GREAT LAKES MARINE AIR EMISSIONS — WE'RE DIFFERENT UP HERE!
Richard W. Harkins, P.E. 1!

This paper presents a bottom-up Air Emission Inventory (AEI) forpovts on the Great
Lakes. The details of every commercial vessel — U.&xdtan-, and Foreign-Flag - and
every visit to each port were cataloged for 2004. The actual opensipded, reduced
speed to enter the port, the time to maneuver from the breaknhlt dock, and the times
at the dock performing cargo operations were evaluated. Apprepdatrent emission
factors for the type of propulsion engine and auxiliary enginegéch vessel were used
for the times in each mode to obtain total emissions. The PdZleskland, Ohio, is
particularly important because that port was studied as part of the E£Mktional
Emission Inventory in 1999 and 2002 and those results were used as thee mari
transportation mode emissions baseline that is extrapolated tdaredl Great Lakes port
states, cities, and counties based on port tonnages. The Port of DMiatiesota, was
chosen because it is primarily a shipping port as contrasted toefaled, which is
primarily a receiving port. Vessel operations are quite diffeiantach port. Using this
detailed study and current emission factors, Great Lakes marague emissions are shown
to be about one-half of original study estimates for Cleveland.rélatve efficiency of the
marine mode of transportation is reviewed for the Port of Clevelafde Great Lakes
vessels, ports, and trade patterns clearly show “We're diffarpritere.”

1.0 INTRODUCTION

Vessel air emissions have been evaluated for many tarastal ports in the United States in recent years to
determine the maritime contribution to air quality maea. Although not the largest source of air pollutanis
area, the maritime mode emission is a contributorrthedt be evaluated and considered as part of an air palluti
control strategy. In ports where air quality is amiésand there is significant maritime activity, suctsase ports
on the West Coast that have 40 to 50 ship arrivals eacht dayot surprising to find substantial efforts totrol
marine emissions. State legislative action and valyntessel marine air emission controls are beingpiad.
Vessel speed restrictions and “cold ironing” — shuttingtloéf ships’ machinery to plug into shoreside electrical
power — are taking place today. Many of the marine airsgon inventory studies performed include the
contribution of trucks, trains, shore unloading cranestaioer shuttle vehicles, and other infrastructure that
required to handle, collect and distribute the milliohsons of foreign cargo that arrives in the United &3taach
day. Shore infrastructure to support maritime activitlarge container ports is extensive and also cantghto the
air emissions attributed to the maritime mode.

The Clean Air Act of 1970, which was last amended in 198fyires the United States Environmental Protection
Agency (EPA) to set National Ambient Air Quality Stards (NAAQS) for criteria pollutants considered harmful
to public health and the environment (see Appendix A)e pitimary standards set limits to protect public health
particularly for asthmatics, children, and the elderlhe secondary standards set limits to protect pulgltave,
including protection against decreased visibility, damagaitmals, crops, vegetation, and buildings.

The law recognizes that it makes sense for statekedtia lead in carrying out the Clean Air Act, becauskerian
control problems often require special understandingoaf industries, geography, housing patterns, etc.

States must monitor for compliance with the NAAQ$d&ads, and if not compliant are given a time line and must
develop State Implementation Plans (SIPs) that explaat thie state will do to come into compliance. An SIR
collection of the regulations a state will use to cleprpolluted areas. The states must involve the publiaydgir
hearings and opportunities to comment, in the developwfeadch state implementation plan. The EPA must
approve each SIP, and if a SIP is not acceptable, ¢&pAake over the enforcement of the Clean Air Adhat
state.
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As can be seen on Fig. 1, there are a considerabidaruof areas in the United States that are desigmated
attainment for particulate matter (PM-2.5) and/or 8-Houor®z The Great Lakes states that border Lakes
Michigan, Huron, Erie, and Ontario all have counties thairanon-attainment.

Counties Designated Nonattainment for PWM-2 5 and/or 8-hour Ozone Standard

Designated Monattainment
[ PM-25 Only
[ PM-2.5 and 8-hour Ozone s R S
[ 8-hourOzone Only g

Fig. 1 March 2005 Nonattainment Counties in the United Stats

In June 2006, the Northeast Ohio Areawide Coordinating Ag@NGOACA) was working on regional inputs to
Ohio’s SIP. NOACA is a regional organization of locfiatals responsible for carrying out transportation and
environmental planning under local direction and in acecaeavith federal and state mandates, and they were
focusing on nitrous oxides (NOXx) in the Northeast Ohio #natincluded Cleveland. Lake Carriers’ Association
and the Cleveland-Cuyahoga County Port Authority were régglet® participate in providing input to the
recommendations from the marine sector relatingrt@aliution. The inventory presented by NOACA contained
2002-dated marine mode emission contributions that appeafss wareasonably high, especially in relation to
other mobile and area sources. Efforts commencedatniae the assumptions and data used to arrive at thesval
presented.

In 1999, EPA sponsored two studies entitled “Commercialridaictivity for Great Lake and Inland River Ports in
the United States” (ARCADIS 1999a) and “Commercial Mavkeéivity for Deep Sea Ports of the United States”
(ARCADIS 1999b). These studies provided activity profil@sapproximately 150 ocean, lake, and river ports, and
presented a method for an inventory preparer to alldicagein-mode activity data from one of the typical pdds
another port that has similar characteristics. hguout Cleveland, Ohio, was one of the two “typical”tpor
selected to be representative of the maritime modaeesteat Lakes (the other port being Burns Harbor, hadia
The studies contained 1) the number of vessels in estelyary; 2) vessel characterization, including propulsion
size; 3) number of hours at each time-in-mode assotiafth the cruising, reduced speed, maneuvering, and
hotteling, and 4) a calculation of total emissions.



A detailed study by the author of the Great Lakes studyledehat the assumptions and profiles used in that study
did not reflect actual Great Lakes vessels or operatidmslitional emission inventories were examined avaai
determined that a detailed inventory would be the onlyrate means to reflect the air emissions from thema
mode in Cleveland. And it was further determined thratesCleveland was a receiving port, a shipping pould

be needed to determine the difference in the types rt$ po the Great Lakes. It is the intent of this paper
provide a detailed port inventory for two Great Lakes pert€leveland, Ohio, and the twin ports of Duluth,
Minnesota, and Superior, Wisconsin, (hereafter called “DUlut using the actual ship propulsion machinery
particulars, the actual speeds and times during a portamtirgeparture, the actual maneuvering times to and from
the various docks, and evaluating the auxiliary enginenaisstons based on the electrical load while loading or
unloading.

2.0 DATA SOURCES AND NOMENCLATURE

The author has acquired extensive knowledge and understaidimg Great Lakes maritime industry as a former
licensed Engineer on Great Lakes vessels, Fleet Eargamel Fleet Superintendent for an 11-vessel U.S.-Flag fleet,
and currently as Vice President-Operations of Lake Qafrissociation. Further, the waterways management
issues on the Great Lakes not only impact the U.$-&lener/operators, but also the Canadian-Flag and Fereign
Flag owner/operators as well. Thus, frequent contaetsyanking, and cooperative working relationships have
developed among all the users of the Great Lakes andv@enee Seaway System.

The following provided the data and guidance necessatgifostudy:

Agencies/Companies U.S.-Flag Operators Canadian - Flag Operators
U.S. Army Corps of Engineers American Steamship Company Algoma Central Marine
U.S. Environmental Protection Agency Central Maringiktics, Inc. Canada Steamship Lines
Western Great Lakes Pilots Assn. Grand River Navigatmngany Lower Lakes Towing
Lakes Pilots Association Great Lakes Associdtes, ULS Corporation
Duluth Seaway Port Authority Great Lakes Fleet / Kelydsa Inc.
Great Lakes Towing HMC Ship Management, Ltd. Foreign-Flag Operators
Murphy Oil USA, Inc. Inland Lakes Management, Inc. FEDNAV
Sterling Marine Fuels The Interlake Steamship Company
Shell Oil Company Oglebay Norton Marine Services Co.
Warner Petroleum Upper Lakes Towing Company, Inc.
Duluth Shipping News VanEnkevort Tug & Barge, Inc.
Cleveland-Cuyahoga County Andrie, Inc.

Port Authority Laken Shipping Company

One of the most important data sources used in this studyelkasthe author’s personal communication with over
30 Masters and many Chief Engineers, as well as pdrebsarvations riding many different Great Lakes vessels
on many different transits. The Masters not only giedidata on the ship they were currently commanding, but
also were able to point out the different handling and mareng characteristics on a variety of vessels on lwhic
they had served as Master. This provided a cross chehk afformation that was received. Of particular ravte
more than 30 transits of the entire 5.8 mile navigablarohblzof the Cuyahoga River in Cleveland.

A few definitions of terms used in this paper are in arder

Laker refers to a U.S.- or Canadian-Flag vessel thatdesigned and built primarily for operation on
the Great Lakes. There is further discussion aboutlifferences in the design and operation of
U.S.- and Canadian-Flag Lakers in the next section.

Salty/Salties a term used on the Great Lakes thatsréfea Foreign-Flag vessel that enters the Grekeéd a
through the St. Lawrence Seaway. Many of these vesssls designed and constructed for the
maximum size permitted through the Seaway (740’ x 78’).

Duluth refers to the twin ports of Duluth, Minnesota, andesior, Wisconsin.



Trip the EPA 1999 Study defined “trip” as a vessel movenremne direction only. A vessel arrival
would be one trip and a vessel departure would be oneltripmore common among Great Lakes
users to refer to a “trip” as one port visit — howefagrthis study, we will try to be consistent and
use the EPA definition of “trip” and refer to one posdit/as a “vessel call” or “port call”.

Tons Gross tons and Net tons in naval architectusg tefvolume measurement where a ton equates to
100 cubic feet of volume. However, in this report, tons usedvarght tons. Traditionally in the
Great Lakes, cargo weight tons are reported in ‘nejwtdons of 2000 pounds (this is also called a
short ton). Conversions to net weight tons are dsws| gross (weight) tons x 1.12 = net (weight)
tons; metric tons x 1.10231 = net (weight) tons; (bushél3)/2000 = net (weight) tons.

BN Burlington Northern Santa Fe ore dock, Superior, Wisoonsi
CAT an abbreviation for a Caterpillar engine

CLM Cutler Magner docks, located in Duluth and Superior
DMIR Duluth, Messabi and Iron Range ore dock, Duluth, Miotees
HLT Hallett Docks, stone docks in Duluth and Superior

MAN maneuvering

MDO marine diesel fuel oil

MS mill scale cargo

MSD medium speed diesel

REISS Reiss stone dock, Duluth

RO residual fuel oil

RSz Reduced Speed Zone

SLT salt cargo

SMET Superior Midwest Energy Terminal coal dock, Supewésconsin
SSD slow speed diesel

ST ship powered by a steam turbine

STN stone cargo

3.0 THE GREAT LAKES ARE DIFFERENT
There are three distinct trade patterns and fleetsip$ shat operate on the Great Lakes.

The U.S.-Flag tradeconsists of mostly U.S.-to-U.S. trade within the uppmir Great Lakes. There were
54 U.S.-Flag Lakers evaluated in this study consisting oflynealf propelled dry bulk self-unloaders designed and
built to operate in the Great Lakes. The U.S.-Flagf fheoved 111 million tons of cargo in 2004 and they are only
restricted in size by the Locks at Sault Ste. Marieghigian.

The Canadian-Flag tradmnsists of 1) trade in the upper five Great Lakes (rttae 50 percent of all Canadian
cargo movement), and 2) inbound iron ore cargoes frorstthieawrence Gulf for Great Lakes steel mills, folldwe
by loading grain cargos (Toledo, Ohio or Lake Superiorspdrack out to the St. Lawrence Gulf for reshipment
overseas. The Canadian-Flag fleet consists of about 8@lse80 self-unloaders, 18 non self-unloading dry-bulk
carriers, 12 tankers and several other vessels. Theali@ariéeet moved about 70 million tons of cargo in 2004.
All Canadian vessels were designed to 730’ x76’ dimensianth&seaway trade, and many are “Seaway Max”
(740’ x 78).

The Foreign-Flag tradeonsists of importing mostly specialty products or makeror finished products from
around the world and exporting grain. About 500 Foreign-Wissel calls were made into and out of the Great
Lakes in 2004 with about 7.5 million tons of cargo movedachedirection.

The long history of shipping on the Great Lakes begirteémmid-1800s. The large iron ore deposits found in the
1840s led to the development of a robust mining industry. Whettenmining successful was the relatively
inexpensive transportation available by loading iron aite boats in Michigan and shipping it down to the nifils
Ohio. In 1855, locks were built at Sault Ste. Marie, ljan, to bypass the rapids on the St. Marys River which
links Lake Superior to the Lower Lakes. In 1869, a 225-foot woatigp was built placing the pilot house far
forward and the engine and cabins in the stern, a wadhiat continued for 100 years. Up until the developmient o
the taconite pelletizing process (in the 1950s) whererlgvwagle iron ore is ground and concentrated into a high iro
content marble-sized pellet, the iron ore varied widielyexture, moisture, and size. It could be powderylbkse

dirt (fines) or large chunks. Self-unloading technologysworn on the Great Lakes with the first vessel lasila
self-unloader in 1908.
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Physical Constraints of Vessel&esides the movement of only dry-bulk products, what makest Gakes vessels
unique are the physical constraints of the waterwaye viessel draft from the Atlantic Ocean to the wasteost
inland port of Duluth, Minnesota, is limited by water depthhe St. Lawrence River and channels that connect the
different Lakes. The length and beam of a vessel is linbiyethe dimensions of the lock(s) it is required amsit.

U.S. Great Lakes ports and waterways are maintainetieoWJiS. Army Corps of Engineers (ACOE) to project
depths authorized by Congress (currently about 27 feet in the igppeésreat Lakes). The waterway from the Gulf
of St. Lawrence to Lake Erie is controlled by the lsd Canadian Seaway Authorities. Currently, vessdtdr
are limited to 26’ 6.

There is about 600 feet of elevation difference betwbenPort of Duluth and the Atlantic Ocean, and vessels
are required to pass through hydraulic locks that lowee/thism from one elevation to the next. Transitsnfro
Lake Superior to Lakes Michigan, Huron and Erie are limitedhleylock dimensions at the U.S. Army Corps of
Engineers locks at Sault Ste. Marie, Michigan, to 1,018 flong and 105 feet wide. From Lake Erie to the
Atlantic Ocean, lock dimensions limit vessels to 740 feeg with a 78-foot beam (“Seaway Max”). It is pointed
out here that most U.S.-Flag vessels trade only impiper Lakes and are built to the maximum dimensions allowed
by the Soo Locks (1,013.5' x 105’). The Canadian-Flag Lakers argigReFlag vessels all trade through the
St. Lawrence Seaway and are thus limited to Seaway Max.

Season-of-Operation Constraint8me is of the essence in Great Lakes shipping becaubke timited navigation
season. The amount of cargo that is moved annuallyiress every vessel to operate as efficiently as possible
and turn around as quickly as possible (i.e., self-unlopdarmg the season. “Down time” or delays are measured
in minutes.

Commercial shipping in the upper Great Lakes is restribtethe closure of the U.S. Army Corps of Engineers
locks at Sault Ste. Marie, Michigan, which close on Janidf each year and reopen on MarcH'25 established

by Federal Regulations. After the locks close, sonmneercial shipping continues on Lake Superior, but this
usually stops in early February because of severe ice mosdéind extensive delays. On Lake Michigan, iron ore
is shipped from Escanaba (Upper Peninsula of Michigathetsteel mills near Chicago. On Lake Erie, coaj@sr
can continue from the U.S. to Canada. Other miscablas cargos of cement and salt move on and within Lakes
Michigan, Huron and Erie after the locks close. Thd.8wrence Seaway system closes to commercial naiga
around December 3Gach year and reopens about March 25

Ice cover impacts the shipping season as well. Iceraggeand thickness vary from lake to lake and season to
season from mid-December until early April. The ioest is compounded by fierce winter storms which bring a
variety of wind, wave, and weather problems on amageeof every 4 day$)(S.Coast Pilot #§. A combination of
strong winds, rough seas, and cold temperatures caniresufierstructure icing, in which sea spray and sometimes
precipitation can freeze on a ship’s superstructurerapddt stability. In addition, warm spring weather brifogs

in local areas that often hinders navigation, espedialtestricted channels. Spring storms can also genged¢s

and rough seas.

Ballast Systems:U.S.-Flag vessels on the Great Lakes were designethrsi to carry iron ore cargoes from
northern Minnesota and Michigan to the lower lake stakté — a one-way trade pattern. Without cargo, thiasal
capacity of the ship is required to be large enough to ahewessel to navigate and maneuver in all conditibns o
wind, weather, and seaway. The ballast capacity kéisavaries from 60 to 90 percent of the deadweight tonnage
capacity of the ship. This is contrasted with th&eslwhich may have ballast capacities of 15 to 30 peafehe
deadweight carrying capacity, and then only if cargo hatdslso used to carry ballast water. Salties cangodn

both directions and seldom enter or leave the Great Lakesuivcargo.

Another consideration for the ballast system in Lakerthe cargo loading and self-unloading rate. To minimize
time in port, the ballast pumping capacity must generadl similar to the self-unloader cargo handling rate.
Unloading rates can approach 10,000 tons per hour. Indivizhliast systems of four-17,000 gpm pumps are
common on the largest ships. The largest pumping radelader is 79,200 gpm using 18 pumps. Smaller vessels
have two pumps rated around 8,000-10,000 gpm. In addition, conleayting facilities are able to load vessels
more quickly and ships must have the ballast pumping cagheityequals the dock loading equipment to prevent
delays waiting to pump water out of the vessel.



Propulsion Power and Other Machinerylost of the U.S.-Flag commercial self-propelled ves®sl the Great
Lakes are powered by EPA Category 2 engines — EMD, Caterpdtadberg, and others. These engines burn
marine diesel oil (MDO). Out of the 54 U.S.-Flag vésse this study, Category 2 engines (EMD mostly) powers
37 (see Section 5.1 for details on EPA Engine Categorkeigiht are powered by Category 3 engines (Pielstick and
Enterprise) and nine are steam turbine powered vesSalsgory 3 engines operate on IF-280 fuel, Category 2
engines operate on MDO and the steam turbines opar&esdual Oil (RO). Engine fuel details are provided in
Section 5.2. All auxiliary engines on all Category & &1powered ships are Category 2 engines and operate on
MDO (there are currently no diesel generators operatingended fuel). Most of the steam turbine powered ships
had diesel generators installed to supply supplemental powtref unloading system when they were converted to
self-unloaders.

Steering systems on Lakers are also designed with grpateer to allow the rudder to turn to an angle of
45 degrees in each direction to enhance the maneuveringlitgpdlihe vessel. It is said that a Great Lakeseks

iS maneuvering every single day, either maneuvering thrtheleonnecting channels between the Lakes, making
the approach or transiting the Soo Locks, or enterinigaring a port. Ocean-going vessels are not commonly
required to perform similar extensive daily maneuverind the steering systems on those vessels are commonly
designed for a rudder angle of 32 or 35 degrees.

Great Lakes vessels have also been fitted with bowtendthrusters. Out of the 54 U.S.-Flag Lakers in the study
54 have bow thrusters and 29 have both bow and stern thrustaist tAgs are rarely used by vessels so equipped.
On the 5.8 mile navigable channel of the Cuyahoga Riv&@ieveland, some of the largest vessels that infrelyuent
transit the River may use a tug to assist when baakihgf the River.

Self-unloading Technology:The first U.S.-Flag Laker designed and built as awsdifader was th&/yandottein

1908 to reduce the time at the unloading dock and the depermleisbereside crews to remove the cargo. Initial
self-unloading systems used bucket elevators or inclinksl toeelevate the cargo from the hold to the deck level
Loop-belt systems, which trap cargo between two beltslévate it from the lower hold of the ship, havenbee
installed in all new construction and self-unloading cosieas since the late 1960s. These self-unloading systems
can operate at a discharge rate of up to 10,000 tons per hour.

Thirty of the U.S.-Flag vessels in this study were desigrel constructed as self-unloaders. Twenty-three vessels
were converted from their original straight-deck consimacfand lengthened at the same time in most cases).

Fuel Availability and Capacity:Fuel suppliers for U.S.-Flag vessels are locatedarutts. at Duluth, Chicago, and
Detroit, and in Canada at Sarnia and Windsor. Vesseldhars, only 2 to 3 days away from being able to obtain
fuel. The bunker capacity on Great Lakes vesselseftire, is small because the longest round trip thatbea
made on the Great Lakes is only 6 or 7 days and themawatiple fueling resources available during thaetim

Pilotage: By international agreement between the United StatdsCanada, the waters of the Great Lakes and the
St. Lawrence River have been divided into designated ashebignated waters for pilotage purposes. In designated
U.S. waters, registered vessels of the United Staigdameign vessels are required to be under the commaad of
1% Class Pilot. Most licensed officers that operate thS.-Flag vessels on the Great Lakes have studiegdserv
aboard as observers, and written a Coast Guard examimatibare qualified and registered as pilots for thetGrea
Lakes waters. Transport Canada has similar progeathexaminations/certification for officers on Canadtéag
vessels on the Great Lakes. The Foreign-Flag vedBeérs do not have similar certification and must ase
registered pilot when in U.S. or Canadian pilotage waterwhenever a Foreign-Flag vessel is moved. Hked
Pilots Association provides certified pilots for Lake eErfCleveland) and the Western Great Lakes Pilots
Association provides pilots for Lake Superior (Duluth angesior).

Port Infrastructure: One of the most unique features of Great Lakes shypigirthe methods used to handle
dry-bulk products and the port infrastructure that supportiiigaand discharging cargos. The ports of Cleveland
and Duluth do not have a skyline like Port Elizabeth & Rageles with row after row of docks fitted with huge
container cranes and all the support vehicles, storadigdacroads and railways to handle millions ohtainers.




Cleveland(details are provided in Section 3) is a dry-bulk prodeceiving port with the exception of a salt loading
dock and an ore reloading facility. Dry-bulk materiaks discharged by self-unloading vessels directly to faesli
with no shoreside infrastructure required. The twdlilog facilities have conveyors that speed-up the loading
process. The Foreign-Flag vessels are unloaded mastiyskore cranes specifically designed to handle thietyar

of finished and semi-finished products that are unload€develand.

Duluth (details are provided in Section 3) is primarily a dajkbproduct shipping port, but has 15 docks that
receive dry-bulk products and 12 Port Authority docks that eameive imported finished and semi-finished

materials. No port infrastructure is required for thak receiving docks and cranes are available at the Por
Authority docks to unload inbound foreign cargo. The modemamd coal loading docks are equipped with

conveyor loading systems to reduce vessel turn-aroureddimd load more product on more vessels in the limited
shipping season.

3.1 The Port of Cleveland, Ohio

Cleveland, Ohio, is located on the south shore of [Eike at the mouth of the Cuyahoga River, about 1,50&mile
from the Atlantic Ocean, 176 miles south west of Buffdlew York, and 833 miles from Duluth, Minnesota.
The U.S. Army Corps of Engineer2004 Waterborne Commerad the United Statesists Cleveland as the
44" largest port in the nation in terms of total tonsanfgo.

The Port of Cleveland consists of a lakefront, breaémmarotected outer harbor, and inner harbor. The inasyor
(divided into the east and west basin) consists of ab8@0 acres, the lower 5.8 navigable miles of the Gagah
River, and approximately 1 mile of the Old River. The&hgga River is in line with the main entrance of thieo
harbor from the Lake and is protected by two parallesiesast and west breakwaters). There is an easheati@

the inner harbor that is rarely used by commercial v&siset available if needed. The inner harbor is maiathto

28 feet depth in the west basin and 25 to 28 feet in thdasis. The Cuyahoga River is maintained at 23 feet and
the OId River is maintained to 21 and 23 feet of depth. TI& Army Corps of Engineers maintains all the
structures and the confined disposal facilities, and taiais the harbor and channels to project depths. The ACOE
project maps for the Cleveland Outer Harbor and CuyaRoga are shown in Fig. 2.

There are 48 piers, wharves and docks in the Port of I@le/@ccording to the ACOEort Series No43. Today,
there are 12 active Cleveland-Cuyahoga County Port Atyrdwcks, and 36 active docks in the Cuyahoga and Old
Rivers. All dock facilities in the Cuyahoga River andl ®iver are bulkhead-lined with about 9 miles of aging
bulkheading according to the ACOBhase-1 Report, Cuyahoga RivBulkhead Study,"1998.

At cargo receiving docks, a self-unloading vessel pullsaigd ship’s crew to handle the lines to tie up, swings ov
the unloading boom, discharges its cargo, and then depdotsontact is made with the cargo owner or shoreside
personnel except perhaps to spot the location where theytlveacairgo unloaded.

In the outer harbor, Cleveland Bulk Terminal in the wesdin is a 46-acre open iron ore storage and reloading
facility. All other outer harbor docks are located ie #ast basin and handle the Foreign-Flag vessels.e aher

12 active docks used for unloading salties and they are equigie shore cranes to handle steel slabs, finished
machinery and other products (although in a few casipsfited cranes are used by the shore gang). Unloading
takes time because each crane lift requires carefuhgggid removal and must be handled and placed properly on
shore for later reshipment to the final destination.

3.2 The Port of Duluth, Minnesota, and Superior, Wiscosin

The adjoining harbors of Duluth, Minnesota, and Superioscd¥isin, (hereafter called “Duluth” in this study) were
established in the 1870s and are located at the extremernvesad of Lake Superior at the mouth of the St. Louis
River, 2,340 miles from the Atlantic Ocean. It is aB®4 statute miles from Sault Ste Marie, Michigan,
(across Lake Superior), 808 statute miles from Chicadjopi, and 833 statute miles from Cleveland, Ohio.
The facilities, natural and man-made, and the magnituids cbmmerce make the harbor one of the most implorta
on the Great Lakes and in the nation. The U.S. Army Cof{sngineers’2004 Waterborne Commerad# the
United Statesists the combined Duluth-Superior Harbors a8 th8gest in the nation in terms of total tons of cargo.
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Fig. 2 Cleveland Outer Harbor and Cuyahoga River ACOE Progct Maps

The water frontage covers approximately 49 miles. Thigoharea is about 19 square miles and there are 17 miles
of dredged channels within the harbor. There are two rergsa the Superior Entry (Wisconsin side), a rubble
mound protected set of concrete piers that lead into the lrambor; and the Duluth Ship Canal (Minnesota) that
was cut through Minnesota Point in 1871 and is parallelrebapiers of about 800 feet in length. There is a natural
land mass about 6% miles long on Minnesota Point that lvetveeen the two entrances and protects the inner
harbor. The ACOE project map for Duluth-Superior tdashs shown in Fig. 3.



Fig. 3 Duluth and Superior ACOE Project Map

The U.S. Army Corps of Engineers maintains the enérastouctures and dredges the channels in the harbors
(see Fig. 3). The channels are: 1) Superior Entry, 2) Supdarbor Basin, 3) Superior Front Channel between the
two harbors, 4) Duluth Ship Canal, 5) Duluth Harbor BagjrDuluth East and West Gate Basins, 7) St Louis Bay
Channels, and 8) Minnesota Channel (upper St. Louis Rivéngtend of navigation. Commercial navigation takes
place to the Reiss coal dock about 6.75 miles from the pigdhead of the Duluth Entry Piers.

There are 58 piers, wharves, and docks with 32 located inttDahd 26 in Superior, listed in the AC®#&rt Series

No. 49 In 2004, there were 15 docks that received bulk products Idifecin self-unloaders, three cement
receiving docks, nine active grain elevators, nine Dugaway Port Authority docks, one coal loading dock, four
iron ore loading docks, and one shipyard and repair facilitycks that receive bulk products do not have shoreside
infrastructure to handle bulk materials. The modemamd coal loading docks are equipped with conveyor belt
loading systems. The ship loading conveyor systemsfearefrom hoppers that are fed by conveyors from
reclaiming equipment at the stockpiles. Most of the okdloading docks were built in the early 1900s as gravity
loading facilities where ore train cars would travelttoa upper part of the dock and bottom dump ore into “pockets”
in the dock. These pockets had a gate opening in thenbdtiat conveyed the ore to spouts that were lowered into
the hold of the ship. These facilities still existdaare used as designed. Some have been modernized with
conveyor charging systems or conveyor loading spoutetease the number of ships that can be loaded in a give
time frame. All Foreign-Flag and many Canadian-Flagelesload grain at the nine different elevators |latate
around the port. Elevators are equipped with internal gamv&ystems to transfer the grain from the silahi®
vessel and no further shore infrastructure is usedeatate



4.0 EMISSION CALCULATION METHODOLOGY

The practice used to calculate the 2004 emissions frorelsess the Great Lakes follows those currently in ose f
various port emission studies. The core to the suarfedee study is using emission factors that are ctiraed
representative of the vessels being evaluated and pragsdssing the activity profile for the vessel in plogt
being considered. Emission factor development and detXpldnation of the activity profile of the different
vessels and the different ports are detailed elseviiéines report. In this study, emission estimates weveldped
for four activities: Cruise, Reduced Speed Zone, Maneuyeaind Hotelling.
The basic equations used for estimating emissionsdrstidy are:

Et = Ec+ Esgt Emant Ena

E c,rsz,man= EFe,c,rsx,manX Hrs:,rsx,manx TRc,rsx,manX KW x I—Fc,rsx,man

Enot = EFnot X HrSiot X TRaot X HLpot X Lot

where:

E = pollutant specific emissions in grams of HC, NO®, M-10, PM-
2.5, or SQ

EF = specific emission factor in grams per kilowatt (Kvdur of pollutant
based on engine type and fuel type

Hrs = hours for each activity for each trip for leaessel

KW = total installed main propulsion power (sum lbEagine power if
multiple engines) on each vessel in kilowatts for abes except
Hotelling

HL = electrical kilowatt per hour average durthg Hotelling time

LF = average engine load by operating mode and vgpsel t

TR = the number of trips

e = engine type (Category 2, Category 3 [medium avd gh@ed]), steam
turbine or auxiliary engine

t total
cruise mode

sz

reduced speed zone mode
maneuvering mode
hotel mode

man
hot

A detailed discussion of these elements and how tleeg wsed is provided in the following sections.

5.0 VESSEL POPULATION

The vessels that call on the ports of Cleveland and Bulave different physical characteristics, althougth bot
ports are designated deep-water ports. In Cleveland,uy@h@ga River, where almost all of the Laker cargoes ar
delivered, is maintained to a Federal Project Depth d&&8 while the rest of the harbor is maintained tde2T.

In addition, the Cuyahoga River has been called the “erasiked river in the world” and thus requires short and
narrow vessels that can negotiate the tight turnscatidal maneuvering required during transit. The deep-draft
inner harbor of Cleveland can accept the largest cfeles The largest Lakers deliver cargoes at deep draft t
storage and reloading facility located in the outer harbestevn basin for later transshipment (“shuttles”) on
smaller vessels loaded to about 21 feet of draft. Thiktya&lso serves as a winter and spring stockpile of wce

for the Mittal Steel mill. At the end of the nornredvigation season, shuttles from the storage fatdithe steel
mill 5.8 miles up the Cuyahoga River continue until the ef January and commence March éach year to
provide a continuous feed of raw materials for steel making
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Appendix B provides the particulars of the Lakers in thislysand indicates which ports they visited in the study
year of 2004. Appendix C provides the details of the sahigkis study and indicates which ports they visited.
Table 1 provides the number of salty and Laker vessatsctiled on the two ports (with the total number aft po
calls in parenthesis). Although the total number afividual salties that call on the two ports outnumber th
number of Lakers, it must be kept in mind that mostesalihade only one call on the port of Duluth or Cleveland
during the entire season whereas Lakers made many repalsegis can be noted in the number of port calilsen
table. More salties (33) called on both ports becausg e¢hter the Seaway with steel and finished products that
unload in Cleveland and then proceed to load grain askahiaat cargo often in Duluth. Fewer Lakers (16) call on

both ports because the physical restraints of Clevdl@angahoga River) limit the size and number of vessels tha
generally call there.

Table 1 Total Number of Vessels and Port Calls in 2004

Duluth Cleveland Both

Vessels (Calls) Vessels (Calls) Ports

Salty 82 (111) 54 (79) 33
Laker 78 (1,015) 50 (1,000) 16

5.1 Engine Type

The EPA defines three categories of marine diesel engiseshown in Table 2. These categories correspond
primarily to engines used for propulsion power on oceangguassels (Category 3), auxiliary engines on large
vessels or propulsion power on smaller vessels (Cat&jpand auxiliary engines on smaller vessels (Cayehor
Based on these descriptions, a large number of velsg@llsion engines on the Great Lakes fall into Category

Table 2 EPA Marine Diesel Engine Categories

Engine Category

Displacement
(liters/cylinder)

Category 1 <5
Category 2 5.0 <disp<30
Category 3 > 30

The number and Category of marine engines in this suameeghown by port in Table 3 and in Figs. 4 and 5. The
number of ships that called on both ports was dominaté&hbggory 3 engines.

Table 3 Number and Category of Engines in Each Port in 2004

EPA 2 3 Steam| Total
Category
Duluth
Laker 21 37 20 78
Salty 0 82 0 82
Cleveland

Laker 37 6 7 50
Salty 0 54 0 54

11
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Fig. 5 Number of Engines Calling on Duluth in 2004

The listing of engine manufacturers for the propulsiogirges for the Lakers and salties by vessel name is in
Appendixes B and C, respectively, and these data amaatned by port in Table 4.
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Table 4 Engine Manufacturer for Vessels Calling on Pog in 2004

Engine Manufacturer Cleveland Duluth
ALCO 4 2
CAT 7 5
EMD 20 12
STORK WORKSPOR 2 1
FAIRBANKS 5 2
MAK 4 6
PIELSTICK 1 13
SULZER 12 23
NORDBERG 1 0
STEAM 7 20
B&W 34 48
MAN 1 6
MIRRLEES 0 1
ENTERPRISE 0 2
WARTSILA 4 17
UNKNOWN 2 0
MITSUBISHI 0 2
TOTAL NUMBER 104 160

More important than just the number of engine manufactuespresented by the individual vessels in each port is
the frequency that a vessel calls on that port. Tabfhows the product of the number of ships by engine
manufacturer times the number of times those shipasdcalto the respective port. The term “engine calisised

to define that number for Duluth and Cleveland in the table

Table 5 Engine Calls for Duluth and Cleveland in 2004

Engine Manufacturer Cleveland Duluth
ALCO 768 10
CAT 1,652 215
EMD 6,760 4,152
STORK WORKSPOR 21 4
FAIRBANKS 300 16
MAK 10 76
PIELSTICK 2 2,821
SULZER 140 828
NORDBERG 39 0
STEAM 735 4,020
B&W 1,768 2,818
MAN 5 258
MIRRLEES 0 20
ENTERPRISE 0 64
WARTSILA 16 425
UNKNOWN 4 0
MITSUBISHI 0 4
Total Number 12,220 15,731
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Table 5 indicates the most prominent engine calls intbhulere EMD engines with 55 percent, followed by CAT
with 14 percent, and B&W with 14 percent. The most prontimagine calls in Cleveland were the EMD and
STEAM with about 26 percent each, followed by B&W with 18ceet. That means Category 2 engines and steam
turbines dominate the engine calls in the ports of Duluith Gleveland, although the data shown in Table 4
indicated B&W was the dominant engine type by ship that catlexthose ports. This is because the B&W
powered ships (all salties) only made one or two visitthbse ports, whereas EMD and Steam-powered Lakers
made frequent calls into those ports.

Table 6 and Fig. 6 indicate one aspect of how “we arerdift up here” and demonstrates that emission inveatorie
for the Great Lakes must take into careful considerdhiertypes of vessels and propulsion engines types oa thos
vessels as well as the times they call on a potterd is a significant difference in the distributioneofgine
categories that depends on the specific vessels that edlcbnport.

Table 6 Percentage of Engine Calls by Port and by Categoig 2004

Category Duluth Cleveland
Steam 25% 6%
2 28% 78%
3 47% 16%
PORT CALLS BY ENGINE CATEGORY
18000 -
16000 1
14000 4020
g 12000 1 735
o O STEAM
z 10000 /e
© 8000 - O CATEGORY 2
f 9519
(:5‘ 6000 - O CATEGORY 3
2000 -
1966
0
DULUTH CLEVELAND

Fig. 6 Engine Calls by Port in 2004
Two conclusions can clearly be drawn from this inforomat

1. Using port study information that uses Category 3 marigines as the type on the Great Lakes
will clearly not be accurate.

2. Great Lakes ports CAN NOT be generalized into typicalspfat which results are extrapolated
for comparisons for air emission purposes. Proportgpeimissions from one Great Lakes port
study and applying those emissions to another Great Lmkédased on the ratio of total port
tonnage will cause errors to be introduced because the ofpengine calls will be different in
each port.
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5.2 Fuel Used by Vessels

Fueling of Lakers on the upper four Great Lakes can take plabeiluth, Chicago, Detroit, and in Canada, in
Sarnia and Windsor, Ontario. Canadian Lakers can alsafiu@her ports on Lake Ontario and the St. Lawrence
River. The fuel suppliers for the four locations used bieks were contacted and they provided the information
shown in Table 7 on sulfur in the fuel supplied in 2004 and ctlyr 2006:

Table 7 Fuel Characteristics for Great Lakes Marine Fués

Sulfur, % Weight
Supplier Bunker C IF-280 IF-180 MDO

) 2004 1.570 0.328

Duluth — Murphy Oil 2006 1.134 0.359
Sarmia— Shell 2004 23 2.2 2.1 0.52
2006 2.4 2.3 2.3 0.41
) . 2004 2.1 2.0 1.9 0.11
Windsor — Ultrimar 2006 2.1 2.0 1.9 0.05

Chicago/Detroit — Warnef 2004 1.48-2.09 0.45

Salties rarely fuel in the Great Lakes because thetptmaximize the amount of cargo they can depart withex
limiting draft of the St. Lawrence Seaway. Ownefsalties indicate they fuel in Montreal occasiopalh the
outbound passage.

A comment is in order regarding the requirements faimaaliesel fuel. EPA regulations that go into effac2907
limit the amount of sulfur in marine diesel fuel to 500 p@n®%% weight percent). At the beginning of 2012, the
EPA established limit will drop to 15 ppm.

The Environment Canada regulations for marine diesellifuél sulfur to 500 mg/kg (ppm) starting June 1, 2007.
Starting June 2012, the marine diesel fuel limit widlto 15 mg/kg (ppm).

Review of the salties (Appendix C) indicates that all 103sali vessels that visited the two ports operated on
residual oil. Review of the Lakers (Appendix B) indicatethef112 Lakers involved in the study of the two ports,

45 diesel vessels burned marine diesel oil, 42 diesel vdmsgelsd a residual oil blend (ranging from 60 centistokes
to 320 centistokes fuel — but this can be termed residualrdiis purpose), and 25 steam ships burned residual oil.

5.3 Emission Factors

Emission factors vary by pollutant, operating mode, entype, and fuel used. The emissions evaluated in this
study are: hydrocarbon (HC), oxides of nitrogen (NOXx), @arimonoxide (CO), particulate matter (PM listed as
PM-10 and PM-2.5), and sulfur dioxide (§0OSpecific emission factors are expressed as grapwlotant emitted

per kilowatt-hour of energy (g/kW-hr).

The most recent and frequently referenced European emifssitors study for engines was done by Entec UK
Limited in 2002 (ENTEC 2002). The most recent U.S. studly one in 2006 by ICF Consulting under contract to
EPA (ICF 2006). The ICF study provides a current U.S. rewiball studies and makes recommendations for
emission factors and for preparation of emissionnitwges. Other important studies that have been reshtioht
produced or evaluated emission factor data are by Arcadisg19999b), Environ (2004), Lloyds’s Register of
Shipping (1995), IVL Swedish Environmental Research Institsveedish Methodology for Environmental Data
(SMED 2004), Corbett and Fischback (1998), Starcrest Camguiroup LLC (2000, 2003), California Air
Resources Board (CARB 2005), and USEPA (various yearsie $6 the summary data is listed in Table 8.
References in the back of this paper provide links toyméthese studies.
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Table 8 Specific Emission Factors [g/k\Ahr] from Various Studies

STUDY BY: HC NOx CO PM PM-10 PM-2.5 S
ICF Jan 5, 2006 g/kW-hr g/kW-hr 9/kW-hr g/kW-hr o/kW-hr g/kW-hr oK-hr
SSD/RO 0.60 18.10 1.40 1.08 0.99 10.30
MSD/RO 0.50 14.00 1.10 1.14 1.10 11.10
MSD/MDO 0.40 13.90 1.10 0.75 0.28 6.16
ST 0.10 2.10 0.20 1.55 0.66 16.10
ENVIRON g/kW-hr g/kW-hr 9/kW-hr g/kW-hr o/kW-hr g/kW-hr oK-hr
Cat2 0.13 13.35 2.48 0.32 111
Cat 3- Med spd>300 rpm 0.53 16.60 0.70 1.76 12.82
Cat 3-Slow spd<300 rpm 0.53 23.59 1.10 1.73 12.99
EPA Guidance (BAH-1991 [ g/kW-hr g/kW-hr 9/kW-hr g/kW-hr g/kW-hr g/kW-hr ogK-hr
Steam ships 0.07 2.80 0.30 2.50
ENTEC g/kW-hr g/kW-hr 9/kW-hr g/kW-hr o/kW-hr g/kW-hr
SSD/RO 0.60 18.10 10.50
MSD/RO 0.50 14.00 11.50
MSD/MDO 0.50 13.20 4.10
ST/RO 0.10 2.10 16.50

IVL-Swedish (in ENTEC) g/kW-hr g/kW-hr g/kW-hr g/kW-hr g/kW-hr g/kW-hr ogK-hr

slow speed 17.40 0.52

med speed 0.12 13.60 0.71 0.42

Lloyds (in ENTEC) g/kW-hr g/kW-hr g/kW-hr g/kW-hr o/kW-hr g/kW-hr oK-hr
slow speed 0.63 18.70 2.00 1.23

med speed 0.65 13.70 1.59 1.25

SMED (at sea) g/kW-hr g/kW-hr 9/kW-hr g/kW-hr o/kW-hr g/kW-hr oK-hr
SSD/RO 18.10 0.50 1.30 1.30 1.30 9.00
MSD/MDO 13.20 1.10 0.20 0.20 0.20 1.80
MSD/RO 14.00 1.10 0.50 0.50 0.50 9.90
ST/RO 2.10 0.20 0.50 0.50 0.50 14.00

One of the most important assumptions in performing aisstom inventory is the emission factors used. Of
particular note is the lack of emission factor redeanrtd literature for Category 2 engines (cylinder disptant
between 5 and 30 liters/cyl). Ocean-going Category 3 enfgtsder displacement > 30 liters/cyl) have been the
focus of most emission factor literature and rededrecause international ships with large, residuabuihing
propulsion diesel engines dominate international mariiamemerce. Very little attention has been focused te da
on propulsion systems that use Category 2 engines sutte asmes used on smaller “feeder” vessels, tug/barge
units, and vessels in the Great Lakes trade. Histgricatkeat Lakes vessels are of unique design and conatruct
and do not have need for extremely large propulsion poBeme of the more important considerations in Laker
propulsion system selection with constantly changinggpasutput requirements are reliability, dependability, and
ease of maintenance and operation.

European studies do not use EPA'’s Engine Category defiaibiased on cylinder displacement. Those studies have
divided propulsion engines into slow speed (below 300 rpm) andumespeed (above 300 rpm). It can not be
ascertained in those studies if a medium speed engine vitomld fEPA Category 2 or Category 3 because cylinder
displacement is not the criteria used. This study hasndieted there are Laker medium speed engines that properly
fit into both EPA Category 2 and Category 3.
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Table 8 shows the obvious confusion in selecting whasseam factors to use for the emission inventory stody f
the Great Lakes. Ms. Penny Carey, EPA Office of Tpartation and Air quality (OTAQ), was contacted to abta
additional emission factor guidance. After further exchaofgeformation about the engine types and details
regarding the sulfur content of the fuels that are usedpsh#ded recommendations for the specific emission
factors for this study that are shown in Table 9he 8lso provided notes (below the table) with the ssuacel

other details to support those emission factors.

Table 9 Recommended Specific Emission Factors [g/k¥Wf] for the Great Lakes (Carey 2006)

USEPA RECOMMENDATION AUGUST 2006

ENGINE CATEGORY HC NOx co PM PM-10 PM-2.5 SO,
Cat 2 (on MDO) 0.134 13.36 2.48 0.37 0.37 0.35 1.87
Cat 3 Med Spd-MDO 0.10 2.10 0.00 0.37 0.37 0.3§ 518
Cat 3 Med Spd-RO 0.10 2.10 0.00 0.88 0.88 0.85 8.p1
Cat 3 Slow Spd 0.50 13.20 0.0Q 0.83 0.83 0.81 7.62
Steam (RO) 0.00 0.00 0.00 1.16 1.16 1.13 11,93
Aux Med Spd-MDO 0.40 13.90 1.10 0.37 0.37 0.35 1.85

Recommend values based on RO sulfur of 2.0% and MDfdr of 0.45%
PM = PM-10: PM-2.5 = 0.97*PM-10

Sources for Recommended Specific Emission Factors:

Cat 2 (on MDO): 1999 C1/2 rulemaking for HC, NOx, and CO. F&t Bnd SQ, uses equations in ICF (2006)
(January 10, 2006 memo from Lou Browning to Penayeg, "Methodology for Port Inventories (RevisedpA
Contract 68-C-01-164, Work Assignment 4-5").

Cat 3: Uses values in Table 5 of ICF (2006) for HC, N@md CO. For PM and SQuses equations in ICF
(2006), with default BSFC values in ICF (2006) &M@ sulfur of 2.0% and MDO sulfur of 0.45%

Steam: Uses values in Table 5 of ICF (2006). For PM 8@, uses equations in ICF (2006), with default BSFFC
value in ICF and RO sulfur of 2.0% and MDO sulffi0ct5%.
Aux: Uses values in Table 2-10 of January 5, 2006l Report, "Current Methodologies and Best Practioes
Preparing Port Emission Inventories" for HC, NOxdaCO. For PM and SQuses equations in ICF (2006) wi
default BSFC values in ICF (2006) and MDO sulfu0af5%.

OM, SO2 and CO equations (from ICF 2006)

PM-10 EF (g/kW-hr) = PM-10 (0.1% sulfur) + BSCF xD.02247 x (Fuel sulfur fraction - 0.001) whetd-R0
EF (0.1% sulfur) = 0.25 g/kW-hr (from ARB 2000)

SO2 EF (g/kW-hr) = BSFC x 2 x 0.97753 x Fuel suffarction

CO2 EF (g/kW-hr) = BSFC x 0.87 x (44/12)

BSFC SSD = 195 g/kW-hr: BSDC MSD - 210 g/kW-hrqydis 1995)

1%

>

5.4 Load Factors

The load factor for main propulsion machinery is the@atage of the vessel’'s maximum continuous rating (MCR)
that the machinery operates at in the different modds modes are defined in detail in Section 6. Enganes
designed with a maximum power, but often have a lower MORiged by the engine manufacturer. Load factors
used in this study are based on the MCR. The auxiliagiynerioad factor as used in this study is the percentage of
the rated kilowatt output of the auxiliary electricahgeators installed on the vessel.
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Cruise Mode

The Cruise load factor used in this study is 80 percent of N(CRIl vessels and ports. Studies by others use
formulas with the cubic (propeller law) of the ratiosactual vessel speed to maximum speed. The Cruise mode,
more commonly referred to as “open-lake” speed for Lalemssumed to be attained using 80 percent of MCR.
Discussion with owners and direct observations indi&&tepercent to be a valid assumption for Great Lakes
operations. Several of the emission inventory studie80gercent of MCR for the Cruise mode.

Reduced Speed Maode
The reduced speed load factor used in this study for alllgdssg3 percent of MCR. This is based on discussion
with owners of Lakers and direct observation.

Maneuvering Mode

The Maneuvering load factor used in this study is 12 percd®dR.M This is slightly lower than the Entec
assumptions of 20 percent (ENTEC 2003) and the CARB study psanof 2 percent (CARB 2005). Based on
the type of maneuvering that is required in the port€lefreland and Duluth and judging the powers used, the
overall factor of 12 percent appears realistic.  Disoussiith Chief Engineers and vessel owners and direct
observations aboard vessels indicate this assumptionvedite

Hotelling Mode
The Hotelling load factor used in this study is 50 percerdl@ftrical generator rating. Detailed review of the

installed power and the power used during Hotelling operatiodicates generators are loaded to about 50 percent
of rated capacity over the time in the hotel mode. Attel load varies during the different vessel openatsuch

as when discharging cargo or pumping ballast and those toagide different at different times during the hotel
time. The values used were obtained directly from {Engineers and owners in this study and are listed as kW/hr

The 50 percent load factor is significantly higher tHamsé recommended for bulk carriers in other studiessICF
recommendation was 22 percent for Hotelling load for aaryilengines (ICF 2006). CARB (2005) and Entec
(2003) are similarly lower. Although using 50 percent in $itigly may lead to a higher emission contribution for
this mode, personal knowledge along with discussions avithers about the rating of shipboard auxiliary engines
and reviewing the actual loading while in port indic&i@percent is a good estimation for both Lakers and salties

6.0 DISCUSSION OF MODES AND TIME-IN-MODES

In order for a port air mission inventory and study tarteaningful and useful for Federal, State and Local agencies
it must reflect the actual ships that call on the pod accurately reflect the way they operate in and arthenplort.

This study goes beyond any port inventory reviewed toidateing details of the actual ships and movements. The
vessel approach and maneuvering used by each Master nyiftem ship to ship and port to port. The loading and
unloading characteristics of each vessel will also varye data supplied by Masters, vessel owners, and operators
was compared, when possible, to port and dock records intordssure realistic data was produced. In this study,
considerable effort has been invested to make surelactd realistic assumptions are used.

The modes used in this and other AEls are as definedble T@. These modes are similar to those used in other
studies but definitions are clarified to reflect the unitjade and the way vessels operate on the Great.Lakes

The following detailed discussion of each mode is divideal diifferences in the port or differences in the openati
of a vessel type as necessary.

6.1 Cruise Mode

Cleveland LakersThe EPA 1999 Study of Great Lake Ports (ARCADIS 1999a) etsdhthat most shipping lanes
are more than 10 miles from the breakwall of a port@nise time-in-mode should be treated as starting 1Gmile
from the breakwall or piers and continued for 7 miledqwusl 7 miles divided by the vessel speed provided the
time-in-mode for cruise. The remaining 3 miles wesesidered to be in the Reduced Speed Zone (RSZ).
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Table 10 Definition of Modes and Time-In-Mode for Grext Lakes Vessel Movements

DEFINITION
OF FIELD DESCRIPTION
CRUISE Time at full speed measured from 10 miles outside the bedbtonabout 3 miles outside

the breakwall.

REDUCED SPEED | Time during which the vessel slows from open-lake speedhd¢ospeed the Maste
ZONE (RSZ2) desires when entering the breakwall.

Time from entering the breakwall to the time at thekdacthe time from departing the
MANEUVERING dock to the breakwall. In the case of a vessel thahdiges one cargo then reloads
(MAN) another cargo within the port, a maneuver between doitktalke place. That special
case is also included.
Time at the dock loading or discharging cargo. This veiti\by type of vessel, type of
HOTELLING operation being conducted, and type of cargo being handled.cabeeof a vessel that
discharges one cargo then reloads another cargo withpothis also addressed.
The electrical power used while the vessel is atdbek. Self-unloaders and some
HOTEL LOAD KW | geared salties use equipment installed aboard the ship trmpeckrgo operations
making the hotel load higher during these operations.

=

In actual practice, the east-west recommended courseCpeveland vary from about 10 to 20 miles from the
breakwall depending on where a vessel originates and whesssel is headed. All vessels entering Clevelamd (a
similarly for other ports throughout the entire Greatkés) follow the Lake Carriers’ Association (LCA)
Recommended Courses. The Recommended Courses were daévielojee 1920s by the LCA Captains and
Navigation Committees as a traffic separation andstofliavoidance scheme. These courses provide upbound and
downbound courses as well as recommended courses into aofleaah port and harbor. The LCA Courses are
clearly detailed on the NOAA navigation charts that th8. Coast Guard requires to be carried on board each
commercial vessel (regardless of flag) navigating trearakes.

Almost all Lakers entering Cleveland enter from the vbesiause they are bringing cargo to Cleveland from upper
lake ports. Lakers have a top speed of 14 to 16 miles perrkgardless of size or installed horsepower.
Discussion with Masters and Pilots indicate the usé®fl0 mile cruise distance is a reasonable assumption and
30 minutes is a good approximation of the time requiréZriise mode.

Tug/barge units have a greater variation in top speedllegrs (although some tug/barge units are as largesas th
largest Laker). Some tug/barge units are, in fact, forestfrpropelled Lakers that have been converted by
removing the aft propulsion machinery and constructingtah for a tug. Other tug/barge units are the traditional
notched barge being pushed by a tug. For purposes obttidg, 30 minutes was determined to be a good
approximation of the cruise time-in-mode for them also.

Duluth Lakers: In the case of Duluth, there are no shipping lanesgihgiast the port, as the port is the western-
most port on the Great Lakes and all vessels going tolDedut only approach from the east.

Discussion with Masters indicated a considerable vanidtiothe time and distance from the breakwall that the
vessel reduced power (“checked down”). The times varied Ir» minutes to 30 minutes. For the purposes of this
emission inventory, 30 minutes (approximately equal to7thwsiles from the 1999 EPA study) is used for the
average cruise time for Lakers. This is considered @ &leghtly conservative estimate, but is believedoaable
when considering wind, weather, fog, and other vesaffictr Several comments from Masters indicated that
reducing the thermal load on the propulsion machineryalgsa consideration for when they reduced the power of
the engines.

Cleveland and Duluth — SaltiesSalties are similar to the bulk ocean-going vessed\)Oas described in port
studies developed by Starcrest and others. However, thebiaig©GV that enter the Great Lakes are limited in
size by the Seaway dimensions of length, beam, and dfag current Seaway dimensions are 740 feet in length
and 78 feet beam and 26'6” maximum draft. The vesseldrtds into the Great Lakes are almost all designed and
built specifically for that trade. They have a crusgeed of 13 to 14 knots (14.9 to 16.1 mph). Salties almost
always enter Cleveland from the east as they argyihg cargo in from the Seaway. Discussion with thet$?
indicates the use of the 10 mile cruise distance iasomable assumption and their time-in-mode for crgisdso
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estimated to be approximately 30 minutes based on the&anile Cruise mode distance. The salties that call on
Duluth are many of the same ones that called on Getdebr have similar characteristics. There is a grdup o
smaller specialty cargo ships that are trading into theaidrakes and they are assumed to have the same Cruise
mode characteristics as the other oceangoing vessels.

6.2 Reduced Speed Zone (RSZ) Mode

Cleveland and Duluth LakersThe RSZ is the time the throttle is pulled back to tideeway off the ship so the
vessel speed is reduced to the speed the Master wantemteeng the breakwall or piers. Another consideration
that can determine how far from the piers the vasseler is reduced is what type of vessel maneuver is required
once inside the entry piers.

In Cleveland, for instance, a vessel going up the GagalRiver proceeds straight into the River that is in\th

the entrance piers before any maneuvering or turninggisired. A vessel going to the lakefront docks or the Port
Authority cargo docks requires an immediate 90 degree tumargeuver once inside the harbor and clear of the
entrance piers. Wind, visibility, and other vessaffit may also influence the speed of approach into aoharb
Local heavy rains or weather systems may also atfecturrent running through the entrance piers and affect th
speed the Master selects.

An additional consideration for vessel speed when eigterimarbor can be the use of bow or stern thrusters that ar
common on most Lakers and about 40 percent of the saltzssters have advised that bow thrusters are not
effective above about 3 miles per hour. If a vessel mameds required once inside the harbor and the Master
desires to use the bow thruster, the vessel speed entegimets and, thus, the time and distance a Master may
reduce the vessel speed may vary.

Discussions with more than 30 Laker Masters and manpanyrepresentatives for both U.S.- and Canadian- Flag
vessels indicated a RSZ time of 20 minutes to be a goacge.

Cleveland and Duluth SaltiesSalties are generally designed for higher vessel spmedidave finer lines than
Lakers and, thus, do not slow down as fast as LakersauBe of this, they often reduce speed further from the pier
or breakwall than Lakers. Discussions with Pilotsaaté 40 to 50 minutes is a rule-of-thumb. In some cases,
restricted speed range in the propulsion engine at low pdauels as some slow-speed diesels) may require more
or less time to adjust the speed to what the Pilotekesi©On some engines, the low speed operation may rélogire
engine to be brought to idle or stopped and the way owretbeel carries it toward the entrance piers. Accgrtiin

the Pilots, tugs are often taken in Cleveland or Duluththat case the vessel will slow down to a very loeesp
outside the harbor entrance in order to pass tow linesrat@ up to the tug. For purposes of this emission
inventory, 45 minutes is used for the RSZ estimate ftiesa

6.3 Maneuvering Mode

Maneuvering is one of the largest variables in the studye geographic layout of the ports and the locatiohef t
various docks must be taken into consideration.

Maneuvering - Cleveland — SaltieSalty maneuvering in Cleveland is the least com@atdecause all the Port
Authority docks are located in the same geographic latatidhe east harbor basin and very close to the harbo
entrance. The Pilots indicate the time from the pierany Port Authority dock averages about 30 minutes.t Tha
number is used in this study.

Maneuvering - Cleveland — Lakerstable 6b provides a listing of the location of stdd bridges and docks in
Cleveland and on the Cuyahoga River with average vesseingitimes. The distances are obtained from the
NOAA Coast Pilot #&nd are accurate statute mile measurements published Agx B®©measured from the West
Outer Pierhead. The running time to each bridge or doskpn@vided by a number of Masters of different vessels
that navigate in Cleveland and the Cuyahoga River asasadbserved during transits. Review of these times and
personal observation indicate the running time dat&ddrom ship-to-ship and Master-to-Master by only migute
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Table 11 Dock Locations in Cleveland Harbor and Cuyahoga Rer

MILES ! FROM RUNNING TIME
DESCRIPTION WEST OUTER PIERHEAD AVERAGES
(HR:MIN)
Cleveland Bulk Terminal 1.13 0:30
Port Authority Docks 0.75 0:30
OLD RIVER
Lafarge Cement Dock 0.70 0:45
Willow St. Bridge 1.02 0:30
Ontario Stone Dock 1.10 0:40
Sand Products Dock 1.20 0:50
Cargill Salt Dock 1.70 1:00
MAIN RIVER
Norfolk Southern #1 0.76 0:20
Center Street Bridge 1.39 0:40
Columbus Road Bridge 1.93 0:55
Carter Road Bridge 2.43 1:15
Eagle Avenue Bridge 2.80 1:30
West 3" Street Bridge 3.69 1:50
Jefferson Avenue Abutments 451 2:05
CSX Railroad Bridge 4.75 2:20
River Terminal Railroad Bridge 5.42 2:30
Mittal Steel Upper Dock 5.58 2:50

! Miles to bridges taken from NOAW.S. COAST PILOT #6

Data was acquired from many Masters on maneuvering fionespecific cargoes to a specific dock. Docks are
geographically located in several concentrated aretieiCuyahoga River and reported times to those areiesl va
little. The Cuyahoga River was, thus, divided into threeegdriocations and three related general transit times.
Docks are concentrated at: 1) the upper end (Mittal St2einiddle (Lafarge, West3 Marathon Oil), and 3)
Old River (Ontario Stone, Cargill). The maneuveringesnmused are: upper - 2.88 hours (2 hr. 40-50 min.),
middle — 1.83 hours (1 hr, 50 min), and Old River — 0.50 or 0.dBsh@0 or 45 min.) depending on dock location.
Maneuvering into the west basin (Cleveland Bulk Termiisal)50 hours (30 min.).

Maneuvering - Duluth — LakersTable 12 provides the distances and average running toriée various bulk
docks in Duluth.

Table 12 Dock Locations in Duluth and Superior

RUNNING TIME
MILES FROM
DESCRIPTION AVERAGES
ENTRANCE PIERS (HR:MIN)
DULUTH ENTRY TO:
Fuel Dock-Port Terminal 1.25 0:20-0:40
SMET (Superior Coal Dock) 3.5 0:45-1:10
DMIR Dock 4.5 1:15
Reiss Dock 6.75 2:00
Cutler (Superior) Cement Dock 5.75 2:00
SUPERIOR ENTRY TO:
Burlington Northern Dock 1.00 0:30-0:45
Lafarge Cement Dock 3.76 0:30

The mileage was obtained from several Masters andsgtute miles from the outer Duluth or Superior enranc
pierhead to the dock listed. In order to obtain the bemstage maneuvering time information, interviews were
conducted with vessel Masters. Not surprisingly, vihations in the reported maneuvering times to thewar
locations in Table 12 varied little and the table reflagbod agreement among sailing Masters. However, data to
some specific docks provided by Masters was used rathehihaveérages above.
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Maneuvering - Duluth — SaltiesThe range of times for salties in Duluth depends enldkbation of the grain
elevators in either Duluth or Superior. For docks vepgelto the Duluth entrance piers, an estimate as ahort
30 minutes was provided. The Pilots, however, recommem@edse of an overall average of 45 minutes as being
representative. That number is used for this study.eSatirely, if ever, enter through the Superior Entry becaus
most of the grain elevators are located in or clof2uioth.

6.4Maneuvering Between Docks

When a vessel delivers one cargo, then shifts to @reiff dock inside the harbor to load another cargo,
maneuvering between the two docks is required. The Manegwuarie for the inbound trip and the outbound trip
are accounted for as separate trips, however, the Mairegitine between docks in the harbor must be accounted
for as well.

Cleveland — Lakers:Although Cleveland is a “receiving” port, there wé&® cargos taken out of Cleveland in
2004. Almost all of those loads were road salt (more ¢imenmillion tons) shipped to other Great Lakes porte Th
owners of the vessels that carried the outbound s@losadvised the vessel had delivered a cargo into Cleveland
first, and then shifted to the Cargill salt loadingilfgcin the Old River. The owners estimated the tsfidm the
unloading dock varied from just 30 minutes, if the inbound cara® delivered in the Old River (most often), to
90 minutes, if the cargo was delivered to the docks omtie Cuyahoga River. An average of 60 minutes was used
in this study and this time was added to the Maneuvedngpatation for that trip.

Cleveland - Laker — ShuttlesShuttles are defined as movements of ore from thertake$torage facility to the
Mittal Steel mill 5.8 miles up the Cuyahoga River. Bhallow draft (21 feet) and crooked river limits the vissse
that can safely navigate the Cuyahoga River to 630rfdength. Larger deep-draft vessels (27 feet) delingr i
ore to the deep-draft lakefront dock. The cargo is tleémaded onto smaller vessels at the shallower draft fo
delivery to the steel mill up the river. The ClevelaBulk Terminal builds up an inventory of iron ore during the
year and draws from that inventory in the winter mentten the larger deep-draft vessels cease operafius.
in-port cargo movement continues until late January amihtences again around Marcf 1 This is possible
because ice conditions in the Cuyahoga River and innbothare usually not severe enough to stop navigation
although icebreaking assistance is needed at times to thpewestern basin of the inner harbor. During the
operating season, some of the smaller river-sized wess®} load product to a draft of 27 feet and lighter at the
lakefront dock to about 21 feet, then proceed up to the mmillel River-sized vessels often perform back-to-back
shuttles without departing Cleveland Harbor.

This study treats the shuttle trips just like a typi@bo delivery up the Cuyahoga River, except there is na€rui
or RSZ component. There will just be the Maneuverimg from the lakefront dock to Mittal Steel dock and back.
The original inbound and outbound trip segments will containGhése and RSZ component for that vessel
regardless of how many shuttle trips it may make betwheetirst call into Cleveland and its final departurenfro
Cleveland.

Cleveland — SaltiesAccording to the Pilots and the Cleveland-Cuyahoga CdeoityyAuthority, salties rarely shift
docks in Cleveland.

Duluth — lLakers: Duluth received 167 inbound cargoes (3,914,053 tons) consistingly mafs stone
(127 loads/3,282,347 tons), and smaller amounts of cena¢intarsd calcium chloride in 2004.

Of the 167 trips, the inbound vessel discharged the cargehratled in the port 65 times. The dock of discharge
of the inbound cargo and the dock of reloading the outbourgh eeas obtained from each owner. The loaded
inbound trip and the loaded outbound trips were treated asagsefdps in this study. Discussion with owners
indicated the shifting to another dock could take place iniB0tes in some cases, and as long as one hour in othe
cases depending on the relative location of the docks plrposes of this study, a maneuvering time of 1 hour was
used for the 65 vessels that reloaded and this hour was taditedManeuvering computation for that trip.

Duluth — Salties:Discussion with the Pilots indicates salties vafyeiquently shift from one dock to another.
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6.5 In-Port Refueling
Cleveland does not have a marine fueling facility imAlort fueling of vessels does not take place.

In Duluth, Murphy Oil USA has a marine fueling termiaélthe Duluth Port Authority Docks (1.25 miles from the
piers) that supplies commercial vessels with residusll éil, fuels blended to owner’s specifications, and nearin
diesel oil. For the 2004 season, Murphy Oil USA providedl fo 242 Lakers, mostly when they were entering the
harbor. The stop for fuel added from 45 to 90 minutes tantbaund transit, but did not appreciably impact the
overall vessel maneuvering time from the piers to thal filock of destination. The vessel and transit dates when
vessel fueled could not be accurately ascertained aliolgfisg thus, not considered in the study.

6.6 In-Port Use of Tugs

Cleveland and Duluth Lakerd-akers are extremely maneuverable and every oritteid With a bow thruster; half

of them have both bow and stern thrusters. Bow thrusteesfantive up to about 3 mph in the ahead direction and
about 6 mph when going astern. In Duluth, tugs are rarelyateto assist Lakers. In Cleveland, tugs could be used
for two situations. When local rain events cause méraver current fluctuations, a Master always hasfiten

of using a tug. The experience among the Masters that navigaCuyahoga River is extensive and they are very
observant of weather fronts and other conditions andlydueow well in advance the conditions they will llige
encounter during a Cuyahoga River transit. On occasiddaster may want the assistance of a tug when the
currents are strong in order to assist in maneuveringstgairrents in the winding river.

Another time Lakers may use a tug in the Cuyahoga Rivehen a large vessel (mostly Canadian-Flag) requests a
tug for assistance to back out of the River. This dependie vessel, the river conditions and the dock location
the river. In general, Masters that use a tug to aissttie downbound transit advised they can make the transit
about 30 minutes faster with the tug assist.

For purposes of this study, tug use by Lakers was not evalaradeldarbor tugs are not considered. The infrequent
use and the emission contribution from them would likelypbely offset by a decrease in the transit time of
the vessel.

Cleveland and Duluth Saltidn the case of Cleveland, the Lakes Pilots Associatdyvised about 40 percent of the
salties have bow thrusters, but tugs are used in and out oalpmrt 60 percent of the time (confirmed by Great
Lakes Towing, the major tug company servicing the Qrakés).

In Duluth, the Western Great Lakes Pilots Associatiticated tugs were used about 90 percent of the time. Great
Lakes Towing indicates about 70 percent of the salty mowtsmie Duluth use tug assist. The difference is that
more Pilots use tugs when entering port in the ballastedition because the vessel is riding high in the water
wind and weather can be more of a consideration. Weparting in the loaded condition and at deep draft, tug
assist may not be needed and the Pilots may elect tose a tug.

For purposes of this study, tug use by salties was not édluAny omission is believed to be offset by decrease
maneuvering time for the vessel.

6.7 Hotelling Mode

Cleveland and Duluth — Saltiesthe salties Hotelling numbers for Cleveland wereviged by the actual reported
dock time for each vessel visit obtained from recordthe Cleveland-Cuyahoga County Port Authority. The
Hotelling times for Duluth were obtained by using the ReePier times as reported by tBeluth Shipping News
This number was reduced by 1 hour to account for the mamegvieme of the vessel. In the evaluation,
maneuvering is accounted for in both the inbound trip an@uhigound trip; however, Hotelling is accounted for
only one time. Thus, a 1-hour reduction in the totaklag time is justified.
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Cleveland and Duluth — LakersThe Hotelling times for Lakers were obtained and cmsecked using several
different data sources. Vessel owners, in many casgs, able to provide precise loading or unloading times by
vessel and by product. In that case, an overall seasoagavtime for each vessel at each dock and for eadogt
could be obtained. Some vessel owners provided seas@ralges for different vessels at different docks and
loading or discharging the different bulk materials thatusesl for dispatch purposes. The times used by the owner
were given most importance because their extensive exgerbver many years of operating their vesselsuatso

for weather effects, dock breakdowns, dock crew shift clsarvgating for cargo, and other potential vessel delay

A cross check was able to be performed using the piertctipies as reported by tiiluth Shipping Newand
subtracting the maneuvering times in and out of port.

It is important to note the times used varied with thrgoe being handled. When unloading, some products handle
and flow more readily than others. Some cargos cahfspih loading or unloading equipment if cargo surges or
overloading of belts occur. There is significant effartbehalf of the vessel owners and ship crews tomizei any
cargo spillage. On Lakers, special equipment modificatiodsraprovements have been made and some sacrifice
of time has taken place to assure little or no cargaaggilbccurs.

As pointed out in the previous section, vessels broughtgo into Duluth 65 times in 2004, discharged that cargo,
and shifted to a different dock to load an outbound cargbwithin the harbor. In those cases, the Hotellinget

is determined for unload and a separate line item list$ithtelling time to load the next cargo. These operatio
are treated as separate operations and have separtitea¢lpower loads as discussed below.

6.8 Hotelling Mode — Special Case when a Vessel Reloads

Cleveland — LakersAs noted in the Maneuvering section, 83 cargos were takeaf Cleveland in 2004, and the

owners advised the vessels had delivered a cargo into &telvétst and then shifted to the loading dock. The
inbound trip to deliver the cargo was assessed a Hotelfimg for the unload. Likewise, the outbound trip was
assessed the Hotelling time for the loading. Becaask &ip was treated separately, Hotelling time is prgperl
accounted for regardless of whether the vessel wdspar discharging cargo.

Cleveland - Laker — ShuttlesThe 162 shuttle trips from the Cleveland Bulk Terminalttoa lakefront to the
ISG (now Mittal) Steel mill were treated separatelythe Cleveland emissions inventory. Hotelling agertime

for loading was 6 hours and Hotelling average time for digiig was 4 hours. The total of 10 hours was used for
total Hotelling time for each of the 162 shuttles.

Duluth — Lakers: The Hotelling time for the 65 vessels that reloadédinvDuluth harbor can not be generalized.
The Hotelling time for the unloading was provided by owragrd used on the inbound trip. The Hotelling time for
reloading was also provide by owners and used for the outbopnd t

6.9 Hotel Load kW

Cleveland and Duluth Lakers:The Hotelling electrical load depends on the actithipt is being conducted when
the vessel is at the loading or unloading dock. Whenngagi discharging cargo, ballast pumps must be used to
maintain the vessel at a relatively even keel and aotsiraft. When unloading, additional electrical power is
required to run the unloading machinery.

The auxiliary electrical power generation capabilitypperate the ship-installed self-unloading equipment isl/ess
dependent. Vessels constructed as self-unloaders were atbsigiin sufficient auxiliary electrical power to
accommodate bow and stern thrusters, ballast systemhgjndoading electrical loads. Several vessels have shaf
generators driven off main propulsion engines to proyiderer to unloading equipment and ballast systems.
Vessels that were converted to self-unloaders have aulituxiliary engines installed to power the unloading
machinery. The estimates used for Hotelling eledttmad in average kW/hr used in this study were based on
knowledge and observation of the individual vessels andstism with owners or Chief Engineers.

Vessels that reloaded within the same harbor had th&ied¢doading for unloading and loading accounted for
separately as provide by the owners or Chief Engineers.
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Duluth and Cleveland — SaltiesThe newer ships designed for Seaway operations byaketird Polsteam have
three auxiliary engines for use with installed unloadingesa Discussion with the owners indicated 175 kW/hr is
used during normal operations. When working cargo (whicmlg 8 hours per day, there are two engines on line
with a connected load of about 600 kW/hr.

In Cleveland, the Port Authority indicates that lelsant half of the salties use shipboard installed cranes fo
unloading. Thus for Cleveland, the study averaged 18 hours of With loperation and 600 kW/hr for 8 hours,
but only for a conservative half of the vessel callkis amounts to an overall season average of 240 kVWhus,
240 kW/hr was used for all salty calls in Cleveland.

In Duluth, no shipboard equipment is used during the loadingtipes, therefore 175 kW/hr is used for salties in
Duluth

7.0 RESULTS AND CONCLUSIONS

A summary of the emission for the ports of Cleveland Roluth is provided in Table 13. Detailed breakdowns by
mode are shown in Tables 14 through 19. The tablethdigtollutants separately: HC, NOx, CO, PM-10, PM-2.5,
and SQ. The Lakers are separated from the salties to alewelative contribution to the emission total freath

to be viewed. In addition, the separate modes for Isaded salties are broken out to allow each mode of operati

to be evaluated for relative contributions to theltemaission.

It can be noted in comparing the individual pollutant |ék@in one port to the other, there is not a consigtatio.
Although the cargo tonnage ratio of 1:3 (15M to 45M tons) agpeanewhat close for HC, PM, and Stis ratio
clearly does not hold for NOx and CO. This demonstnadesy relative cargo tonnage between ports to estimate
total pollutant values is not valid and will introduce stalntial error.

Table 13 Summary of Annual Emissions for Cleveland, Ohicgnd Duluth, Minnesota, tons/yr

TOTAL HC NOXx [ele) PM-10 PM-2.5 SO
CLEVELAND 1.5 117.9 20.5 4.5 4.3 30.6
TOTAL HC NOXx [ele) PM 10 PM 2.5 SO
DULUTH 4.5 204.0 27.8 12.4 11.9 106.3
Table 14 Cleveland Laker Emission Summary by Mode — gramsaar

HC NOX [ele) PM-10 PM-2.5 SO
CRUISE 383,175 32,842,90Dp 5,916,106 1,331,895 19822 9,142,878
RSZ 86,823 7,329,721 1,315,938 307,519 294,134 1025
MAN 207,279 19,461,677 3,502,130 592,852 562,933 428704
HOTEL 332,690 31,153,712 5,734,400 1,145,038 159001 | 7,341,281
TOTAL 1,009,967 90,788,01 16,468,573 3,377,304 28,270 22,063,904

Table 15 Cleveland Salty Emission Summary by Mode — grams/year

HC NOX CO PM-10 PM-2.5 SO
CRUISE 195,018 5,687,600 476,940 347,635 335,528 2103032
RSZ 48,490 1,407,68 118,043 86,040 83,068 794/483
MAN 35,265 1,023,770 85,849 62,574 60,413 577,806
HOTEL 82,720 8,247,343 1,530,944 228,4p7 216,061 154,381
TOTAL 362,393 16,366,403 2,211,776 724,656 695,170 5,736,701

Table 16 Cleveland Emission Summary — All Vessels/All bdtles — grams/year

TOTAL HC NOXx [ele) PM -10 PM-2.5 SO
CLEV 1,372,360 107,154,414 18,680,349 4,101,959 18810 27,800,605

25



Table 17 Duluth Laker Emission Summary by Mode — grams/year

HC NOx CO PM-10 PM-2.5 SO
CRUISE 2,031,530 85,267,705 10,956,781 4,705,R37 5344162 40,087,560
RSZ 502,566 21,080,086 2,707,409 1,163,891 1,181|58 9,918,358
MAN 507,367 20,810,343 2,645,918 1,287,656 124285 11,254,996
HOTEL 543,521 38,771,877 6,825,308 3,232,332 3621 | 28,222,502,
TOTAL 3,584,985 165,930,012 23,135,416 10,389,116 0,019,777 89,483,414

Table 18 Duluth Salty Emission Summary by Mode — grams/year

HC NOx CO PM-10 PM-2.5 SO
CRUISE 303,640 9,056,406 702,204 440,179 429,835 0624922
RSZ 125,251 3,735,767 289,659 181,821 177,101 19635
MAN 45,546 1,358,461 105,331 66,117 64,4P0 609,438
HOTEL 54,290 5,388,365 999,646 152,651 144,501 =D
TOTAL 528,727 19,538,999 2,096,840 841,368 815,838 7,138,670

Table 19 Duluth Emission Summary — All Vessels/All Mode— grams/year

TOTAL HC NOx CcO PM 10 PM 2.5 SO
DULUTH 4,113,712 185,469,011 25,232,256 11,230,484 10,835,116 96,622,087

8.0 COMPARISON OF CLEVELAND STUDIES

A 2002 EPA sponsored report “Commercial Marine Emissiaeritory Development,” April 2002, (Pechan and
ENVIRON) provided a marine air emission inventorytfee Port of Cleveland. The ship types and times in modes
used for that report were from a 1999 EPA report (Arcadid)used port activity data from 1996. The LCA report
presented here used Cleveland port data from 2004. The laakier€ Association records the annual dry-bulk
tonnage for the Cleveland Harbor. In 1996, the tonnagel 453,639 tons and 976 cargos. In 2004, the tonnage
was 14,326,580 tons and 946 cargos. There is not a signifltamge in the vessel calls or tonnages between the
two years of comparison, and if anything, there appedns a slight decrease from 1996 to 2004, which would tend
to generate slightly lower emission values. Thesey®ews are compared directly here.

There are differences in the EPA study conducted in 2002hanpresent study in emission factors used, numbers
and types of vessels, vessel times, and engine typepartifular significance appears to be the powers amel ti
used during Cruise, RSZ, and Maneuvering operations assvhitelling times.

Table 20 details the emission factors that were usedheAime of the 2002 study, the types of propulsion engines
were not carefully evaluated and all engines are assiméeé EPA Category 3 engines as is reflected in the
emission factors Table 20 below. There are no emmidaitors provided for Category 2 engines in the 2002 study.
Adequate consideration does not appear to have been gitlenfact that most port calls were conducted by vessels
that had mostly Category 2 engines or steam turbineghe table below, a further distinction is made for the
different category of engines based on the fuel type (MD@arine diesel oil, RO is residual oil). Also, Cptiey 3
engines can be either medium speed (rpm >300) or slow spee&3fin The listing of Category 3 medium speed
engines on MDO has been added to cover the case whermggere may be switched to MDO during low load
operation and maneuvering as is done on some Great \edsss.

Table 20 Specific Emission Factor Comparisons

Emission Factor Comparison-EPA 2002 Study and LOB&Study
(g/kW-hr)
HC NOx CO PM SQ

EPA ENGINE CATEGORY 2002 2006 2002 2006 2002 2006 002 2006 2002 2006
Category 2 (on MDO) 0.134 13.36 2.48 0.37 1.87
Category 3 Med Spd-MDO 0.5 2.1 1.1 0.37 1.85
Category 3 Med Spd-RO 0.295 0.5 9.28 14 0.39 11 980, 0.88 7.22 8.21
Category 3 Slow Spd 0.295 0.6 13.12 18.1 0.p1 14 960/ 0.83 7.13 7.62
Steam (RO) 0.037 0.1 1.56 21 0.16 0.2 1.39 1.16 .1611 11.93
Auxiliary MSD-MDO 0.4 13.9 1.1 0.37 1.85
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As can be seen, there is a significant increase iertfission factors used in this study for 2004 for HC, NOx, and
CO, a moderate increase in the emission factors@gr &d a slight decrease in the emission factors for PMs
emission factor increase would further increase the 20@% numbers substantially.

The initial efforts to determine the actual air esioa for Cleveland centered on nitrous oxide (NOx) becdwste t
was the pollutant of concern to NOACA and the SIP tlvege working on. Table 21 shows the NOx contribution
in grams per year as determined by EPA in the 2002 Pechamf®iudy. The emission contributions are broken
down by ship type and vessel mode as outlined in that study.

Table 21 NOx Emissions by Ship Type and Mode in EPA 1999/20&tudy

Commercial Marine Emission Inventory Developm&mRA Contract No. 68-D-00-265, April, 2002
based orCommercial Marine Activity for Lake and River Ports in thadted States
EPA Report EPA 420-R-99-019, Sept, 1999
NOx EMISSIONS ESTIMATE - g/yr
NET CRUISE RSz MAN HOTEL ALL
*
SHIP TYPE TRIPS TONS alyr alyr alr alyr MODES

BULK CARRIER, SALTY Total 219 14,427,720  3,09454] 3,356,653 74,363,48D 95,242,268
BULK CARRIER, LAKER Total 1,446 54,119,598 13,7802 | 34,165,966 107,401 102,132,977
CONTAINER SHIP, SALTY Total 6 226,041 45,341 5225 966,178 1,292,082
EXCURSION VESSEL Total 1,32( D D o 0 0
GENERAL CARGO, SALTY Total 20 732,108 185,591 180 [ 6,329,062 7,431,671
TANKER, SALTY Total 17 475,418 101,96 164,965 21552 894,901
GRAND TOTAL 1,665 69,980,885 17,167,325  37,928,01 81,918,673 206,993,899

*Trips are defined by EPA as one entrance or desrance from a USACE recognized port/waterwaytrig\is a one-way movement.
For comparison, Table 22 provides the NOx contributiograms per year as determined by the present study. The

number of ships and tonnages for each type of ship réfiectctual arrivals and departures for the year 2004 in the
Cleveland.

Table 22 NOx Emission by Ship Type and Mode in LCA 2006 Sty

Lake Carriers’ Association Report, 2006

NOx EMISSIONS ESTIMATE - glyr

SHIP TYPE TRIPS* NET CRUISE RSz MAN HOTEL ALL
TONS alyr alyr alr alyr MODES

CLEVELAND SALTY 158 695,741 5,687,609 1,407,683 230770 8,247,342 16,366,403
BULK SU Total 1,166 2,667,322 21,539,214 5,330,955 8,364,669 13,394,665 48,629,503
ITB Total 140 9,086,558 3,697,701 915,181 1,658,774 5,292,163 11,563,819
TB Total 336 935,474 6,851,845 896,985 1,807,415 128244 12,684,439
TANK Total 34 169,934 754,141 186,650 423,073 660,83 2,045,224
SHUTTLE TOTAL 324 1,283,718 Q 7,207,745 8,657,280 15,865,025
CLEVELAND LAKERS, Total 2,000 14,143,006 32,842,900 7,329,721 19,461,677 31,153,712 90,788,010
GRAND TOTAL 2,158 14,838,747 38,530,509 8,737,404 0,485,447 39,401,054 107,154,414

*Trips are defined by EPA as one entrance or desrance from a USACE recognized port/waterwaytrig\is a one-way movement.
The summary total emissions for Cleveland for eadhefisted pollutants are shown in Table 23 for the 2002 EPA

study and the 2006 LCA study presented here. The percentagddddidhe percentage the EPA 1999/2002
studies overestimated the 2006 study values.

Table 23 Summary Total Emission Comparisons, 2002 and 2006.8ies

Cleveland Total Emissions (g/yr) — Comparison of 200228x Studies
STUDY HC NOXx CO PM-10 PM-2.5 SO
2006 LCA 1,372,360 107,154,414 18,680,349 4,101,95 3,916,740 27,800,605
2002 EPA 3,835,947 206,993,898 21,009,346 12,786,388 89,258,740
EPA>LCA 279% 193% 112% 310% 321%
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9.0 THE EMISSIONS EFFICIENCY OF MARITIME TRANSPORTAT ION - AN EXAMPLE

This final section is an attempt to assess the relatiwissions efficiency of different modes of transpiamadround
Cleveland from the point of view of air emissions. cAiding to the U.S. Department of Transportation, frieigh
movement is a major source of national NOx emissidaight transportation accounts for approximately half
of mobile source NOx emissions and 27 percent of all NOxttetni Marine vessels are estimated to account for
8.8 percent of that mobile source NOx and only about 4.&ipeof all NOx on the national level. (Ré&ssessing

the Effects of Freight Movement on Air Quality at the National Ragional Level; Final Report, April 2005,
U.S. Department of Transportation, Federal Highway Adrmatisn).

But what do these statistics have to do with what goeshddleveland? A brief review of the air emission
contribution by different transportation modes in the ll@aveland area is in order. For instance, whers tloe

14 millions tons of bulk material end up and how does itlgge? The answer is 65 percent of the cargo is moved
locally by truck. To gauge relative locomotive air enussi a train bridge across the Cuyahoga River that allows
trains to pass in the East-West direction is saicetorte of the busiest rail bridges in the Midwest. Afddok at
these other two modes of transportation follows.

9.1 Trucks

It is estimated that 90 percent of the bulk materialsahabrought into Cleveland are consumed within 75 miles of
the port (Levin College of Urban Affairs of Clevelantt® University, 1997 Economic Impadeport of the Port

of Cleveland’s Maritime Operationy” Table 24 shows an analysis of the distribution of1t#h& million tons of
bulk cargo that was handled in Cleveland in 2004. The slaghest consumer of bulk material is Mittal Steel,
which gets about 3.9 million tons of iron ore directlgnfr vessels: 1.196M tons direct shipments to the mill and
2.667M tons shuttled from the lakefront storage faciliBoad salt shipments account for 1.165 M tons, roughly
300,000 tons of ore was shipped by rail to a West Virgitgel snill, and about 3,000 tons of imported finished
products were shipped by rail from the Port Authority dockthe balance of the bulk materials delivered to
Cleveland, 9.5 M tons of product was trucked to thd fileatination.

Table 24 Transportation Mode of Dry-Bulk Material to Final Destination

CARGO HANDLED BY: NET TONS
Vessel Direct to Steel Mill 1,196,163
Vessel Shuttle to Steel Mill 2,667,322
Exported by Vessel (salt) 1,165,952
Rail from Port 3,000
Rail to Other Mills 296,254
Net via Truck 9,508,703
Total Vessel Cargo 14,837,394

TRUCK LOADS
At 25 Tons/Load 380,348
Trips Per EPA 760,696

2,084 trucks/ Day

The EPA report EPA-420-F-0yy, May 200E&mission Facts Average In-use Emissions from Heavy-Duty $tuck
was provided by Penny Carrey, EPA. Table 25 is the remrmded emission factors for In-use Heavy Duty Diesel
Vehicles.

Table 25 Average In-Use Emission Rates for Heavy-Duty Vates, grams/mile

HC NOx COo PM-10 PM-2.5
0.54 11.4 3.05 0.33 0.31
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A discussion about trucking distance to major stone consuwes held with a company official that handles more
This takes into

consideration that some stone products may be deliveththwiO miles of the harbor, but other deliveries go into
southern Ohio. For purposes of this review, the averaf@ndie used was 50 miles in each direction.

than 100,000 truck

deliveries.

The average estimated destlor delivery was 50 miles.

Using the number of trips in Table 24, the emissionsratelable 25, and the average distance of 50 miles each
way, the calculation of total annual truck emissiorrsnimving the dry-bulk materials brought into Cleveland by
vessels is shown in Table 26.

Table 26 Total Annual Estimated Truck Emissions Moving Ry-Bulk Material from Cleveland Docks

HC NOx CcO PM-10 PM-2.5
grams/yr 20,538,792 433,596,720 116,006,140 12,551,484 11,790,788
tons/yr 22.6 477.0 127.6 13.8 13.0
9.2 Trains

The NOx emission contribution information provided by NOARindicated that railroad equipment accounted for
14.26 percent of mobile sources (marine was 36.97 percent)onfhapparent gauge to evaluate rail activity is the
Norfolk Southern Bridge that spans the mouth of the Cuyalkiger and must be raised to allow commercial
vessels to pass. The importance of the Norfolk SouttiefBridge at the mouth of the Cuyahoga River cannot be
underestimated. It has been said that crossing is one bliliest east-west crossing in the United Statesurd-a

of the bridge in the up position stops all train trafficlat is reported that rail traffic quickly backs up in atparts

of the country. Failure in the down position or thebitiy to fully raise the bridge immediately causes adtall
commercial vessel traffic in Cleveland to stop. slestimated that five to eight vessels transit the Rga River
each day. In a recent mechanical failure of major commisnon the bridge operating mechanism, Norfolk Southern
officials estimated 70 to 80 trains use that crossing eRdrjpours. Most of the trains using this crossing are
line-haul and consist mostly of four locomotives, twondfich are operating on-line at one time in the retstd
speed zones within the Cleveland area. Line-haul esgine estimated at 3,500 horsepower each. It cabealso
estimated the train spends about 1 hour in greater I&a/éassuming the train averages 40 miles per hour and the
rail distance from one end of Cleveland to the oth@biout 40 miles).

Emission factors for locomotives are provided in ERfport EPA420-F-97-051. December 199Technical
Highlights, Emission Factors for LocomotivesA table in that report provided Fleet Average Emissiantors for
All Locomotives by years. Table 27 provides those rensifor 2004.

Table 27 Emission Factors for All Locomotives, 2004, g/bhipr

HC NOXx CO PM (=PM-10)
0.51 10.49 1.32 0.33

To evaluate the total emissions attributed to theraiterossing, the same procedures as used for the nmode

as outlined in section 4 were utilized. The load faoss®d was a conservative 50 percent. This assumes tlodit out
the typical four-engine train, only two engines are opegatind either both engines are operating at abouhailfie
power level or one engine is operated at high load anctiiee is idling.

Table 28 provides the total annual emission contributiotrains using that one rail crossing. This assumes th
average of 75 crossings per day, 365 days per year, two eiB¢s00 bhp each, one hour in the transit across
Cleveland, the 50 percent load factor, and the emi$aators as provided in Table 27.

Table 28 Total Annual Estimated Locomotive Emissions — GnCleveland Rail Crossing

HC NOXx CO PM (=PM-10)
grams/yr 52,354,688 1,076,864,063 135,506,250 33,876,563
tons/yr 57.6 1,164.6 149.1 37.3
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Figure 7 shows graphically the relative annual emissaniribution by marine, truck, and rail by pollutant to the
Cleveland area based on the 2004 data. The reader igleghime truck mode includes only the truck emission
estimate to deliver the bulk materials brought into Géwe by Lakers and does not include trucking associated
with materials brought into the port by Foreign-Flagseds or any other truck movement within a 75-mileusdf
Cleveland. Equally important is to note the estimh@tenual emission contribution for rail is for only th&ns that
cross one bridge in Cleveland and does not consider aaymihmovement in the 75-mile radius of Cleveland. It
is believed both the total truck and rail emissions wdaddsignificantly higher if all truck and rail movement in
greater Cleveland were able to be obtained.

Figure 7 compares the total marine air emission dmrttdn to the subset of the truck and rail movements dbestri
above.

HC COMPARISON, RAIL" TRUCK? MARINE? - NOx COMPARISON, RAIL * TRUCK?, MARINES -
CLEVELAND 2004 CLEVELAND 2004
marine, 2
marine, 118
truck, 23
NOX truck, 477
HC rail, 58
rail, 1,185
0 200 400 600 800 1,000 1,200 1,400

0 10 20 30 40 50 60 70
TONS PER YEAR
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CO COMPARISON, RAIL*, TRUCK? MARINE? -

1 2 3
CLEVELAND 2004 PM COMPARISON, RAIL*, TRUCK*“, MARINE" -
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marine, 21
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rail, 149 PM
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R

0 20 40 60 80 100 120 140 160 0 5 10 15 20 25 30 35 40
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PM-2.5 COMPARISON, RAIL?, TRUCK?MARINE® -
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marine, 4

truck, 13

PM-2.5
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! Rail — train crossings of NS #1 Bridge only — rtbes Cleveland rail mode traffic considered.
2 Trucks — transport of bulk material delivered byps- no other Cleveland truck mode traffic consitde
% Marine — all marine mode in Cleveland.

Fig. 7 Comparative Annual Emissions from all Marine and 8lected Truck and Rail Movement

The relative emission efficiency of the marine moslelearly shown. This Cleveland example clearly shitgs
over 200 million tons of materials that are moved byniagne mode annually on the Great Lakes are cleaiggb
moved in the most environmentally friendly way possible
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APPENDIX A

National Ambient Air Quality Standards (NAAQS)

The Clean Air Act which was last amended in 1990, requires EPA toNsgional Ambient Air Quality
Standards (40 CFR part 50) for pollutants considered harmful to publadtihend the environment. The Clean Air
Act established two types of national air quality standdPdsnary standardsset limits to protect public health,
including the health of "sensitive” populations such alsnaatics, children, and the elderfyecondary standards
set limits to protect public welfare, including protent against decreased visibility, damage to animalgscro
vegetation, and buildings.

The EPA Office of Air Quality Planning and Standards (OAQR&) set National Ambient Air Quality Standards
for six principal pollutants, which are called "crigéripollutants. They are listed below. Units of measuretfe
standards are parts per million (ppm) by volume, miltigggper cubic meter of air (mgfjnand micrograms per
cubic meter of air (ug/f

N

w

N

o

(<2}

National Ambient Air Quality Standards

PRIMARY AVERAGING SECONDARY
POLLUTANT STDS. TIMES STDS.
Carbon Monoxide 9 ppm (10 mg/r) 8-hout None
35 ppm (40 mg/r) 1-houtt None
Lead 1.5 pg/m Quarterly Average Same as Primary
Nitrogen Dioxide 0.053 ppm (100 pgi)riAnnual (Arithmetic Mean) Same as Primary
Particulate Matter (PM) (50 pg/ni Annuaf (Arithmetic Mean) Same as Primary
150 ng/m?® 24-hour
Particulate Matter (PM) (15.0 ug/m Annuaf (Arithmetic Mean) Same as Primary
65 ng/n? 24-houf
Ozone 0.08 ppm 8-hodr Same as Primary
0.12 ppm 1-hodr Same as Primary
(Applies only in limited areas)
Sulfur Oxides 0.03 ppm Annual (Arithmetic Mear)) -
0.14 ppm 24-hodr | e
....... 3-hout 0.5 ppm (1300mg/nT)

Not to be exceeded more than once per year.

To attain this standard, the 3-year average of the veziginnual mean Plylconcentration at each monitor
within an area must not exceed fBgin".

To attain this standard, the 3-year average of the vemginnual mean P concentrations from single or
multiple community-oriented monitors must not exceed h§/@r.

To attain this standard, the 3-year average of the 98terdecof 24-hour concentrations at each population-
oriented monitor within an area must not exceed®s.

To attain this standard, the 3-year average of the fdigthest daily maximum 8-hour average ozone
concentrations measured at each monitor within ean@rer each year must not exceed 0.08 ppm.

(a) The standard is attained when the expected numbersopdagalendar year with maximum hourly
average concentrations above 0.12 ppmisas determined by appendix H.

(b) As of June 15, 2005 EPA revoked flibour ozone standard all areas except the fourteen 8-hour ozone
nonattainmenEarly Action Compact (EAC) Areas
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APPENDIX B
LAKER SHIPS AND ENGINES DULUTH + CLEVELAND

VESSEL # EPA
DUL | CLV (names as of 2004) FLAG | TYPE| HP kw ENGINE TYPE ENGINES | CAT FUEL
X 1|/ALGOCAPE CAN | BLK 9,470 7,062 SULZER 6RD76 1 3.2 | IF180
X 2|ALGOCEN CAN | BLK 8,000 5,96GFAIRBANKS 38D 8-1/8 4 2.0 #2
X 3|ALGOISLE CAN | BLK 9,000 6,711 MAN K6Z 78X155 2 3.4 | IF180
X 4|ALGOLAKE CAN | SU 9,000 6,7112CROSSLEY PIELSTICK PC-10 2 3.4 IF40
X 5|/ALGONORTH CAN | BLK | 12,000 8,948STK-WKSOR 9TM410 2 3.4 | IF120
X 6|/ALGONTARIO CAN | BLK 8,750 6,525B&W 774 VTBF-160 1 3.2 | IF180
X 7JALGOSO0O CAN | SU 9,000 6,711CROSSLEY PIELSTICK PC-10 2 3.4 IF40
X X 8|ALGOSTEEL CAN | SU 9,470 7,062SULZER 6RD76 1 3.2 | IF180
X 9|ALGOVILLE CAN | BLK 9,000 6,711MAN K6Z 78X155 2 3.4 | IF180
X 10/ALGOWOOD CAN | SU 10,200 7,606 MAK 6M552 2 3.4 | IF180
X X | 11|/ALPENA us SuU 4,000 2,983DELAVAL STM STM| #6
X X [ 12/AMERICAN MARINER us SuU 7,000 5,220EMD 20-645 E7 2 2.0 #2
X X | 13JAMERICAN SPIRIT us SuU 16,000 11,931PIELSTICK P2-2 2 3.4 | IF280
X 14 ANDERSON, ARTHUR M. us SuU 7,000 5,22QWESTGHSE ST™M STM| #6
X X | 15lARMCO us SuU 7,000 5,22QWESTGHSE STM STM| #6
X 16|/ATLANTIC SUPERIOR CAN | SU 9,600 7,159SULZER RLB-66 1 3.2 | IF180
X 17|ATLANTIC ERIE CAN | SU 9,000 6,711CROSSLEY PIELSTICK PC-10 2 3.4 | IF180
X 18|ATLANTIC HURON CAN | SU 9,600 7,159SULZER RLB-66 1 3.2 | IF180
X 19|BEEGHLY, CHARLES M. us SuU 8,500 6,338GE ST™M STM| #6
X 20|BLOUGH, ROGER us SuU 15,000 11,18GPIELSTICK PC-2.2 2 3.4 | IF320
X X | 21BOLAND, JOHN J. us SuU 7,700 5,742EMD 20-645 E7 2 2.0 #2
X 22|BUCKEYE us SuU 7,700 5,742BETH ST™M STM| #6
X 23 BURNS HARBOR us SuU 14,000 10,44QEMD 20-645 E7 4 2.0 #2
X 24/CALLOWAY, CASON J. us SuU 7,000 5,22QWESTGHSE ST™M STM| #6
X 25{CANADIAN ENTERPRISE CAN | SU 8,700 6,488 MAN 40/54-A 2 3.4 | IF180
X 26| CANADIAN LEADER CAN | BLK 9,000 6,711GE ST™M STM| #6
X 27|CANADIAN MINER CAN | BLK 8,000 5,96GFAIRBANKS M. 206X508 4 2.0 #2
X 28/ CANADIAN OLYMPIC CAN | SU 9,000 6,711MAN 40/54-A 2 3.4 | IF180
X 29| CANADIAN PROGRESS CAN | SU 8,000 5,966CAT 3612 2 2.0 | IF180
X 30|CANADIAN PROSPECTOR CAN | BLK 7,500 5,593SULZER 1 3.2 | IF180
X 31|CANADIAN PROVIDER CAN | BLK 9,500 7,084INGLIS ST™M STM| #6
X 32|CANADIAN TRANSPORT CAN | SU 9,000 6,711MAN 40/54-A 2 3.4 | IF180
X 33| CEDERGLEN CAN | BLK 8,750 6,525B&W 774VTBF 160 1 3.2 | IF180
X 34/CLARKE, PHILLIP R. us SuU 7,000 5,22QWESTGHSE ST™M STM| #6
X X | 35|COLUMBIA STAR us SuU 14,000 10,44QEMD 20-645 E7 4 2.0 #2
X X | 36/CORNELIUS, ADAM E. us SuU 7,000 5,220EMD 20-645 E7 2 2.0 #2
X 37|CSL LAURENTIAN CAN | SU 9,000 6,711CROSSLEY PIELSTICK PC-10 2 3.4 IF60
X 38/CSL NIAGARA CAN | SU 9,000 6,711CROSSLEY PIELSTICK PC-10 2 3.4 | IF60
X 39|CSL TADOUSSAC CAN | SU 9,600 7,159SULZER 6RD76 1 3.2 | IF180
X X | 40|DAVID Z NORTON us SuU 5,400 4,027 ALCO 16-251 2 2.0 #2
X 41/ DONALD HANNAH us TB 2,400 1,79Q0CAT 2 2.0 #2
X X |42|EARL OGLEBAY us SuU 5,400 4,027 ALCO 16-251 2 2.0 #2
X X | 43FRED R. WHITE us SuU 7,000 5,220EMD 645 2 2.0 #2
X X | 44|FRONTENAC CAN | SU 9,600 7,159SULZER 6RD76 1 3.2 | IF180
X 45/GORDON C. LEITCH CAN | BLK 9,500 7,084 SULZER 6RD76 1 3.2 | IF180
X 46|GREAT LAKES TRADER us ITB 10200 7,606CAT 2 2.0 #2
X 47/GOTT, EDWIN H. us SuU 19,500 14,541 ENTERPRISE DMRV 16-4 2 3.4 | IF320
X 48HALIFAX CAN | SU 9,000 6,71YINGLIS ST™M STM| #6
X 49|HON. PAUL MARTIN CAN | SU 9,000 6,711CROSSLEY PIELSTICK PC-10 2 3.4 | IF600
X X | 50/IGLEHART us SuU 4,000 2,983DELAVAL ST™M STM| #6
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APPENDIX B - LAKER SHIPS AND ENGINES DULUTH + CLEVE LAND - Continued

VESSEL # EPA
DUL |CLV (names as of 2004) FLAG | TYPE| HP kW | ENGINE TYPE ENeNEs| oar | FUEL
X | X | 51/INDIANA HARBOR US | SU | 14,000 10,44QEMD 20-645 E7 4 2.0 #2
X 52| JACKSON, HERBERT C. Us | su 6,000 4,474GE ST™M STM #6
X 53[JOSEPH L. BLOCK Us | su 7,000 5,220 EMD 20-645 E7 2 2.0 #2
X 54/ JOSEPH THOMPSON us | 1B 7500 5,593 CAT 2 2.0 #2
X 55{JOHN B. AIRD CAN | SU | 10,200 7,608 MAK 6M552 2 3.4 IF180
X 56{JOSEPH H. FRANTZ Us | su 4,000 2,983ENTERPRISE 1 3.4 #2
X 57|JAMES R. BARKER US | SU | 16,000 11,931PIELSTICK PC-2 2 3.4 IF280
X 58|KAYE E. BARKER Us | su 7,000 5,220 DELAVAL ST™M STM #6
X 59|LEE A. TREGURTHA Us | su 7,000 5,220 BETH ST™M STM #6
X 60| MARK HANNAH Us | TB 3,200 2,386CAT 2 2.0 #2
X 61|MCCARTHY JR., WALTERJ. | US | SU | 14,000 10,44(EMD 20-645 E7 4 2.0 #2
X 62|MICHIPICOTEN CAN | SU 7,000 5,220BETH ST™M STM #6
X | X | 63MIDDLETOWN Us | su 7,700 5,742BETH ST™M STM #6
X 64/MINER, MESABI US | SU | 16,000 11,931PIELSTICK PC-2 2 3.4 IF280
X 65MONTREALIS CAN | BLK | 9,000 6,711GE ST™M STM #6
X 66|{MUNSON, JOHN G. Us | su 7,000 5,220 GE ST™M STM #6
X 67|NANTICOKE CAN | SU 9,000 6,711CROSSLEY PIELSTICK PC-10 2 3.4 IF60
X 68 OGLEBAY NORTON US | SU | 14,000 10,44QEMD 20-645 E7 4 2.0 #2
X 69|P.TREGURTHA US | SU | 16,000 11,931PIELSTICK PC-2 2 3.4 IF280
X 70|PINEGLEN CAN | BLK | 8,160 6,085MAK 6M601 1 3.4 IF180
X 71|PRESQUE ISLE US | SU | 14,000 10,440MIRRLEES KV-16 2 3.4 IF320
X 72|QUEBECOS CAN | SU 9,000 6,711GE ST™M STM #6
X 73|RESERVE Us | su 7,000 5,22QWESTGHSE ST™M STM #6
X 74/SARAH SPENCER CAN | B | 8,000 5,966MAK 2 3.4 #2
X 75|SPEER, EDGER B. US | SU | 19,260 14,362PIELSTICK PC-2.3 2 3.4 IF320
X 76|SPRUCEGLEN CAN | BLK | 10,800 9,054SULZER RLB-66 1 3.2 IF 180
X | X | 77|ST.CLAR Us | su 7,000 5,220 EMD 20-645 E7 2 2.0 #2
X 78|STEWART J. CORT US | SU | 14,000 10,440EMD 20-645 E7 4 2.0 #2
X | 79|WOLVERINE Us | su 7,000 5,220 ALCO 16-251 2 2.0 #2
X | 80|ALGORAIL CAN | BLK | 6,664] 4,969 FAIRBANKS 38D 8-1/8 2 2.0 #2
X | 81/ALGOWAY CAN | BLK | 6,664 4,969 FAIRBANKS 38D 8-1/8 2 2.0 #2
X | 82|AMERICAN REPUBLIC Us | su 7,000 5,220 EMD 20-645 E7 2 2.0 #2
X | 83/BARB ANDRIE Us | TB 1,950 1,454EMD 20-645 E7 2 2.0 #2
X | 84/BUFFALO Us | su 7,000 5,220 EMD 20-645 E7 2 2.0 #2
X | 85|CALUMET US | BLK | 4,336 3,233NORDBERG 1316-H5C 2 2.0 #2
X | 86/CANYON, AGAWA CAN | BLK | 6,664 4,969 FAIRBANKS 38D 8-1/8 2 2.0 #2
X | 87|CANADIAN TRANSFER CAN | BLK | 6,017 4,487/SULZER RD68 2 2.0 IF180
X | 88|CHALLANGER, SOUTHDOWN| US | BLK | 3,000 2,237STEAM ST™M STM #6
X | 89|CLEVELAND ROCKS Us | TB 5,000 3,729CAT 2 2.0 #2
X | 90|CONQUEST US | ITB | 4,350 3,244EMD 20-645 E7 2 2.0 #2
X | 91|CRESSWELL, PETER R. CAN | BLK | 10,200 7,608 MAK 6M552 3 3.4 IF180
X | 92|CUYAHOGA US | BLK | 3,000 2,237 CAT 3608 2 2.0 IF180
X | 93|DOROTHYANN/PATHFINDER | US | B | 7,000 5,224CAT 2 2.0 #2
X | 94[ENGLISH RIVER CAN | 1B 1,850 1,380 WKSPR TMAB-390 2 3.4 IF180
X | 95|GEMINI TANK | OIL | 5,566 4,151ALCO 16-251 2 2.0 #2
X | 96|H LEE WHITE Us | su 7,000 5,220 EMD 20-645 E7 2 2.0 #2
X | 97|HANNAH 3601 Us | TB 3,200 2,386EMD 20-645 E7 2 2.0 #2
X | 98/HANNAH 5101 Us | TB 3,400 2,535FAIRBANKS 38D 8-1/8 2 2.0 #2
X | 99[JACKMAN, CAPT. HENRY CAN | BLK | 10,200 7,608 MAK 6M552 3 3.4 IF180
X_ | 100[JAMES HANNAH TB | OIL | 3,400 2,535FAIRBANKS 38D 8-1/8 2 2.0 #2
X | 101/ KAREN ANDRIE TB | OIL | 3,600 2,6894EMD 2 2.0 #2
X | 102]MARY HANNAH TB | OIL | 3,200 2,38§EMD 2 2.0 #2
X | 103|MCKEE SONS US | B | 5,600 4,176EMD 2 2.0 #2
X_ | 104]MISSISSAGI CAN | BLK | 4,300 3,207 CAT 3612 2 3.4 IF180
X | 105/ OSTRANDER ITB | CEM | 7,200 5,369EMD 2 2.0 #2
X | 106)REBECCA LYNN. TB | OIL | 3,600 2,685EMD 20-645 E7 2 2.0 #2
X_| 107|RICHARD REISS Us | su 2,950 2,200 EMD 645 2 2.0 #2
X | 108/SAGINAW CAN | BLK | 7,700 5,742 DELAVAL ST™M STM #6
X_ | 109/SAM LAUD Us | su 7,000 5,220 EMD 20-645 E7 2 2.0 #2
X | 110SEA EAGLE CAN | mB | 7,300 5,444CAT 2 2.0 #2
X | 111]SUSAN HANNAH Us | TB 4350 3,244EMD 2 2.0 #2
X | 112[T/B 2 Us | TB 3,000 2,237CAT 2 2.0 #2

~
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2.0 = Cat 2 Eng

3.2 = Cat 3, slow spd

3.4 = Cat 3, med spd

STM = Steam Turbine




APPENDIX C

SALTY SHIPS AND ENGINES DULUTH + CLEVELAND

VESSEL EPA

DUL | CLE (names as of 2004) MAIN ENG. ENGINE MODEL/TYPE HP kw CAT FUEL
X 1|AGENA UNKNOWN 2,81% 2099 34 RO

X 2|ALAMSEJAHTERA SULZER OIL 2SA, 6CY, 580X1700 9,500 7,084 3.2 RO
X X 3|ATLANTICPATROLLER B&W OIL 2SA, 7CY, 420X1360 8543 6,35 3.2 RO
X X 4|ATLANTICPENDANT B&W OIL 2SA, 7CY, 420X1360 8,523 6,35 3.2 RO
X X 5|ATLANTICPRIDE B&W OIL 2SA, 7CY, 420X1360 8,543 6,35 3.2 RO
X 6|ANNALISA WARTSILA 6CY, 380X475 5914 4410 34 RO

X X 7|BALTICLAND SULZER SULZER BROS.LTD. 6RND76 12,165 9,071 3.2 RO
X 8|BBC CAMPANA MAK 6M43 MCR 7,23 5398 34 RO

X X 9|BIRCHGLEN SULZER SULZER BROS.LTD. 4RLB76 10,880 8,113 3.2 RO
X 10/BLUEBILL B&W OIL 2SA, 7CY, 680X1250 1,156 861 3.2 RO
X 11|BLUEWING B&W 7542MC 8,76 6,539 3.2 RO
X 12|CALLIROE PATRONICOLA |SULZER 6RTAS58 9,500 7,084 3.2 RO
X 13|CHIOSCHARITY SULZER IHI.-6RND68M 11,400 8,501 3.2 RO
X 14|CHIOSPRIDE B&W MITSUI -8L55GFC 10,700 7,979 3.2 RO
X X 15|CINNAMON B&W OIL 2SA, 7CY, 420X1764 8,769 6,539 3.2 RO
X 16|CLIPPEREAGLE B&W OIL 2SA, 4CY, 500X1910 57p0 4,265 3.2 RO
X 17|DANIELLA B&W PIL, 6CY, 120X142 104 75 3.2 RO
X 18/DAVIKEN SULZER 6RTAG2 15,499 11,554 3.2 RO
X 19|DIEZEBORG WARTSILA WARTSILA NEDERLAND 8L38 7,178 5,353 34 RO
X 20|DIMITRISY - OLGAV B&W HITACHI ZOSEN-7L55GF 10,50p 7,830 3.2 RO
X X 21|FEDERALAGNO SULZER OIL 2SA, 6CY, 580X1700 9,500 7,084 3.2 RO
X 22|FEDERALASAHI B&W KAWASAKI -6S46MC-C 10,71 798§ 3.2 RO
X X 23|FEDERALHUNTER B&W OIL 2SA, 6CY, 640X1932 10,710 7,986 3.2 RO
X 24|FEDERAL KUSHIRO B&W 6CY,460X1932 10,710 7,986 3.2 RO

X 25|FEDERAL MAAS B&W 7CY, 620X1400 10,490 7,755 3.2 RO

X X 26|FEDERALPOLARIS SULZER OIL 2SA, 6CY, 580X1700 9,900 7,084 3.2 RO
X X 27|FEDERALRHINE B&W OIL 2SA, 7CY, 620X1400 10,400 7,755 3.2 RO
X X 28|FEDERALRIDEAU B&W KAWASAKI -6S46MC-C 10,719 7,986 3.2 RO
X X 29|FEDERALSAGUENAY B&W OIL 2SA, 7CY, 620X1400 10,400 7,755 3.2 RO
X X 30|FEDERALSCHELDE B&W OIL 2SA, 7CY, 620X1400 10,400 7,755 3.2 RO
X X 31|FEDERALSETO B&W OIL 2SA, 6CY, 640X1932 10,710 7,989 3.2 RO
X X 32|FEDERALST. LAURENT B&W OIL 2SA, 7CY, 620X1400 108p 7,754 3.2 RO
X 33|FEDERAL WELLAND B&W 6CY, 460X1932 10,710 7,986 3.2 RO

X X 34|FEDERALWESER B&W OIL 2SA, 6CY, 640X1932 10,710 7,98 3.2 RO
X 35|FEDERAL YUKON B&W 6CY,460X1932 10,710 7,98 3.2 RO

X 36|FLINTERMAAS WARTSILA 8R32E 4,459 3325 34 RO
X 37|FLINTERNOORD B&W 8CY, 320X400 4,698 3,503 3.2 RO

X 38|FLINTERSKY STORK-WORKSPOORG6CY, 280X300 2,038 1520 34 RO

X 39|FODASPESCADORES B&W 6L35MC 5280 3937 3.2 RO
X 40|{GOVIKEN SULZER 6CY, 620X2150 9,661 7,204 3.2 RO

X 41|GUNAY A SULZER 5CY, 760X1550 12,000 8,948 3.2 RO

X 42|HELENA OLDENDORFF B&W 8CY, 550X1380 10,699 7,978 3.2 RO

X X 43|INVIKEN B&W OIL 2SA, 5CY, 670X1700 10,900 8,128 3.2 RO
X X 44/IRMA B&W NO 3781 DIESEL 9,021 6,727 3.2 RO
X X 45[ISA B&W NO 3781 DIESEL 9,021 6,727 3.2 RO
X X 46{ISADORA B&W NO 3781 DIESEL 9,021 6,727 3.2 RO
X 47|I1SOLDA B&W NO 3781 DIESEL 9,021 6,727 3.2 RO
X 48|JANA MAK 8M32 5227 3894 3.2 RO

X 49|KAPITONAS A.LUCKA B&W 5DKRN62/140 6,700 4996 3.2 RO
X 50|KAPITONAS STULPINAS B&W OIL 2SA 5CY, 620X1400 6,700 4,996 3.2 RO
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3.2 = Cat 3, slow spd
3.4 = Cat 3, med spdl



APPENDIX C - SALTY SHIPS AND ENGINES DULUTH + CLEVE LAND - Continued

DUL | CLE VESSEL MAIN ENG. ENGINE MODEL/TYPE HP KW | EPACAT| FUEL
(names as of 2004)

X 51|KAPITONASANDZEJAUSKAS | B&W 5DKRN62/140 6700 4996 32 RO
X 52]KATHRIN BaW OIL 2SA, 6CY, 450X1150 6,000 4474 32 RO
X 53|KEIZERSBORG WARTSILA STORK-WARTSILA 6SW38 5384 4015 3.2 RO
X | X | 54/KOLGUEV MITSUBISHI MITSUBISHI 7UEC45LA 538% 401§ 33 RO
X 55| KWINTEBANK WARTSILA WARTSILA NEDERLAND 6R38 | 5,384 4,015 34 RO

X | 56|LADY HAMILTON SULZER 4CY, 760X1600 1088 8113 32 RO
X 57|LAKEMICHIGAN BaW DIL 2SA 6CY, 670X1400 11,600 8650 3.2 RO

X | 58|LAKE ONTARIO BEW OIL 2SA 6CY, 670X1400 11,600 8650 32 RO
X 59|LISKI BaW OIL 4SA, 8CY, 370X400 2000 2983 32 RO
X 60| MANORANAREE BaW HITACHI ZOSEN 6L60MCE 950D 7,084 32 RO
X 61|MARILIS T. SULZER OIL 2SA, 6CY, 580X1700 9600 7159 3.2 RO
X 62|MARIONGREEN WARTSILA WARTSILA - 8R46 10,604 7,901 34 RO

X | 63|MATFEN WARTSILA UNAVAILABLE 2658] 3479 34 RO
X 64| MEDEMBORG WARTSILA STORK-WARTSILA -8L38 7178 5353 34 RO
X 65| MICHIGANBORG WARTSILA WARTSILA-8L38 7178 5353 34 RO
X 66|MILO SULZER HITACHI ZOSEN- 6RTA5S 9600 7159 32 RO
X | X | 67|MOEZELBORG WARTSILA UNAVAILABLE 7178 5353 34 RO
X 68 NOBILITY SULZER 5RND76M 11,386 8491 32 RO

X | 69|OLYMPIC MELODY SULZER 6CY, 580X1700 9500 7,084 32 RO
X | X | 70/OLYMPIC MERIT SULZER OIL 2SA, 6CY, 580X1700 8500 6338 3.2 RO

X | 71ORLA BEW 5CY, 560X1932 8006 6640 32 RO
X 72|ORNA SULZER OIL 2SA, 6CY, 580X1700 8500 6338 3.2 RO
X 73|ORSULA BE&W MITSUI 6S50MC 11,640 8680 32 RO
X | X | 74/OSTKAP MAN OIL 2SA, 8CY, 320X400 5241 3899 34 RO
X | X | 75|PILICA BE&W OIL 2SA, 5CY, 560X1932 8905 6640 32 RO
X 76| PINTAIL BaW OIL 2SA 8CY, 550X1380 10,700 7,979 32 RO
X 77|POLYDEFKIS P BaW OIL 2SA, 6CY, 520X1250 7000 5220 3.2 RO
X 78|PYTHEAS SULZER IHI 6RND68M 11,400 8501 32 RO
X 79|SCOTER BaW HITACHI ZOSEN-8L55GB 10,700 7,979 32 RO
X 80|SIRWALTER BE&W MITSUI 5L42MC 6,776 5050 3.2 RO
X 81|SPARJADE MITSUBISHI KOBE 6UEC52L 8160 6085 32 RO
X 82|SPARRUBY BE&W HITACHI ZOSEN-6L50MC 816D 6085 3.2 RO

X | 83|SPRUCE GLEN SULZER 4876 10,880 8113 32 RO
X 84/ SUNDSTRAUM MAK GMBH-OMA453C 4,038 3011 34 RO
X 85|VANCOUVERBORG WARTSILA WARTSILA B.V.-6R38 5384 4015 34 RO
X 86|VARNEBANK WARTSILA OIL 4SA, 170X190 78h 585 34 RO
X 87[VEERSEBORG (now MATFEN)| WARTSILA WARTSILA B.V.-6R38 2958 3697 34 RO
X | X | 88|VICTORIA MAK 9M32C OIL, 4SA, 7Y, 420X1360 5873 4379 34 RO
X 89|VICTORIABORG WARTSILA WARTSILA B.V-6R38 538h 4015 34 RO
X 90| VIRGINIABORG WARTSILA WARTSILA B.V.-6R38 5384 4014 34 RO
X 91|VLIEBORG WARTSILA WARTSILA B.V.-6R38 5388 4015 34 RO
X 92[VOLMEBORG WARTSILA WARTSILA B.V.-6R38 538l 4015 34 RO
X 93|VOORNEBORG WARTSILA WARTSILA B.V.-6R38 5384 4015 34 RO
X 94]WOODY BaW HITACHI ZOSEN-6L60MCE 950D 7,084 32 RO
X | X | 95|YARMOUTH BaW 6160MGE 8390 6256 32 RO
X | X | 96[YUCATAN BaW OIL 2SA, 7CY, 420X1360 5800 432§ 3.2 RO
X | X | 97]zEus WARTSILA OIL 6SW38 538 4015 34 RO
X | X | 98|ZIEMIACIESZYNSKA BaW OIL 2SA, 4CY, 670X1700 7840 5848 32 RO

X | 99|ZIEMIA GNIEZNIENSKA BaW OIL 2SA, 4CY, 670X1700 7,88 5848 32 RO
X | X | 100]ZIEMIAGORNOSLASKA BaW OIL 2SA, 4CY, 670X1700 7840 5848 32 RO
X | X | 101|ZIEMIALODZKA Baw DIL 2SA, 4CY, 670X1700 7840 5848 3.2 RO

X | 102|ZIEMIA SUWALSKA BEW OIL 2SA, 4CY,670X1700 784D 5848 32 RO
X | X | 103ZIEMIAZAMOJSKA BaW OIL 2SA, 4CY, 670X1700 7,840 584 3.2 RO

[3.2 = Cat 3, slow spd |

[3.4=Cat 3, medspd |
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APPENDIX D
CLEVELAND LAKER VESSEL EMISSION DETAILS

Obtain this large spreadsheet by request to the autherkins@Icaships.com

APPENDIX E
CLEVELAND SALTY VESSEL EMISSION DETAILS

Obtain this large spreadsheet by request to the autherkins@Icaships.com

APPENDIX F
DULUTH LAKER VESSEL EMISSION DETAILS

Obtain this large spreadsheet by request to the autherkins@Icaships.com

APPENDIX G
DULUTH SALTY VESSEL EMISSION DETAILS

Obtain this large spreadsheet by request to the autherkins@Icaships.com
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