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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) for two ports on the Great 
Lakes.  The details of every commercial vessel – U.S.-, Canadian-, and Foreign-Flag - and 
every visit to each port were cataloged for 2004.  The actual open-lake speed, reduced 
speed to enter the port, the time to maneuver from the breakwall to the dock, and the times 
at the dock performing cargo operations were evaluated.  Appropriate current emission 
factors for the type of propulsion engine and auxiliary engines for each vessel were used 
for the times in each mode to obtain total emissions.  The Port of Cleveland, Ohio, is 
particularly important because that port was studied as part of the EPA’s National 
Emission Inventory in 1999 and 2002 and those results were used as the marine 
transportation mode emissions baseline that is extrapolated to all other Great Lakes port 
states, cities, and counties based on port tonnages.  The Port of Duluth, Minnesota, was 
chosen because it is primarily a shipping port as contrasted to Cleveland, which is 
primarily a receiving port. Vessel operations are quite different in each port.  Using this 
detailed study and current emission factors, Great Lakes marine mode emissions are shown 
to be about one-half of original study estimates for Cleveland.  The relative efficiency of the 
marine mode of transportation is reviewed for the Port of Cleveland.  The Great Lakes 
vessels, ports, and trade patterns clearly show “We’re different up here.”  

 
 

1.0 INTRODUCTION 
 
Vessel air emissions have been evaluated for many large coastal ports in the United States in recent years to 
determine the maritime contribution to air quality in an area.  Although not the largest source of air pollutants in an 
area, the maritime mode emission is a contributor that must be evaluated and considered as part of an air pollution 
control strategy.  In ports where air quality is an issue and there is significant maritime activity, such as some ports 
on the West Coast that have 40 to 50 ship arrivals each day, it is not surprising to find substantial efforts to control 
marine emissions.  State legislative action and voluntary vessel marine air emission controls are being initiated.  
Vessel speed restrictions and “cold ironing” – shutting off the ships’ machinery to plug into shoreside electrical 
power – are taking place today.  Many of the marine air emission inventory studies performed include the 
contribution of trucks, trains, shore unloading cranes, container shuttle vehicles, and other infrastructure that is 
required to handle, collect and distribute the millions of tons of foreign cargo that arrives in the United States each 
day.  Shore infrastructure to support maritime activity in large container ports is extensive and also contributes to the 
air emissions attributed to the maritime mode. 
 
The Clean Air Act of 1970, which was last amended in 1990, requires the United States Environmental Protection 
Agency (EPA) to set National Ambient Air Quality Standards (NAAQS) for criteria pollutants considered harmful 
to public health and the environment (see Appendix A).  The primary standards set limits to protect public health 
particularly for asthmatics, children, and the elderly.  The secondary standards set limits to protect public welfare, 
including protection against decreased visibility, damage to animals, crops, vegetation, and buildings. 
 
The law recognizes that it makes sense for states to take the lead in carrying out the Clean Air Act, because pollution 
control problems often require special understanding of local industries, geography, housing patterns, etc. 
 
States must monitor for compliance with the NAAQS standards, and if not compliant are given a time line and must 
develop State Implementation Plans (SIPs) that explain what the state will do to come into compliance.  An SIP is a 
collection of the regulations a state will use to clean up polluted areas.  The states must involve the public, through 
hearings and opportunities to comment, in the development of each state implementation plan.  The EPA must 
approve each SIP, and if a SIP is not acceptable, EPA can take over the enforcement of the Clean Air Act in that 
state. 
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As can be seen on Fig. 1, there are a considerable number of areas in the United States that are designated non-
attainment for particulate matter (PM-2.5) and/or 8-Hour Ozone.  The Great Lakes states that border Lakes 
Michigan, Huron, Erie, and Ontario all have counties that are in non-attainment.  
 

 
Fig. 1 March 2005 Nonattainment Counties in the United States 

 
 
In June 2006, the Northeast Ohio Areawide Coordinating Agency (NOACA) was working on regional inputs to 
Ohio’s SIP.  NOACA is a regional organization of local officials responsible for carrying out transportation and 
environmental planning under local direction and in accordance with federal and state mandates, and they were 
focusing on nitrous oxides (NOx) in the Northeast Ohio area that included Cleveland.  Lake Carriers’ Association 
and the Cleveland-Cuyahoga County Port Authority were requested to participate in providing input to the 
recommendations from the marine sector relating to air pollution.  The inventory presented by NOACA contained 
2002-dated marine mode emission contributions that appeared to be unreasonably high, especially in relation to 
other mobile and area sources.  Efforts commenced to examine the assumptions and data used to arrive at the values 
presented. 
 
In 1999, EPA sponsored two studies entitled “Commercial Marine Activity for Great Lake and Inland River Ports in 
the United States” (ARCADIS 1999a) and “Commercial Marine Activity for Deep Sea Ports of the United States” 
(ARCADIS 1999b).  These studies provided activity profiles for approximately 150 ocean, lake, and river ports, and 
presented a method for an inventory preparer to allocate time-in-mode activity data from one of the typical ports to 
another port that has similar characteristics.   It turns out Cleveland, Ohio, was one of the two “typical” ports 
selected to be representative of the maritime mode on the Great Lakes (the other port being Burns Harbor, Indiana).  
The studies contained 1) the number of vessels in each category; 2) vessel characterization, including propulsion 
size; 3) number of hours at each time-in-mode associated with the cruising, reduced speed, maneuvering, and 
hotteling, and 4) a calculation of total emissions. 
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A detailed study by the author of the Great Lakes study revealed that the assumptions and profiles used in that study 
did not reflect actual Great Lakes vessels or operations.  Additional emission inventories were examined and it was 
determined that a detailed inventory would be the only accurate means to reflect the air emissions from the marine 
mode in Cleveland.  And it was further determined that since Cleveland was a receiving port, a shipping port would 
be needed to determine the difference in the types of ports on the Great Lakes.  It is the intent of this paper to 
provide a detailed port inventory for two Great Lakes ports – Cleveland, Ohio, and the twin ports of Duluth, 
Minnesota, and Superior, Wisconsin, (hereafter called “Duluth”) - using the actual ship propulsion machinery 
particulars, the actual speeds and times during a port entry and departure, the actual maneuvering times to and from 
the various docks, and evaluating the auxiliary engine air emissions based on the electrical load while loading or 
unloading. 
 

2.0  DATA SOURCES AND NOMENCLATURE 
 
The author has acquired extensive knowledge and understanding of the Great Lakes maritime industry as a former 
licensed Engineer on Great Lakes vessels, Fleet Engineer and Fleet Superintendent for an 11-vessel U.S.-Flag fleet, 
and currently as Vice President-Operations of Lake Carriers’ Association.  Further, the waterways management 
issues on the Great Lakes not only impact the U.S.-Flag owner/operators, but also the Canadian-Flag and Foreign-
Flag owner/operators as well.  Thus, frequent contacts, networking, and cooperative working relationships have 
developed among all the users of the Great Lakes and St. Lawrence Seaway System. 
 
The following provided the data and guidance necessary for this study: 
 

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 Marine Logistics, Inc. Canada Steamship Lines 
Western Great Lakes Pilots Assn. Grand River Navigation Company Lower Lakes Towing 
Lakes Pilots Association      Great Lakes Associates, Inc. ULS Corporation 
Duluth Seaway Port Authority Great Lakes Fleet / Key Lakes, 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 study has been the author’s personal communication with over 
30 Masters and many Chief Engineers, as well as personal observations riding many different Great Lakes vessels 
on many different transits.  The Masters not only provided data on the ship they were currently commanding, but 
also were able to point out the different handling and maneuvering characteristics on a variety of vessels on which 
they had served as Master.  This provided a cross check of the information that was received.  Of particular note are 
more than 30 transits of the entire 5.8 mile navigable channel of the Cuyahoga River in Cleveland.  
 
A few definitions of terms used in this paper are in order: 
 
Laker refers to a U.S.- or Canadian-Flag vessel that was designed and built primarily for operation on 

the Great Lakes.  There is further discussion about the differences 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 that refers to a Foreign-Flag vessel that enters the Great Lakes 
through the St. Lawrence Seaway.  Many of these vessels were designed and constructed for the 
maximum size permitted through the Seaway (740’ x 78’). 

Duluth refers to the twin ports of Duluth, Minnesota, and Superior, Wisconsin. 
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Trip the EPA 1999 Study defined “trip” as a vessel movement in one direction only.  A vessel arrival 
would be one trip and a vessel departure would be one trip.  It is more common among Great Lakes 
users to refer to a “trip” as one port visit – however for this study, we will try to be consistent and 
use the EPA definition of “trip” and refer to one port visit as a “vessel call” or “port call”. 

Tons Gross tons and Net tons in naval architecture refer to volume measurement where a ton equates to 
100 cubic feet of volume.  However, in this report, tons used are weight tons.  Traditionally in the 
Great Lakes, cargo weight tons are reported in ‘net’ weight tons of 2000 pounds (this is also called a 
short ton). Conversions to net weight tons are as follows, gross (weight) tons x 1.12 = net (weight) 
tons; metric tons x 1.10231 = net (weight) tons; (bushels x 60)/2000 = net (weight) tons. 

BN Burlington Northern Santa Fe ore dock, Superior, Wisconsin 
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, Minnesota 
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, Superior, Wisconsin 
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 fleets of ships that operate on the Great Lakes.  
 
The U.S.-Flag trade consists of mostly U.S.-to-U.S. trade within the upper four Great Lakes. There were 
54 U.S.-Flag Lakers evaluated in this study consisting of mostly self propelled dry bulk self-unloaders designed and 
built to operate in the Great Lakes.  The U.S.-Flag fleet moved 111 million tons of cargo in 2004 and they are only 
restricted in size by the Locks at Sault Ste. Marie, Michigan. 
 
The Canadian-Flag trade consists of 1) trade in the upper five Great Lakes (more than 50 percent of all Canadian 
cargo movement), and 2) inbound iron ore cargoes from the St. Lawrence Gulf for Great Lakes steel mills, followed 
by loading grain cargos (Toledo, Ohio or Lake Superior ports) back out to the St. Lawrence Gulf for reshipment 
overseas. The Canadian-Flag fleet consists of about 70 vessels: 30 self-unloaders, 18 non self-unloading dry-bulk 
carriers, 12 tankers and several other vessels.  The Canadian fleet moved about 70 million tons of cargo in 2004. 
All Canadian vessels were designed to 730’ x76’ dimensions for the seaway trade, and many are “Seaway Max” 
(740’ x 78’). 
 
The Foreign-Flag trade consists of importing mostly specialty products or materials or finished products from 
around the world and exporting grain. About 500 Foreign-Flag vessel calls were made into and out of the Great 
Lakes in 2004 with about 7.5 million tons of cargo moved in each direction.   
 
The long history of shipping on the Great Lakes begins in the mid-1800s.  The large iron ore deposits found in the 
1840s led to the development of a robust mining industry. What made mining successful was the relatively 
inexpensive transportation available by loading iron ore onto boats in Michigan and shipping it down to the mills in 
Ohio.   In 1855, locks were built at Sault Ste. Marie, Michigan, to bypass the rapids on the St. Marys River which 
links Lake Superior to the Lower Lakes.  In 1869, a 225-foot wooden ship was built placing the pilot house far 
forward and the engine and cabins in the stern, a tradition that continued for 100 years.  Up until the development of 
the taconite pelletizing process (in the 1950s) where lower grade iron ore is ground and concentrated into a high iron 
content marble-sized pellet, the iron ore varied widely in texture, moisture, and size.  It could be powdery like loose 
dirt (fines) or large chunks.  Self-unloading technology was born on the Great Lakes with the first vessel built as a 
self-unloader in 1908. 
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Physical Constraints of Vessels:  Besides the movement of only dry-bulk products, what makes Great Lakes vessels 
unique are the physical constraints of the waterway.  The vessel draft from the Atlantic Ocean to the western-most 
inland port of Duluth, Minnesota, is limited by water depth in the St. Lawrence River and channels that connect the 
different Lakes.  The length and beam of a vessel is limited by the dimensions of the lock(s) it is required to transit. 
 
U.S. Great Lakes ports and waterways are maintained by the U.S. Army Corps of Engineers (ACOE) to project 
depths authorized by Congress (currently about 27 feet in the upper four Great Lakes).  The waterway from the Gulf 
of St. Lawrence to Lake Erie is controlled by the U.S. and Canadian Seaway Authorities.  Currently, vessel drafts 
are limited to 26’ 6”. 
 
There is about 600 feet of elevation difference between the Port of Duluth and the Atlantic Ocean, and vessels 
are required to pass through hydraulic locks that lower/raise them from one elevation to the next.  Transits from 
Lake Superior to Lakes Michigan, Huron and Erie are limited by the lock dimensions at the U.S. Army Corps of 
Engineers locks at Sault Ste. Marie, Michigan, to 1,013.5 feet long and 105 feet wide. From Lake Erie to the 
Atlantic Ocean, lock dimensions limit vessels to 740 feet long with a 78-foot beam (“Seaway Max”).  It is pointed 
out here that most U.S.-Flag vessels trade only in the upper Lakes and are built to the maximum dimensions allowed 
by the Soo Locks (1,013.5’ x 105’).  The Canadian-Flag Lakers and Foreign-Flag vessels all trade through the 
St. Lawrence Seaway and are thus limited to Seaway Max. 
 
Season-of-Operation Constraints: Time is of the essence in Great Lakes shipping because of the limited navigation 
season.  The amount of cargo that is moved annually requires every vessel to operate as efficiently as possible 
and turn around as quickly as possible (i.e., self-unloaders) during the season.  “Down time” or delays are measured 
in minutes. 
 
Commercial shipping in the upper Great Lakes is restricted by the closure of the U.S. Army Corps of Engineers 
locks at Sault Ste. Marie, Michigan, which close on January 15th each year and reopen on March 25th as established 
by Federal Regulations.  After the locks close, some commercial shipping continues on Lake Superior, but this 
usually stops in early February because of severe ice conditions and extensive delays.  On Lake Michigan, iron ore 
is shipped from Escanaba (Upper Peninsula of Michigan) to the steel mills near Chicago.  On Lake Erie, coal cargos 
can continue from the U.S. to Canada.  Other miscellaneous cargos of cement and salt move on and within Lakes 
Michigan, Huron and Erie after the locks close.  The St. Lawrence Seaway system closes to commercial navigation 
around December 30th each year and reopens about March 25th. 
 
Ice cover impacts the shipping season as well.  Ice coverage and thickness vary from lake to lake and season to 
season from mid-December until early April.  The ice threat is compounded by fierce winter storms which bring a 
variety of wind, wave, and weather problems on an average of every 4 days (U.S. Coast Pilot #6).  A combination of 
strong winds, rough seas, and cold temperatures can result in superstructure icing, in which sea spray and sometimes 
precipitation can freeze on a ship’s superstructure and impact stability.  In addition, warm spring weather brings fog 
in local areas that often hinders navigation, especially in restricted channels.  Spring storms can also generate gales 
and rough seas. 
 
Ballast Systems:  U.S.-Flag vessels on the Great Lakes were designed primarily to carry iron ore cargoes from 
northern Minnesota and Michigan to the lower lake steel mills – a one-way trade pattern.  Without cargo, the ballast 
capacity of the ship is required to be large enough to allow the vessel to navigate and maneuver in all conditions of 
wind, weather, and seaway.  The ballast capacity of Lakers varies from 60 to 90 percent of the deadweight tonnage 
capacity of the ship.  This is contrasted with the salties, which may have ballast capacities of 15 to 30 percent of the 
deadweight carrying capacity, and then only if cargo holds are also used to carry ballast water.  Salties carry cargo in 
both directions and seldom enter or leave the Great Lakes without cargo. 
 
Another consideration for the ballast system in Lakers is the cargo loading and self-unloading rate.  To minimize 
time in port, the ballast pumping capacity must generally be similar to the self-unloader cargo handling rate.  
Unloading rates can approach 10,000 tons per hour.  Individual ballast systems of four-17,000 gpm pumps are 
common on the largest ships.  The largest pumping rate on a Laker is 79,200 gpm using 18 pumps.  Smaller vessels 
have two pumps rated around 8,000-10,000 gpm.  In addition, conveyor loading facilities are able to load vessels 
more quickly and ships must have the ballast pumping capacity that equals the dock loading equipment to prevent 
delays waiting to pump water out of the vessel. 
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Propulsion Power and Other Machinery:  Most of the U.S.-Flag commercial self-propelled vessels on the Great 
Lakes are powered by EPA Category 2 engines – EMD, Caterpillar, Nordberg, and others.  These engines burn 
marine diesel oil (MDO).  Out of the 54 U.S.-Flag vessels in this study, Category 2 engines (EMD mostly) powers 
37 (see Section 5.1 for details on EPA Engine Categories).  Eight are powered by Category 3 engines (Pielstick and 
Enterprise) and nine are steam turbine powered vessels. Category 3 engines operate on IF-280 fuel, Category 2 
engines operate on MDO and the steam turbines operate on Residual Oil (RO).  Engine fuel details are provided in 
Section 5.2.   All auxiliary engines on all Category 2 and 3 powered ships are Category 2 engines and operate on 
MDO (there are currently no diesel generators operating on blended fuel).  Most of the steam turbine powered ships 
had diesel generators installed to supply supplemental power for the unloading system when they were converted to 
self-unloaders. 
 
Steering systems on Lakers are also designed with greater power to allow the rudder to turn to an angle of 
45 degrees in each direction to enhance the maneuvering capability of the vessel.  It is said that a Great Lakes vessel 
is maneuvering every single day, either maneuvering through the connecting channels between the Lakes, making 
the approach or transiting the Soo Locks, or entering or leaving a port.  Ocean-going vessels are not commonly 
required to perform similar extensive daily maneuvering and 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 bow and stern thrusters.  Out of the 54 U.S.-Flag Lakers in the study, 
54 have bow thrusters and 29 have both bow and stern thrusters.  Assist tugs are rarely used by vessels so equipped.  
On the 5.8 mile navigable channel of the Cuyahoga River in Cleveland, some of the largest vessels that infrequently 
transit the River may use a tug to assist when backing out of the River. 
 
Self-unloading Technology:  The first U.S.-Flag Laker designed and built as a self-unloader was the Wyandotte in 
1908 to reduce the time at the unloading dock and the dependence on shoreside crews to remove the cargo.  Initial 
self-unloading systems used bucket elevators or inclined belts to elevate the cargo from the hold to the deck level. 
Loop-belt systems, which trap cargo between two belts to elevate it from the lower hold of the ship, have been 
installed in all new construction and self-unloading conversions 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 designed and constructed as self-unloaders.  Twenty-three vessels 
were converted from their original straight-deck construction (and lengthened at the same time in most cases). 
 
Fuel Availability and Capacity:  Fuel suppliers for U.S.-Flag vessels are located in the U.S. at Duluth, Chicago, and 
Detroit, and in Canada at Sarnia and Windsor.  Vessels are, thus, only 2 to 3 days away from being able to obtain 
fuel.  The bunker capacity on Great Lakes vessels, therefore, is small because the longest round trip that can be 
made on the Great Lakes is only 6 or 7 days and there are multiple fueling resources available during that time. 
   
Pilotage:  By international agreement between the United States and Canada, the waters of the Great Lakes and the 
St. Lawrence River have been divided into designated and undesignated waters for pilotage purposes.  In designated 
U.S. waters, registered vessels of the United States and foreign vessels are required to be under the command of a 
1st Class Pilot.  Most licensed officers that operate the U.S.-Flag vessels on the Great Lakes have studied, served 
aboard as observers, and written a Coast Guard examination and are qualified and registered as pilots for the Great 
Lakes waters.  Transport Canada has similar programs and examinations/certification for officers on Canadian-Flag 
vessels on the Great Lakes.  The Foreign-Flag vessel officers do not have similar certification and must use a 
registered pilot when in U.S. or Canadian pilotage waters or whenever a Foreign-Flag vessel is moved.  The Lakes 
Pilots Association provides certified pilots for Lake Erie (Cleveland) and the Western Great Lakes Pilots 
Association provides pilots for Lake Superior (Duluth and Superior). 
 
Port Infrastructure:   One of the most unique features of Great Lakes shipping is the methods used to handle 
dry-bulk products and the port infrastructure that supports loading and discharging cargos.  The ports of Cleveland 
and Duluth do not have a skyline like Port Elizabeth or Los Angeles with row after row of docks fitted with huge 
container cranes and all the support vehicles, storage facilities, roads and railways to handle millions of containers. 
 



  7  

Cleveland (details are provided in Section 3) is a dry-bulk product receiving port with the exception of a salt loading 
dock and an ore reloading facility.  Dry-bulk materials are discharged by self-unloading vessels directly to facilities 
with no shoreside infrastructure required.  The two loading facilities have conveyors that speed-up the loading 
process. The Foreign-Flag vessels are unloaded mostly with shore cranes specifically designed to handle the variety 
of finished and semi-finished products that are unloaded in Cleveland. 
 
Duluth (details are provided in Section 3) is primarily a dry-bulk product shipping port, but has 15 docks that 
receive dry-bulk products and 12 Port Authority docks that can receive imported finished and semi-finished 
materials.  No port infrastructure is required for the bulk receiving docks and cranes are available at the Port 
Authority docks to unload inbound foreign cargo. The modern ore and coal loading docks are equipped with 
conveyor loading systems to reduce vessel turn-around time and 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 Lake Erie, at the mouth of the Cuyahoga River, about 1,507 miles 
from the Atlantic Ocean, 176 miles south west of Buffalo, New York, and 833 miles from Duluth, Minnesota. 
The U.S. Army Corps of Engineers’ 2004 Waterborne Commerce of the United States lists Cleveland as the 
44th largest port in the nation in terms of total tons of cargo. 
 
The Port of Cleveland consists of a lakefront, breakwater-protected outer harbor, and inner harbor.  The inner harbor 
(divided into the east and west basin) consists of about 1,300 acres, the lower 5.8 navigable miles of the Cuyahoga 
River, and approximately 1 mile of the Old River.  The Cuyahoga River is in line with the main entrance of the outer 
harbor from the Lake and is protected by two parallel piers (east and west breakwaters).  There is an east entrance to 
the inner harbor that is rarely used by commercial vessels, but available if needed.  The inner harbor is maintained to 
28 feet depth in the west basin and 25 to 28 feet in the east basin.  The Cuyahoga River is maintained at 23 feet and 
the Old River is maintained to 21 and 23 feet of depth.  The U.S. Army Corps of Engineers maintains all the 
structures and the confined disposal facilities, and maintains the harbor and channels to project depths.  The ACOE 
project maps for the Cleveland Outer Harbor and Cuyahoga River are shown in Fig. 2. 
 
There are 48 piers, wharves and docks in the Port of Cleveland according to the ACOE Port Series No. 43.  Today, 
there are 12 active Cleveland-Cuyahoga County Port Authority docks, and 36 active docks in the Cuyahoga and Old 
Rivers.  All dock facilities in the Cuyahoga River and Old River are bulkhead-lined with about 9 miles of aging 
bulkheading according to the ACOE “Phase-1 Report, Cuyahoga River Bulkhead Study”, 1998. 
 
At cargo receiving docks, a self-unloading vessel pulls in, lands ship’s crew to handle the lines to tie up, swings over 
the unloading boom, discharges its cargo, and then departs.  No contact is made with the cargo owner or shoreside 
personnel except perhaps to spot the location where they want the cargo unloaded. 
 
In the outer harbor, Cleveland Bulk Terminal in the west basin is a 46-acre open iron ore storage and reloading 
facility.  All other outer harbor docks are located in the east basin and handle the Foreign-Flag vessels.  There are 
12 active docks used for unloading salties and they are equipped with shore cranes to handle steel slabs, finished 
machinery and other products (although in a few cases ship-fitted cranes are used by the shore gang).  Unloading 
takes time because each crane lift requires careful rigging and 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, Wisconsin 
 
The adjoining harbors of Duluth, Minnesota, and Superior, Wisconsin, (hereafter called “Duluth” in this study) were 
established in the 1870s and are located at the extreme western end of Lake Superior at the mouth of the St. Louis 
River, 2,340 miles from the Atlantic Ocean.  It is also 394 statute miles from Sault Ste Marie, Michigan, 
(across Lake Superior), 808 statute miles from Chicago, Illinois, and 833 statute miles from Cleveland, Ohio. 
The facilities, natural and man-made, and the magnitude of its commerce make the harbor one of the most important 
on the Great Lakes and in the nation. The U.S. Army Corps of Engineers’ 2004 Waterborne Commerce of the 
United States lists the combined Duluth-Superior Harbors as 18th largest in the nation in terms of total tons of cargo. 
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Fig. 2  Cleveland Outer Harbor and Cuyahoga River ACOE Project Maps 
 

The water frontage covers approximately 49 miles.  The harbor area is about 19 square miles and there are 17 miles 
of dredged channels within the harbor.  There are two entrances: the Superior Entry (Wisconsin side), a rubble 
mound protected set of concrete piers that lead into the inner harbor; and the Duluth Ship Canal (Minnesota) that 
was cut through Minnesota Point in 1871 and is parallel concrete piers of about 800 feet in length.  There is a natural 
land mass about 6½ miles long on Minnesota Point that runs between the two entrances and protects the inner 
harbor.   The ACOE project map for Duluth-Superior Harbors is shown in Fig. 3. 
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Fig. 3  Duluth and Superior ACOE Project Map 
 
The U.S. Army Corps of Engineers maintains the entrance structures and dredges the channels in the harbors 
(see Fig. 3).  The channels are: 1) Superior Entry, 2) Superior Harbor Basin, 3) Superior Front Channel between the 
two harbors, 4) Duluth Ship Canal, 5) Duluth Harbor Basin, 6) Duluth East and West Gate Basins, 7) St Louis Bay 
Channels, and 8) Minnesota Channel (upper St. Louis River) to the end of navigation.  Commercial navigation takes 
place to the Reiss coal dock about 6.75 miles from the outer pierhead of the Duluth Entry Piers. 
 
There are 58 piers, wharves, and docks with 32 located in Duluth and 26 in Superior, listed in the ACOE Port Series 
No. 49.  In 2004, there were 15 docks that received bulk products directly from self-unloaders, three cement 
receiving docks, nine active grain elevators, nine Duluth Seaway Port Authority docks, one coal loading dock, four 
iron ore loading docks, and one shipyard and repair facility.  Docks that receive bulk products do not have shoreside 
infrastructure to handle bulk materials.  The modern ore and coal loading docks are equipped with conveyor belt 
loading systems.  The ship loading conveyor systems are fed from hoppers that are fed by conveyors from 
reclaiming equipment at the stockpiles.  Most of the old ore loading docks were built in the early 1900s as gravity 
loading facilities where ore train cars would travel on the upper part of the dock and bottom dump ore into “pockets” 
in the dock.  These pockets had a gate opening in the bottom that conveyed the ore to spouts that were lowered into 
the hold of the ship.  These facilities still exist and are used as designed.  Some have been modernized with 
conveyor charging systems or conveyor loading spouts to increase the number of ships that can be loaded in a given 
time frame.  All Foreign-Flag and many Canadian-Flag vessels load grain at the nine different elevators located 
around the port.  Elevators are equipped with internal conveyor systems to transfer the grain from the silo to the 
vessel and no further shore infrastructure is used or needed. 
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4.0  EMISSION CALCULATION METHODOLOGY 
 
The practice used to calculate the 2004 emissions from vessels on the Great Lakes follows those currently in use for 
various port emission studies.  The core to the success of the study is using emission factors that are current and 
representative of the vessels being evaluated and properly assessing the activity profile for the vessel in the port 
being considered.  Emission factor development and detailed explanation of the activity profile of the different 
vessels and the different ports are detailed elsewhere in this report.  In this study, emission estimates were developed 
for four activities: Cruise, Reduced Speed Zone, Maneuvering, and Hotelling. 
 
The basic equations used for estimating emissions in this study are: 
 

Et   =  � Ec + � Ersz +  � E man + � Ehot 
 
E c,rsz,man = EFe,c,rsx,man x Hrsc,rsx,man x TRc,rsx,man x KW x  LFc,rsx,man 

 
Ehot  = EFhot x Hrshot x TRhot x HLhot x  LFhot 

 
where: 

E   = pollutant specific emissions in grams of HC, NOx, CO, PM-10, PM-
2.5, or SO2 

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

Hrs = hours for each activity for each trip for each vessel 
KW   =   total installed main propulsion power (sum of all engine power if 

multiple engines) on each vessel in kilowatts for all modes except 
Hotelling 

HL    =   electrical kilowatt per hour average during the Hotelling time 
LF   = average engine load by operating mode and vessel type 
TR    =     the number of trips 

e     = engine type (Category 2, Category 3 [medium and slow speed]), steam 
turbine or auxiliary engine 

t       =  total 
c     =  cruise mode 
rsz  =   reduced speed zone mode  
man  =   maneuvering mode 
hot     =   hotel mode  

 
A detailed discussion of these elements and how they were used is provided in the following sections. 
 
 

5.0 VESSEL POPULATION 
 
The vessels that call on the ports of Cleveland and Duluth have different physical characteristics, although both 
ports are designated deep-water ports.  In Cleveland, the Cuyahoga River, where almost all of the Laker cargoes are 
delivered, is maintained to a Federal Project Depth of 23 feet, while the rest of the harbor is maintained to 27 feet.  
In addition, the Cuyahoga River has been called the “most crooked river in the world” and thus requires short and 
narrow vessels that can negotiate the tight turns and critical maneuvering required during transit.  The deep-draft 
inner harbor of Cleveland can accept the largest of vessels.  The largest Lakers deliver cargoes at deep draft to a 
storage and reloading facility located in the outer harbor western basin for later transshipment (“shuttles”) on 
smaller vessels loaded to about 21 feet of draft. This facility also serves as a winter and spring stockpile of iron ore 
for the Mittal Steel mill.  At the end of the normal navigation season, shuttles from the storage facility to the steel 
mill 5.8 miles up the Cuyahoga River continue until the end of January and commence March 1st each 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 this study and indicates which ports they visited in the study 
year of 2004.  Appendix C provides the details of the salties in this study and indicates which ports they visited.  
Table 1 provides the number of salty and Laker vessels that called on the two ports (with the total number of port 
calls in parenthesis).  Although the total number of individual salties that call on the two ports outnumber the 
number of Lakers, it must be kept in mind that most salties made only one call on the port of Duluth or Cleveland 
during the entire season whereas Lakers made many repeated calls as can be noted in the number of port calls in the 
table.  More salties (33) called on both ports because they enter the Seaway with steel and finished products that 
unload in Cleveland and then proceed to load grain as a back-haul cargo often in Duluth.  Fewer Lakers (16) call on 
both ports because the physical restraints of Cleveland (Cuyahoga River) limit the size and number of vessels that 
generally call there. 
 

Table 1  Total Number of Vessels and Port Calls in 2004 
 
 
 
 
 
 
 
 
 
 
5.1  Engine Type 
 
The EPA defines three categories of marine diesel engines as shown in Table 2.  These categories correspond 
primarily to engines used for propulsion power on ocean-going vessels (Category 3), auxiliary engines on large 
vessels or propulsion power on smaller vessels (Category 2), and auxiliary engines on smaller vessels (Category 1).  
Based on these descriptions, a large number of vessel propulsion engines on the Great Lakes fall into Category 2. 
 

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 survey are shown by port in Table 3 and in Figs. 4 and 5.  The 
number of ships that called on both ports was dominated by Category 3 engines. 
 

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

EPA 
Category 2 3 Steam Total 

Duluth 
Laker 21 37 20 78 

Salty 0 82 0 82 
Cleveland 

Laker 37 6 7 50 

Salty 0 54 0 54 
 

 Duluth 
Vessels (Calls) 

Cleveland 
Vessels (Calls) 

Both 
Ports 

Salty 82 (111) 54 (79) 33 

Laker 78 (1,015) 50 (1,000) 16 



  12  

 

ENGINE TYPES - CLEVELAND

4

0

7

20

0

5

2
0 0 0 1 1

7

1 2
0 0

34

2 1 1

10

2
4

0

5

10

15

20

25

30

35

40

45

50

A
LC

O

B
 &

 W

C
A

T

E
M

D

E
N

T
E

R
P

R
IS

E

F
A

IR
B

A
N

K
S

M
A

K

M
A

N

M
IR

R
LE

E
S

M
IT

S
U

B
IS

H
I

N
O

R
D

B
E

R
G

P
IE

LS
T

IC
K

S
T

E
A

M

S
T

K
 W

K
S

P
R

S
U

LZ
E

R

U
N

K
N

O
W

N

W
A

R
T

S
IL

A

ENGINE BUILDER

N
U

M
B

E
R

 O
F

 E
N

G
IN

E
S

LAKERS

SALTIES

 
 

Fig. 4 Number of Engines Calling on Cleveland in 2004 
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Fig. 5 Number of Engines Calling on Duluth in 2004 
 

The listing of engine manufacturers for the propulsion engines for the Lakers and salties by vessel name is in 
Appendixes B and C, respectively, and these data are summarized by port in Table 4. 
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Table 4  Engine Manufacturer for Vessels Calling on Ports 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 manufacturers represented by the individual vessels in each port is 
the frequency that a vessel calls on that port.  Table 5 shows the product of the number of ships by engine 
manufacturer times the number of times those ships called into the respective port.  The term “engine calls” is used 
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 in Duluth were EMD engines with 55 percent, followed by CAT 
with 14 percent, and B&W with 14 percent.  The most prominent engine calls in Cleveland were the EMD and 
STEAM with about 26 percent each, followed by B&W with 18 percent.  That means Category 2 engines and steam 
turbines dominate the engine calls in the ports of Duluth and Cleveland, although the data shown in Table 4 
indicated B&W was the dominant engine type by ship that called into those ports.  This is because the B&W 
powered ships (all salties) only made one or two visits to those ports, whereas EMD and Steam-powered Lakers 
made frequent calls into those ports. 
 
Table 6 and Fig. 6 indicate one aspect of how “we are different up here” and demonstrates that emission inventories 
for the Great Lakes must take into careful consideration the types of vessels and propulsion engines types on those 
vessels as well as the times they call on a port.  There is a significant difference in the distribution of engine 
categories that depends on the specific vessels that call on each port. 
 

Table 6 Percentage of Engine Calls by Port and by Category in 2004 
 

Category Duluth Cleveland 
Steam 25% 6% 

2 28% 78% 

3 47% 16% 
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Fig. 6 Engine Calls by Port in 2004 
 
Two conclusions can clearly be drawn from this information: 
 

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

2. Great Lakes ports CAN NOT be generalized into typical ports for which results are extrapolated 
for comparisons for air emission purposes.  Proportioning emissions from one Great Lakes port 
study and applying those emissions to another Great Lakes port based on the ratio of total port 
tonnage will cause errors to be introduced because the types of engine calls will be different in 
each port. 



  15  

5.2   Fuel Used by Vessels 
 
Fueling of Lakers on the upper four Great Lakes can take place in Duluth, Chicago, Detroit, and in Canada, in 
Sarnia and Windsor, Ontario.  Canadian Lakers can also fuel at other ports on Lake Ontario and the St. Lawrence 
River.  The fuel suppliers for the four locations used by Lakers were contacted and they provided the information 
shown in Table 7 on sulfur in the fuel supplied in 2004 and currently in 2006: 
 

Table 7 Fuel Characteristics for Great Lakes Marine Fuels 
 

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

Duluth – Murphy Oil 2004 
2006 

1.570 
1.134 

  0.328 
0.359 

Sarnia – Shell 2004 
2006 

2.3 
2.4 

2.2 
2.3 

2.1 
2.3 

0.52 
0.41 

Windsor – Ultrimar 2004 
2006 

2.1 
2.1 

2.0 
2.0 

1.9 
1.9 

0.11 
0.05 

Chicago/Detroit – Warner  2004 1.48-2.09   0.45 
 
Salties rarely fuel in the Great Lakes because they try to maximize the amount of cargo they can depart with at the 
limiting draft of the St. Lawrence Seaway.  Owners of salties indicate they fuel in Montreal occasionally on the 
outbound passage. 
 
A comment is in order regarding the requirements for marine diesel fuel.  EPA regulations that go into effect in 2007 
limit the amount of sulfur in marine diesel fuel to 500 ppm (0.05% weight percent).  At the beginning of 2012, the 
EPA established limit will drop to 15 ppm. 
 
The Environment Canada regulations for marine diesel fuel limit sulfur to 500 mg/kg (ppm) starting June 1, 2007.  
Starting June 2012, the marine diesel fuel limit will drop to 15 mg/kg (ppm).   
 
Review of the salties (Appendix C) indicates that all 103 diesel vessels that visited the two ports operated on 
residual oil.  Review of the Lakers (Appendix B) indicates of the 112 Lakers involved in the study of the two ports, 
45 diesel vessels burned marine diesel oil, 42 diesel vessels burned a residual oil blend (ranging from 60 centistokes 
to 320 centistokes fuel – but this can be termed residual oil for this purpose), and 25 steam ships burned residual oil. 
 
5.3  Emission Factors 
 
Emission factors vary by pollutant, operating mode, engine type, and fuel used.  The emissions evaluated in this 
study are: hydrocarbon (HC), oxides of nitrogen (NOx), carbon monoxide (CO), particulate matter (PM listed as 
PM-10 and PM-2.5), and sulfur dioxide (SO2).  Specific emission factors are expressed as grams of pollutant emitted 
per kilowatt-hour of energy (g/kW-hr).  
 
The most recent and frequently referenced European emission factors study for engines was done by Entec UK 
Limited in 2002 (ENTEC 2002).  The most recent U.S. study was done in 2006 by ICF Consulting under contract to 
EPA (ICF 2006).  The ICF study provides a current U.S. review of all studies and makes recommendations for 
emission factors and for preparation of emission inventories.  Other important studies that have been researched that 
produced or evaluated emission factor data are by Arcadis (1999a, 1999b), Environ (2004), Lloyds’s Register of 
Shipping (1995), IVL Swedish Environmental Research Institute, Swedish Methodology for Environmental Data 
(SMED 2004), Corbett and Fischback (1998), Starcrest Consulting Group LLC (2000, 2003), California Air 
Resources Board (CARB 2005),  and USEPA (various years).  Some of the summary data is listed in Table 8.  
References in the back of this paper provide links to many of these studies. 
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Table 8 Specific Emission Factors [g/kW-hr] from Various Studies 
 

STUDY BY: HC NOx CO PM PM-10 PM-2.5 SO2 
        

ICF Jan 5, 2006 g/kW-hr g/kW-hr g/kW-hr g/kW-hr g/kW-hr g/kW-hr g/kW-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 g/kW-hr g/kW-hr g/kW-hr g/kW-hr g/kW-hr 

Cat 2 0.13 13.35 2.48 0.32   1.11 

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 g/kW-hr g/kW-hr g/kW-hr g/kW-hr g/kW-hr 

Steam ships 0.07 2.80 0.30 2.50    
        

ENTEC g/kW-hr g/kW-hr g/kW-hr g/kW-hr  g/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 g/kW-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 g/kW-hr g/kW-hr g/kW-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 g/kW-hr g/kW-hr g/kW-hr g/kW-hr g/kW-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 an emission inventory is the emission factors used.  Of 
particular note is the lack of emission factor research and literature for Category 2 engines (cylinder displacement 
between 5 and 30 liters/cyl).  Ocean-going Category 3 engines (cylinder displacement > 30 liters/cyl) have been the 
focus of most emission factor literature and research because international ships with large, residual oil burning 
propulsion diesel engines dominate international maritime commerce.  Very little attention has been focused to date 
on propulsion systems that use Category 2 engines such as the ones used on smaller “feeder” vessels, tug/barge 
units, and vessels in the Great Lakes trade.   Historically, Great Lakes vessels are of unique design and construction 
and do not have need for extremely large propulsion power.  Some of the more important considerations in Laker 
propulsion system selection with constantly changing power output requirements are reliability, dependability, and 
ease of maintenance and operation. 
 
European studies do not use EPA’s Engine Category definitions based on cylinder displacement.  Those studies have 
divided propulsion engines into slow speed (below 300 rpm) and medium speed (above 300 rpm).  It can not be 
ascertained in those studies if a medium speed engine would fit into EPA Category 2 or Category 3 because cylinder 
displacement is not the criteria used.  This study has determined 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 what emission factors to use for the emission inventory study for 
the Great Lakes.  Ms. Penny Carey, EPA Office of Transportation and Air quality (OTAQ), was contacted to obtain 
additional emission factor guidance.  After further exchange of information about the engine types and details 
regarding the sulfur content of the fuels that are used, she provided recommendations for the specific emission 
factors for this study that are shown in  Table 9.   She also provided notes (below the table) with the sources and 
other details to support those emission factors. 
 

Table 9  Recommended Specific Emission Factors [g/kW-hr] for the Great Lakes (Carey 2006) 
 

USEPA RECOMMENDATION AUGUST 2006 
ENGINE CATEGORY HC NOx CO PM PM-10 PM-2.5 SO2 

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 0.35 1.85 
Cat 3 Med Spd-RO 0.10 2.10 0.00 0.88 0.88 0.85 8.21 
Cat 3 Slow Spd 0.50 13.20 0.00 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 MDO sulfur 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.  For PM and SO2, uses equations in ICF (2006) 
(January 10, 2006 memo from Lou Browning to Penny Carey, "Methodology for Port Inventories (Revised), EPA 
Contract 68-C-01-164, Work Assignment 4-5"). 
Cat 3: Uses values in Table 5 of ICF (2006) for HC, NOx, and CO.  For PM and SO2, uses equations in ICF 
(2006), with default BSFC values in ICF (2006) and RO sulfur of 2.0% and MDO sulfur of 0.45% 
Steam: Uses values in Table 5 of ICF (2006).  For PM and SO2, uses equations in ICF (2006), with default BSFC 
value in ICF and RO sulfur of 2.0% and MDO sulfur of 0.45%. 
Aux:   Uses values in Table 2-10 of January 5, 2006 Final Report, "Current Methodologies and Best Practices in 
Preparing Port Emission Inventories" for HC, NOx, and CO.  For PM and SO2, uses equations in ICF (2006) with 
default BSFC values in ICF (2006) and MDO sulfur of 0.45%. 
        

OM, SO2 and CO equations (from ICF 2006) 
 

PM-10 EF (g/kW-hr) = PM-10 (0.1% sulfur) + BSCF x 7 x 0.02247 x (Fuel sulfur fraction - 0.001) where PM-10 
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 sulfur fraction 
CO2 EF (g/kW-hr) = BSFC x 0.87 x (44/12) 
BSFC SSD = 195 g/kW-hr:  BSDC MSD - 210 g/kW-hr (Lloyds 1995) 

 
5.4  Load Factors 
 
The load factor for main propulsion machinery is the percentage of the vessel’s maximum continuous rating (MCR) 
that the machinery operates at in the different modes.  The modes are defined in detail in Section 6.  Engines are 
designed with a maximum power, but often have a lower MCR provided by the engine manufacturer.  Load factors 
used in this study are based on the MCR.  The auxiliary engine load factor as used in this study is the percentage of 
the rated kilowatt output of the auxiliary electrical generators installed on the vessel. 
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Cruise Mode 
The Cruise load factor used in this study is 80 percent of MCR for all vessels and ports.  Studies by others use 
formulas with the cubic (propeller law) of the ratios of actual vessel speed to maximum speed.  The Cruise mode, 
more commonly referred to as “open-lake” speed for Lakers is assumed to be attained using 80 percent of MCR.  
Discussion with owners and direct observations indicate 80 percent to be a valid assumption for Great Lakes 
operations.  Several of the emission inventory studies use 80 percent of MCR for the Cruise mode.  
 
Reduced Speed Mode 
The reduced speed load factor used in this study for all vessels is 33 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 percent MCR.  This is slightly lower than the Entec 
assumptions of 20 percent (ENTEC 2003) and the CARB study assumption of 2 percent (CARB 2005).  Based on 
the type of maneuvering that is required in the ports of Cleveland and Duluth and judging the powers used, the 
overall factor of 12 percent appears realistic.   Discussion with Chief Engineers and vessel owners and direct 
observations aboard vessels indicate this assumption to be valid.   
 
Hotelling Mode 
The Hotelling load factor used in this study is 50 percent of electrical generator rating.  Detailed review of the 
installed power and the power used during Hotelling operations indicates generators are loaded to about 50 percent 
of rated capacity over the time in the hotel mode.  The hotel load varies during the different vessel operations such 
as when discharging cargo or pumping ballast and those loads may be different at different times during the hotel 
time.  The values used were obtained directly from Chief Engineers and owners in this study and are listed as kW/hr. 
 
The 50 percent load factor is significantly higher than those recommended for bulk carriers in other studies. ICF’s 
recommendation was 22 percent for Hotelling load for auxiliary engines (ICF 2006).  CARB (2005) and Entec 
(2003) are similarly lower.  Although using 50 percent in this study may lead to a higher emission contribution for 
this mode, personal knowledge along with discussions with owners about the rating of shipboard auxiliary engines 
and reviewing the actual loading while in port indicates 50 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 to be meaningful and useful for Federal, State and Local agencies, 
it must reflect the actual ships that call on the port and accurately reflect the way they operate in and around the port.  
This study goes beyond any port inventory reviewed to date in using details of the actual ships and movements.  The 
vessel approach and maneuvering used by each Master will vary from ship to ship and port to port.  The loading and 
unloading characteristics of each vessel will also vary.  The data supplied by Masters, vessel owners, and operators 
was compared, when possible, to port and dock records in order to assure realistic data was produced.  In this study, 
considerable effort has been invested to make sure actual and realistic assumptions are used. 
 
The modes used in this and other AEIs are as defined in Table 10.  These modes are similar to those used in other 
studies but definitions are clarified to reflect the unique trade and the way vessels operate on the Great Lakes. 
 
The following detailed discussion of each mode is divided into differences in the port or differences in the operation 
of a vessel type as necessary. 
 
6.1 Cruise Mode 
 
Cleveland Lakers: The EPA 1999 Study of Great Lake Ports (ARCADIS 1999a) estimated that most shipping lanes 
are more than 10 miles from the breakwall of a port and cruise time-in-mode should be treated as starting 10 miles 
from the breakwall or piers and continued for 7 miles.  Thus, 7 miles divided by the vessel speed provided the 
time-in-mode for cruise. The remaining 3 miles were considered to be in the Reduced Speed Zone (RSZ). 
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Table 10  Definition of Modes and Time-In-Mode for Great Lakes Vessel Movements 
 

DEFINITION 
OF FIELD DESCRIPTION 

CRUISE  
Time at full speed measured from 10 miles outside the breakwall to about 3 miles outside 
the breakwall.   

REDUCED SPEED 
ZONE (RSZ) 

Time during which the vessel slows from open-lake speed to the speed the Master 
desires when entering the breakwall.  

MANEUVERING 
(MAN) 

Time from entering the breakwall to the time at the dock or the time from departing the 
dock to the breakwall.  In the case of a vessel that discharges one cargo then reloads 
another cargo within the port, a maneuver between docks will take place.  That special 
case is also included.  

HOTELLING 
Time at the dock loading or discharging cargo.  This will vary by type of vessel, type of 
operation being conducted, and type of cargo being handled.  The case of a vessel that 
discharges one cargo then reloads another cargo within the port is also addressed.  

HOTEL LOAD KW  
The electrical power used while the vessel is at the dock.  Self-unloaders and some 
geared salties use equipment installed aboard the ship to perform cargo operations 
making the hotel load higher during these operations.  

 
In actual practice, the east-west recommended courses past Cleveland vary from about 10 to 20 miles from the 
breakwall depending on where a vessel originates and where a vessel is headed.  All vessels entering Cleveland (and 
similarly for other ports throughout the entire Great Lakes) follow the Lake Carriers’ Association (LCA) 
Recommended Courses. The Recommended Courses were developed in the 1920s by the LCA Captains and 
Navigation Committees as a traffic separation and collision avoidance scheme.  These courses provide upbound and 
downbound courses as well as recommended courses into and out of each port and harbor. The LCA Courses are 
clearly detailed on the NOAA navigation charts that the U.S. Coast Guard requires to be carried on board each 
commercial vessel (regardless of flag) navigating the Great Lakes. 
 
Almost all Lakers entering Cleveland enter from the west because they are bringing cargo to Cleveland from upper 
lake ports.  Lakers have a top speed of 14 to 16 miles per hour regardless of size or installed horsepower.  
Discussion with Masters and Pilots indicate the use of the 10 mile cruise distance is a reasonable assumption and 
30 minutes is a good approximation of the time required in Cruise mode.  
 
Tug/barge units have a greater variation in top speed than Lakers (although some tug/barge units are as large as the 
largest Laker).  Some tug/barge units are, in fact, former self-propelled Lakers that have been converted by 
removing the aft propulsion machinery and constructing a notch for a tug.  Other tug/barge units are the traditional 
notched barge being pushed by a tug.  For purposes of this study, 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 lanes that go past the port, as the port is the western-
most port on the Great Lakes and all vessels going to Duluth can only approach from the east. 
 
Discussion with Masters indicated a considerable variation in the time and distance from the breakwall that the 
vessel reduced power (“checked down”).  The times varied from 12 minutes to 30 minutes.  For the purposes of this 
emission inventory, 30 minutes (approximately equal to the 7 miles from the 1999 EPA study) is used for the 
average cruise time for Lakers. This is considered to be a slightly conservative estimate, but is believed reasonable 
when considering wind, weather, fog, and other vessel traffic.  Several comments from Masters indicated that 
reducing the thermal load on the propulsion machinery was also a consideration for when they reduced the power of 
the engines.  
 
Cleveland and Duluth – Salties:  Salties are similar to the bulk ocean-going vessels (OGV) as described in port 
studies developed by Starcrest and others.  However, the large bulk OGV that enter the Great Lakes are limited in 
size by the Seaway dimensions of length, beam, and draft.  The current Seaway dimensions are 740 feet in length 
and 78 feet beam and 26’6” maximum draft.  The vessels that trade into the Great Lakes are almost all designed and 
built specifically for that trade.  They have a cruise speed of 13 to 14 knots (14.9 to 16.1 mph).  Salties almost 
always enter Cleveland from the east as they are bringing cargo in from the Seaway.  Discussion with the Pilots 
indicates the use of the 10 mile cruise distance is a reasonable assumption and their time-in-mode for cruise is also 
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estimated to be approximately 30 minutes based on the same 7 mile Cruise mode distance.  The salties that call on 
Duluth are many of the same ones that called on Cleveland or have similar characteristics.  There is a group of 
smaller specialty cargo ships that are trading into the Great Lakes 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 Lakers:  The RSZ is the time the throttle is pulled back to take the way off the ship so the 
vessel speed is reduced to the speed the Master wants when entering the breakwall or piers.  Another consideration 
that can determine how far from the piers the vessel power is reduced is what type of vessel maneuver is required 
once inside the entry piers. 
 
In Cleveland, for instance, a vessel going up the Cuyahoga River proceeds straight into the River that is in-line with 
the entrance piers before any maneuvering or turning is required.  A vessel going to the lakefront docks or the Port 
Authority cargo docks requires an immediate 90 degree turning maneuver once inside the harbor and clear of the 
entrance piers.  Wind, visibility, and other vessel traffic may also influence the speed of approach into a harbor.  
Local heavy rains or weather systems may also affect the current running through the entrance piers and affect the 
speed the Master selects. 
 
An additional consideration for vessel speed when entering a harbor can be the use of bow or stern thrusters that are 
common on most Lakers and about 40 percent of the salties.  Masters have advised that bow thrusters are not 
effective above about 3 miles per hour.   If a vessel maneuver is required once inside the harbor and the Master 
desires to use the bow thruster, the vessel speed entering the piers and, thus, the time and distance a Master may 
reduce the vessel speed may vary.   
 
Discussions with more than 30 Laker Masters and many company representatives for both U.S.- and Canadian- Flag 
vessels indicated a RSZ time of 20 minutes to be a good average. 
 
Cleveland and Duluth Salties:  Salties are generally designed for higher vessel speeds and have finer lines than 
Lakers and, thus, do not slow down as fast as Lakers.  Because of this, they often reduce speed further from the piers 
or breakwall than Lakers.  Discussions with Pilots indicate 40 to 50 minutes is a rule-of-thumb.  In some cases, a 
restricted speed range in the propulsion engine at low powers (such as some slow-speed diesels) may require more 
or less time to adjust the speed to what the Pilot desires.  On some engines, the low speed operation may require the 
engine to be brought to idle or stopped and the way on the vessel carries it toward the entrance piers.  According to 
the Pilots, tugs are often taken in Cleveland or Duluth.  In that case the vessel will slow down to a very low speed 
outside the harbor entrance in order to pass tow lines and make up to the tug.  For purposes of this emission 
inventory, 45 minutes is used for the RSZ estimate for salties. 
 
6.3 Maneuvering Mode 
 
Maneuvering is one of the largest variables in the study.  The geographic layout of the ports and the location of the 
various docks must be taken into consideration. 
 
Maneuvering - Cleveland – Salties:  Salty maneuvering in Cleveland is the least complicated because all the Port 
Authority docks are located in the same geographic location in the east harbor basin and very close to the harbor 
entrance. The Pilots indicate the time from the piers to any Port Authority dock averages about 30 minutes.  That 
number is used in this study.   
 
Maneuvering - Cleveland – Lakers:  Table 6b provides a listing of the location of selected bridges and docks in 
Cleveland and on the Cuyahoga River with average vessel running times.  The distances are obtained from the 
NOAA Coast Pilot #6 and are accurate statute mile measurements published by NOAA as measured from the West 
Outer Pierhead.  The running time to each bridge or dock was provided by a number of Masters of different vessels 
that navigate in Cleveland and the Cuyahoga River as well as observed during transits.  Review of these times and 
personal observation indicate the running time data varied from ship-to-ship and Master-to-Master by only minutes. 
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Table 11  Dock Locations in Cleveland Harbor and Cuyahoga River 
 

DESCRIPTION MILES 1 FROM 
WEST OUTER PIERHEAD 

RUNNING TIME 
AVERAGES 
(HR:MIN) 

Cleveland Bulk Terminal 1.13 0:30 
Port Authority Docks 0.75 0:30 

OLD RIVER 
Lafarge Cement Dock 
Willow St. Bridge 
Ontario Stone Dock 
Sand Products Dock 
Cargill Salt Dock 

0.70 
1.02 
1.10 
1.20 
1.70 

0:45 
0:30 
0:40 
0:50 
1:00 

MAIN RIVER 
Norfolk Southern #1 
Center Street Bridge 
Columbus Road Bridge 
Carter Road Bridge 
Eagle Avenue Bridge 
West 3rd Street Bridge 
Jefferson Avenue Abutments 
CSX Railroad Bridge 
River Terminal Railroad Bridge 
Mittal Steel Upper Dock 

0.76 
1.39 
1.93 
2.43 
2.80 
3.69 
4.51 
4.75 
5.42 
5.58 

0:20 
0:40 
0:55 
1:15 
1:30 
1:50 
2:05 
2:20 
2:30 
2:50 

  1 Miles to bridges taken from NOAA U.S. COAST PILOT #6  
 
Data was acquired from many Masters on maneuvering times for specific cargoes to a specific dock.  Docks are 
geographically located in several concentrated areas in the Cuyahoga River and reported times to those areas varied 
little.  The Cuyahoga River was, thus, divided into three general locations and three related general transit times.  
Docks are concentrated at: 1) the upper end (Mittal Steel), 2) middle (Lafarge, West 3rd, Marathon Oil), and 3) 
Old River (Ontario Stone, Cargill).  The maneuvering times used are:  upper - 2.88 hours (2 hr. 40-50 min.), 
middle – 1.83 hours (1 hr, 50 min), and Old River – 0.50 or 0.75 hours (30 or 45 min.) depending on dock location.  
Maneuvering into the west basin (Cleveland Bulk Terminal) is 0.50 hours (30 min.). 
 
Maneuvering - Duluth – Lakers:  Table 12 provides the distances and average running times to the various bulk 
docks in Duluth. 
 

Table 12  Dock Locations in Duluth and Superior 
 

DESCRIPTION MILES FROM 
ENTRANCE PIERS 

RUNNING TIME 
AVERAGES 
(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 and is in statute miles from the outer Duluth or Superior entrance 
pierhead to the dock listed.  In order to obtain the best average maneuvering time information, interviews were 
conducted with vessel Masters.  Not surprisingly, the variations in the reported maneuvering times to the various 
locations in Table 12 varied little and the table reflects good agreement among sailing Masters.  However, data to 
some specific docks provided by Masters was used rather than the averages above. 
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Maneuvering - Duluth – Salties:  The range of times for salties in Duluth depends on the location of the grain 
elevators in either Duluth or Superior. For docks very close to the Duluth entrance piers, an estimate as short as 
30 minutes was provided.  The Pilots, however, recommended the use of an overall average of 45 minutes as being 
representative.  That number is used for this study. Salties rarely, if ever, enter through the Superior Entry because 
most of the grain elevators are located in or close to Duluth. 
 
6.4 Maneuvering Between Docks  
 
When a vessel delivers one cargo, then shifts to a different dock inside the harbor to load another cargo, 
maneuvering between the two docks is required.  The Maneuvering time for the inbound trip and the outbound trip 
are accounted for as separate trips, however, the Maneuvering time between docks in the harbor must be accounted 
for as well. 
 
Cleveland – Lakers:  Although Cleveland is a “receiving” port, there were 83 cargos taken out of Cleveland in 
2004.  Almost all of those loads were road salt (more than one million tons) shipped to other Great Lakes ports.  The 
owners of the vessels that carried the outbound salt cargos advised the vessel had delivered a cargo into Cleveland 
first, and then shifted to the Cargill salt loading facility in the Old River.  The owners estimated the shift from the 
unloading dock varied from just 30 minutes, if the inbound cargo was delivered in the Old River (most often), to 
90 minutes, if the cargo was delivered to the docks on the main Cuyahoga River. An average of 60 minutes was used 
in this study and this time was added to the Maneuvering computation for that trip. 
 
Cleveland - Laker – Shuttles:  Shuttles are defined as movements of ore from the lakefront storage facility to the 
Mittal Steel mill 5.8 miles up the Cuyahoga River.  The shallow draft (21 feet) and crooked river limits the vessels 
that can safely navigate the Cuyahoga River to 630 feet in length.  Larger deep-draft vessels (27 feet) deliver iron 
ore to the deep-draft lakefront dock.  The cargo is then reloaded onto smaller vessels at the shallower draft for 
delivery to the steel mill up the river. The Cleveland Bulk Terminal builds up an inventory of iron ore during the 
year and draws from that inventory in the winter months when the larger deep-draft vessels cease operation.  This 
in-port cargo movement continues until late January and commences again around March 1st.   This is possible 
because ice conditions in the Cuyahoga River and inner harbor are usually not severe enough to stop navigation 
although icebreaking assistance is needed at times to open the western basin of the inner harbor.   During the 
operating season, some of the smaller river-sized vessels may load product to a draft of 27 feet and lighter at the 
lakefront dock to about 21 feet, then proceed up to the steel mill.  River-sized vessels often perform back-to-back 
shuttles without departing Cleveland Harbor. 
 
This study treats the shuttle trips just like a typical cargo delivery up the Cuyahoga River, except there is no Cruise 
or RSZ component.  There will just be the Maneuvering time from the lakefront dock to Mittal Steel dock and back.  
The original inbound and outbound trip segments will contain the Cruise and RSZ component for that vessel 
regardless of how many shuttle trips it may make between the first call into Cleveland and its final departure from 
Cleveland. 
 
Cleveland – Salties:  According to the Pilots and the Cleveland-Cuyahoga County Port Authority, salties rarely shift 
docks in Cleveland. 
 
Duluth – Lakers:  Duluth received 167 inbound cargoes (3,914,053 tons) consisting mostly of stone 
(127 loads/3,282,347 tons), and smaller amounts of cement, salt, and calcium chloride in 2004. 
 
Of the 167 trips, the inbound vessel discharged the cargo and reloaded in the port 65 times.  The dock of discharge 
of the inbound cargo and the dock of reloading the outbound cargo was obtained from each owner.  The loaded 
inbound trip and the loaded outbound trips were treated as separate trips in this study.  Discussion with owners 
indicated the shifting to another dock could take place in 30 minutes in some cases, and as long as one hour in other 
cases depending on the relative location of the docks.  For purposes of this study, a maneuvering time of 1 hour was 
used for the 65 vessels that reloaded and this hour was added to the Maneuvering computation for that trip. 
 
Duluth – Salties:  Discussion with the Pilots indicates salties very infrequently shift from one dock to another. 
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6.5 In-Port Refueling 
 
Cleveland does not have a marine fueling facility and in-port fueling of vessels does not take place.  
 
In Duluth, Murphy Oil USA has a marine fueling terminal at the Duluth Port Authority Docks (1.25 miles from the 
piers) that supplies commercial vessels with residual fuel oil, fuels blended to owner’s specifications, and marine 
diesel oil.  For the 2004 season, Murphy Oil USA provided fuel to 242 Lakers, mostly when they were entering the 
harbor.   The stop for fuel added from 45 to 90 minutes to the inbound transit, but did not appreciably impact the 
overall vessel maneuvering time from the piers to the final dock of destination.  The vessel and transit dates when a 
vessel fueled could not be accurately ascertained and fueling is, thus, not considered in the study. 
 
6.6 In-Port Use of Tugs 
 
Cleveland and Duluth Lakers:  Lakers are extremely maneuverable and every one is fitted with a bow thruster; half 
of them have both bow and stern thrusters.  Bow thrusters are effective up to about 3 mph in the ahead direction and 
about 6 mph when going astern.  In Duluth, tugs are rarely needed to assist Lakers.  In Cleveland, tugs could be used 
for two situations.  When local rain events cause extreme river current fluctuations, a Master always has the option 
of using a tug.  The experience among the Masters that navigate the Cuyahoga River is extensive and they are very 
observant of weather fronts and other conditions and usually know well in advance the conditions they will likely 
encounter during a Cuyahoga River transit.  On occasion, a Master may want the assistance of a tug when the 
currents are strong in order to assist in maneuvering against currents in the winding river. 
 
Another time Lakers may use a tug in the Cuyahoga River is when a large vessel (mostly Canadian-Flag) requests a 
tug for assistance to back out of the River.  This depends on the vessel, the river conditions and the dock location in 
the river.  In general, Masters that use a tug to assist in the 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 evaluated and harbor tugs are not considered. The infrequent 
use and the emission contribution from them would likely be partly offset by a decrease in the transit time of 
the vessel. 
 
Cleveland and Duluth Saltie:  In the case of Cleveland, the Lakes Pilots Association advised about 40 percent of the 
salties have bow thrusters, but tugs are used in and out of port about 60 percent of the time (confirmed by Great 
Lakes Towing, the major tug company servicing the Great Lakes). 
 
In Duluth, the Western Great Lakes Pilots Association indicated tugs were used about 90 percent of the time.  Great 
Lakes Towing indicates about 70 percent of the salty movements in Duluth use tug assist.  The difference is that 
more Pilots use tugs when entering port in the ballasted condition because the vessel is riding high in the water and 
wind and weather can be more of a consideration. When departing in the loaded condition and at deep draft, tug 
assist may not be needed and the Pilots may elect to not use a tug. 
 
For purposes of this study, tug use by salties was not evaluated.  Any omission is believed to be offset by decreased 
maneuvering time for the vessel. 
 
6.7 Hotelling Mode 
 
Cleveland and Duluth – Salties:  The salties Hotelling numbers for Cleveland were provided by the actual reported 
dock time for each vessel visit obtained from records of the Cleveland-Cuyahoga County Port Authority.  The 
Hotelling times for Duluth were obtained by using the Pier to Pier times as reported by the Duluth Shipping News.  
This number was reduced by 1 hour to account for the maneuvering time of the vessel.  In the evaluation, 
maneuvering is accounted for in both the inbound trip and the outbound trip; however, Hotelling is accounted for 
only one time.  Thus, a 1-hour reduction in the total Hotelling time is justified. 
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Cleveland and Duluth – Lakers:  The Hotelling times for Lakers were obtained and cross checked using several 
different data sources.  Vessel owners, in many cases, were able to provide precise loading or unloading times by 
vessel and by product.  In that case, an overall season average time for each vessel at each dock and for each product 
could be obtained.  Some vessel owners provided seasonal averages for different vessels at different docks and 
loading or discharging the different bulk materials that are used for dispatch purposes.  The times used by the owner 
were given most importance because their extensive experience over many years of operating their vessels accounts 
for weather effects, dock breakdowns, dock crew shift changes, waiting for cargo, and other potential vessel delays.  
A cross check was able to be performed using the pier-to-pier times as reported by the Duluth Shipping News and 
subtracting the maneuvering times in and out of port. 
 
It is important to note the times used varied with the cargo being handled.  When unloading, some products handle 
and flow more readily than others.  Some cargos can spill from loading or unloading equipment if cargo surges or 
overloading of belts occur.  There is significant effort on behalf of the vessel owners and ship crews to minimize any 
cargo spillage. On Lakers, special equipment modifications and improvements have been made and some sacrifice 
of time has taken place to assure little or no cargo spillage occurs.     
 
As pointed out in the previous section, vessels brought a cargo into Duluth 65 times in 2004, discharged that cargo, 
and shifted to a different dock to load an outbound cargo – all within the harbor.  In those cases, the Hotelling time 
is determined for unload and a separate line item lists the Hotelling time to load the next cargo.  These operations 
are treated as separate operations and have separate electrical power loads as discussed below. 
 
6.8 Hotelling Mode – Special Case when a Vessel Reloads  
 
Cleveland – Lakers:  As noted in the Maneuvering section, 83 cargos were taken out of Cleveland in 2004, and the 
owners advised the vessels had delivered a cargo into Cleveland first and then shifted to the loading dock.  The 
inbound trip to deliver the cargo was assessed a Hotelling time for the unload.  Likewise, the outbound trip was 
assessed the Hotelling time for the loading.  Because each trip was treated separately, Hotelling time is properly 
accounted for regardless of whether the vessel was loading or discharging cargo. 
 
Cleveland - Laker – Shuttles:  The 162 shuttle trips from the Cleveland Bulk Terminal on the lakefront to the 
ISG (now Mittal) Steel mill were treated separately in the Cleveland emissions inventory.  Hotelling average time 
for loading was 6 hours and Hotelling average time for discharging 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 reloaded within Duluth harbor can not be generalized.  
The Hotelling time for the unloading was provided by owners and used on the inbound trip.  The Hotelling time for 
reloading was also provide by owners and used for the outbound trip. 
 
6.9 Hotel Load kW 
 
Cleveland and Duluth Lakers:   The Hotelling electrical load depends on the activity that is being conducted when 
the vessel is at the loading or unloading dock.  When loading or discharging cargo, ballast pumps must be used to 
maintain the vessel at a relatively even keel and constant draft.  When unloading, additional electrical power is 
required to run the unloading machinery.     
 
The auxiliary electrical power generation capability to operate the ship-installed self-unloading equipment is vessel 
dependent.  Vessels constructed as self-unloaders were designed with sufficient auxiliary electrical power to 
accommodate bow and stern thrusters, ballast systems, and unloading electrical loads.  Several vessels have shaft 
generators driven off main propulsion engines to provide power to unloading equipment and ballast systems. 
Vessels that were converted to self-unloaders have additional auxiliary engines installed to power the unloading 
machinery.  The estimates used for Hotelling electrical load in average kW/hr used in this study were based on 
knowledge and observation of the individual vessels and discussion with owners or Chief Engineers.  
 
Vessels that reloaded within the same harbor had the electrical loading for unloading and loading accounted for 
separately as provide by the owners or Chief Engineers. 



  25  

Duluth and Cleveland – Salties:  The newer ships designed for Seaway operations by Fednav and Polsteam have 
three auxiliary engines for use with installed unloading cranes.  Discussion with the owners indicated 175 kW/hr is 
used during normal operations.  When working cargo (which is only 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 less than half of the salties use shipboard installed cranes for 
unloading.  Thus for Cleveland, the study averaged 18 hours of 175 kW/hr operation and 600 kW/hr for 8 hours, 
but only for a conservative half of the vessel calls.  This amounts to an overall season average of 240 kW/hr.  Thus, 
240 kW/hr was used for all salty calls in Cleveland. 
 
In Duluth, no shipboard equipment is used during the loading operations, 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 and Duluth is provided in Table 13. Detailed breakdowns by 
mode are shown in Tables 14 through 19.  The tables list the pollutants separately: HC, NOx, CO, PM-10, PM-2.5, 
and SO2.  The Lakers are separated from the salties to allow the relative contribution to the emission total from each 
to be viewed.  In addition, the separate modes for Lakers and salties are broken out to allow each mode of operation 
to be evaluated for relative contributions to the total emission.   
 
It can be noted in comparing the individual pollutant level from one port to the other, there is not a consistent ratio.  
Although the cargo tonnage ratio of 1:3 (15M to 45M tons) appears somewhat close for HC, PM, and SO2, this ratio 
clearly does not hold for NOx and CO.   This demonstrates using relative cargo tonnage between ports to estimate 
total pollutant values is not valid and will introduce substantial error.  
 

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

TOTAL HC NOx CO PM-10 PM-2.5 SO2 
CLEVELAND 1.5 117.9 20.5 4.5 4.3 30.6 

 
TOTAL HC NOx CO PM 10 PM 2.5 SO2 
DULUTH 4.5 204.0 27.8 12.4 11.9 106.3 

 
Table 14 Cleveland Laker Emission Summary by Mode – grams/year 

 
  HC NOx CO PM-10 PM-2.5 SO2 
CRUISE 383,175 32,842,900 5,916,106 1,331,895 1,272,982 9,142,878 
RSZ 86,823 7,329,721 1,315,938 307,519 294,134 2,151,041 
MAN 207,279 19,461,677 3,502,130 592,852 562,933 3,428,704 
HOTEL 332,690 31,153,712 5,734,400 1,145,038 1,091,521 7,341,281 
TOTAL 1,009,967 90,788,010 16,468,573 3,377,304 3,221,570 22,063,904 

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

 
  HC NOx CO PM-10 PM-2.5 SO2 
CRUISE 195,918 5,687,609 476,940 347,635 335,628 3,210,032 
RSZ 48,490 1,407,683 118,043 86,040 83,068 794,483 
MAN 35,265 1,023,770 85,849 62,574 60,413 577,806 
HOTEL 82,720 8,247,342 1,530,944 228,407 216,061 1,154,381 
TOTAL 362,393 16,366,403 2,211,776 724,656 695,170 5,736,701 

 
Table 16  Cleveland Emission Summary – All Vessels/All Modes – grams/year 

 
TOTAL HC NOx CO PM -10 PM-2.5 SO2 
CLEV 1,372,360 107,154,414 18,680,349 4,101,959 3,916,740 27,800,605 
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Table 17 Duluth Laker Emission Summary by Mode – grams/year 
 

  HC NOx CO PM-10 PM-2.5 SO2 
CRUISE 2,031,530 85,267,705 10,956,781 4,705,237 4,534,162 40,087,560 
RSZ 502,566 21,080,086 2,707,409 1,163,891 1,121,585 9,918,358 
MAN 507,367 20,810,343 2,645,918 1,287,656 1,242,353 11,254,996 
HOTEL 543,521 38,771,877 6,825,308 3,232,332 3,121,677 28,222,502 
TOTAL 3,584,985 165,930,012 23,135,416 10,389,116 10,019,777 89,483,416 

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

 

  HC NOx CO PM-10 PM-2.5 SO2 
CRUISE 303,640 9,056,406 702,204 440,779 429,335 4,062,922 
RSZ 125,251 3,735,767 289,659 181,821 177,101 1,675,955 
MAN 45,546 1,358,461 105,331 66,117 64,400 609,438 
HOTEL 54,290 5,388,365 999,646 152,651 144,501 790,354 
TOTAL 528,727 19,538,999 2,096,840 841,368 815,338 7,138,670 

 
Table 19  Duluth Emission Summary – All Vessels/All Modes – grams/year 

 

TOTAL HC NOx CO PM 10 PM 2.5 SO2 
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 Emission Inventory Development,” April 2002, (Pechan and 
ENVIRON) provided a marine air emission inventory for the Port of Cleveland.  The ship types and times in modes 
used for that report were from a 1999 EPA report (Arcadis) and used port activity data from 1996. The LCA report 
presented here used Cleveland port data from 2004.  The Lake Carriers’ Association records the annual dry-bulk 
tonnage for the Cleveland Harbor.  In 1996, the tonnage was 15,173,639 tons and 976 cargos.  In 2004, the tonnage 
was 14,326,580 tons and 946 cargos.  There is not a significant change in the vessel calls or tonnages between the 
two years of comparison, and if anything, there appears to be a slight decrease from 1996 to 2004, which would tend 
to generate slightly lower emission values.  These two years are compared directly here. 
 
There are differences in the EPA study conducted in 2002 and the present study in emission factors used, numbers 
and types of vessels, vessel times, and engine types.  Of particular significance appears to be the powers and time 
used during Cruise, RSZ, and Maneuvering operations as well as hotelling times.  
 
Table 20 details the emission factors that were used.  At the time of the 2002 study, the types of propulsion engines 
were not carefully evaluated and all engines are assumed to be EPA Category 3 engines as is reflected in the 
emission factors Table 20 below.  There are no emission factors provided for Category 2 engines in the 2002 study.  
Adequate consideration does not appear to have been given to the fact that most port calls were conducted by vessels 
that had mostly Category 2 engines or steam turbines.  In the table below, a further distinction is made for the 
different category of engines based on the fuel type (MDO is marine diesel oil, RO is residual oil).  Also, Category 3 
engines can be either medium speed (rpm >300) or slow speed (rpm <300).  The listing of Category 3 medium speed 
engines on MDO has been added to cover the case where an engine may be switched to MDO during low load 
operation and maneuvering as is done on some Great Lakes vessels. 
 

Table 20  Specific Emission Factor Comparisons 
 

Emission Factor Comparison-EPA 2002 Study and LCA 2006 Study 
(g/kW-hr) 

 HC NOx CO PM SO2 
EPA ENGINE CATEGORY 2002 2006 2002 2006 2002 2006 2002 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 9.23 14 0.39 1.1 0.98 0.88 7.22 8.21 
Category 3 Slow Spd 0.295 0.6 13.12 18.1 0.61 1.4 0.96 0.83 7.13 7.62 
Steam (RO) 0.037 0.1 1.56 2.1 0.16 0.2 1.39 1.16 11.16 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 in the emission factors used in this study for 2004 for HC, NOx, and 
CO, a moderate increase in the emission factors for SO2, and a slight decrease in the emission factors for PM.  This 
emission factor increase would further increase the 2002 study numbers substantially.   
 
The initial efforts to determine the actual air emission for Cleveland centered on nitrous oxide (NOx) because that 
was the pollutant of concern to NOACA and the SIP they were working on.  Table 21 shows the NOx contribution 
in grams per year as determined by EPA in the 2002 Pechan-Environ Study.  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 1999/2002  Study 
 

Commercial Marine Emission Inventory Development, EPA Contract No. 68-D-00-265, April, 2002 
based on Commercial Marine Activity for Lake and River Ports in the United States 

EPA Report  EPA 420-R-99-019, Sept, 1999  
  NOx EMISSIONS ESTIMATE - g/yr 

SHIP TYPE TRIPS* NET 
TONS 

CRUISE 
g/yr 

RSZ 
g/yr 

MAN 
g/r 

HOTEL 
g/yr 

ALL 
MODES 

          
BULK CARRIER, SALTY Total 219   14,427,720 3,094,415 3,356,653 74,363,480 95,242,268 
BULK CARRIER, LAKER Total 1,446   54,119,598 13,740,012 34,165,966 107,401 102,132,977 
CONTAINER SHIP, SALTY Total 6   226,041 45,341 54,522 966,178 1,292,082 
EXCURSION VESSEL Total 1,320   0 0 0 0 0 
GENERAL CARGO, SALTY Total 20   732,108 185,591 184,910 6,329,062 7,431,671 
TANKER, SALTY Total 17   475,418 101,966 164,965 152,552 894,901 
GRAND TOTAL 1,665   69,980,885 17,167,325 37,927,016 81,918,673 206,993,899 
 

 *Trips are defined by EPA as one entrance or one clearance from a USACE recognized port/waterway.  A trip is a one-way movement. 
 
For comparison, Table 22 provides the NOx contribution in grams per year as determined by the present study.  The 
number of ships and tonnages for each type of ship reflect the actual arrivals and departures for the year 2004 in the 
Cleveland. 
 

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

Lake Carriers’ Association Report, 2006  
  NOx EMISSIONS ESTIMATE - g/yr 

SHIP TYPE TRIPS* NET 
TONS 

CRUISE 
g/yr 

RSZ 
g/yr 

MAN 
g/r 

HOTEL 
g/yr 

ALL 
MODES 

CLEVELAND SALTY 158 695,741 5,687,609 1,407,683 1,023,770 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 6,851,845 896,935 1,807,415 3,128,244 12,684,439 
TANK Total 34 169,934 754,141 186,650 423,073 681,360 2,045,224 
SHUTTLE TOTAL 324 1,283,718 0 0 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 20,485,447 39,401,054 107,154,414 
 

 *Trips are defined by EPA as one entrance or one clearance from a USACE recognized port/waterway.  A trip is a one-way movement. 
 
The summary total emissions for Cleveland for each of the listed pollutants are shown in Table 23 for the 2002 EPA 
study and the 2006 LCA study presented here.  The percentage indicated is the percentage the EPA 1999/2002 
studies overestimated the 2006 study values. 
 

Table 23  Summary Total Emission Comparisons,  2002 and 2006 Studies 
 

Cleveland Total Emissions (g/yr) – Comparison of 2002 and 2006 Studies 
STUDY HC NOx CO PM-10 PM-2.5 SO2 

2006 LCA  1,372,360 107,154,414 18,680,349 4,101,959 3,916,740 27,800,605 
2002 EPA 3,835,947 206,993,898 21,009,346 12,746,388   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 relative emissions efficiency of different modes of transportation around 
Cleveland from the point of view of air emissions.  According to the U.S. Department of Transportation, freight 
movement is a major source of national NOx emissions.  Freight transportation accounts for approximately half 
of mobile source NOx emissions and 27 percent of all NOx emitted.  Marine vessels are estimated to account for 
8.8 percent of that mobile source NOx  and only about 4.8 percent of all NOx on the national level.  (Re: “Assessing 
the Effects of Freight Movement on Air Quality at the National and Regional Level”, Final Report, April 2005, 
U.S. Department of Transportation, Federal Highway Administration). 
 
But what do these statistics have to do with what goes on in Cleveland?  A brief review of the air emission 
contribution by different transportation modes in the local Cleveland area is in order.  For instance, where does the 
14 millions tons of bulk material end up and how does it get there?  The answer is 65 percent of the cargo is moved 
locally by truck.  To gauge relative locomotive air emissions, a train bridge across the Cuyahoga River that allows 
trains to pass in the East-West direction is said to be one of the busiest rail bridges in the Midwest.  A brief look at 
these other two modes of transportation follows. 
 
 
9.1 Trucks 
 
It is estimated that 90 percent of the bulk materials that are brought into Cleveland are consumed within 75 miles of 
the port (Levin College of Urban Affairs of Cleveland State University, “1997 Economic Impact Report of the Port 
of Cleveland’s Maritime Operations”).  Table 24 shows an analysis of the distribution of the 14.8 million tons of 
bulk cargo that was handled in Cleveland in 2004.  The single largest consumer of bulk material is Mittal Steel, 
which gets about 3.9 million tons of iron ore directly from vessels: 1.196M tons direct shipments to the mill and 
2.667M tons shuttled from the lakefront storage facility.  Road salt shipments account for 1.165 M tons, roughly 
300,000 tons of ore was shipped by rail to a West Virginia steel mill, and about 3,000 tons of imported finished 
products were shipped by rail from the Port Authority docks.  The balance of the bulk materials delivered to 
Cleveland, 9.5 M tons of product was trucked to the final destination. 
 

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 2005, “Emission Facts Average In-use Emissions from Heavy-Duty Trucks” 
was provided by Penny Carrey, EPA.  Table 25 is the recommended emission factors for In-use Heavy Duty Diesel 
Vehicles. 
 

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

HC NOx CO 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 consumers was held with a company official that handles more 
than 100,000 truck deliveries.  The average estimated distance for delivery was 50 miles.  This takes into 
consideration that some stone products may be delivered within 10 miles of the harbor, but other deliveries go into 
southern Ohio.  For purposes of this review, the average distance used was 50 miles in each direction. 
 
Using the number of trips in Table 24, the emission rates in Table 25, and the average distance of 50 miles each 
way, the calculation of total annual truck emissions for moving the dry-bulk materials brought into Cleveland by 
vessels is shown in Table 26. 
 

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

 HC NOx CO 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 NOACA indicated that railroad equipment accounted for 
14.26 percent of mobile sources (marine was 36.97 percent).  The only apparent gauge to evaluate rail activity is the 
Norfolk Southern Bridge that spans the mouth of the Cuyahoga River and must be raised to allow commercial 
vessels to pass.  The importance of the Norfolk Southern #1 Bridge at the mouth of the Cuyahoga River cannot be 
underestimated.  It has been said that crossing is one of the busiest east-west crossing in the United States.  Failure 
of the bridge in the up position stops all train traffic and it is reported that rail traffic quickly backs up in other parts 
of the country.  Failure in the down position or the inability to fully raise the bridge immediately causes almost all 
commercial vessel traffic in Cleveland to stop.  It is estimated that five to eight vessels transit the Cuyahoga River 
each day. In a recent mechanical failure of major components on the bridge operating mechanism, Norfolk Southern 
officials estimated 70 to 80 trains use that crossing every 24 hours.  Most of the trains using this crossing are 
line-haul and consist mostly of four locomotives, two of which are operating on-line at one time in the restricted 
speed zones within the Cleveland area.  Line-haul engines are estimated at 3,500 horsepower each.  It can also be 
estimated the train spends about 1 hour in greater Cleveland (assuming the train averages 40 miles per hour and the 
rail distance from one end of Cleveland to the other is about 40 miles). 
 
Emission factors for locomotives are provided in EPA report EPA420-F-97-051. December 1997, “Technical 
Highlights, Emission Factors for Locomotives”.  A table in that report provided Fleet Average Emission Factors for 
All Locomotives by years.  Table 27 provides those numbers for 2004.  
 

Table 27 Emission Factors for All Locomotives, 2004, g/bhp-hr 
 

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

 
To evaluate the total emissions attributed to the one rail crossing, the same procedures as used for the marine mode 
as outlined in section 4 were utilized.  The load factor used was a conservative 50 percent.  This assumes that out of 
the typical four-engine train, only two engines are operating, and either both engines are operating at about one half 
power level or one engine is operated at high load and the other is idling. 
 
Table 28 provides the total annual emission contribution of trains using that one rail crossing.  This assumes the 
average of 75 crossings per day, 365 days per year, two engines at 3,500 bhp each, one hour in the transit across 
Cleveland, the 50 percent load factor, and the emission factors as provided in Table 27. 
 

Table 28 Total Annual Estimated Locomotive Emissions – One Cleveland Rail Crossing 
 

 HC NOx 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 emission contribution by marine, truck, and rail by pollutant to the 
Cleveland area based on the 2004 data.  The reader is reminded the truck mode includes only the truck emission 
estimate to deliver the bulk materials brought into Cleveland by Lakers and does not include trucking associated 
with materials brought into the port by Foreign-Flag vessels or any other truck movement within a 75-mile radius of 
Cleveland.   Equally important is to note the estimated annual emission contribution for rail is for only the trains that 
cross one bridge in Cleveland and does not consider any other rail movement in the 75-mile radius of Cleveland.  It 
is believed both the total truck and rail emissions would be significantly higher if all truck and rail movement in 
greater Cleveland were able to be obtained. 
 
Figure 7 compares the total marine air emission contribution to the subset of the truck and rail movements described 
above. 
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1 Rail – train crossings of NS #1 Bridge only – no other Cleveland rail mode traffic considered. 
2 Trucks – transport of bulk material delivered by ship – no other Cleveland truck mode traffic considered. 
3 Marine – all marine mode in Cleveland. 

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

 
The relative emission efficiency of the marine mode is clearly shown.  This Cleveland example clearly shows the 
over 200 million tons of materials that are moved by the marine mode annually on the Great Lakes are clearly  being 
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 to set National Ambient Air Quality 
Standards (40 CFR part 50) for pollutants considered harmful to public health and the environment. The Clean Air 
Act established two types of national air quality standards. Primary standards set limits to protect public health, 
including the health of "sensitive" populations such as asthmatics, children, and the elderly. Secondary standards 
set limits to protect public welfare, including protection against decreased visibility, damage to animals, crops, 
vegetation, and buildings. 
 
The EPA Office of Air Quality Planning and Standards (OAQPS) has set National Ambient Air Quality Standards 
for six principal pollutants, which are called "criteria" pollutants. They are listed below. Units of measure for the 
standards are parts per million (ppm) by volume, milligrams per cubic meter of air (mg/m3), and micrograms per 
cubic meter of air (µg/m3). 
 

National Ambient Air Quality Standards 
 

POLLUTANT PRIMARY 
STDS. 

AVERAGING 
TIMES 

SECONDARY 
STDS. 

9 ppm (10 mg/m3)  8-hour1  None  Carbon Monoxide 
35 ppm (40 mg/m3) 1-hour1 None 

Lead 1.5 µg/m3 Quarterly Average Same as Primary 
Nitrogen Dioxide 0.053 ppm (100 µg/m3) Annual  (Arithmetic Mean) Same as Primary 

50 µg/m3 Annual2 (Arithmetic Mean) Same as Primary Particulate Matter (PM10) 

150 mg/m3 24-hour1   

15.0 µg/m3 Annual3 (Arithmetic Mean) Same as Primary Particulate Matter (PM2.5) 

65 mg/m3 24-hour4   

0.08 ppm  8-hour5  Same as Primary  Ozone 
0.12 ppm 1-hour6 

(Applies only in limited areas) 
Same as Primary 

0.03 ppm  Annual  (Arithmetic Mean) -------  
0.14 ppm 24-hour1 -------  

Sulfur Oxides 

-------  3-hour1 0.5 ppm (1300 mg/m3) 
 

1 Not to be exceeded more than once per year. 
 
2 To attain this standard, the 3-year average of the weighted annual mean PM10 concentration at each monitor 

within an area must not exceed 50 mg/m3. 
 
3 To attain this standard, the 3-year average of the weighted annual mean PM2.5 concentrations from single or 

multiple community-oriented monitors must not exceed 15.0 mg/m3. 
 
4 To attain this standard, the 3-year average of the 98th percentile of 24-hour concentrations at each population-

oriented monitor within an area must not exceed 65 mg/m3. 
 
5 To attain this standard, the 3-year average of the fourth-highest daily maximum 8-hour average ozone 

concentrations measured at each monitor within an area over each year must not exceed 0.08 ppm.  
 
6  (a) The standard is attained when the expected number of days per calendar year with maximum hourly 

average concentrations above 0.12 ppm is < 1, as determined by appendix H.  
 

6  (b) As of June 15, 2005 EPA revoked the 1-hour ozone standard in all areas except the fourteen 8-hour ozone 
nonattainment Early Action Compact (EAC) Areas. 
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APPENDIX B 
LAKER SHIPS AND ENGINES DULUTH + CLEVELAND  

DUL CLV  
VESSEL 

(names as of 2004) 
FLAG TYPE HP kW ENGINE TYPE # 

ENGINES 
EPA 
CAT 

FUEL 

X   1 ALGOCAPE CAN BLK 9,470 7,062 SULZER 6RD76 1 3.2 IF180 
X   2 ALGOCEN CAN BLK 8,000 5,966 FAIRBANKS 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 6,711 CROSSLEY PIELSTICK PC-10 2 3.4 IF40 
X   5 ALGONORTH CAN BLK 12,000 8,948 STK-WKSOR 9TM410 2 3.4 IF120 
X   6 ALGONTARIO CAN BLK 8,750 6,525 B&W 774 VTBF-160 1 3.2 IF180 
X   7 ALGOSOO CAN SU 9,000 6,711 CROSSLEY PIELSTICK PC-10 2 3.4 IF40 
X X 8 ALGOSTEEL CAN SU 9,470 7,062 SULZER 6RD76 1 3.2 IF180 
X   9 ALGOVILLE CAN BLK 9,000 6,711 MAN 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 SU 4,000 2,983 DELAVAL STM STM #6 
X X 12 AMERICAN MARINER US SU 7,000 5,220 EMD 20-645 E7 2 2.0 #2 
X X 13 AMERICAN SPIRIT US SU 16,000 11,931 PIELSTICK P2-2 2 3.4 IF280 
X   14 ANDERSON, ARTHUR M.  US SU 7,000 5,220 WESTGHSE STM STM #6 
X X 15 ARMCO US SU 7,000 5,220 WESTGHSE STM STM #6 
X   16 ATLANTIC SUPERIOR CAN SU 9,600 7,159 SULZER RLB-66 1 3.2 IF180 
X   17 ATLANTIC ERIE CAN SU 9,000 6,711 CROSSLEY PIELSTICK PC-10 2 3.4 IF180 
X   18 ATLANTIC HURON CAN SU 9,600 7,159 SULZER RLB-66 1 3.2 IF180 
X   19 BEEGHLY, CHARLES M. US SU 8,500 6,338 GE STM STM #6 
X   20 BLOUGH, ROGER US SU 15,000 11,186 PIELSTICK PC-2.2 2 3.4 IF320 
X X 21 BOLAND, JOHN J. US SU 7,700 5,742 EMD 20-645 E7 2 2.0 #2 
X   22 BUCKEYE US SU 7,700 5,742 BETH STM STM #6 
X   23 BURNS HARBOR US SU 14,000 10,440 EMD 20-645 E7 4 2.0 #2 
X   24 CALLOWAY, CASON J.  US SU 7,000 5,220 WESTGHSE STM 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 6,711 GE STM STM #6 
X   27 CANADIAN MINER CAN BLK 8,000 5,966 FAIRBANKS M. 206X508 4 2.0 #2 
X   28 CANADIAN OLYMPIC CAN SU 9,000 6,711 MAN 40/54-A 2 3.4 IF180 
X   29 CANADIAN PROGRESS CAN SU 8,000 5,966 CAT 3612 2 2.0 IF180 
X   30 CANADIAN PROSPECTOR CAN BLK 7,500 5,593 SULZER 1 3.2 IF180 
X   31 CANADIAN PROVIDER CAN BLK 9,500 7,084 INGLIS STM STM #6 
X   32 CANADIAN TRANSPORT CAN SU 9,000 6,711 MAN 40/54-A 2 3.4 IF180 
X   33 CEDERGLEN CAN BLK 8,750 6,525 B&W 774VTBF 160 1 3.2 IF180 
X   34 CLARKE, PHILLIP R. US SU 7,000 5,220 WESTGHSE STM STM #6 
X X 35 COLUMBIA STAR US SU 14,000 10,440 EMD 20-645 E7 4 2.0 #2 
X X 36 CORNELIUS, ADAM E.  US SU 7,000 5,220 EMD 20-645 E7 2 2.0 #2 
X   37 CSL LAURENTIAN CAN SU 9,000 6,711 CROSSLEY PIELSTICK PC-10 2 3.4 IF60 
X   38 CSL NIAGARA CAN SU 9,000 6,711 CROSSLEY PIELSTICK PC-10 2 3.4 IF 60 
X   39 CSL TADOUSSAC CAN SU 9,600 7,159 SULZER 6RD76 1 3.2 IF180 
X X 40 DAVID Z NORTON US SU 5,400 4,027 ALCO 16-251 2 2.0 #2 
X   41 DONALD HANNAH US TB 2,400 1,790 CAT 2 2.0 #2 
X X 42 EARL OGLEBAY US SU 5,400 4,027 ALCO 16-251 2 2.0 #2 
X X 43 FRED R. WHITE US SU 7,000 5,220 EMD 645 2 2.0 #2 
X X 44 FRONTENAC CAN SU 9,600 7,159 SULZER 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 7,606 CAT 2 2.0 #2 
X   47 GOTT, EDWIN H. US SU 19,500 14,541 ENTERPRISE DMRV 16-4 2 3.4 IF320 
X   48 HALIFAX CAN SU 9,000 6,711 INGLIS STM STM #6 
X   49 HON. PAUL MARTIN CAN SU 9,000 6,711 CROSSLEY PIELSTICK PC-10 2 3.4 IF600 
X X 50 IGLEHART US SU 4,000 2,983 DELAVAL STM STM #6 
            

 

         2.0 = Cat 2 Eng 

         3.2 = Cat 3, slow spd 

         3.4 = Cat 3, med spd 

         STM = Steam Turbine 
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APPENDIX B - LAKER SHIPS AND ENGINES DULUTH + CLEVE LAND - Continued 

DUL CLV   
VESSEL 

(names as of 2004) 
FLAG TYPE HP kW ENGINE TYPE 

# 
ENGINES 

EPA 
CAT 

FUEL 

X X 51 INDIANA HARBOR US SU 14,000 10,440 EMD 20-645 E7 4 2.0 #2 
X   52 JACKSON, HERBERT C. US SU 6,000 4,474 GE STM 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 ITB 7500 5,593 CAT 2 2.0 #2 
X   55 JOHN B. AIRD CAN SU 10,200 7,606 MAK 6M552 2 3.4 IF180 
X   56 JOSEPH H. FRANTZ US SU 4,000 2,983 ENTERPRISE 1 3.4 #2 
X   57 JAMES R. BARKER US SU 16,000 11,931 PIELSTICK PC-2 2 3.4 IF280 
X   58 KAYE E. BARKER US SU 7,000 5,220 DELAVAL STM STM #6 
X   59 LEE A. TREGURTHA US SU 7,000 5,220 BETH STM STM #6 
X   60 MARK HANNAH US TB 3,200 2,386 CAT 2 2.0 #2 
X   61 MCCARTHY JR., WALTER J. US SU 14,000 10,440 EMD 20-645 E7 4 2.0 #2 
X   62 MICHIPICOTEN CAN SU 7,000 5,220 BETH STM STM #6 
X X 63 MIDDLETOWN US SU 7,700 5,742 BETH STM STM #6 
X   64 MINER, MESABI US SU 16,000 11,931 PIELSTICK PC-2 2 3.4 IF280 
X   65 MONTREALIS CAN BLK 9,000 6,711 GE STM STM #6 
X   66 MUNSON, JOHN G. US SU 7,000 5,220 GE STM STM #6 
X   67 NANTICOKE CAN SU 9,000 6,711 CROSSLEY PIELSTICK PC-10 2 3.4 IF60 
X   68 OGLEBAY NORTON US SU 14,000 10,440 EMD 20-645 E7 4 2.0 #2 
X   69 P.TREGURTHA US SU 16,000 11,931 PIELSTICK PC-2 2 3.4 IF280 
X   70 PINEGLEN CAN BLK 8,160 6,085 MAK 6M601 1 3.4 IF180 
X   71 PRESQUE ISLE US SU 14,000 10,440 MIRRLEES KV-16 2 3.4 IF320 
X   72 QUEBECOS CAN SU 9,000 6,711 GE STM STM #6 
X   73 RESERVE US SU 7,000 5,220 WESTGHSE STM STM #6 
X   74 SARAH SPENCER CAN ITB 8,000 5,966 MAK 2 3.4 #2 
X   75 SPEER, EDGER B. US SU 19,260 14,362 PIELSTICK PC-2.3 2 3.4 IF320 
X   76 SPRUCEGLEN CAN BLK 10,800 9,054 SULZER RLB-66 1 3.2 IF 180 
X X 77 ST.CLAIR US SU 7,000 5,220 EMD 20-645 E7 2 2.0 #2 
X   78 STEWART J. CORT US SU 14,000 10,440 EMD 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 1,454 EMD 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 3,233 NORDBERG 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 2,237 STEAM STM STM #6 
  X 89 CLEVELAND ROCKS US TB 5,000 3,729 CAT 2 2.0 #2 
  X 90 CONQUEST US ITB 4,350 3,244 EMD 20-645 E7 2 2.0 #2 
  X 91 CRESSWELL, PETER R.  CAN BLK 10,200 7,606 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 ITB 7,000 5,220 CAT 2 2.0 #2 
  X 94 ENGLISH RIVER CAN TB 1,850 1,380 WKSPR TMAB-390 2 3.4 IF180 
  X 95 GEMINI TANK OIL 5,566 4,151 ALCO 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 2,386 EMD 20-645 E7 2 2.0 #2 
  X 98 HANNAH 5101 US TB 3,400 2,535 FAIRBANKS 38D 8-1/8 2 2.0 #2 
  X 99 JACKMAN, CAPT. HENRY CAN BLK 10,200 7,606 MAK 6M552 3 3.4 IF180 
  X 100 JAMES HANNAH TB OIL 3,400 2,535 FAIRBANKS 38D 8-1/8 2 2.0 #2 
  X 101 KAREN ANDRIE TB OIL 3,600 2,685 EMD 2 2.0 #2 
  X 102 MARY HANNAH TB OIL 3,200 2,386 EMD  2 2.0 #2 
  X 103 MCKEE SONS US ITB 5,600 4,176 EMD  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 5,369 EMD  2 2.0 #2 
  X 106 REBECCA LYNN. TB OIL 3,600 2,685 EMD 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 STM STM #6 
  X 109 SAM LAUD US SU 7,000 5,220 EMD 20-645 E7 2 2.0 #2 
  X 110 SEA EAGLE CAN ITB 7,300 5,444 CAT 2 2.0 #2 
  X 111 SUSAN HANNAH US TB 4,350 3,244 EMD  2 2.0 #2 
  X 112 T/B 2 US TB 3,000 2,237 CAT 2 2.0 #2 

 

78 50  2.0 = Cat 2 Eng 
   3.2 = Cat 3, slow spd 
   3.4 = Cat 3, med spd 
   STM = Steam Turbine 
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APPENDIX C 
 

SALTY SHIPS AND ENGINES DULUTH + CLEVELAND  

DUL CLE  VESSEL 
(names as of 2004) 

MAIN ENG. ENGINE MODEL/TYPE HP kW EPA 
CAT 

FUEL 

 X 1 AGENA UNKNOWN    2,815 2,099 3.4 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 8,523 6,356 3.2 RO 
X X 4 ATLANTICPENDANT B&W OIL 2SA, 7CY, 420X1360 8,523 6,356 3.2 RO 
X X 5 ATLANTICPRIDE B&W OIL 2SA, 7CY, 420X1360 8,523 6,356 3.2 RO 
 X 6 ANNALISA WARTSILA 6CY, 380X475 5,914 4,410 3.4 RO 

X X 7 BALTICLAND SULZER SULZER BROS.LTD. 6RND76 12,165 9,071 3.2 RO 
 X 8 BBC CAMPANA MAK  6M43 MCR 7,239 5,398 3.4 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 1,155 861 3.2 RO 
X   11 BLUEWING B&W 7S42MC 8,769 6,539 3.2 RO 
X   12 CALLIROE PATRONICOLA SULZER  6RTA58 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 5,720 4,265 3.2 RO 
X   17 DANIELLA B&W OIL,  6CY, 120X142 100 75 3.2 RO 
X   18 DAVIKEN SULZER 6RTA62 15,499 11,558 3.2 RO 
X   19 DIEZEBORG  WARTSILA WARTSILA NEDERLAND 8L38 7,178 5,353 3.4 RO 
X   20 DIMITRISY - OLGA V B&W HITACHI ZOSEN-7L55GF 10,500 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 10,710 7,986 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 10,400 7,755 3.2 RO 

X X 26 FEDERALPOLARIS SULZER OIL 2SA, 6CY, 580X1700 9,500 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 10,710 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 7,986 3.2 RO 
X X 32 FEDERALST. LAURENT B&W OIL 2SA, 7CY, 620X1400 10,400 7,755 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 7,986 3.2 RO 
 X 35 FEDERAL YUKON B&W 6CY,460X1932 10,710 7,986 3.2 RO 

X   36 FLINTERMAAS WARTSILA 8R32E 4,459 3,325 3.4 RO 
 X 37 FLINTERNOORD B&W 8CY, 320X400 4,698 3,503 3.2 RO 
 X 38 FLINTERSKY STORK-WORKSPOOR 6CY, 280X300 2,038 1,520 3.4 RO 

X   39 FODASPESCADORES B&W 6L35MC 5,280 3,937 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 ISOLDA  B&W NO 3781 DIESEL 9,021 6,727 3.2 RO 
 X 48 JANA MAK 8M32 5,222 3,894 3.2 RO 

X   49 KAPITONAS A.LUCKA B&W 5DKRN62/140 6,700 4,996 3.2 RO 
X   50 KAPITONAS STULPINAS B&W OIL 2SA 5CY, 620X1400 6,700 4,996 3.2 RO 

 

        3.2 = Cat 3, slow spd 
        3.4 = Cat 3, med spd 
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APPENDIX C - SALTY SHIPS AND ENGINES DULUTH + CLEVE LAND - Continued 

DUL CLE  VESSEL 
(names as of 2004) 

MAIN ENG. ENGINE MODEL/TYPE HP kW EPA CAT FUEL 

X   51 KAPITONASANDZEJAUSKAS B&W 5DKRN62/140 6,700 4,996 3.2 RO 
X   52 KATHRIN B&W OIL 2SA, 6CY, 450X1150 6,000 4,474 3.2 RO 
X   53 KEIZERSBORG  WARTSILA STORK-WARTSILA 6SW38 5,384 4,015 3.2 RO 
X X 54 KOLGUEV MITSUBISHI MITSUBISHI 7UEC45LA 5,384 4,015 3.3 RO 
X   55 KWINTEBANK WARTSILA WARTSILA NEDERLAND 6R38 5,384 4,015 3.4 RO 

  X 56 LADY HAMILTON SULZER 4CY, 760X1600 10,880 8,113 3.2 RO 
X   57 LAKEMICHIGAN B&W OIL 2SA 6CY, 670X1400 11,600 8,650 3.2 RO 

  X 58 LAKE ONTARIO B&W OIL 2SA 6CY, 670X1400 11,600 8,650 3.2 RO 
X   59 LISKI B&W OIL 4SA, 8CY, 370X400 4,000 2,983 3.2 RO 
X   60 MANORANAREE B&W HITACHI ZOSEN 6L60MCE 9,500 7,084 3.2 RO 
X   61 MARILIS T. SULZER OIL 2SA, 6CY, 580X1700 9,600 7,159 3.2 RO 
X   62 MARIONGREEN WARTSILA WARTSILA  - 8R46 10,604 7,907 3.4 RO 

  X 63 MATFEN WARTSILA UNAVAILABLE 4,658 3,473 3.4 RO 
X   64 MEDEMBORG WARTSILA STORK-WARTSILA  -8L38 7,178 5,353 3.4 RO 
X   65 MICHIGANBORG WARTSILA WARTSILA-8L38 7,178 5,353 3.4 RO 
X   66 MILO SULZER HITACHI ZOSEN- 6RTA58 9,600 7,159 3.2 RO 
X X 67 MOEZELBORG WARTSILA UNAVAILABLE 7,178 5,353 3.4 RO 
X   68 NOBILITY SULZER 5RND76M 11,386 8,491 3.2 RO 

  X 69 OLYMPIC MELODY SULZER 6CY, 580X1700 9,500 7,084 3.2 RO 
X X 70 OLYMPIC MERIT SULZER OIL 2SA, 6CY, 580X1700 8,500 6,338 3.2 RO 

  X 71 ORLA B&W 5CY, 560X1932 8,905 6,640 3.2 RO 
X   72 ORNA SULZER OIL 2SA, 6CY, 580X1700 8,500 6,338 3.2 RO 
X   73 ORSULA B&W MITSUI 6S50MC 11,640 8,680 3.2 RO 
X X 74 OSTKAP MAN OIL 2SA, 8CY, 320X400 5,221 3,893 3.4 RO 
X X 75 PILICA  B&W OIL 2SA, 5CY, 560X1932 8,905 6,640 3.2 RO 
X   76 PINTAIL B&W OIL 2SA 8CY, 550X1380 10,700 7,979 3.2 RO 
X   77 POLYDEFKIS P B&W OIL 2SA, 6CY, 520X1250 7,000 5,220 3.2 RO 
X   78 PYTHEAS SULZER IHI 6RND68M 11,400 8,501 3.2 RO 
X   79 SCOTER B&W HITACHI ZOSEN-8L55GB 10,700 7,979 3.2 RO 
X   80 SIRWALTER B&W MITSUI 5L42MC 6,775 5,052 3.2 RO 
X   81 SPARJADE MITSUBISHI KOBE 6UEC52L 8,160 6,085 3.2 RO 
X   82 SPARRUBY B&W HITACHI ZOSEN-6L50MC 8,160 6,085 3.2 RO 

  X 83 SPRUCE GLEN SULZER 4LB76 10,880 8,113 3.2 RO 
X   84 SUNDSTRAUM MAK GMBH-9M453C 4,038 3,011 3.4 RO 
X   85 VANCOUVERBORG WARTSILA WARTSILA  B.V.-6R38 5,384 4,015 3.4 RO 
X   86 VARNEBANK  WARTSILA OIL 4SA, 170X190 784 585 3.4 RO 
X   87 VEERSEBORG (now MATFEN) WARTSILA WARTSILA B.V.-6R38 4,958 3,697 3.4 RO 
X X 88 VICTORIA MAK 9M32C OIL, 4SA, 7Y, 420X1360 5,873 4,379 3.4 RO 
X   89 VICTORIABORG WARTSILA WARTSILA B.V-6R38 5,384 4,015 3.4 RO 
X   90 VIRGINIABORG WARTSILA WARTSILA B.V.-6R38 5,384 4,015 3.4 RO 
X   91 VLIEBORG WARTSILA WARTSILA B.V.-6R38 5,384 4,015 3.4 RO 
X   92 VOLMEBORG WARTSILA WARTSILA B.V.-6R38 5,384 4,015 3.4 RO 
X   93 VOORNEBORG WARTSILA WARTSILA B.V.-6R38 5,384 4,015 3.4 RO 
X   94 WOODY B&W HITACHI ZOSEN-6L60MCE 9,500 7,084 3.2 RO 
X X 95 YARMOUTH B&W 6160MGE 8,390 6,256 3.2 RO 
X X 96 YUCATAN B&W OIL 2SA, 7CY, 420X1360 5,800 4,325 3.2 RO 
X X 97 ZEUS WARTSILA OIL 6SW38 5,384 4,015 3.4 RO 
X X 98 ZIEMIACIESZYNSKA B&W OIL 2SA, 4CY, 670X1700 7,840 5,846 3.2 RO 

  X 99 ZIEMIA GNIEZNIENSKA B&W OIL 2SA, 4CY, 670X1700 7,840 5,846 3.2 RO 
X X 100 ZIEMIAGORNOSLASKA B&W OIL 2SA, 4CY, 670X1700 7,840 5,846 3.2 RO 
X X 101 ZIEMIALODZKA B&W OIL 2SA, 4CY, 670X1700 7,840 5,846 3.2 RO 
  X 102 ZIEMIA SUWALSKA B&W OIL 2SA, 4CY,670X1700 7,840 5,846 3.2 RO 
X X 103 ZIEMIAZAMOJSKA B&W OIL 2SA, 4CY, 670X1700 7,840 5,846 3.2 RO 

 

82 54  3.2 = Cat 3, slow spd  
   3.4 = Cat 3, med spd  
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APPENDIX D 
 

CLEVELAND LAKER VESSEL EMISSION DETAILS 
 

Obtain this large spreadsheet by request to the author at harkins@lcaships.com 
 
 
 
 

APPENDIX E 
 

CLEVELAND SALTY VESSEL EMISSION DETAILS 
 

Obtain this large spreadsheet by request to the author at harkins@lcaships.com 
 
 
 
 

APPENDIX F 
 

DULUTH LAKER VESSEL EMISSION DETAILS 
 

Obtain this large spreadsheet by request to the author at harkins@lcaships.com 
 
 
 
 

APPENDIX G 
 

DULUTH SALTY VESSEL EMISSION DETAILS 
 

Obtain this large spreadsheet by request to the author at harkins@lcaships.com 
 


