factors and review of emissions inventory methodologies. Additionally, in January 2007
the Port released to the public a draft, working document presenting the Port-proposed
methodology for estimating emissions for each source category, and ARB’s comments on the
proposed methodology. ARB requested that the Port inventory be consistent with methodologies
used by ARB in previous studies for similar facilities. As a result, most emissions estimates in
this report use ARB inputs and methodologies. However, for some source categories where the
parties agreed that legitimate technical uncertainty existed on how to calculate emissions, the
ARB agreed to the inclusion of Port of Oakland-specific inputs. For these source categories,
primarily assist tugs and cargo handling equipment, this emissions inventory includes a range of
estimates as a sensitivity analysis.

Port of Oakland 1-5
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The Port and its contractors provided detailed spatial information on particulate emissions so this
inventory could be used as input to the dispersion modeling that ARB would perform for the
West Oakland health risk assessment.

1.8 Report Organization

This emissions inventory report is organized into an Executive Summary, seven sections, and the
appendices.

* The Executive Summary briefly describes the methodologies used to estimate air emissions
for all Port activities, and a summary of the results (Tables ES-1 and ES-2)

» Section 1 contains this introduction to the report.

» Section 2 describes deep-draft ocean-going marine vessels.

» Section 3 describes operation and maintenance dredging activity and assist tugs.
» Section 4 describes cargo handling equipment.

» Section 5 describes the Port of Oakland on-road truck activity associated with container
movements.

» Section 6 describes locomotive emissions.

» Section 7 contains the summary and results of the report.

» Section 8 provides the references used in developing the emissions inventory.
» A glossary defines the technical terms used in the report.

» The appendices provide detail on the methodologies used to derive the data.

Port of Oakland 1-6
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2.0 DEEP-DRAFT OCEAN-GOING MARINE VESSELS (OGV)

2.1 Deep-Draft Ocean-Going Marine Vessel Activity and Inventory

This section documents the emission estimation methods and results for large deep-draft ocean-
going vessels (OGV) calling at Port of Oakland terminals in 2005. ENVIRON followed the EPA
guidance for best practices (ICF Consulting, 2006) for maritime emissions inventory and Air
Resources Board (ARB) guidance provided in weekly conference calls from October 2006 until
June 2007. This section includes information supplied by ARB specifically for this study.

Ocean-going vessels (OGV) are the primary emissions source for the Port of Oakland marine
traffic, and this study is limited to the vessel activity during 2005. OGVs are large ships
carrying import and export containers and form the basis for the Port’s throughput. These ships
use propulsion engines for movements, auxiliary engines for electrical power and small boilers
for steam and hot water, all of which produce emissions. The methodology used for estimating
emissions was to multiply the total time by the engine by the load factor and by the emission
factors derived for these sources. Each vessel has unique characteristics of speed, engine type
and power that affect the estimate of time and engine load for each vessel call.

The 1,916 vessel calls at the Port of Oakland in 2005 were primarily container ships (1,812 calls)
with a few calls by general cargo (86), roll on/roll off (17), and integrated tug and barge (1)
vessels as characterized by the Lloyds (2006) classification. However, as confirmed by the Port
of Oakland Wharfingers, all of these ships were either a container ship that may also carry other
cargo, or ships that were originally built for other uses but were converted to transport
containers. When selecting the input parameters for the emissions calculations, this study uses
the container ship category for all vessel calls in 2005, except for the few roll on/roll off vessels.

The ship size can be defined by three different methods:

e Dead weight tonnage (DWT),
e Container capacity in twenty-foot equivalent units (TEU), or
e Number of refrigerated (reefer) plugs available.

Each of these size measurements may affect one emission source or another. For example, the
number of reefer plugs could affect the auxiliary engine loads of the vessel, while the DWT or
TEU capacity could affect the overall size of the vessel and therefore the propulsion power
demand. Table 2-1 describes general ship characteristics using all three size measurements for
vessels calling at the Port of Oakland in 2005.

Port of Oakland 2-1
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Table 2-1. Ocean-Going Vessels — 2005 Port of Oakland vessel calls by three different ship

Size measures.

ENVIRON

Dead Weight
Tonnage Calls TEU Calls Reefer Plugs Calls
<20,000 69 <2000 206 <250 474
<40,000 614 <3000 599 <375 1034
<60,000 1226 <4000 995 <500 1457
<80,000 1761 <5000 1454 <1000 1867
<100,000 1866 <6000 1738 <1400 1869
<120,000 1916 <7000 1851
<9000 1914
Unknown 2 Unknown 47

Source: Lloyds (2006)

Vessels called at regular and irregular frequencies. Many vessels had regular routes between
Hawaii or Asian ports and the Port of Oakland, while others made infrequent calls. A few

vessels that have regular routes to Hawaii called at Oakland as many as 26 times in 2005. Most
of the calls were from vessels calling between 3 and 11 times in 2005, accounting for nearly 80%
of the calls in 2005. Table 2-2 outlines the number of calls by individual vessels in 2005, using
the number of calls.

Table 2-2. Ocean-Going Vessel - Port of Oakland vessel calls in 2005.

Number of Ship Subtotal Cumulative
Calls in 2005 Count Calls Calls
1 74 74 74
2 62 124 198
3 43 129 327
4 31 124 451
5 22 110 561
6 25 150 711
7 15 105 816
8 21 168 984
9 29 261 1245
10 33 330 1575
11 12 132 1707
12 2 24 1731
13 2 26 1757
14 0 0 1757
15 0 0 1757
16 0 0 1757
17 1 17 1774
18 0 0 1774
19 1 19 1793
20 0 0 1793
21 0 0 1793
22 1 22 1815
23 0 0 1815
24 1 24 1839
25 1 25 1864
26 2 52 1916

Source: Port of Oakland Wharfinger, 2006
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The age distribution of the vessels calling at the Port is shown in Table 2-3. Most were
relatively new, but a vessel as old as 34 years also called. The median age of vessels calling the

Port of Oakland in 2005 was 8 years old.

Table 2-3. Ocean-Goin

Model Count of | Individual Cumulative
Year Calls % of Calls % of Calls
2005 86 4.5% 4.5%
2004 96 5.0% 9.5%
2003 110 5.7% 15.2%
2002 132 6.9% 22.1%
2001 143 7.5% 29.6%
2000 96 5.0% 34.6%
1999 39 2.0% 36.6%
1998 159 8.3% 44.9%
1997 147 7.7% 52.6%
1996 94 4.9% 57.5%
1995 116 6.1% 63.6%
1994 34 1.8% 65.3%
1993 54 2.8% 68.2%
1992 87| 4.5% 72.7%
1991 71 3.7% 76.4%
1990 17 0.9% 77.3%
1989 27 1.4% 78.7%
1988 36 1.9% 80.6%
1987 22 1.1% 81.7%
1986 89 4.6% 86.4%
1985 5 0.3% 86.6%
1984 5 0.3% 86.9%
1983 21 1.1% 88.0%
1982 15 0.8% 88.8%
1981 1 0.1% 88.8%
1980 45 2.3% 91.2%
1979 11 0.6% 91.8%
1978 29 1.5% 93.3%
1977 2 0.1% 93.4%
1976 0 0.0% 93.4%
1975 17| 0.9% 94.3%
1974 0 0.0% 94.3%
1973 66) 3.4% 97.7%
1972 25 1.3% 99.0%
1971 19 1.0% 100.0%

Source: Port of Oakland Wharfinger, 2006 and Lloyds, 2006

g Vessels — Port of Oakland vessel age distribution in 2005.

ENVIRON excluded from this study the privately owned Schnitzer facility, which lays within
the boundaries of the Port of Oakland terminals and generally sees bulk carriers calling for scrap
steel. Because this facility is not owned or controlled by the Port of Oakland, this report does

not account for any vessel calls to the Schnitzer terminal.

The spatial domain of this study includes transit activity between the outer buoys, beyond the
Pilot Buoy, and the berths at the Port as shown in Figures 2-1 and 2-2. Based on discussions
with the Marine Exchange (2006a), Port of Oakland Wharfinger (2006), Port of Oakland
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(2006a), and San Francisco (SF) Bar Pilots (2006), a schematic of the transit activity for vessels
calling at the Port of Oakland can be described as shown in Table 2-4. These entries correspond
to the schematic link descriptions shown in Figures 2-1 and 2-2. The number of links described
here may be more numerous than needed for a basic estimate; however, these links provide the
detailed spatial allocation of emissions required for dispersion modeling. Because the purpose of
this emissions inventory was to estimate the impact of Port of Oakland vessel traffic on the San
Francisco Bay Area air quality near the populated areas, the inventory was limited to the spatial
area defined in Figure 2-1 where well defined shipping lanes could be defined for that domain,
and emissions closer to shore affect the populated areas more significantly. Emissions beyond
this spatial area could be evaluated in subsequent studies, as needed to more completely
determine the Port’s direct and indirect impacts to the Air Basin.

Generally, vessel activity is by four modes of operation; cruise, reduced speed zone (RSZ),
maneuvering, and hotelling.

e The cruise mode occurs in the open ocean where there are fewer navigational challenges
and where ships typically operate at their design speed.

e The RSZ mode requires ships to slow down and stay within prescribed lanes as shown on
Figure 2-1 and 2-2. For ships arriving in the SF Bay, the RSZ mode occurs after a SF bar
pilot takes command of the vessel at the Pilot Buoy until the vessel slows to a very low
maneuvering speed near the Port. The RSZ mode is similar in reverse order for ships
leaving the Port.

e The maneuvering modes for the Port of Oakland traffic occur between the Bay Bridge
and the berths.

e Lastly, the hotelling mode occurs when the vessel is stopped at berth or at anchor in the
Bay.

The methodology used for estimating emissions was to multiply the total time by the engine by
other load adjustments and by the emission factors derived for these sources. The number of
vessel calls and the time per call in each of the four operational modes constitutes the time in
mode. Each vessel has unique characteristics of speed, engine type and power that affect the
estimate of time and engine load for each vessel call.

The time in mode and load for propulsion engines was calculated based on the vessel speed and
the distance (length) of each transit mode. The SF Bar Pilots (2006) estimated the RSZ average
speed and maneuvering modes typical time as described in Table 2-4. ENVIRON determined
the cruise speed from the Lloyds (2006) design speed for each vessel. ENVIRON determined
the time in mode from the speed and distance along each link to estimate the propulsion and
auxiliary engine activity for cruise and RSZ modes. The Wharfingers (2006) provided berthing
time information for each call.

The SF Bar Pilots (2006) suggested that during fair weather and low traffic periods,
predominately smaller ships may use an alternative route between the Golden Gate and Bay
Bridges by transiting south of the Harding Rock buoy, or even south of Alcatraz. Because
sufficient data were not available to describe the number of vessel calls using the shorter
alternative route, the shorter route was supplied in Table 2-4 only as information about the
potential alternative route. The longer, more frequently used route around the Harding Rock was

Port of Oakland 2-4
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used in this emissions inventory. The alternative route would shorten the RSZ transit link time,
so the use longer default routes used in this analysis resulted in higher emissions. The longer
route was used as the default condition because all vessels can always use this route, and the
more direct alternative route is limited to certain vessel types and weather conditions.

Port of Oakland 2-5
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Table 2-4. Ocean Going Vessels — Transit link descriptions.
Transit into Port

Distance Speed
Direction Link Start Link End (nautical miles) (knot)
In — From Asia or Northern Ports November Buoy | Pilot Boards 7.2 Cruise
In — From Hawaii Whiskey Buoy Pilot Boards 6.5 Cruise
In — From Southern Ports Sierra Buoy Pilot Boards 5.8 Cruise
In — All Pilot Boards Pilot Buoy 1.7° 10
In — All Pilot Buoy Golden Gate 8.7 13.5
In — Al Golden Gate’ Harding Rock 2.0 13.5
In — Al Harding Rock® Bay Bridge 4.5 13.5
In — All (alternative route) * Golden Gate Bay Bridge 5.3 13.5

Maneuvering Modes
Direction Link Start Link End Time (hrs) Load
'(gn?;ﬁ _SL?SS Harbor Terminals | 5. Bridge Dock 0.833/0.833 204
I(rII{acr):; SH;SS_HT{’HP;;LJ(EB?SE?S'S Bay Bridge Dock 1.42/0.833 2%
'(gn?;ﬁ ‘Sggsr Harbor Terminals | 5.0 Bridge Dock 0.75/0.75 204
In/Out — Outer Harbor Terminals .
(Large Ships — Turning Basin) Bay Bridge Dock 1.33/0.75 2%
Sh_lfts (small number of calls have Oakland Oakland 0.75 20
shifts from one terminal to another)
Transit Out of Port

Distance Speed
Direction Link Start Link End (nautical miles) (knot)
Out — All* Bay Bridge’ Harding Rock 4.8 13.5
Out — All* Harding Rock® Golden Gate 1.8 13.5
Out — All (alternative route) * Bay Bridge® Golden Gate 5.5 13.5
Out — All Golden Gate Pilot Buoy 8.9 135
Out — All Pilot Buoy Pilot Departs 1.7° 10

November

Out — To Asia or Northern Ports Pilot Departs Buoy 5.9 Cruise
Out — To Hawaii Pilot Departs Whiskey Buoy 6.6 Cruise
Out — To Southern Ports Pilot Departs Sierra Buoy 7.1 Cruise

1

SF Bar Pilots (2006) suggested that most ships use the Deep Water Traffic Lane north of the Harding Rock Buoy, though some

ships under certain conditions may take the more direct alternative route. (This alternative rourte was not used in this study and

was provided for information only)

? Assumes 10 minutes at slower speed for the pilot to board and depart safely. Distance in this mode was subtracted from the
cruise mode. Distances were measured from east of Pilot Buoy.

Based on the SF Bar Pilots’ (2006) best judgment, the maneuvering time is longer for the Inner
Harbor berths and for larger vessels, defined here as greater than 750 ft in length. The larger
ships require more time to turn and may need to turn only in prescribed areas, such as the Inner
Harbor’s turning basin. Therefore, as shown in Table 2-4, the SF Bar Pilots (2006) estimated the
maneuvering time for larger ships to be longer than that for smaller ships. Also, maneuvering
time is shorter for the Outer Harbor terminal calls than the Inner Harbor terminal calls because of
the shorter distance from the Bay Bridge and more water area available for turning directly at the
Outer Harbor berths. Vessels calling at the Port of Oakland are primarily larger (1,481 calls)
ships with smaller ships responsible for only 435 of the 1,916 calls.

Port of Oakland
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ENVIRON estimated the activity along each link using the number of vessel movements along
each segment for the 2005 vessel calls. The purpose of defining these links was to provide
emissions that were accurately spatially allocated and to determine the distance along each link
to estimate the time in mode. For the most part, it was straightforward to determine the total
vessel movements for most segments because each call required transiting along a set route as
described in Table 2-4. A special California State Lands Commission (2006) data source
provided the last and next port of call from which the direction (North, West, or South) outside
of the pilot buoy was determined. The direction south from the Pilot Buoy is due south, whereas
the western route is southwest and the northern route is northwest. Based on these general
directions, ENVIRON rendered a judgment of the direction to or from the San Francisco Bay as
shown in Table 2-5 to determine the link of the cruise modes. The berths where the vessel called
and the ship length determined the maneuvering mode movements.

Table 2-5. Ocean-Going Vessels — Port direction from the San Francisco Bay.

Last or Next Port of Call Direction Trips In or (Out)
US northern continental ports including Alaska,
Canada, and all Asia N 613 (1163)
US Hawaii, Guam, New Zealand, Fiji, Tahiti W 193 (235)
US Southern continental ports, Mexico, Panama,
Chile and other South American ports, and
Caribbean and Europe through the Panama
canal S 1110 (518)

ENVIRON determined emissions for each link, using the equation below, accounting for the
engine rated power, typical load factor, and time at that load. ENVIRON determined emissions
separately for propulsion and auxiliary engines, and for boilers, using emission factors provided
by ARB. The rated power is the maximum power that the engine can produce. The load factor
is the fraction of the actual to the rated power that the engine operates for a given mode.

Emissions per vessel/mode = (Rated Power) x (Load Factor) x (Time) x (Emission Factor)
Emissions total = Z{All vessel calls and modes}

ENVIRON determined the time in each link from the link length and estimated speed. The load
factor also depended on the vessel’s maximum speed and the actual vessel speed in each mode.

2.2 Input Data and Use

The basic input data for calculating emissions from large ocean-going vessels include vessel
calls in 2005, vessel installed power and speed, and estimates of load and time during the
operation modes.

1) Vessel Port Calls
2) Vessel Type

Port of Oakland 2-8
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3) Vessel Characteristics
a) Cruise speed (knots)
b) Auxiliary Power (kW)
4) Engine Characteristics
a) Rated Power
b) Engine Type (slow 2-stroke, medium 4-stroke, or steam)
5) Model Year
6) Berthing Time
7) Anchorage Vessel Calls and Time
8) Route Into and Away from SF Bay (north, west, or south)

Vessel Calls

The vessel calls for the Port of Oakland in 2005 were provided from two data sources, California
State Lands Commission (SLC, 2006) and the Port of Oakland Wharfinger (2006) database. The
SLC collects vessel calls and records last and next ports of call. The SLC vessel call data is self-
reported and is used to track ballast water exchanges. The information is not reported promptly,
so a significant lag can sometimes occurred between the actual port call and the report for that
port call. The Wharfinger data was recorded at the dock and included the dock arrival and
departure time, thereby allowing the berth hotelling time by vessel call to be calculated. ARB
determined, from data provided by the Coast Guard, the hotelling time by vessel at anchor away
from berth for a subset of the vessel calls to the Port.

ENVIRON used the Wharfinger data as the primary source of vessel call information. The SLC
data was only used to determine the next and last ports of call to allocate the direction of trips
outside of the Pilot Buoy. The data handling procedure for vessel calls is described in more
detail in Appendix A.

When the next or last port of call was another Bay Area port (Carquinez, Sacramento, San
Francisco, or Stockton), the transit links were assumed to be to and from Oakland out past the
Pilot Buoy. In 2005, out of 1916 total vessel calls, there were 26 vessels that went to another
Bay Area port after calling at Oakland, and 6 vessels that called at another Bay Area port prior to
coming to Oakland. Vessel movements to or from San Francisco or into and out of the northern
portion of the bay, before or after calls to Oakland, were not included in these estimates.
Therefore, in these cases, the Port of Oakland was considered the primary port and calls to other
ports were allocated as activity specific to those other ports. The calls to the Port of Oakland
were all modeled as if they were from the open ocean to the Port and back to the open ocean,
even if the vessel made a call to another Bay Area port before or after arriving at Oakland. As
noted above, emissions from vessel movements to or from other Bay ports before or after calling
at the Port of Oakland were not included in this Port of Oakland emissions inventory.

Propulsion Power and Load

Propulsion power and vessel speed were derived from the Lloyds (2006) database, which reports
design features for each vessel. Data handling procedures are described in Appendix B. To
obtain estimates of maximum power and speed, the survey data from the Port of Los Angeles

Port of Oakland 2-9
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emission inventory study (Starcrest, 2005) were used to adjust the Lloyds estimates as shown in
the equations below.

Vessel Propulsion Power = Lloyds Power / (0.968)
Vessel Maximum Speed = Lloyds Vessel Speed / (0.968)

The load factors for the propulsion power over any given link were determined from the classic
Stokes Law cubic relationship for speed and load. The proportional relationship of load to the
vessel speed can be expressed as in the following equation where the 100% load factor would
correspond to the vessel operating at its maximum speed.

Load Factor = (Vessel Speed / Vessel Maximum Speed)’

From the Port of Los Angeles study (Starcrest, 2005), the cruise speed of the vessel was
estimated to be 0.937 of the maximum speed. This calculation of the load factor at the cruise
speed resulted in a load factor of 0.823 during cruise conditions.

Auxiliary Power and Load

As described in Appendix C, the auxiliary power was derived from auxiliary generator capacity
taken from the Lloyds database and supplemented by other available data and estimates.

ENVIRON proposed the use of the load factors shown in Table 2-6 to describe the vessel
activity in the Port of Oakland. These load factors were derived from the EPA Best Practices
(ICF, 2006) estimates.

Table 2-6. Ocean Going Vessels — Auxiliary engine load factors assumptions (Not used in this
study).

: : Reduced Speed .
Ship-Type Cruise Zone (RSZ) Maneuvering Hotel
Container Ship 0.13 0.25 0.50 0.17

Source: ICF Consulting, 2006.

ARB (2005a) determined load factors from ship surveys conducted in California, shown in Table
2-7, which are similar to but exhibit differences from the ICF (2006) load factors shown in Table
2-6. For consistency with other ARB reports, and because they were based on California
surveys, the ARB load factors were used in the Port of Oakland emission inventory. Most of the
ship calls to the Port of Oakland were from container vessels, so the use of the ARB load factors
affects the emission estimates primarily for reduced speed zone (RSZ) modes (between the Pilot
Buoy and the Bay Bridge) compared with the alternative estimates proposed by ICF on behalf of
EPA.

Port of Oakland 2-10
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Table 2-7. Ocean-Going Vessels — Auxiliary engine load factors.

. . Reduced Speed
Ship-Type Cruise Zone (RSZ) Maneuver | Hotel
Container Ship 0.13 0.13 0.50 0.18
RORO 0.15 0.15 0.45 0.26

Source: ARB, 2005a

2.3 Emission Factors

Emission factors depend on the type of engine and fuel used in the vessel for propulsion or
auxiliary engines. Three types of engines can be used on ships; slow speed engines (2-stroke
and typically lower than 250 rpm), medium speed engines (4-stroke and used primarily for
auxiliary engines), and steam boilers coupled with steam turbines. ENVIRON determined from
Lloyds data that the primary propulsion engines used on vessels calling at the Port of Oakland
were slow speed engines (1,706 vessel calls), steam boilers (200 calls), and medium speed
engines (10 calls). ENVIRON assumed that all vessels use medium speed engines in their
auxiliary engines based on experience and limited survey information.

ARB provided a set of emission factors to be used in this study for consistency with other work
performed for the San Pedro Bay ports and elsewhere in California. These emission factors are
shown in Table 2-8. One area of uncertainty in estimating emissions from OGV is the
particulate matter (PM) emission factors, including the factors shown in Table 2-8. This is
because there is a smaller set of data for particulate emissions than for other pollutants. During
weekly coordination conference calls with the Port of Oakland and BAAQMD staff, ARB (2007)
described in detail the available data and noted that, while the range of PM emission rates vary
from 1.7 to 1.1 g/kW-hr, the preponderance of the data indicated that the 1.5 g/kW-hr emission
factor shown in Table 2-8 is justified.

Table 2-8. Ocean Going Vessels — Emission factors.

ARB Provided Emission Factors (g/kW-hr)
Engine Type Fuel Type HC CcoO NOX PM
Slow Speed Residual Oil 0.6 1.4 18.1 1.50
Medium Speed Propulsion Residual Oil 0.5 1.1 14.0 1.50
Medium Speed Auxiliary Residual QOil 0.4 1.1 14.7 1.50
Medium Speed Auxiliary Marine Distillate (0.5% sulfur) 0.4 1.1 13.9 0.38
Steam Boiler Residual Qil 0.1 0.2 2.1 1.50

Sources: ARB (2006a)

ARB (2005a) determined from ship surveys that 71% of container vessels used residual oil and
29% used distillate in their auxiliary engines. Because it was difficult to determine which
vessels use the residual and distillate fuels, ENVIRON used a weighted average set of emission
factors for all auxiliary engines. ENVIRON estimated the average emission factor for auxiliary
engine emissions by multiplying the medium speed auxiliary emission factors using residual oil
by 71%, and the medium speed auxiliary emission factors using marine distillate by 29%, and
adding the two together.

Port of Oakland 2-11
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Low Load Adjustment Factors

Emission factors for OGV were derived from data at high operational loads. When estimating
emissions, adjustment factors are used to adjust the emission factors, derived at higher operation
loads, for conditions when engines are operating at very low loads where the engine is not as
efficient. The Port of Los Angeles (Starcrest, 2005 also ICF, 2006) study used the low load
adjustments shown in Table 2-9 for estimating emissions from propulsion engines in OGV.

Table 2-9. Ocean Going Vessels — Low load adjustment factors for propulsion engines.

Load % | HC CcO NOx PM! SO2
2 31.62 10.00 4.63 7.29]  1.00
3 17.21 6.67 2.92 4.33 1.00
4 11.18 5.00 2.21 3.09 1.00
5 8.00 4.00 1.83 2.44 1.00
6 6.09 3.33 1.60 2.04] 1.00
7 4.83 2.86 1.45 1.79 1.00
8 3.95 2.50 1.35 1.61 1.00
9 3.31 2.22 1.27 1.48 1.00
10 2.83 2.00 1.22 1.38] 1.00
11 2.45 1.82 1.17 1.30 1.00
12 2.15 1.67 1.14 1.24 1.00
13 1.91 1.54 1.11 1.19 1.00
14 1.71 1.43 1.08 1.15 1.00
15 1.54 1.33 1.06 1.11 1.00
16 1.4 1.25 1.05 1.08 1.00
17 1.28 1.18 1.03 1.06 1.00
18 1.17 1.11 1.02 1.04 1.00
19 1.08 1.05 1.01 1.02 1.00
20 1.00 1.00 1.00 1.00 1.00

! _ not used in this Port of Oakland study
Source: Table 2.21 from Starcrest, 2005

As recommended by ARB, the Port of Oakland emissions from propulsion engines were adjusted
based on the low load adjustment factors shown in Table 2-9, except for the PM adjustment
shown. A 2% average load was used to estimate emissions for the maneuvering mode
(accounting for activity between the Bay Bridge and berth). For the 13.5 knots reduced speed
zone modes (between the Bay Bridge and the Pilot Buoy), the minimum load factor used was
11%. The reduced speed zone load factor was derived specifically for each vessel as the cube
root of the ratio of actual speed, 13.5 knots, and the maximum speed of the vessel. Of all vessels
calling at Oakland, the maximum speed of the fastest vessel was estimated to be 28.3 knots (The
maximum 26.5 knots cruise speed from Lloyds data was divided by the Starcrest (2005) factor of
0.937 to estimate the maximum speed of that vessel). For slower vessels, the reduced speed zone
load factor was higher than the 11% load calculated for the fastest vessel. The low load
adjustments in Table 2-9, except for the PM adjustments in Table 2-10, were applied to the
reduced speed zone and the maneuvering modes.

Port of Oakland 2-12
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Table 2-10. Ocean Going Vessels — Low load PM adjustment factors used in the Port of
Oakland emissions inventory.

PM
Load % | Adjustment
1 9.82
2 5.60
3 4.03
4 3.19
5 2.66
6 2.29
7 2.02
8 1.82
9 1.65
10 1.52
11 1.40
12 1.31
13 1.22
14 1.15
15 1.09
16 1.03
17 1.00
18 1.00
19 1.00
20 1.00

Source: ARB (2006a)

Table 2-10 above contains the low load adjustment of PM emissions from propulsion engines
used in the Port of Oakland inventory. While it is an engineering principle that an upward
emissions adjustment should be made for low load conditions because engines operate less
efficiently under those conditions, there is considerable uncertainty about the magnitude of this
adjustment, especially for particulate. The PM adjustment factors in Starcrest (2005), shown in
Table 2-9, were based on an EEA (2000) study of particulate emission rates (in g/kW-hr) as a
function of load below the nominal 20% load point. The data used in the EEA (2000) study to
determine the low load adjustment below 10% load was dominated by tugs and Coast Guard
cutters using older smaller marine diesel engines burning low sulfur distillate fuel at idle engine
loads. It is uncertain if the correlating factors that EEA found would apply appropriately to the
more modern and larger slow speed engines burning high sulfur fuels that are used on container
ships. The maneuvering mode adjustment constitutes one of the largest uncertainties in the
preparation of maritime emissions inventory.

ARB concluded that the low load adjustment factor for particulate in Table 2-10 represented the
best estimate of the effect of low load PM emissions at this time, until further data can be
gathered. The ARB adjustment factor shown in Table 2-10 is lower than the factor one would
estimate directly from the EEA correlations below 20%, as shown in Table 2-9.

The maneuvering mode in this study encompasses a number of operations within one average
load. Maneuvering emissions were calculating using average emission rates and average
adjustment factors. Individual operations during maneuvering include low speed propulsion and
vessel turns away from dock as well as engine idling at dock prior to shut down and after the
initial start up. In addition, cold start emissions could be significant but have yet to be

Port of Oakland 2-13
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considered as an explicit operational mode, and anecdotal accounts indicate that some load
testing of the propulsion engine may occur in the vessel prior to departure from the berth.
Emissions and engine loads during all maneuvering activity should be further evaluated to
explicitly analyze engine operations, now collectively estimated under the more general
description of the maneuvering mode.

Low load adjustment factors only affect propulsion engine emissions because no single

(typically each vessel usually has a set of three or more auxiliary engines to provide auxiliary
power) auxiliary engine operates below 20% load.

Boiler Emissions

Boilers are used on board modern vessels for heat, hot water, and other needs. Using the time in
mode of the ships for each link, ENVIRON used 0.0125 metric tonnes of fuel consumed per hour
(ICF Consulting, 2006) to estimate total activity for boilers. ICF Consulting (2006) also provided
emission factors for boilers that combined with the fuel consumption rate were used to estimate
emission rates from boilers. Both the emission factors (in terms of emissions per unit of fuel
consumed) and the emission rates (emissions per hour) for boilers are shown in Table 2-11.

Table 2-11. Auxiliary boiler emission factors and emission rates.

Estimate Units HC CcO NOXx PM SO2
Emission Factors Kg / metric tonne of fuel 0.38 4.6 12.3 13 54
Emission Rates , Kg / hour

(using 0.0125 tonnes/hour) 0.005 0.058 0.154 0.016 0.68

Source: ICF Consulting, 2006

A recent study by the Chamber of Shipping (2007) estimated boiler fuel consumption at 0.14 to
0.18 metric tones per hour based on their assessment of the activity of these units. Therefore, the
overall activity and emissions could be more than a factor of 10 higher than modeled here.
Future studies are needed to better understand the activity and emissions of auxiliary boilers.

2.4 Emission Results

The estimated total emissions from the Port of Oakland ocean-going vessels are presented in
Table 2-12 by each mode (cruise, reduced speed zone, maneuvering, and berthing) and by link
(individual spatially-defined segment or area). The emission results for propulsion and for
auxiliary engines were estimated using the ARB emission factors and are summarized in Table
2-12. The columns labeled Main include emissions from propulsion of the vessel by either
diesel-powered propulsion engines or by boilers. Because ARB considers diesel particulate
emissions to differ in toxicity from boiler particulate emission, the diesel-only particulate
emissions from the main engines are provided at the bottom of Table 2-12. This figure excludes
the propulsion boiler particulate emissions.

In addition, vessels calling at the Port of Oakland have small auxiliary boilers on-board, and
emissions from those boilers are shown in Table 2-13.
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Table 2-13. Emissions totals for auxiliary boilers on OGV calling at the Port of Oakland — tons

in 2005.

Mode HC* co NOXx PM S02
At Berth 0.207 2.510 6.711 0.709 29.465
At Anchor 0.008 0.096 0.256 0.027 1.130
Cruise In North — Pbuoy 0.001 0.013 0.034 0.004 0.151
Cruise Out Pbuoy —North 0.002 0.019 0.050 0.005 0.218
Cruise Pbuoy — South 0.000 0.004 0.010 0.003 0.043
Cruise South — Pbuoy 0.000 0.005 0.012 0.005 0.053
Cruise Pbuoy — West 0.001 0.018 0.047 0.001 0.207
Cruise West — Pbuoy 0.001 0.011 0.030 0.001 0.131
RSZ Bay Bridge — Harding 0.004 0.043 0.114 0.012 0.503
RSZ Golden Gate - Harding 0.001 0.018 0.048 0.005 0.211
RSZ Golden Gate — Pbuoy 0.007 0.080 0.214 0.023 0.941
RSZ Harding — Bay Bridge 0.003 0.040 0.107 0.011 0471
RSZ Harding - Golden Gate 0.006 0.078 0.210 0.005 0.921
RSZ PBuoy-GG 0.001 0.016 0.043 0.022 0.188
Maneuvering Entering 0.013 0.152 0.406 0.043 1.785
Maneuvering Leaving 0.008 0.097 0.260 0.027 1.141
Maneuvering Shifts 0.000 0.001 0.002 0.0003 0.011
Pilot Boarding 0.002 0.020 0.054 0.006 0.238
Pilot Disembarking 0.002 0.020 0.054 0.006 0.238
Total 0.3 3.2 8.7 0.9 38.0

1 - ROG to HC ratio is 0.8347 per Andrew Alexis, ARB 2007.
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3.0 COMMERCIAL HARBOR CRAFT
(DREDGING AND ASSIST TUGS)

This section describes the emissions estimation methodologies and results for two regularly
occurring activities at the Port of Oakland: 1) operation and maintenance dredging and disposal,
and 2) container vessel assists. Other than a few small boats that assist dredging operations, tugs
are the only category of commercial harbor craft that are a part of the Port’s maritime emissions
inventory. This inventory does not include dredging and vessel assist activities at the privately
owned Schnitzer Steel bulk terminal berths. Pilot boat emissions are also excluded.

The Air Resources Board considers emissions from dredges and some related equipment to be
“Portable Equipment”, while tugs and the other small vessels discussed in this section are
considered to be “Commercial Harbor Craft.” The emissions summary presented in Table 3.10
at the end of this section uses these classifications.

3.1 Operation and Maintenance Dredging and Disposal

Background and Limitations

Operation and maintenance (O&M) dredging is conducted annually at the Port of Oakland to
maintain the depth of channels and berths and to ensure safe navigation. O&M dredging
removes new material that is deposited into the Bay by stream and urban runoff as well as
eliminates shallow areas created by the redistribution of bottom sediments through a process
known as “shoaling.” To protect sensitive marine species, O&M dredging is limited to a 4-
month “window” that extends from August 1 through November 30 each year.

The Port and the US Army Corps of Engineers (USACE) contract separately for O&M dredging
at the Port’s berths and the Federal channel, respectively. Historically, dredging has been
conducted by a diesel-powered clamshell dredge, accompanied by a tender, and supported by
several boats. Material removed from the bottom is transferred into barges by the dredge. The
barges, sometimes referred to as scows, are then pushed by a diesel-powered tug to a disposal or
reuse site. After the barge is emptied, the tug returns with the empty barge to pick up a new
load.

The base year 2005 was an atypical year for O&M dredging in terms of the total volume of
material dredged, the equipment used to conduct dredging, and the choice of disposal sites. The
Port dredged only 43,520 cubic yards, versus a long-term annual average of 123,000 cubic yards
during the previous five years (Port of Oakland, 2006b). The USACE removed 276,000 cubic
yards, versus its 2001-2005 annual mean of 310,000 cubic yards (USACE, 2006). Because its
Federal channel maintenance dredging was conducted in conjunction with the Port’s —50 Foot
Deepening Project, the USACE’s contractor used an electric cutter head dredge instead of a
diesel clam shell dredge. In addition, half of the federal material was disposed of within the Port
area, at the Middle Harbor Enhancement Area, rather than at a remote site. These circumstances
greatly reduced O&M dredging emissions in 2005 compared to an average year. In more typical
years, excavation of O&M dredging material was conducted with a diesel-powered dredge and
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the material was taken to either the in-bay Alcatraz disposal site (for the Port’s berth sediments)
or to the Deep Ocean Disposal Site (DODS) for the USACE channel sediments.

Methodology

To estimate emissions, O&M dredging was divided into two activities: 1) dredging (the removal
of materials from the bottom of channels and berths), and 2) disposal (the transport of dredge
materials from the dredging area to disposal sites). Emissions from these activities were
summed to form the final total emissions estimate.

Dredging

Because the USACE used an electric-powered cutter head dredge to remove materials from
Federal channels, it produced essentially zero dredging emissions in 2005. However diesel
equipment was used for dredging at the Port’s berths.

Dredging equipment included the following:
= A clamshell dredge with main and auxiliary diesel engines,
= A dredge tender with main and auxiliary diesel engines,
= A workboat and a crew boat each with a single diesel engine and an auxiliary engine.
= A barge or scow into which the dredged material was loaded for disposal or reuse. The
barge had no engines.

The basic equation used to calculate emissions from each of the engines involved in dredging is:
Equip emiss = EF x Time nrs X ENgine pnp X LF x 1/(453.6 x 2000)

Where:
Equip emiss IS the engine’s emissions in tons per year,
EF is the engine emission factor in grams per brake horsepower-hour,
Time s is the annual operating hours,
Engine gnp is the brake horsepower rating of the engine,
LF w is the time weighted load factor, based on different engine operating modes during
a round trip, stated as a ratio of 1, and
1/(453.6 x 2000) is the conversion of annual grams to annual tons.

Dredged Materials Disposal

Most dredged material is disposed of by removing it to a reuse or disposal area. A diesel
powered tug pushes the loaded scow or barge to the disposal area and, after unloading, pushes
the empty barge back to the Port. The tug has two main propulsion engines and one or two
auxiliary engines, only one of which is assumed to operate at a time.

The basic equation used to calculate main propulsion and auxiliary engine emissions from the
tug is:
Tugemisg = EF X Engine Bhp X Time hours X LF wt X TripS X 1/(453.6 X 2000)
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Where:
Tug emiss IS the tug emissions in tons per year,
EF is the tug main propulsion or auxiliary engine emission factor in grams per brake
horsepower-hour,
Engine gnp is the combined brake horsepower rating of a tug’s main propulsion engines
and the brake horsepower rating of one of the auxiliary engines,
Time is the tug operating time per round trip in hours,
Trips is the annual number of round trips per tug,
LF w is the time weighted load factor, based on different engine operating modes during
a round trip, stated as a ratio of 1, and the load factor for the auxiliary engine stated as a
ratio of 1, and
1/(453.6 x 2000) is the conversion of annual grams to annual tons

Once it reaches the disposal area, a barge or scow is unloaded in one of two ways, by gravity or
mechanically. Unloading at a Bay or ocean disposal site is accomplished by gravity - that is, by
opening the bottom of the barge and allowing material to flow out. At reuse sites, the scows are
mechanically unloaded for distribution. The Montezuma Wetlands Restoration Project near
Collinsville, which received about half the Federal material in 2005, uses a dedicated shore-
powered electric “off-loader” to draw the wet material out of the barge and pump it “upland” for
distribution. One reuse site, Winter Island, which is also near Collinsville and which received a
little more than half the Port’s material in 2005, uses a diesel-powered offloading system.

In addition to contracting for maintenance dredging of the federal channel entering the Port of
Oakland, the USACE permits all San Francisco Bay dredging and disposal activities.
ENVIRON used the protocol established by the USACE to monitor General Conformity
emissions to assign emissions responsibility to the Port of Oakland. At “passive” sites, like the
in-bay disposal area near Alcatraz, the USACE assigns emissions from the entire round trip to
the Port. For disposal at reuse sites, like Montezuma and Winter Island, the USACE splits trip
emissions to the reuse site 50/50 between the Port and the reuse site. In addition, any emissions
from offloading materials are assigned to the reuse site. Except for Winter Island, all off-loading
in 2005 was done by gravity or electric-powered equipment. Winter Island used a crane and
bucket off-loader with relatively small, late model diesel engines that produced an estimated 0.3
tons of NOx and less than 0.01 ton of PM in 2005.

Input Data and Emissions

Dredging

Key input data for estimating dredging emissions included the equipment used by the Port’s
contractors, equipment emissions and load factors, the volume of material removed, and the
hours of operation. For equipment description and emissions factors, ENVIRON used
information and assumptions from prior studies (Weiss & Associates, 2003; ICF Consulting,
2006; and ARB, 2004a), and ARB load factors and emission factors (ARB, 2006a). The Port
provided the volume of dredge material removed in 2005. ENVIRON estimated hours of
operation by dividing the volume of material dredged by the capacity of the clamshell dredge,
assuming the dredge was operating at 90% of its rated capacity. Input data and assumptions for
dredging Port berths are summarized in Table 3-1 and emissions are estimated in Table 3-2.
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Table 3-1. Commercial Harbor Craft — O&M dredging - key data and variables.

Capacity | Emission factors (g/hp-hr)
Load | cupic
Equipment Power (hp) | Factor | yard/hir) |ROG| CO |NOx | PM | SO2
Clamshell dredge 1142 0.75 275| 0.20] 1.86| 9.69| 0.18 0.07
Dredge Aux. Engine 160 0.43 0.20] 1.19| 7.46| 0.17| 0.07
Tender 336 0.45 0.20] 1.12| 7.46| 0.17] 0.07
Tender Aux Engine 14 0.43 0.20] 1.19| 7.46| 0.17| 0.07
Crew boat 212 0.45 0.20| 1.12| 7.46| 0.17| 0.07
Crew boat Aux. Engine 54| 0.43 0.20] 1.19| 7.46| 0.17] 0.07
Work boat 197 0.43 0.20] 1.12| 7.46| 0.17] 0.07
Work boat Aux. Engine 17] 043 0.20] 1.19| 7.46| 0.17] 0.07

Sources: Weiss & Associates, 2003; ICF Consulting, 2006; and ARB, 2006a

Table 3-2. Commercial Harbor Craft — O&M dredging emissions — tons in 2005.

Program Equipment Hours| ROG CO | NOx PM SO2

Port berths Clamshell dredge 176 0.03 0.31 1.61 0.03 0.01
Dredge Aux. Engine 176 0.00 0.02 0.100 0.000 0.00
Tender' 176 0.01] 0.05 0.33 0.01 0.00
Tender Aux Engine 176 0.000 0.00 0.01) 0.000 0.00
Crew boat” 44 0.00 0.00 0.03 0.00 0.00
Crew boat Aux. Engine 44 0.00, 0.00 0.01) 0.000 0.00
Work boat® 44 0.000 0.00 0.020 0.00 0.00
Work boat Aux. Engine 44 0.000 0.00 0.00 0.000 0.00

Annual tons 005 0.39] 2.11 0.04 0.02

! Assumed continuous tending of the dredge barge.
2 Assumed 2 hours of operation per 8-hour day of dredging.

Disposal

ENVIRON used data and information collected by a USACE contractor to estimate emissions
from dredge material disposal in 2005. (GAIA, 2005) The USACE information included typical
tug main engine horsepower ratings, trip-specific load factors, average scow size and loads, site-
specific travel time to various disposal areas, and scow loading and unloading time. The USACE
collected this information as part of their effort to closely track disposal and reuse emissions
from the —50 Foot Deepening Project at the Port of Oakland. This project used the same disposal
areas as the O&M dredging programs. The USACE and the Port provided actual data on the
distribution of materials by disposal area in 2005. ENVIRON used emissions factors for all
engines, and load factors for auxiliary engines, from the ICF Consulting (2006) report done for
the EPA, cited above. Because ENVIRON did not collect tug specific information on tug
engines, the methodology for these tug trips does not account for engine model year or
deterioration. Table 3-3 summarizes the key input data and assumptions.
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Table 3-3. Commercial Harbor Craft - Dredged material disposal, input data and estimates —

ENVIRON

tons in 2005
Winter
Montezuma Island
Port Reuse | and Winter [Offloader| Aux.
Variable Alcatraz |[or Disposal| Island Tugs [Main/Aux.| Engine

One-way Nautical Miles to Reuse/Disposal Location 6.0 3.8 47.0

Loading 6.8 6.8 8.0

Loaded Travel 0.9 0.6 7.1
Travel Time" (hours) Unloading 0.5 6.8 1.5 12.0

Unloaded Travel 0.6 0.4 5.1

Total Travel Time 8.86 14.6 21.7

Loading®

3

Load Factors Loaded Travel 0.83 0.83 0.83

Unloading

Unloaded Travel 0.83 0.83 0.83
Weighted Load Factor 0.15 0.06 0.47/0.75/0.43 0.43
Average Scow Load* (cubic yards) 2,720 2,550 2,550
ROG Emission Factor (g/bhp-hr) 0.37 0.37 0.37/0.20/0.31 0.20
CO Emission Factor (g/bhp-hr) 0.82 0.82 0.82{1.30/0.70 1.27
NOx Emission Factor
(g/bhp-hr)° 9.70 9.70 9.700 6.0/5.4 7.46
PM Emission Factor
(g/bhp-hr) 0.42 0.42 0.42|0.20/0.25 0.17
SO2 Emission Factor (g/bhp-hr) 0.07 0.07 0.07 0.07 0.07

! - Travel times to Winter Island, Hamilton and SFDODS calculated based on average haul speed to Montezuma;

travel time to Port reuse based on 5 knot moving speed. Unloading time for SFDODS and Alcatraz assumes bottom
dump. GAIA, 2006. Winter Island unloading time from Dutra, 2006.
2 - Load factor set to zero per discussion at IPR; Port of Oakland (Len Cardoza) indicates that tugs shut down while

scow is being loaded and unloaded.

® - Based on information provided by Mark Guinn at Brusco to Susanne von Rosenberg of GAIA
4. 85% of bin count shown to allow for bulking, 80% capacity to DODS or Alacatraz due to spill control
requirements - GAIA, 2006. Average scow load for Winter Island from Dutra, 2006.

® . Emission factors and load factors from “Best Practices in Preparing Port Emissions Inventories", Prepared for

EPA by ICF Kaiser for EPA, June 23, 2005, Tables 2-16 to 2-18. Tugs are assumed to have Category 2 engines.
Conversion factor from g/Kw-hr to g/bhp-hr=1.341. SO2 and PM10 emission factors corrected as necessary for
lower sulfur diesel fuel using data and methods in "Proposed Regulatory Amendments Estending California
Standards for Motor Vehicle Diesel Fuel to Diesel Fuel Used in Harbor Craft and Locomotives", Appendix F,
October 1, 2004 http://www.arb.ca.gov/regact/carblohc/appf.pdf. Winter Island offloader EFs are Tier 1 zero

emissions rates from EPA's Exhaust & Crankcase Emissions Factors for Non-road Engines, EPA 420-P-04-009,

April, 2004,

Source: USACE monitoring of dredge disposal emissions, GAIA Consultants, 2005-2006.

Emissions from the transport of materials to the various disposal areas are summarized, below, in

Table 3-4. Most emissions occurred from the transport of material to Montezuma and Winter

Island because of the volume of material and the distance to the disposal site.
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Table 3-4. Commercial Harbor Craft - O&M dredged material disposal emissions — tons in
2005.

Program Tug Main

Component or Aux HP|Volume (cy)| Trips ROG CO NOx PM S02

Alcatraz

Port berths 3,000 19,250 8 0.01 0.06 0.31 0.01 0.00
110 8 0.00 0.00 0.02 0.00 0.00

Federal channel 3,000 0 0 0.00 0.00 0.00 0.00 0.00
110 0 0.00 0.00 0.00 0.00 0.00

Totals 0.01 0.06 0.31 0.01 0.00

Port Reuse or Disposal

Port berths 3,000 24,270 10 0.12 0.61 3.17 0.06 0.02
110 - 10 0.00 0.02 0.12 0.00 0.00

Offloader engines 500| 116 hours 0.01 0.06 0.29 0.01 0.00
250| 116 hours 0.00 0.01 0.08 0.00 0.00

Distributed in Middle Harbor Enhancement Area

Federal channel None 138,000 with electric suction dredge

Totals 0.14 0.70 3.66 0.07 0.03

Montezuma and Winter Island Reuse

Federal channel 3,000 138,000 54 0.68 3.38 17.64 0.31 0.13
110 0 54 0.01 0.07 0.46 0.01 0.00

Totals 0.69 3.46 18.10 0.32 0.13
Total 2005 Disposal Emissions 0.84 4.22 22.07 0.40 0.16

Dredging Emission Summary Results

Table 3-5 summarizes emissions presented in Table 3-2 (dredging) and Table 3.4 (dredged
material disposal). The 2005 O&M emissions were dominated by the disposal of dredge
materials. O&M dredging emissions were substantially less than in a more representative year
because of the use of an electric dredge in the federal channel and the lower volume of material
dredged by the Port of Oakland in 2005.

Table 3-5 O&M dredging and disposal emissions — tons in 2005.

Year |Activity ROG CO NOx PM S02
Dredging 0.05 0.39 2.11 0.04 0.02

2005 |Disposal 0.84 4.22 22.07 0.40 0.16
Total 0.89 4.60 24.18 0.44 0.18

3.2 Assist Tug Activity and Characteristics

Background

This section describes the emissions estimation methods and results for the base year 2005 for
the operation of the tugs that assist container cargo vessels to berth at and depart from the Port of
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Oakland. The role of the assist tugs is to ensure safe navigation, which is particularly important
in windy weather and when vessels turn to reverse direction within the Inner or Outer Harbors.
As discussed elsewhere, cargo vessels operating in the San Francisco Bay have qualified pilots
on board to guide each vessel to and from its destination. In most cases, the pilot requires two
tugs to meet each cargo vessel bound for the Port of Oakland, in the federal channel near the Bay
Bridge, and accompany that vessel until it is tied up at its berth. When the vessel is ready to
leave, the process is reversed and the tugs accompany the vessel back to the Bay Bridge.
However, data obtained by ENVIRON shows that many outgoing vessels have only one tug
assigned.(Marine Exchange, 2006b) This section addresses two types of tug operations, the
actual vessel assist operation described, above, and the tugs’ transit trip from its base to meet the
vessel it is assisting.

The fleet of available tugs operating on the Bay varies over time as tug operators shift their
equipment in and out of the Bay Area in response to the market. ENVIRON estimates that there
could be 60-70 tugs operating for any given period, performing a variety of services including
vessel escort, berthing, and departure assist at Bay Area and river ports and refineries; dredging
support; and towing or pushing a wide variety of barges and other equipment. Many tugs are not
equipped or certified to provide assist services to container vessels calling at the Port of Oakland.

There are a number of variables that affect actual tug emissions during an assist event. Among

the most important are the following:

» The number of tugs assisting a vessel,

» The horsepower ratings of assist tug propulsion engines, which vary from tug to tug by a
factor of three or more,

* The load carried by the tug’s main propulsion engines, which varies substantially during the
assist, and

* The time required to complete the assist operation, which varies by a factor of almost two,
depending on where the vessel is berthing or departing.

Assist tugs are not assigned randomly. Cargo vessels vary greatly in size and maneuverability,
and tugs have different power levels, rudders and other equipment. To ensure safe navigation, it
is important that tugs be properly powered and equipped to handle the vessels they are assisting.
The San Francisco Bar Pilots publish a guideline document that sets minimal requirements for
tugs based largely on the length and draft of the vessel they will assist (Bar Pilots Guidelines,
2005). Tugs are classified from “A” to “D” based on their minimum Bollard Pull, both ahead
and astern. Bollard Pull is a measure of tug efficiency that goes beyond horsepower rating to
consider other aspects of tug design, such as whether it is a “tractor tug”, has twin or single
propellers, the type of rudder, and has thrusters. The Bar Pilots Guidelines specify minimum tug
assist capabilities for various areas of the Bay, depending on the nature of the assist and local
conditions. For the Port of Oakland, the Guidelines divide assist vessels into five groups based
on their length and draft, and prescribe the minimum class of tugs required for each vessel. As
might be expected, larger vessels require larger, more powerful tugs with higher Bollard Pull
ratings.

There is no central process for assigning tugs to vessels as they arrive at or depart from the Port
of Oakland. Agents working for individual shipping lines hire assist tugs from the individual tug
companies that have equipment that has been certified by the Bar Pilots to provide assist
services. The pilot on board the vessel verifies that the tug or tugs that meet each vessel have the
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required capabilities, but the Bar Pilots do not maintain a central record of the assignment of
individual tugs.

Vessel call data specific to the Port of Oakland is available and described elsewhere in this
report. In addition, ENVIRON obtained a report from the Marine Exchange that showed the
number of tugs that accompanied each vessel arrival and departure (Marine Exchange, 2006b).
But the lack of a central system for assigning tugs made it impossible to identify the specific tug
assigned to each call or to compile a data base on the actual fleet of tugs that performed assist
services in 2005.

Approach and Methodology

ENVIRON took the following general approach to estimating assist tug emissions during the
assist phase of their operation at the Port of Oakland:

» Developed a database for a surrogate fleet of assist tugs that is reasonably representative
of those that actually operated in the San Francisco Bay in 2005,

* Grouped tugs by Bollard pull class and calculated a mean horsepower rating and
emission factor for each assist tug classification,

» Assigned assist tugs to vessel calls based on the classification of the tugs; that is the tugs’
capability to provide assist services to the vessels of different sizes that actually called at
the Port of Oakland in 2005,

» Assigned the average number of tugs to incoming and outgoing vessels based on the
Marine Exchange report cited above, 1.91 tugs per incoming assist and 1.55 tugs per each
outgoing assist, and

» Applied to assist tugs the average in-bound and out-bound maneuvering times that were
used for vessels elsewhere in this report, that is; the average time required to transit
between the Bay Bridge and the berth for the Inner and Outer Harbors.

The ARB asked ENVIRON to use the updated emissions estimation methodologies and
information that were developed for the ARB’s Off-Road Model and for pending rulemaking on
Commercial Harbor Craft (ARB, 2006a). The ARB methodology requires the use of new
emission factors that are specific to main propulsion and auxiliary engine model year, and
applies both a deterioration rate and a fuel correction factor.

The basic equation used to calculate emissions from each group of assist tugs is the following:
Tug Group gmiss = AEF x Time nrs X Engine pnp X LF X 1/(453.6 * 2000)

Where:
Tug Group emiss IS the tug group emissions in tons per year,
and
AEF is the main engine and/or auxiliary engine emission factor in grams per brake
horsepower-hour, adjusted for model year, deterioration rate and fuel, and averaged by
tug class,
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Time s is the annual operating hours for the tugs in each group, based on the number of
vessel calls, the average maneuvering time per call, and the average number of tugs
assigned to each inbound and outbound assist,

Engine gpp is the weighted average main propulsion and/or auxiliary engine brake
horsepower rating of the engines in each tug group,

LF w is the time weighted load factor for the maneuvering phase for the main engine
and/or auxiliary engine, taken from the literature or the ARB methodology, stated as a
ratio of 1, and

1/(453.6 * 2000) is the conversion of annual grams to annual tons.

ENVIRON also calculated the emissions from tugs transiting to and from their base of operations
to the Bay Bridge meeting location. The tugs in the database are based at various locations on
the Oakland waterfront on Port land, in Alameda in the Inner Harbor, in San Francisco, and in
Richmond. The report from the Marine Exchange indicated which tug company provided the
assist for each incoming and outgoing vessel call. ENVIRON used a similar approach to
calculating emissions as that used for assist operations, except that operating time in the transit
phase was estimated by dividing the transit distance traveled by an assumed average transit
speed.

More detail on the key steps in the approach is provided below.

Characterizing the Assist Tug Fleet

In the absence of a central record that identified individual assist tugs and their activities,
ENVIRON created a data base for a “surrogate” fleet of tugs that is reasonably representative of
the fleet of tugs that actually provided assist activities in 2005. An important source of
information on specific tugs and their engine characteristics was a 2002 list of tugs obtained by
ENVIRON from GAIA, Inc. (GAIA, 2002). The GAIA list contained information on main and
auxiliary engines, including their age and engine horsepower ratings. Because of the
requirements of the ARB’s methodology, tugs were not included in the database unless
information was available on the model year of their main engines.

ENVIRON used the GAIA list as a starting point and updated it with information from the
Marine Exchange, tug company websites, the San Francisco Bar Pilots, and the Bay Area Air
Quality Management District (BAAQMD). The Marine Exchange listed individual tugs that are
“certified” to provide escort or assist services to the Port of Oakland (Marine Exchange, 2006b).
Tugs not on this list were excluded. Tug operator websites were checked to ensure that the
individual tugs on the list were still operating in San Francisco Bay and were being marketed as
providing vessel assist services. The websites also provided some data on main engines and their
horsepower ratings. The San Francisco Bar Pilots provided information on standard practices
and guidelines that established the minimum classification for tugs escorting different sized
vessels (S.F. Bar Pilots, 2006). The BAAQMD provided updated emissions information for tugs
that had main propulsion or auxiliary engines retrofitted or repowered under the Carl Moyer
Program since 2002 (BAAQMD, 2006).

Port of Oakland 3-9
2005 Seaport Air Emissions Inventory — Review Copy



August 2007 ENVIRON

Overall, the tug database contains information on 27 tugs of various sizes that are equipped and
certified to provide assist services to the Port of Oakland. Each tug in the representative fleet has
two main propulsion engines with horsepower ratings from 600 to 3600 horsepower for each
engine. If the tug’s auxiliary engine horsepower rating was identified in the GAIA list or other
sources, it was used. The ARB conducted a statewide survey on tugs and installed equipment,
but it did not produce enough data for Bay Area tugs to use to characterize auxiliary engines in
this inventory. Therefore, ENVIRON filled in other auxiliary engine horsepower ratings by
assuming default average ratings based on the literature (ICF Consulting, 2006). Auxiliary
horsepower ratings ranged from 81 to 155 horsepower.

The emission factor for SO, was based on ARB’s fuel consumption methodology and assumes
an average of 225 ppm sulfur, as found in ARB’s survey of vessel operators for the San
Francisco Bay Area (ARB, 2004a).

Managing Variability in Tug Characteristics and Assist Operations

The emissions estimation methodology described, above, assumes linear relationships between
annual emissions on the one hand, and engine horsepower, engine load factor and hours of
operation on the other. A two-fold change in any one of these factors doubles, or halves, the
emissions estimate. Changes in two or more factors compound the change in the result. Given
this sensitivity, ENVIRON has used site-specific information and assumptions wherever possible
to produce a more accurate emissions estimate.

Tug propulsion engine horsepower levels vary considerably and larger vessels require larger
tugs. ENVIRON used the Bar Pilot classification system for tugs to group the tugs in the
database, determine their average horsepower ratings and emission factors by group, and assign
tugs by class to vessel calls based on the length of the vessel. Table 3-6 shows tug groups,
average horsepower ratings, and emission factors.

Table 3-6. Commercial Harbor Craft - Composite horsepower and emissions factors (EF) for
assist tugs by class.

Main Engines Average Power (hp) and Emission Factors (g/hp-hr)
Fuel

Tug | Average |Adjusted | Adjusted |Adjusted| Adjusted | Adjusted
Class| Power | NOx EF | ROGEF | CO EF SO2 PM EF
A 4,344 11.41 0.69 2.82 0.09 0.44
B 3,125 11.30 0.72 2.79 0.08 0.48
C 2,775 15.46 1.08 3.32 0.08 0.68
D 1,507 10.86 0.77 2.61 0.08 0.50

Auxiliary Engines Average Power (hp) and Emission Factors (g/hp-hr)
Tug Average |Adjusted | Adjusted |Adjusted| Adjusted | Adjusted
Class | Power | NOx EF | ROGEF | COEF SO2 EF PM EF
A 128 11.13 0.85 3.30 0.09 0.59
B 110 11.27 0.98 3.25 0.08 0.67
C 92 14.10 1.13 3.60 0.08 0.75
D 110 10.07 0.93 3.09 0.08 0.66

Source: Emission factors from ARB (2006a) and ARB (2004a).
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Based on observations of vessels assists in Oakland, higher power activities occur for a relatively
small portion of the 45-50 minute assist time cycle. Assist tugs escort vessels at speeds of 8
knots or less. Under normal wind conditions tugs use higher engine power surges only to slow
some vessels as they approach the turning location, assist in making the 180 degree turn needed
to reverse course for berthing or departure, and position a vessel during the last stages of
berthing. On the outgoing assist, the tug or tugs help the vessel separate from the berth, unless
the vessel is equipped to provide its own separation and then follow the vessel out the channel to
the drop off point near the Bay Bridge.

ENVIRON used an average load factor of 0.31 from the literature for tug propulsion engines
during assist operations (ICF Consulting, 2006). According to the reference, this load factor was
developed during a field study of vessel assists in Southern California. A well-designed and
conducted field study would yield a more accurate, Port of Oakland-specific load factor.

The ARB has developed a statewide average load factor for tugs of 0.5, estimated from fuel
consumption data. The ARB feels its load factor is appropriate for the Port of Oakland
emissions inventory. Table 3-8 below shows emissions estimates based on both load factors.

ENVIRON used Port of Oakland specific data to estimate the time tugs spent in the assist mode.
While all assists generally start and end near the Bay Bridge, the time required to berth varies
between the Inner and Outer Harbors. ENVIRON, therefore, divided vessel calls into inbound
and outbound legs to and from the Inner and Outer Harbors, respectively. Port specific time and
distance considerations were also considered in estimating emissions from tugs transiting to and
from their berths to the assist pick up location. Table 3-7 summarizes the time factors for both
the assist and transit modes.

Port of Oakland 3-11
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Table 3-7. Commercial Harbor Craft - Time spent in Assist and Transit Modes by group for
2005.

Group Group Group
Vessel |Assist Hours|Transit

Group and Location Calls Hours Transit location

Group 1 < 167.6 m (550" 47

Group 1 Inner Harbor 47 39 146|Inner harbor to home
Group 1 Outer Harbor 0 0 0|Outer harbor to home
Group 2, 167.6 to 228.6 m (550-750") 386

Group 2 Inner Harbor 287 239 893|Inner harbor to home
Group 2 Outer Harbor 99 74 213|Outer harbor to home
Group 3, 228.6 to 274.3 m (750-900") 537

Group 3 Inner Harbor 207 172 644|Inner harbor to home
Group 3 Outer Harbor 330 248 711|Outer harbor to home
Group 4, 274.3 to 304 m (900-1000") 879

Group 4 Inner Harbor 575 479| 1789|Inner harbor to home
Group 4 Outer Harbor 304 228 655|0uter harbor to home
Group 5, >304 m (>1000" 66

Group 5 Inner Harbor 48 40 149|Inner harbor to home
Group 5 Outer Harbor 19 14 41|0uter harbor to home
Vessel Calls for All Groups 1916

Inner Harbor calls 1164

Outer Harbor calls 752

% calls to Inner Harbor 61%

% calls to Outer Harbor 39%

Transit Hours 5,242

Transit Hours for IH vessel calls 3,622

Transit Hours for OH vessel calls 1,620

Emission Summary for Tug in Assist Mode

Emissions estimates for the tug assist mode of operation are shown in Table 3-8.

Port of Oakland 3-12
2005 Seaport Air Emissions Inventory — Review Copy



€T-€

AdoD mainay — A1ojusau| suolssiwg 41y 1odess G002
puepieQ Jo 1iod

SUOIIRINJIRI Y10q Ul pash Sem
£4°0 10 10108} peo| aulbus Aleljixne ue ‘g'0 SI 1019e) peo| gy 8yl ‘TE°0 SI saulbus uoisindoid urew 1oy 1019e) peo] NOYIANT 8yl - T

7870 ZeT vEY 689 GE90T  0£69T  [ec9z  [L9Th €69 180T suoIssIwg
1siIssy bBny
8T°0 120 720 6T T /87T leLse SG v ee . 16T 102 [e1010ns
v00 700 000 000 900 900 100 100 220 220 Krelixny me_mo%gﬁmm
vT0 €20 720 6T T 18T [eLse vSY ee . YT T 78T uoisindold
8T°0 620 960 2GS T erec oL e 98°'G 826 8vT veC [e1010ns
100 100 500 500 S60 560 820 820 200 100 Riejixny| ogmmpokwuﬂm
170 820 160 & 6.2c |6, 9 859G 006 VT 12¢ uorsindold
220 ve0 6T T 88T /062 ot 9v 072 Gz 1T €8T 062 [e1010nS
100 100 900 900 8T T 8T T ve0 X0 600 600 Krenxny Lm%m_m_ “mcoc_
120 €0 2T T 18T 68.C g6 929 1607 VLT 18°C uoisindold
120 70 oVt 0cC 89°GE G995 208 T8€T sze 9G€ [e1010ns
100 100 800 800 SvT G T v 0 70 210 270 Kreqixny homhw:%womg
520 70 8eT 2z e ZZve  |ozss 0c8 6ot Ve e uorsindold
wwu_.m_.ﬁc_umm Solewllsy wwu_.m_.ﬁc_umm Solewllsg mmuﬁ_.at_umm Solewllsg wwu_.m_.ﬁc_umm Solewllsg wwwmp.\_uc_”_.wm Solewllsy OC_@CM 011eusons
NOYIANT| g4V |NOYWIANT| g4V |NOYWIANI| 84V |NOYIANI| 8dv |NOYIANT| guv Bny 1SISSY
Z0S Nd XON 00 504
"G00Z Ul SUO) — OLIeUSDS AQ ©pOoW ISISSE Ul SBN} WO} SUOISSIWT - Jeld J00IeH [eroiawwo)) 'g-€ o|qel
NOYIAND 100z 1snBny




August 2007 ENVIRON

Assist Tugs in Transit Operational Mode

Tugs must travel some distance to meet incoming vessels at the Bay Bridge and to return to their
bases after completing their assists. This transit mode is part of routine operations and needs to
be considered to complete the assist tug inventory. The report ENVIRON obtained from the
Marine Exchange that showed the number of tugs accompanying each vessel call also identified
the companies providing the tug assists (Marine Exchange, 2006b). After obtaining the location
of each tug operator’s berthing area, ENVIRON estimated the distance from each tug operator’s
base to the Bay Bridge to meet in-bound vessels, and from a central location within the Inner and
Outer Harbors, respectively, to return to their bases after assisting. The estimates were reversed
to account for the trip back to their bases after assisting departing vessels. It was assumed that
each tug makes this round trip for each vessel assist assignment. However since tugs may
occasionally continue from an assist assignment to another activity, this assumption may slightly
overestimate transit mode emissions. The mean distances were divided by an assumed average
speed of 10 miles per hour to estimate average travel times per trip. The travel times were
multiplied by the number of vessel calls to estimate total annual transit time for each group.
Table 3-7, above, summarizes transit times.

As noted earlier, the same basic equation used for calculating assist mode emissions was used for
transit emissions, except that the ARB’s load factor of 0.5 was applied. This load factor seems
reasonable as an average for a typical transit trip, which would involve a combination of low and
high speed travel and waiting time at idle at the pickup point. Transit mode emissions are
summarized in Table 3-9. Transit operations are estimated to produce approximately 60% of all
assist tug emissions. Tug operators that berth in the Inner or Outer Harbors conducted well over
70% of the assists in 2005.

Table 3-9. Commercial Harbor Craft — Assist tug emissions in transit mode — tons in 2005.
ROG CO NOXx PM S02
Totals 10.51 36.83 151.27 6.05 1.35

3.3 Emission Summary for all Commercial Harbor Craft

Finally, Table 3-10 shows the emissions calculated in this section summarized by ARB’s
emissions inventory categories.

Port of Oakland 3-14
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4.0 CARGO HANDLING EQUIPMENT

4.1 Cargo Handling Equipment Activity and Inventory

This section documents the emission estimation methods and results for cargo handling
equipment (CHE) operated at Port of Oakland terminals and the rail yard in 2005. This
inventory does not include CHE in the privately owned Schnitzer facility and Union Pacific
railyard. Union Pacific has provided the ARB with an independent analysis of emissions from
its Oakland facility.

The approach used to estimate CHE emissions was to determine annual emissions for each piece
of equipment by terminal according to engine characteristics (model year, rated power, and
equipment type) and equipment operation (hours of operation and fuel consumption rates). The
equipment population and operation estimates were derived from terminal and rail yard surveys
conducted in April 2006 by the Port of Oakland (the survey form is provided in Appendix D).
For other input estimates, the inventory guidance documentation published by ARB (2005c) was
used. The CHE emission estimates reported in this section were provided by ARB (2007) using
the activity input data collected through the Port survey.

This inventory includes CHE emission estimates using ARB input and methodology, as well as
an alternative emission estimate calculated with Port of Oakland specific load factor data.
Because load factor is a key input used to calculate CHE emissions and it is poorly understood
due of the lack of survey data and engineering studies, the Port and ARB agreed to include one
CHE sensitivity case, where the average in-use Port surveyed load factors were determined from
a sample of fuel consumption estimates. ENVIRON and the Port used fuel consumption survey
results to estimate the average CHE load factor for Port operations in 2005. The sensitivity
range represented by the ARB approach, which is consistent with methodologies used in
previous ARB studies for similar facilities, and the alternative emission estimates using the Port
specific load factor, therefore provide for an uncertainty range with which to better understand
emissions from this mobile source category.

The CHE emission estimates were developed in accordance with ARB OFFROAD emission
model methodology. For equipment in which on-road engines were used, ARB certifications
have been used to modify the emission rates. For equipment with additional emission control
devices, ARB presumably incorporated into the emission estimation the control efficiencies
derived from the ARB (2006b) for those devices.

The basic equation used to calculate emissions from cargo handling equipment is the following:
Ep,=EFp:* (1-CF) * LF*n*hp * hrs

where: E, = annual emissions of pollutant “p”
and
EF = emission factor (g/hp-hr)
CF = control factor (% reduction) by pollutant
LF = load factor (average load expressed as a % of rated power)
n = equipment population

Port of Oakland
2005 Seaport Air Emissions Inventory — Review Copy 4-1



August 2007 ENVIRON

hp = rated power (hp)

hrs = hours of activity per year (hr/year)

p = pollutant species (ROG, CO, NOx, PM10, SO,)
t =equipment type

Emission factors depend on the fuel type, model year, rated power, cumulative hours/age, and
retrofit control factor, if applicable.

4.2 Input Data and Use

Surveys sent out to each terminal at the Port and the two rail yards were returned with the
following detailed information for each piece of CHE. This information was used as inputs for
the emissions estimation

Equipment Type

Engine Type

Engine Model Year

Engine Retrofit Type/Repower
Chassis

Chassis Model Year

Fuel Type

Annual hours of operation

. Rated horsepower

10. Cumulative hours of operation
11. Fuel consumption per piece of equipment

CoNo~WNE

The CHE was grouped into equipment type categories as defined by ARB (2005c). The results
for the marine terminals are summarized in Table 4-1. As reported by ARB, yard trucks were
found to be the most prevalent cargo handling equipment type.

Table 4-1. Cargo Handling Equipment — Population by type (OIG rail yard included).

Equipment Type
Equipment Type Detail Population| Percent
Material Handling Side Pick 29 5.2%
Equipment Top Pick 79 14.2%
Rubber Tired Gantry (RTG) Cranes 36 6.5%
Forklifts 52 9.3%
Other, General Industrial Equipment 1 0.2%
Yard Trucks 359 64.6%
Total 556 100%

Over 90% of Port of Oakland CHE is diesel powered with a few dozen pieces of equipment
using liquefied petroleum gas (LPG) or gasoline powered engines. All gasoline powered CHE
was of 25 rated horsepower or less and used sporadically, and the Port and ARB agreed to ignore
these small source categories that are difficult to quantify. Table 4-2 summarizes CHE
population by fuel type and shows the number of emission control devices and repowered
engines present in the fleet.

Port of Oakland
2005 Seaport Air Emissions Inventory — Review Copy 4-2
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The Port of Oakland conducted a “Container Terminal Equipment Repowering Program” from
2000 through 2005 to provide financial incentives for terminal operators to repower and/or
retrofit their yard equipment and to switch to ultra low sulfur diesel fuel.

Table 4-2. Cargo Handling Equipment — Population by fuel type with emission control device
and repower summary data (OIG rail yard included).

Fuel Total CHE Percent of Emission Control Fraction
Type Equipment Total Devices or Repower | Population | by Type
Diesel 522 94 Dual Oxidation Catalyst 150 27%
Diesel Particulate Filter 2 <1%
Repowered 16 3%
No control device or 354 64%
repower
LPG 34 6 Repowered 22 4%
No control device or 12 2%
repower
Totals 556 556

Table 4-3 summarizes the average horsepower and annual use by equipment type and power
range. Actual annual hours of operation for each piece of equipment were used to estimate
emissions.

Table 4-3. Cargo Handling Equipment — Average horsepower and actual hours of operation by
equipment type and horsepower range (Marine terminals and OIG rail yard included).

ARB General Upper End Average Average
Equipment Type Power Range| Number of Power Annual

Designation (hp) Equipment (hp) Operation (hrs)

120 2 120 416

Container Handling Equipment 175 11 164 1,137

(Side Pick, Top Pick) 250 23 227 1,524

500 72 303 1,779

250 4 225 492

500 14 337 1,574

RTG and Other Cranes ) 5 516 162

>750 10 1000 2,600

50 3 47 1,000

120 25 77 811

Forklifts 175 15 173 1,053

250 8 202 431

500 1 270 1,040

Othgr, General Industrial 175 1 150 52
Equipment

175 95 172 1,505

vard Trucks 250 264 204 1,480

Total 556

Port of Oakland
2005 Seaport Air Emissions Inventory — Review Copy 4-3
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4.3 Cargo Handling Equipment Emission Factors

Because ARB’s OFFROAD emissions computer model for cargo handling equipment was not
publicly available, emission factors and emission estimates were provided by ARB (2007) using
the activity input data collected from the Port survey.

4.4 Load Factor Survey Results

One of the more uncertain estimates in the offroad equipment emission calculation is the load
factor. Load factors are difficult to discern because the duty cycle of equipment can vary widely
over the course of equipment operation, including periods of high power operation interspersed
with periods of short or extended zero load idling. The load factor methodology as used in the
emissions estimates, therefore, represents an approximate estimate for overall activity reflecting
typical engine loads during normal equipment operation.

The load factor could be determined from instrumented data recorded during the operation of the
equipment, which is costly to obtain because it requires collection of detailed engine operating
parameters during normal operation. However, another method to estimate the average load
factor for a piece of equipment is to compare its fuel consumption to the maximum fuel
consumption for the same piece of equipment at the rated power.

The Port of Oakland conducted a survey of fuel consumption per piece of equipment under
normal operations. The survey responses included fuel consumption estimates for about 35% of
Port of Oakland CHE identified in the Port’s CHE surveys conducted in February 2006. Some
terminal operators provided equivalent estimates for many pieces of equipment in a given fleet,
and thus did not represent each piece individually. ENVIRON calculated the load factor by
comparing the actual fuel consumption with the maximum fuel consumption, as shown in the
equation below. The maximum fuel consumption rate was estimated using the brake specific
fuel consumption (BSFC) rates from ARB (2000).

LF =FC/MFC /7.1 Ib/gal
MFC = hp * BSFC

where: LF = Load factor
and
FC = actual fuel consumption (gal/hr)
MFC = maximum fuel consumption (Ib/hr)
hp = rated horsepower
BSFC = brake specific fuel consumption (Ib/hp-hr)

Port of Oakland
2005 Seaport Air Emissions Inventory — Review Copy 4-4
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Table 4-4. Cargo Handling Equipment — Load factor by diesel equipment type.

ARB Default |Port of Oakland
Engine Surveyed Load
Equipment Type Load Factor Factor
RTG Cranes 43% 25%
Excavators 57%
Forklifts 30% 44%
Container Handling Equipment 59% 26%
Other, General Industrial Equipment 51% 27%
Sweeper/Scrubbers 68%
Tractors/Loaders/Backhoes 55%
Yard Trucks 65% 36%

Source: ARB 2005c and this study

As shown in Figure 4-1, ARB (2005c¢) load factor estimates are generally higher than the load

factors surveyed for equipment operating at the Port. Only forklifts were found to operate at

higher average loads than ARB estimates. ENVIRON estimated the average load factor using
the population weighted results, along with an uncertainty range based on the unique individual
survey estimates. In cases where ARB (2005c) load factors were found to overestimate actual

Port CHE load factors, estimated emissions could be higher than actual emissions.

0.9 1

0.8

0.7 A

0.6

0.5 A

Load Factor

0.4 4

0.3 A

0.2

0.1

Container Cranes
Handling
Equipment

Forklifts

Other, General
Industrial
Equipment

Yard Trucks

OARB

W Port Specific

Figure 4-1. Comparison of ARB (2005c) load factors and Port of Oakland fuel consumption

survey load factors by equipment type based on ARB (2000) fuel consumption estimates.

(Note: Load factor ranges for Port surveyed load factors represent 90% confidence intervals on

unique individual survey data.)

Port of Oakland
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While not conclusive, the results of the fuel consumption surveys highlight the uncertainty in the
load factor. The load factor is used directly in the emission estimates for cargo handling
equipment, so the emission results are also uncertain. The Port and ARB agreed to provide an
uncertainty range of CHE emissions using the ARB default and the Port surveyed load factors
presented here. ARB (2007) provided emission summaries using both load factors estimates.

The use of and the magnitude of the load factor in emission calculations is itself uncertain
because the method relies on only one average load factor to represent all activity. Mobile
source equipment operates over a large range of loads, and the transient loads during the use of
this equipment can lead to higher or lower emissions than one might estimate from using one
average continuous load. For instance, engine idling produces emissions under no load, so the
appropriate load factor cannot be precisely determined for equipment that idles a high proportion
of time in use. Therefore, the emissions range due to the load factor sensitivity presented in this
work provides an understanding of the potential uncertainty in emissions estimates from this
equipment. Future studies will be needed to provide more specific load factors for different
types of CHE under site specific operating conditions.

4.5 Cargo Handling Emission Results

Using the surveyed equipment population, activity, and other input data, ARB (2007) calculated
emissions for the Port of Oakland cargo handling equipment (CHE) using the OFFROAD
emissions computer model. Table 4-5 presents emission results for the CHE emissions using the
ARB load factors and the Environ load factors based on surveys at the Port of Oakland.

Port of Oakland
2005 Seaport Air Emissions Inventory — Review Copy 4-6
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5.0 ON-ROAD TRUCK ACTIVITY

Port of Oakland maritime operations create a demand for truck trips transporting containers
between marine terminals and the freeways or nearby rail yards. Trucks arrive at or depart from
the Port area via three freeway interchanges: Maritime/West Grand Street, Seventh Street and
Adeline/Market Street. Even if trucks arrive via surface streets, they must pass through these
three access points to enter the Port area. The Port operations also include truck trips associated
with moving intermodal cargo containers between the marine terminals and the Oakland
International Gateway and Union Pacific rail yards, both of which are located in the Port area.
ENVIRON therefore defined the study area for this air emissions inventory to include truck
routes between the marine terminals and each of the three freeway interchanges or the two rail
yards.

This section describes the typical annual truck activity demands, average truck characteristics
and travel modes, and estimates spatially allocated emissions for activity that occurred in 2005.
To better characterize truck activities, the Port and ENVIRON conducted special studies to
verify the truck counts and age distribution of the truck fleet serving the Port terminals. It was
beyond the scope of this report to develop specific travel demand models or collect specific
activity data, including determining routes of individual trucks trips, and ultimate destinations for
each truck trip. ARB is currently conducting a study of diesel emissions that will include all
truck traffic (both Port and non-Port related) on freeways surrounding the West Oakland
neighborhood.

ENVIRON used truck activity and the ARB EMFAC model to estimate emissions from the
trucks idling and moving in the Port area. ENVIRON used the most recent version (at the time
of this study, January 2007) of the EMFAC2007 model, Version 2.3, to estimate truck emissions.
For consistency with other studies, ARB requested that ENVIRON also used a pre-release beta
version of EMFAC2007 to calculate emissions. This section presents both estimates.

5.1 Emission Calculation Methodology

The general approach used to estimate truck emissions was to characterize the truck trips to and
from the marine terminals by estimating the trip mileage, average speed per road link and the
number of trips. A link is a term used by transportation modelers to describe a segment of
roadway, and a vehicle trip may be described by assuming a vehicle travels on a collection of
road links that piece end to end to make a longer trip. ENVIRON conducted the basic truck
emission estimates using the following equation.

Ep = NTruck Trip * MilesTrip * EF

where: E, = emissions of pollutant “p”
n = number of trips
Miles = trip mileage or hours at idle
EF = emission factor (g/mile, g/hour).
(Requires trips to be defined by speed)

Port of Oakland 5-1
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ENVIRON gathered input activity data from several distinct sources. Truck trips were
determined for each terminal and rail yard and applied to one of various routes within the Port
area. The necessary input data were as follows:

1. Truck trips
a) Marine terminal (to and from freeway; to and from rail yard)
b) Rail yards (to and from freeway; to and from marine terminal)

2. Trip mileage (routes)
a) Outside of the terminals and rail yards
b) Within the terminal and rail yards

3. Idle time
a) Outside terminals and rail yards entrance queues
b) Within terminal and rail yards

4. Emission factors derived from the EMFAC2007 model based on
a) Age distribution
b) Average trip speed by road link
c) ldle emission rate

5.2 Truck Trip Counts

The most basic measure of truck activity is the number of truck trips through each terminal
facility, where a trip includes both an entrance and an exit by the truck cab. To estimate the
truck trips, the Port of Oakland conducted an in-depth survey with the terminal operators to
determine the gate counts by configuration of each cab (tractor) at the entrance and exit to
accurately determine the number of truck trips to the terminals. The survey asked for the gate
counts at the entrance and exits of the terminals by the following truck configurations:

e (Cab (tractor) and chassis (trailer) with container
e Cab (tractor) with bare chassis (trailer without container)
e Cab (tractor) only (also called a bobtail)

All container facilities, either marine terminals or rail yards, keep accurate counts of loaded truck
entrances and exits at their gates. However, some terminals may not record entrances and exits
of unloaded trucks (bare chassis or bobtails) or trucks hauling empty containers that may have
been temporarily stored in the yards. Such truck trips may not have been counted at the terminal
entrance or exit, but need to be accounted for in an emissions inventory.

The Port of Oakland also records ship lifts for each terminal. Ship lifts are considered very
reliable data because payments to operators are based on the number of lifts. The ship lifts
represent the number of containers (boxes) moved onto or off a ship. The truck gate counts
together with the ship lift records provided sufficient data to estimate truck patterns and truck
trips. Truck journeys follow distinct patterns within a terminal in nearly all instances. Figure 5-1
illustrates this pattern and incorporates the following operations:

Port of Oakland 5-2
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e Loaded trucks drop off a container inside the yard.

e Some of these containers being dropped off may be empties that are stored on the
terminal for later pick-up and loading at an outside facility. Thus, not all containers
entering the terminals are loaded onto a ship but may exit the terminals again.

e The number of truck trips can exceed the number of ship lifts, but could also be lower
than the number of lifts when a large fraction of loaded trucks both enter and exit to
terminal.

e Some trucks entering with a container drop it off, and then pick-up a container before
exiting. The remainder of these loaded truck trips leave as a bobtail or a cab with an
empty chassis.

e Trucks leaving the terminal with a container consist of trucks that previously dropped off
a container at the terminal, or trucks that entered the terminal without a container (bobtail
or cab with an empty chassis).

e Trucks entering the terminal, either as a bobtail or as a cab with chassis, pick-up a
container that was unloaded from a ship or one of the empty containers stored on site.

ENVIRON estimated truck trips from truck gate count data and container lift data provided by
the Port. The comp