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2012 Overview

RICHARD D. STEWART

JAMES P. RIEHL

MISSION
STATEMENT
The Great Lakes
Maritime Research
Institute is dedicated
to developing and
improving economically
and environmentally
sustainable maritime
commerce on the
Great Lakes through
applied research.

Co-Director’s Statement
Great Lakes Maritime Research Institute (GLMRI) had
strong support for focused research during 2012. In particular,
the Maritime Administration has worked closely with the
Institute and industry to explore options for utilizing natural
gas as a primary propulsion fuel. The potential fuel conversion
has the dual opportunities of reducing energy cost and
improving air emissions for vessels operating in the Great
Lakes region. This project has brought great interest from
industry and governmental agencies at federal, state and
local levels. The overall research effort has gained
considerable momentum and support, as the use of natural
gas as transportation fuel is being expanded in countries
around the world and by other domestic transportation
modes and industries.
The natural gas research has leveraged the expertise of our
affiliate universities, industry, government agencies,
consultants and operators in other nations. One of the first
and ongoing tasks GLMRI has been engaged in informing
industry, agencies, non-governmental agencies and the
public about the current state of the art and GLMRI’s research
agenda for natural gas as a primary fuel. With the support of
professional societies, government agencies, environmental
groups and universities, we have organized presentations,
workshops and seminars around the Great Lakes region on
the topic. Experts from all over the world have been brought
in to present their research and best practices in using natural
gas. All of these events were well attended and at times drew
record crowds while educating and exchanging ideas.
With the support of industry, a preliminary engineering
study was completed on conversion of three of the existing
Great Lakes steamships to diesel engines powered by liquefied
natural gas (LNG). In addition, a pilot study was undertaken
to identify the challenges to implementing natural gas as the
primary fuel for the S.S. Badger, the car and passenger ferry
operated by Lake Michigan Carferry Service and sailing
between Ludington, Michigan and Manitowoc, Wisconsin. The
goal in this case was to explore options for conversion while
retaining the engines recognized by the National Historic
Register. Engineering studies, regulatory analysis and
emissions models for the vessel have provided a framework for
technology transfer and information dissemination that
should benefit the broader maritime industry.
An important focus of moving the maritime industry to
natural gas is developing a supply chain that meets the needs
of the vessels. Research is being conducted on this key issue.
As part of the supply chain research, a public meeting was
held in June 2012 that brought together gas suppliers,
government agencies and a broad coalition of potential users
of LNG. The meeting explored not only conversion options but
the establishment of liquefaction plants in the Great Lakes
region that could supply marine, highway and rail
transportation, mining, agriculture and manufacturing
demands for LNG users to connect people to open the
discussion to move forward with conversion.

Other challenges to fuel conversion are the embryonic
safety regulations that are specific to fueling vessels with
natural gas. The regulatory issues and options were explored
broadly and were considered as part of the S.S. Badger study
while working closely with regulatory agencies at several
levels of government.
The Norwegians have been successfully operating LNG
powered vessels for over a decade. A research team traveled
to Norway to research operations, ship-building, regulations
and supply chains for LNG. The team was welcomed by the
Norwegian maritime community and research findings are
being shared with all interested parties.
Research reports are being presented and published in
technical journals as they become available. GLMRI continues to
compile general information and research findings on the
topic in a central location on its web page for public access.
In 2013, we will continue with the primary topics and also
extend the study to focus on re-fueling options, such as barge
to vessel bunkering. We will continue to expand the web
information to provide education and outreach materials to
assist with decision-making.
Also during 2012, GLMRI received direct support through
several of our Advisory Board agencies. We completed a study
through the Duluth Seaway Port Authority, the U.S. Coast
Guard and the Minnesota State Department of Public
Safety/Homeland Security and Emergency Management. The
Lake Carriers’ Association recently agreed to fund the second
phase of ballast sediment testing. GLMRI provided general
support to affiliate universities to operate the Teachers
Maritime Workshop, sponsor maritime marketing seminars
and faculty and student participation in relevant conferences.
GLMRI credits its effectiveness to our unique arrangement,
with the two host universities and support and expertise from
10 affiliate universities. GLMRI is able to provide regionalfocused, multi-discipline teams to address a variety of topics
in support of maritime research and education. We will
continue to serve the region with building the expertise in
shipping and maritime commerce to affect positive changes
for the economy and the environment, while working closely
with industry and governmental agencies.
We continue to seek permanent funding for the Institute
through the federal executive departments and legislative
personnel when given the opportunity and greatly appreciate
the support from our advisory board agencies in this pursuit.

Sincerely,

Richard D. Stewart, Co-Director

James P. Riehl, Co-Director
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2012 Overview
In past years, GLMRI received funding in a format that
allowed the Institute to send out requests for research
proposals to the affiliate universities in areas defined by its
federal authorization and recommended by the Advisory
Board and other contacts. Currently, this type of funding is
not available, although GLMRI continues to make the case
for permanent funding to federal executive departments
and legislative personnel when given the opportunity.
Over the past year, GLMRI was fortunate to receive
targeted funding for selected projects. Several of the
agencies and industry representatives on the Advisory
Board have been instrumental in arranging for this project
based funding. In 2011, representatives from the Maritime
Administration (MARAD) worked with GLMRI to set up a
cooperative agreement to provide support for environmental research related to maritime commerce in the Great
Lakes region. The five year cooperative agreement can
provide up to $1 million a year in project-based funding.
Funding depends on MARAD’s budget and project needs.
MARAD and GLMRI work cooperatively with the maritime
industry, the GLMRI Advisory Board and government
agencies to establish a research agenda.
Working with the Duluth Seaway Port Authority, the U.S.
Coast Guard and the Minnesota State Department of Public
Safety, Homeland Security and Emergency Management
Homeland Security Division, GLMRI completed a study for a
harbor security gap analysis. The Lake Carriers’ Association
funded a project for GLMRI to sample and to analyze the
sediment in Great Lakes vessels’ ballast tanks. Also, the U.S.
Army Corps of Engineers has continued to support the Great
Lakes Maritime Data Clearinghouse with the GLMRI affiliate
University of Toledo.

AFFILIATE
UNIVERSITIES
UNIVERSITY OF MINNESOTA
DULUTH
SWENSON COLLEGE OF
SCIENCE & ENGINEERING AND
LABOVITZ SCHOOL
OF BUSINESS & ECONOMICS

Background
GLMRI was established in 2004 to pursue research efforts
in marine transportation, logistics, economics, engineering,
environmental planning and port management. MARAD
designated GLMRI as a National Maritime Enhancement
Institute on June 1, 2005. Since its inception, GLMRI has
been supported by an Advisory Board representing industry,
government agencies, non-governmental agencies and
professional societies. GLMRI also seeks input from experts
in maritime shipping and commerce, along with the ports
and governmental agencies. The consortium is committed
to improving the maritime system of the Great Lakes and
the United States. This dynamic model provides a program
with tremendous breadth as a National Maritime
Enhancement Institute.
The Institute proves to be effective because of the unique
arrangement with the two host universities and 10 affiliate
universities that bring their research expertise and assets to
support maritime research and education. GLMRI is able to
address requested topics by reaching out to its affiliates and
experts to draw in strengths to provide regional multidiscipline teams.
This report summarizes the extended research initiated
under the funding from the Transportation, Housing and
Urban Development, and Related Agencies Appropriations
Act, 2009, along with the research initiated under the
MARAD cooperative agreement and projects funded by
other agencies. Previous annual reports are available on the
GLMRI web page (www.glmri.org).

Research Focus
Initial broad research focus areas for
GLMRI were mandated by Congress
and have been refined with input from
the Maritime Administration and the
GLMRI Advisory Board agencies. Each
year at the GLMRI annual meetings,
discussion is held with the Advisory
Board and other stakeholders on
current issues and opportunities for
potential maritime research topics with
impact for the Great Lakes.
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2012 Advisory Board

LEFT: Ms. Ziyan Zhang from Bay
Engineering Inc. presenting on
the S.S. Badger Study.
RIGHT: The J.W. Wescott II
delivering supplies on the
Detroit River.

THE GLMRI’S ADVISORY BOARD CONSISTS OF
experts in maritime commerce, marine environmental issues or other
segments of the Great Lakes marine transportation system. The
membership was designed to bring together industry, academia and
government leaders to advise the Co-Directors on the research agenda and
to provide input on topical priorities. The Advisory Board can be expanded
to include additional relevant stakeholders that agree to participate.

BELOW: Laker entering the
Duluth Harbor.

Saint Lawrence Seaway
Development Corporation
Washington, D.C.
Mr. Craig Middlebrook
Acting Administrator

U.S. DOT Maritime
Administration
Chicago, IL
Mr. Floyd Miras
Director, Great Lakes Gateway
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ABOVE: Richard Stewart,
Carol Wolosz, Michael Parsons
and Frank Duffield at the
Great Lakes Waterways
Conference in Cleveland, Ohio,
February 2012.
BELOW: The Rock Cut Pass
on the St. Mary’s River.

Lake Carriers’ Association
Rocky River, OH
Mr. James H. I. Weakley
President

American Great Lakes Ports
Association, Duluth, MN
Mr. Adolph Ojard
Chairman

U.S. Army Corps of Engineers,
Detroit District, Detroit, MI
Lieutenant Colonel Rob Ells

U.S. Coast Guard, Cleveland, OH
Commander Scott Anderson
Ninth District

Not pictured
Great Lakes Commission
Ann Arbor, MI

The Society of Naval Architects
and Marine Engineers
Duluth, MN
Mr. James Sharrow
Great Lakes & Rivers Section

2012 Research Affiliates
About Research Affiliates
Universities in the Great Lakes region (states bordered on
the Great Lakes and in the Great Lakes watershed) with
expertise in the research focus areas may be offered
affiliations to partner in applicable areas. Researchers and
other relevant assets from the affiliated universities are
included as part of the research portfolio of GLMRI, and the
affiliate may serve as project researchers based on
submitted proposals in response to an annual request
for proposals.
GLMRI is working with Maritime Administration
personnel to advise other U.S. universities seeking status
as National Maritime Enhancement Institutes to build a
national platform for university maritime research. In
addition to a collaboration with Finnish universities, we
have initiated discussions with Canadian universities
and academics.
Affiliate universities meet annually with the GLMRI
Directors and the Advisory Board to provide input on future
research topics and to discuss current research results and
process. GLMRI maintains an open and continuous dialogue
with affiliates to address evolving issues regarding
maritime commerce. Research affiliates are encouraged to
leverage GLMRI resources to secure independent and joint
funding opportunities for Great Lakes maritime research.
Matching funding is a significant consideration.

How to become an Affiliate
Universities seeking to obtain affiliate status should
provide a request to the GLMRI Program Office with details
on the capabilities and assets that they would bring to
support the mission of GLMRI, along with an expected
interest area for future research endeavors. Requests are
evaluated by the Institute’s co-directors for affiliate status in
GLMRI. University affiliates are renewed annually.
GLMRI funding for research proposals is granted only to
University Research Affiliates, and only proposals from
GLMRI University Research Affiliates will be accepted for
funding consideration.
GLMRI Program Office
229 Voss Kovach Hall, 1305 Ordean Court , Duluth, MN 55812
(218) 726-7446, www.glmri.org

GLMRI
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University of Minnesota Duluth
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Michigan Technological
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University of Wisconsin-Green Bay
Green Bay, WI

Lake Michigan
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University of Wisconsin-Madison
Madison, WI

Rochester Institute of Technology
Rochester, NY
John Carroll University
University Heights, OH

Purdue University North Central
Westville, IN

Ohio

University of Findlay
Findlay, OH

Indiana

University of Toledo
Toledo, OH

7
Great Lakes Maritime Academy
1701 East Front Street, Traverse City, MI 49686
RADM Jerry Achenbach, USMS, Superintendent
The Great Lakes Maritime Academy (GLMA) is a division of
Northwestern Michigan College (NMC) and a partner of
Ferris State University. The Academy trains men and women
for service as licensed Officers in the U.S. Merchant Marine
and as business professionals. GLMA’s program is unique
among the state maritime academies as it is the nation’s
only freshwater academy.
Upon successful completion of the program, graduates
are qualified to sail as an Officer onboard a U.S. Merchant
vessel sailing on either the oceans or the Great Lakes. Cadets
who do not possess a four-year degree prior to being
admitted complete both a Bachelor’s Degree in Business
Administration through our partnership with Ferris State
University and an Associate’s Degree in Maritime Technology.
The education provided at GLMA ensures employers have a
steady supply of the finest maritime personnel who are fully
compliant with both US regulations and the Standards for
Training, Certification and Watchkeeping Code (STCW).
As a condition of graduation, all deck cadets are required
to sit for their unlimited tonnage Third Mate (ocean) license
as well as Great Lakes Pilotage. All engineering cadets are
required to sit for Third Assistant Engineer, Steam and Motor
Vessels of any Horsepower.
University of Michigan
2600 Draper Drive, Ann Arbor, MI 48109
Prof. Steve Ceccio, Chair
Department of Naval Architecture and Marine Engineering
Students in the Department of Naval Architecture &
Marine Engineering at the University of Michigan learn how
to design/analyze ships and the other complex marine
systems for a demanding and often harsh environment. In
addition to the more traditional disciplines of naval
architecture and marine engineering, the program offers
courses and research opportunities in offshore engineering
and coastal engineering. Graduates can be found in the U.S.
Navy and other navies of the world, the U.S. Coast Guard,
offshore companies, shipyards, marine laboratories, peer
academic institutions and other maritime agencies.
Michigan Technological University
1400 Townsend Drive, Houghton, MI 49931
William J. Sproule, Ph.D., P.E.
Professor, Department of Civil and
Environmental Engineering
Michigan Technological University was founded in 1885 in
Houghton, Michigan as the Michigan Mining School to train
mining engineers to work in Michigan’s Upper Peninsula
copper and iron ore mines. Since that time, the university
has expanded to over 120 degree programs in arts,
humanities, social science; business and economics;
computing; engineering; forestry and environmental

science; biological and physical sciences; and technology. The
university has grown into a leading public research
university and a key educational partner within Michigan,
the nation and beyond.
In 2012, Michigan Tech opened a new Great Lakes
Research Center (http://greatlakes.mtu.edu) that provides
state-of-the-art laboratories to support research on a broad
array of topics. Faculty from many departments across
campus collaborate to conduct interdisciplinary maritime
research relating to air-water interactions, biochemistry,
hydrodynamics and sediment transport, fisheries, invasive
species and food web relationships, low impact development
and storm water management. The Research Center contains
a boathouse and convenient docking facility to provide a
year round home for Michigan Tech’s research vessel, the
Agassiz. The Center for Science and Environmental Outreach
is also housed in the new Research Center building and
provides numerous programs for K-12 students and teachers
and community education and has led the development of
GLMRI education/outreach programs and activities on Great
Lakes maritime transportation.
University of Toledo
2801 West Bancroft Street, Toledo, OH 43606
Richard Martinko, Director
Intermodal Transportation Institute
The Intermodal Transportation Institute at The University
of Toledo was organized by public and private stakeholders
to encourage the development of technology-enabled
intermodal transportation systems and supply chains that
promote economic development and quality of life. The
Goals and Objectives of the UT-ITI are to create an
internationally recognized center of excellence; advance
technology and expertise in the many disciplines comprising
transportation; educate a multi-disciplinary workforce;
attract students, faculty and staff in undergraduate,
graduate and professional programs; and to enhance
diversity in the various fields related to transportation. The
ITI was named a Center of Excellence in Logistics and
Transportation by the Ohio Board of Regents.
Purdue University North Central
1401 South U.S. Hwy 421, Westville, IN 46391
Thomas F. Brady, Ph.D.
Dean, College of Engineering and Technology
The Purdue University North Central College of
Engineering and Technology provides degree programs in
technical disciplines and engagement assistance in economic
development for citizens in north central Indiana. The
college has conducted research in the areas of coal
transportation infrastructure, electricity distribution and
control, and simulation of large scale systems.
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John Carroll University
20700 North Park Boulevard, University Heights, OH 44188
Dr. Bradley Hull, Associate Professor and Ried Chair
Department of Management, Marketing and Logistics

Rochester Institute of Technology
92 Lomb Memorial Drive, Rochester, NY 14623
Dr. James Winebrake, Co-Director
Laboratory for Environmental Computing and Decision Making

John Carroll University has offered a logistics major since
1950. Established shortly after WWII by the U.S. Army
Transportation Corps, the program is now domiciled in the
Department of Management, Marketing, and Logistics.
The Department is dedicated to educating and serving its
students, the University and the community through quality
teaching, significant research and appropriate community
involvement with shippers and carriers.
The primary goals of the logistics faculty are to achieve
national recognition and to provide students, the University
and the business community with comprehensive, up-todate information about business logistics theory and
practice. Methods of achieving these goals include, excellent
teaching, quality research (both academic and practitioner),
student internships and faculty/student involvement in
logistics-related organizations.

Our Great Lakes Research Program is housed in the RIT
Laboratory for Environmental Computing and Decision
Making (LECDM). The LECDM has as a central focus the study
of freight movement, transportation logistics, environment
and cyberinfrastructure. Our goal is to improve freightrelated transportation decision-making by advancing and
integrating environmental cyberinfrastructure tools and
modeling techniques into supply chain logistics analyses.
Our Great Lakes Research Program is aimed at understanding
and improving the efficiency and environmental footprint of
intermodal cargo flows in and around the Great Lakes.

The University of Findlay
1000 North Main Street, Findlay, OH 45840
Jeff McGuire, Director of Operations
All Hazards Training Center

The University of Wisconsin-Green Bay (UW-Green Bay) is
unique among other state universities in its emphasis on an
interdisciplinary, problem-focused educational experience
that prepares students to think critically and address
complex issues in a multicultural and evolving world. The
university enriches the quality of life for students and the
community by embracing the educational value of diversity,
promoting environmental sustainability, encouraging
engaged citizenship and by serving as an intellectual,
cultural and economic resource. UW-Green Bay’s Urban and
Regional Studies Program, Center for Biodiversity, and
Institute for Environmental Management and Business are
just a few examples of how the university facilitates research
on social and economic development and community
development in the greater Green Bay region and beyond.

The All Hazards Training Center (AHTC) was established as
a department within The University of Findlay in 1986 with
the initiation of the Bachelor of Science in Hazardous
Materials Management Degree program. A practice-based
and regulatory compliance/competency-based training
center was added in 1989. Today AHTC’s educational and
training programs include: environmental, safety and
occupational health (ES&H); emergency response;
emergency management; OSHA safety; public health;
homeland security; maritime security; school safety and
security; and many other customized programs. AHTC’s
Maritime Security program includes three courses approved
by the U.S. Maritime Administration: Facility Security Officers
(UNFIND-560); Maritime Security Awareness (UNFIND-561);
and Maritime Security for Facility Personnel with Specific
Security Duties (UNFIND-565). Additionally, AHTC has a
course developed for and approved by U.S. Department of
Homeland Security (DHS) titled Port and Vessel Security for
Public Safety Officials and is developing a second Maritime
Security course for DHS titled Small Vessel Security,
scheduled for release in late-2013. To date, AHTC has
awarded Bachelor and Master degrees to more than 1,300
people through the Academic Degree Programs and more
than 160,000 people have been trained through the
practice-based training center.

University of Wisconsin-Green Bay
2420 Nicolet Drive, RH 305, Green Bay, WI 54311
Dr. Sue J Mattison, Dean
College of Professional Studies

University of Wisconsin-Madison
1415 Engineering Drive, Room 2205, Madison, WI 53706
Dr. Teresa Adams, Director
National Center for Freight and Infrastructure
Research and Education
The University of Wisconsin-Madison is home to the
National Center for Freight and Infrastructure Research and
Education (CFIRE). CFIRE is a U.S. Department of
Transportation National University Transportation Center
with a multimodal research, training, education and
outreach focus on Making Multimodal Freight Systems Work
for Economic Recovery and Quality of Life. CFIRE has an
annual budget of approximately $7 million. It facilitates the
Mid-America Freight Coalition, a 10-state regional organization to cooperate in the planning, operation, preservation
and improvement of multimodal freight transportation
infrastructure systems, operations and networks.

2012 Special Projects and Outreach

Annual Program Meetings
The Annual GLMRI Advisory Board meeting and the Affiliates
meeting were held Thursday-Friday, September 27-28, 2012 in
Duluth, Minnesota. The research presentations were divided to
cover updates on the Liquefied Natural Gas projects on Thursday
afternoon. The general maritime projects were covered Friday
morning. Dr. Michael Parsons/University of Michigan provided
an update on the steamship conversion study. He also led the
panel discussion on the outcomes from the Norway LNG trip.
Mr. Joseph Fischer and Ms. Ziyan Zhan from Bay Engineering,
Inc. presented their engineering analysis on converting the
S.S. Badger from coal to natural gas. Capt. Randolph Helland,
U.S. Coast Guard, retired, presented an overview of his research
in addressing the regulatory issues from federal, state and local
authorities which will impact the utilization of LNG as a marine
fuel. The team of Drs. James Winebrake/Rochester Institute of
Technology and James Corbett/University of Delaware with
Ms. Heather Thomson modeled a comparative analysis of the
S.S. Badger emissions profile utilizing various fuels options.
On Friday morning, presentations included the work
Dr. Donn Branstrator/UMD and Matt TenEyeck/UW-S are doing
in conjunction with the Great Ships Initiative ballast water
treatment testing in researching the propulgation of invasive
species. Also, Dr. Branstrator presented his initial findings on
sampling ballast tank sediment. Dr. Tom Brady/Purdue North
Central presented a final report on his study on barging truck
trailers across Lake Michigan. Dr. Zamira Simkins/UW-S
presented an economic analysis of the value of cargoes being
shipped on the Lakes. Dr. Nathan Johnson/UMD provided his
results in combining dredged material with bio-solids from the
Western Lake Superior Sanitation District. Dr. Peter
Lindquist/University of Toledo gave a brief summary on the

current updates on the Great Lakes Maritime Information
Clearinghouse. Copies of the presentations are available at:
http://www.glmri.org/news/presentations12. Research
summaries are included in this report.
Affiliate university representatives provided updates on their
programs: Dr. Teresa Adams/UW-Madison, Admiral Jerry
Achenbach/Great Lakes Maritime Academy and Dr. Brad
Hull/John Carroll University.
The meetings were attended by U.S. Department of
Transportation/Maritime Administration and the St. Lawrence
Seaway Development Corporation representatives, members
from the Lake Carriers’ Association, Great Lakes Shipping and
LNG industry from US and Canada, port representatives, U.S.
Coast Guard, U.S. Army Corps of Engineers and the Society of
Naval Architects and Marine Engineers.
MARAD Gateway Office Visit
GLMRI Advisory Board member
Jim Sharrow (SNAME) and
Carol Wolosz met with the
MARAD Great Lakes Gateway
Director Floyd Miras in the new
Great Lakes Gateway Office in
Chicago, Illinois in the fall of 2011. They were happy to be the
first official visitors to the new complex in the heart of the city.
Ship Operations and Cooperative
Program (SOCP)
Carol Wolosz attended the Ship Operations Cooperative
Program (SOCP) meetings and provided updates on the GLMRI
educational projects as part of the Maritime Education subcommittee presentations. She also provided an overview of the

LEFT: Admiral Jerry
Achenbach, Superintendent
of the Great Lakes Maritime
Academy, Lt. Commander
Alan Moore and Commander
Ken Bryan from the Duluth
Marine Safety Office.
RIGHT: Gary VanTassel,
Richard Stewart and Chris
McMahon at GLMRI Annual
meeting.
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LEFT: Senior Chief Engineer
Chuck Cart and 1st Assistant
Engineer in the engine
room of the S.S. Badger.

LNG study to the SOCP membership. The meetings were held
November 2-3, 2011 at the MITAGS Center in Linthicum,
Maryland and at the STAR Center in Dania Beach, Florida
on April 11-12, 2012.

RIGHT: Joseph Fischer from
Bay Engineering, Inc, Ernie
Perry from the University of
Wisconsin-Madison, and
Special Guest Alex Clarke at
the GLMRI Annual meeting,
September 2012.

American Great Lakes Ports Association
Meetings in Toronto
Dr. Stewart presented an update on GLMRI at the annual
Marine Club meetings in Toronto, Ontario, from January 19-20,
2012. Dr. Stewart is on the Advisory Board for the Green Marine
program and also participates in other annual meetings at
this event.
Great Lakes Waterways Conference
GLMRI coordinated a slate of speakers to host informational
sessions with industry and provide a venue for discussion and
exchange with agencies, maritime industry engineers and gas
suppliers. At the Great Lakes Waterway Conference, Dr. Richard
Stewart, Co-Director of GLMRI, moderated a panel titled “The
Future of Maritime Fuels – Greening the Fleet.” Dr. Stewart
provided an overview for the discussion and tied in the last
historic fuel change from coal to fuel oil.
Dr. Michael Parsons, faculty emeritus from the University of
Michigan’s Naval Architecture and Marine Engineering
Department, presented a brief update on his research on
converting the Great Lakes steamships to Liquefied Natural Gas.
Mr. Frank Duffield provided a synopsis of LNG utilization in
Europe and discussed how some of the governments were
incentivizing the fuel conversion. Mr. Duffield currently is
employed by Argent Marine as Senior Vice President of Argent
Marine Companies, a U.S.-based corporation with extensive
experience in LNG shipping and is also a visiting Fellow at the
University of Auckland, New Zealand, Business School.

GLMRI was a sponsor for the Great Lakes Waterways
Conference. With assistance from Harbor House Publishers,
GLMRI premiered its annual report at the conference.
Society of Naval Architect and Marine
Engineers (SNAME)
GLMRI continued to have an active partnership with SNAME.
At the fall 2011 meeting, Ms. Wolosz and GLMRI Advisory Board
member Jim Sharrow attended the SNAME Section meeting in
Chicago, Illinois. Out of this meeting, a venue was developed for
the February 2012 Section meeting to host speakers on
LNG/fuel alternatives at the Great Lakes Waterways Conference
and the SNAME meetings in February 2012.
GLMRI co-sponsored a two-day technical session with the
Great Lakes and Rivers Section with over 100 attendees.
Mr. Gary Van Tassel from Argent Marine provided a two-hour
class and general information session on Thursday, February 23
to allow for questions in an educational setting. Also, Mr. Bob
Kamb from Mystic River Partners presented an overview of gas
availability. On the second day, Dr. Michael Parsons provided his
preliminary research on the GLMRI Study for converting the
Great Lakes steamships to LNG. A panel of marine engine
manufacturers discussed available technology and on-going
work in their companies. Mr. Odd Magne Horgen presented
information from Rolls Royce/Bergen Engines and showed a
brief video on ferries operating in Norway. Mr. Chad Verret from
Harvey Marine with Mr. Peter Jacobs from Wartsila Engines
discussed building the first U.S.-flagged dual fuel/LNG ship and
design parameters of the engine. Mr. Verret pointed out that
they are addressing each of the issues as they present
themselves, but are moving forward. Mr. Jonas Nyberg from
Caterpillar, Inc. discussed what they are doing with dual-fuel
marine engines. Mr. Ken Westcar from Toromont Power
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Generation Systems discussed the issues with capital costs and
fuel infrastructure. Mr. Claus Emmer from Chart Industries gave
a detailed presentation on the engineering and design of LNG
tanks. Speakers from the classification societies’ business
development departments also were present to address LNG.
Mr. Stephen Gumpel from ABS and Mr. Tony Teo from DNV each
spoke on their involvement in LNG fuel integration. Students
from the University of Michigan’s Naval Architecture and Marine
Engineering program and the University of Wisconsin-Superior’s
Transportation and Logistics program also attended the meeting.
Dr. Parsons attended the annual SNAME convention held in
Houston, Texas November 17-18, 2012. He met with several LNG
industry contacts at the meeting.
Extension of Ballast-Free Ship Design
Professor Emeritus Michael G. Parsons of the University of
Michigan presented an invited seminar entitled “The Variable
Buoyancy Ship: Reducing the Threat of Nonindigenous Aquatic
Species Introductions” to the faculty and graduate students of
Stanford University’s Hopkins Marine Station in Pacific Grove,
California November 4, 2011. The seminar was also transmitted
to the Palo Alto campus by a live television link. The seminar
reported on the ballast-free ship concept development and the
results of recent GLMRI supported investigations.
People Updates
Ms. Cassie Roemhildt, a recent graduate from
the University of Wisconsin-Superior’s Business
and Economics Department, was hired to work as
a research specialist for GLMRI projects at UW-S.
She is excited about her new position and brings
with her a family history in Great Lakes shipping. Her father sailed
as a wheelsman on the M/V Arthur M. Anderson from 1990-1997.

Dr. Amit Mokashi joined the Transportation
and Logistics Department at the University of
Wisconsin-Superior as a faculty member and
will be working in maritime research areas. Dr.
Mokashi earned his PhD in 2012 from the
University of Delaware – His dissertation is titled “An Analysis of
Voluntary Environmental Actions for Marine Highways: A
Stakeholder Perspective”. Dr. Mokashi holds a Chief Engineer
License (unlimited), Steam and Motor Ships, with the Maritime
and Coastguard Agency from the United Kingdom.
Simo Mäkiharju completed his Ph.D. defense
and the degree requirements in January 2012.
He is currently working as a Research Fellow
in the Department of Mechanical Engineering
at University of Michigan. Dr. Mäkiharju is
working with Professor Ceccio until August 2013. His postdoctoral project involves experimental work for Computational
Fluid Dynamics (CFD) validation. His research was recently
accepted to be published in the International Journal of
Naval Architecture and Ocean Engineering, Vol. 4, No. 4,
December 31, 2012.
Ryan Oster completed his Master of Science in
Water Resources Science with an emphasis in
aquatic biology/microbial ecology in May 2012
at the University of Minnesota Duluth. His
research thesis was titled “Assessing Corrosion
of Port Infrastructure in the Duluth-Superior Harbor:
Microbiological and Water Quality Factors” and it documents his
work with Dr. Randall Hicks. In June 2012, Ryan was hired by
the U.S. Geological Service in Michigan at the Water Science
Center as a microbiologist.

LEFT: Engine plaque from
the S.S. Badger
RIGHT: Nuns Jain, MARAD,
Carol Wolosz, GLMRI, Phil
Shullo from the STAR Center,
and Todd Ripley, Deputy
Administrator Chip Jaenichen,
and Michael Carter from
MARAD at SOCP meeting.
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The M/V Paul R. Tregurtha
waiting for the M/V James
R. Barker to clear the
Poe Lock.

2012 Transportation Research Board
Involvement
Dr. Stewart and Ms. Wolosz participated in the annual Transportation Research Board (TRB) conference held January 22-25,
2012 in Washington. Dr. Stewart is a member of the Marine
Environmental Committee and the Ports and Channels Committee
and presented GLMRI updates to both groups.
In the summer TRB meeting, Dr. Zamira Simkins (University
of Wisconsin-Superior) and Dr. Stewart presented a paper on
“Measuring a Port’s Performance Using the Economic Value of
Commodities.” This paper was selected for presentation at the
2013 TRB Annual Meeting.
Many of the GLMRI Affiliate universities are active with TRB.
Dr. Teresa Adams from the University of Wisconsin-Madison,
Center for Freight, Infrastructure, Research and Education is on
many committees and also hosts the Wisconsin reception. Dr.
Peter Lindquist, from the University of Toledo, and several of his
researcher students are involved in the data sessions. Michigan
Technological University, along with Dr. Stewart’s Transportation
and Logistics Department faculty and students, are involved
together in many of the rail and intermodal sessions. Dr.
Winebrake from Rochester Institute of Technology is active in
the freight and modeling sessions.
Voyage on the M/V James R. Barker
In May, Carol Wolosz was provided the opportunity to spend
a week on the M/V James R. Barker. She boarded the M/V Barker
at the dock in Silver Bay, Minnesota on Saturday evening, May
12 while the boat was loading taconite pellets. Captain Bob
Thibaudeau, 1st Mate Steve Hughes and the entire crew were
great hosts.
During the week, Carol was able to talk with the crewmembers

about their specific jobs and careers. She spent a good bit of the
time in the pilothouse learning about operations, navigational
systems and the ship’s support of reporting weather observations to NOAA.
The real eye opener was transiting the St. Marys River and
the Soo Locks. Although it was amazing to see how the Captain
and crew navigated the lock, it was even more heart racing to
observe the navigation of the river channels.
Special thanks to Interlake Steamship Company for providing
this opportunity and to the Captain and crew for spending time to
help Ms. Wolosz better understand shipping on the Great Lakes.
GLMRI Hosted Meeting to Connect Natural
Gas Providers with Potential Users
On Tuesday, June 19, 2012, GLMRI hosted a meeting at the
University of Wisconsin-Superior (UW-S) to bring together
potential LNG fuel users from the mining, agricultural, trucking,
rail and maritime sectors to determine if there is sufficient
demand in a 200 mile region to warrant development of an LNG
fuel transport, storage and distribution network in the Twin
Ports of Duluth/Superior. The meeting put current LNG users and
solution providers together with businesses facing fuel cost and
emissions challenges.
The Duluth Seaway Port Authority co-sponsored the event
and assisted with contacting key industry focal points for
engaging the discussion.
UW-S Chancellor, Renee Wachter, welcomed the participants
and Dr. Stewart provided an overview for the discussions,
bringing in the consideration for rail, trucking and mining.
Mr. Bob Kamb, the Managing Partner with Mystic River
Partners out of Boston, Massachusetts and a licensed mariner,
moderated a panel of gas company, pipeline and equipment
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representatives. Mr. Kamb helped coordinate the slate of
speakers for the event.
Mr. Kevin Markey, Director of Natural Gas Fueling Solutions
with GP Strategies out of Dallas, was key in reaching out to the
local and regional industry participants. Mr. Markey provided
thoughts on what goes in to the decision-making process to
design and utilize for the fueling process. He was involved in the
design of the LNG KWIK Trip station at La Crosse, Wisconsin.
Other speakers included Mr. Todd Sondag, of Allstate Peterbilt
Group, who presented on the new Peterbilt trucks that use LNG;
Mr. Jeff Resch, with Dart Transit Company, who discussed how
Dart is using natural gas; Mr. Joe Hoyt, Director for Fuels at Pivotol,
LNG/AGL Resources out of Atlanta, Georgia, who presented on
the supply access for gas; Mr. Alex Quintero from the Altronic,
LLC, who presented on Bi-Fuel Systems for dual fuel options; Mr.
Mike McLean, the Manager for Business Development at
TransCanada Pipeline and Great Lakes Gas Transmission, who
provided an overview of the company’s pipeline access.
The meeting was attended by federal, state and local
representatives, including elected officials, mining, shipping,
trucking, construction, resort/water park owners and energy
providers from industry, regional economic development
agencies and academia.
The presentations from the June meeting are posted at
www.glmri.org/research/.
GLMRI, U.S. Coast Guard Partner with Duluth
Seaway Port Authority for Security Analysis
The Duluth Seaway Port Authority (DSPA) awarded a contract
to GLMRI in the fall of 2011 to review and identify gaps in the
U.S. Coast Guard’s existing recovery plan for re-opening the
maritime transportation system at Duluth/Superior Harbor

following a critical incident. The study was funded through a
federal port security grant. As part of the project, critical supply
chains were developed for the port’s terminals, the
transportation network and various agencies.
GLMRI completed the report for the Maritime System
Transportation Recovery Plan Analysis over the summer of 2012.
The GLMRI project team worked closely with DSPA, the Duluth
Marine Safety Office of the U.S. Coast Guard (USCG) and the
Minnesota State Department of Public Safety, Homeland
Security and Emergency Management. Ms. Heidi Zierden, an
instructor with the University of Minnesota Duluth’s, Mechanical
and Industrial Engineering Department, worked as a research
consultant with GLMRI. The GLMRI team is greatly appreciative of
having the opportunity to work with the agencies, along with the
port and maritime affiliated businesses in Duluth and Superior.
Continued Research - Building Sustainable
Solutions to the Issue of Ballast Water
Treatment: Testing Relationships between
Propagule Pressure and Colonization
Success of Invasive Species
In 2006, Dr. Donn Branstrator from the University of Minnesota
Duluth, Department of Biology with researcher Matthew TenEyck
from University of Wisconsin-Superior’s Lake Superior Research
Institute was awarded a multi-year project to use an experimental,
does-gradient approach to test the efficacy of the IMO discharge
standard for preventing the establishment of biological pollution in
post-treated ballast water. This work is continuing in conjunction
with the Great Ships Initiative project that is designing the validation and testing processes for ballast water treatment systems.
In years one and two of this research, a comprehensive field
survey was used to characterize the natural density and

LEFT: Matt TenEyeck exiting
the ballast tank on the
M/V American Century.
RIGHT: SNAME meeting
attendees.
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Caitlyn Sloan, Dr. Donn
Branstrator and Carol
Wolosz on the deck of
the M/V Mesabi Miner
at Silver Bay, MN.

diversity of crustacean zooplankton in the Duluth-Superior
Harbor and St. Louis River Estuary. They were able to identify
threshold densities the surrogate invader in the experiments
would be expected to achieve to be considered established.
Preliminary analyses of their results suggest that the risk of
establishment of D. magna in the Duluth-Superior Harbor is
higher in spring (May-June) and fall (October-November) than
during summer (July-August) months as a consequence of lower
densities and fewer zooplankton competitors in the spring and
fall periods. They are using the data to evaluate the risk-release
relationship for D. magna in the Duluth-Superior Harbor and are
comparing the results to candidate theoretical models of riskrelease. These results suggest that the IMO standards, as currently
defined, may be sufficiently restrictive under some but not all
natural circumstances to prevent colonization of non-native
zooplankton such as D. magna in the Duluth-Superior Harbor.
Further analysis and refinement of the risk-release
relationship for non-native species in ballast water discharge is
critical. Overly lenient standards may pose serious, long-term
threats to the environment and economy. Overly strict standards
may require unnecessary investments in time, labor and
materials necessary to meet the standards. Empirical
justification of accepted standards should strengthen support
among stakeholders and encourage timely and sustained
compliance. They have used the data from this study to gain
funding from the Great Lakes Protection Fund to continue
evaluation of the risk-release relationship with other species
and larger experimental mesocosms.

Duluth/Superior Harbor Technical
Advisory Committee
Dr. Stewart and Ms. Wolosz attended the quarterly Harbor
Technical Advisory Committee (HTAC) meetings and provided
updates on GLMRI projects and pending meetings for the group.
At the June meeting in Duluth, Ms. Libby
Ogard, Prime Focus, LLC, presented the results of
the NCFRP-35 study, “The Multimodal Freight
Transportation System within the Great LakesSaint Lawrence Basin.” GLMRI Affiliate University
of Toledo has also set up the data and results for public access. This
information is linked to the GLMRI web page: www.glmri.org.
“Rebuilding the North American Economy
Together: Driving a New Era in Canada and
U.S. Relations”
Dr. Tom Brady/University of Purdue North Central and Carol
Wolosz participated as panelists at the “Rebuilding the North
American Economy Together: Driving a New Era in Canada and
U.S. Relations” meeting sponsored by the Urban Transportation
Center at the University of Illinois – Chicago on October 12,
2011. Dr. Brady discussed his GLMRI study for a bi-state truck
ferry between Milwaukee, Wisconsin and Muskegon, Michigan.
Carol’s topic was Intermodal and Maritime Transportation in the
Great Lakes Region. Also, GLMRI Advisory Board member from
the St. Lawrence Seaway Development Corporation, Craig
Middlebrook, was the keynote speaker for the conference.
2012 Ohio Conference on Freight
The annual Ohio Conference on Freight was held from
September 13-14, 2012 in Sandusky, Ohio. GLMRI Executive
Director, Carol Wolosz, moderated a panel with Ms. Libby Ogard,
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Prime Focus, LLC and Ms. Sarah Shafer from University of Toledo
on the results of the NCFRP-35 Study, “The Multimodal Freight
Transportation System within the Great Lakes-Saint Lawrence
Basin.” GLMRI also was a sponsor for this event.
Tour of U.S. Coast Guard Cutter Mobile Bay
Dr. Stewart received a personal tour of the U.S. Coast Guard
Cutter Mobile Bay in Sturgeon Bay, Wisconsin on August 4, 2012
from newly-assigned Ensign Alexander Stewart. Cutter Mobile
Bay is the one of nine cutters in the Coast Guard’s “Bay” Class of
icebreaking tugs. She is one of two Bay Class ships equipped
with a 120-foot Aids-to-Navigation barge operating on the
Great Lakes. Cutter Mobile Bay has dual responsibilities in
assisting safe navigation on the Great Lakes. The ship’s primary
mission is icebreaking. Cutter Mobile Bay conducts its
icebreaking mission from mid-December through mid-April.
During the winter months, the cutter detaches from the barge
and breaks ice in the Northern Lakes, operating mostly in Green
Bay, the Straits of Mackinac and the St. Marys River. Cutter
Mobile Bay’s other missions include: maritime law enforcement,
search and rescue, environmental pollution response and
homeland security (www.uscg.mil).
The Netherlands: Gateway to the Great
Lakes Conference
Affiliate John Carroll University (JCU) in Cleveland, Ohio
hosted “The Netherlands: Gateway to the Great Lakes
Conference” in September 2012. Coordinated by Dr. Brad Hull,
the conference brought the United States, Canada and the
Netherlands together to work towards a more globally
connected commercial world.
Over the past year and a half, the Netherlands Consulate

General in Chicago funded a study to find the lowest-mileage and
most cost-effective route for several cargoes that are currently
shipped to East Coast ports, then transported by truck or train into
the Great Lakes and Midwest regions. The study, done last year by
two Erasmus University graduate students studying abroad at JCU,
found that the St. Lawrence Seaway the most direct route between
Europe and the Great Lakes. The Seaway goes from the Great Lakes,
along North American waterways into the Atlantic Ocean and
straight across the Atlantic to Rotterdam, Netherlands (Rotterdam
is the largest port in Europe, which connects the Atlantic to the
rest of the 500 million person-European Union). GLMRI was a
sponsor of this event. The conference had over 150 attendees.
Visit with former Congressman
James L. Oberstar
GLMRI Co-Directors Dr. Richard Stewart and Dr. James Riehl
met with former Congressman Oberstar at the University of
Minnesota Duluth and provided him with an update on GLMRI
projects on April 27, 2012. Congressman Oberstar is active with
the University of Minnesota and provides educational lectures
on U.S. transportation policy.
Great Lakes Maritime Academy
Board of Visitors
On June 12, 2012, Ms. Wolosz along with members of the
Duluth Seaway Port Authority, met with the Superintendent,
faculty and cadets of the Great Lakes Maritime Academy on the
T/S State of Michigan during their annual visit to the Duluth
Harbor as part of their summer training voyage. GLMRI serves
on the Academy’s Board of Visitors and GLMA is an Affiliate with
GLMRI. The two programs collaborate on research and
educational projects.

LEFT: Steve Kemp, Bob
Kamb, Claus Emmer and
Gary VanTassel at the
Cleveland LNG meeting
in February 2012.
RIGHT: The U.S. Coast
Guard Cutter Mobile Bay.
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LEFT: The T/S State of
Michigan
RIGHT: Dr. Jim Corbett
and Steve Kemp at the
GLMRI Annual meeting.

International Association of Maritime
Economists conference
At the annual International Association of Maritime
Economists (IAME) conference in Santiago, Chile, October 2011,
Dr. Stewart presented a paper titled “Regulations and Policies
That Limit the Growth of the U.S. Great Lakes Cruising Market.”
He also toured the Port of Valparaíso on his visit.
Council of Supply Chain Professionals
Dr. Stewart was active with the Council of Supply Chain
Professionals. He presented an overview of LNG at a meeting in
Duluth, Minnesota on April 19, 2012, a presentation titled “LNG
for Marine Vessels” at the Northeastern Wisconsin Roundtable in
Green Bay, Wisconsin May 1, 2012. He also provided an LNG
update at the annual association conference in Atlanta, Georgia
in late September, 2012.
Educational Partnership with The Maritime
Academy of Toledo (TMAT)
GLMRI continues to partner with The Maritime Academy of
Toledo (TMAT) on educational initiatives. Captain Rick Brown, an
instructor with TMAT, assisted with the GLMRI-sponsored K-12
Maritime Teachers Workshop again in 2012. GLMRI provided a
stipend to TMAT for educational materials in support of
maritime education. Also, Ms. Renee Marazon, Superintendent
of TMAT, works closely with GLMRI personnel to partner on
maritime educational projects in the Great Lakes Region.

Educational and Outreach Presentations
Over the past year, Dr. Stewart made numerous presentations on
the LNG study and other GLMRI projects. In March 2012, he
presented at the Minneapolis Transportation Club. In April, he was
the guest speaker at the Duluth Superior Propeller Club luncheon.
In May, Dr. Stewart presented on both LNG for Marine Vessels and
the M/V Gott Re-Engining Project at the Minnesota Air Emissions
Conference in Duluth, Minnesota. At the summer meeting for the
Council of University Transportation Centers held in Houghton,
Michigan in June, he presented an update on GLMRI projects.
Other key events included Dr. Stewart participating at the
Mid-Continent Freight Conference in Madison, Wisconsin,
September, 6-7, 2012. Ms. Wolosz attended the Green Bay Port
Symposium in April, 2012.
While participating in these many venues, GLMRI’s involvement proves to be effective in extending the results of the
research projects and providing information to industry to assist
them with critical infrastructure decisions to sustain the fleet.
Presentation on the M/V Gott Re-Engining
at the Gales of November Conference
Mr. Rick Harkins, Engineer for the Great Lakes Fleet/Key Lakes
Shipping, was a presenter at the Gales of November Conference
held in Duluth, Minnesota on November 5, 2011. This annual
event is hosted by the Lake Superior Marine Museum
Association. Mr. Harkins discussed the M/V Gott Re-engining
project. This project was funded in part by an U.S.
Environmental Protection Agency Clean Diesel grant awarded to
GLMRI in partnership with Key Lakes 1 Incorporated.

2012 Project Reports

Summary Reports
This report provides summary reports on the GLMRI research projects and educational workshops that have taken place over the
past year. Highlights from the Liquefied Natural Gas Study funded by MARAD are included, as well as continuing efforts from the
FY 2010 Federal Appropriation. An initial summary of the Ballast Tank Sediment Study, funded by Lake Carriers’ Association is also
included. Full reports will be available on the GLMRI web page when the studies are completed.

Steam Bulk Carrier LNG Conversion Study.
Dr. Michael Parsons, Professor Emeritus, University of Michigan
S.S. Badger Engineering Study.
Mr. Joseph Fischer and Ms. Ziyan Zhang, Bay Engineering Inc.
Sturgeon Bay, Wisconsin
LNG as a Maritime Fuel on the Great Lakes;
Regulatory Issues.
Randolph Helland, Captain, USCG (ret)
Comparative Model of Maritime Fuels
Using the S.S. Badger.
Dr. James Winebrake, Rochester Institute of Technology and
Dr. James Corbett, University of Delaware
Norway’s Use of LNG as a Maritime Fuel.
Dr. Michael Parsons, Richard Harkins, Pat O’Hern,
Randolph Helland, Captain, USCG (ret) and Carol Wolosz

Sediment Testing in U.S. Lakers’
Ballast Tanks.
Dr. Donn Branstrator, University of Minnesota Duluth.
Combining Fine Dredge Materials and
Biosolids for Sustainable, Beneficial Reuse.
Dr. Nathan Johnson, University of Minnesota Duluth
Measuring a Port’s Performance Using the
Economic Value of Commodities.
Dr. Zamira S. Simkins, University of Wisconsin-Superior
The Economics of a Bi-State Truck Ferry.
Dr. Thomas Brady, Purdue North Central University
Great Lakes Maritime Education Program for
K-12 Teachers, Students and Communities.
Ms. Joan Chadde, Michigan Technological University

Ferry across St. Clair River.
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PRINCIPAL INVESTIGATOR
Michael G. Parsons, Ph.D.
Department of Naval Architecture
and Marine Engineering
University of Michigan

Dr. Mike Parsons is an Arthur F.
Thurnau Professor Emeritus who
taught marine engineering and
ship design prior to retirement in
2008. He received his Ph.D. in
Applied Mechanics from Stanford
University in 1972. He is a Fellow,
Honorary Member, and Webb
Medalist of the Society of Naval
Architects and Marine Engineers.

CONSULTANTS
Patrick J. O’Hern
Great Lakes Maritime Consultants, LLC
Richard W. Harkins
Harkins Engineering and
Environmental Services, LLC

Conceptual Designs for the Conversion of
U.S. Great Lakes Steam Bulk Carriers to
LNG Fuel: An Opportunity to Move
Emissions from Worst to First
THIS PROJECT IS INVESTIGATING THE
feasibility of conversion of the approximately 10 remaining
steam powered U.S. Great Lakes bulk carriers to Liquefied
Natural Gas (LNG) fueled propulsion. These vessels have the
worst air emissions within the U.S. bulk carrier fleet and are
currently grandfathered relative to EPA requirements. The goal
of this research is to develop conceptual designs for the
conversion of these vessels to LNG fuel using gas engines to
achieve very low emissions and significantly reduced fuel
consumption and cost. They would then meet the more
stringent Emission Control Area (ECA) air emissions
requirements (Fig. 1) that will come into effect on the
Great Lakes in 2015/2016 without the need for exhaust gas
scrubbers or Selective Catalytic Reduction (SCR) that would
be required in a diesel conversion. The LNG fueled bulk carrier
air emissions would move from worst to first among the
U.S. Great Lakes fleet.
The use of LNG would also result in a significant fuel cost
savings that could provide added justification for the vessel
conversion and further economic life. Reduced manning may
also be feasible with the move away from steam propulsion. The
study considers arrangements, effects on cargo capacity
at constant draft, fuel usage, air emissions, maintenance
requirements, manning, and remaining ship life-cycle
economics. The conceptual designs are in accordance with
the requirements of the American Bureau of Shipping (ABS)
Guide “Propulsion and Auxiliary Systems for Gas Fueled Ships,”
May, 2011.
This project is a result of a meeting held with Great Lakes
industry representatives in Cleveland, OH, on August 23, 2011.

The project began in November 2011 and an initial report of the
effort was presented to the Great Lakes and Great Rivers of the
Society of Naval Architects and Marine Engineers (SNAME) in
Cleveland, OH, on February 24, 2012. Following the meeting,
the paper was revised to incorporate and resolve comments
received and the paper Parsons, M. G., O’Hern, P. J. and Denomy,
S. J., “The Potential Con-version of the U.S. Great Lakes Steam
Bulk Carriers to LNG Propulsion – Initial Report” was published
in the August 2012 issue of the Journal of Ship Production and
Design, Vol. 28, No. 3, pp. 97-111.
Since February, the effort has continued with a more detail
assessment of the fuel costs associated with use of LNG fuel for
AAA Class vessels considering four options: the existing steam
plants burning Bunker C; single fuel LNG gas engines burning
LNG with Marine Diesel Oil (MDO) electric generators; dual fuel
LNG gas engines burning LNG and a small amount of MDO pilot
fuel with MDO electric generators; a diesel conversion burning
either MDO or Intermediate Fuel Oil (IFO). The conversions are
based upon using one Rolls-Royce Bergen B35:40V12PG spark
ignited single fuel LNG engine, a Wärtsilä 12V34DF dual fuel
MDO pilot ignited LNG engine, or a MaK 6M43C diesel engine for
propulsion, respectively. The annual fuel cost comparison for
these options is shown in Table 1. The LNG con-versions offer
about a 2 million USD, 30% annual fuel cost savings compared
to the current steam plants, which is comparable to that
provided by a diesel conversion that is equipped with an
exhaust gas scrubber so it could continue to burn IFO after 2015.
The study has also evaluated the air emissions associated
with use of LNG fuel for AAA Class vessels considering four
options: the existing steam plants burning Bunker C; single fuel
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FIGURE 1. More stringent Emissions Control Area Requirements for the Great Lakes in 2015 and 2016

a

b

(a) ECA Marine Fuel Sulfur
Content Limits in 2015
(b) ECA Tier III NOx Emissions
Limits in 2016
TABLE 1. Annual Fuel Cost Comparison for AAA Class Bulk Carriers

LNG gas engines burning LNG with Marine Diesel Oil (MDO)
electric generators; dual fuel LNG gas engines burning LNG
and a small amount of MDO pilot fuel with MDO electric
generators; and a diesel conversion burning MDO. This was
based upon operations after January 1, 2015, when the 0.1%
sulfur marine fuel requirement would be in effect. The results
of this study are summarized in Table 2. The same three
engines were considered. The LNG conversions offer major
improvements in the NOx emissions compared to a diesel
conversion. All of the conversions offer major improvements
in particulate matter SOx, (PM) and CO2 emissions. The LNG
conversions, particularly the single fuel option, offer
significant advantages over the diesel conversion in terms
of the particulate and SOx emissions.

Conceptual designs were developed for both the single fuel
and dual fuel conversions. The most challenging naval
architectural issue is to obtain enough volume within the
vessel to store the LNG since it requires 3 to 4 times as much
gross hull volume as an equivalent amount of petroleum fuel.
The AAA vessels are particularly good candidates for an LNG
conversion, however, because the portion of the vessel
between web frame FR 183 and FR 195 currently occupied by
the boilers, deaerating feed tank, and fuel bunkers can
become available for two vertical LNG fuel tanks. An LNG
storage tank design for the AAA vessels was developed for the
project by Chart Ferrox, a.s. of Decin, Czech Republic. These
17.5’ outer diameter, 43’ tall double wall, vacuum and pearlite
insulated cryogenic tanks have the equipment for tank
continued

TABLE 2. Annual Air Emissions Comparison [metric tonnes/300 day operating year]

Full research reports are available at www.glmri.org
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FIGURE 2. Inboard Profile Aft of AAA Class Vessel Single Fuel LNG Conversion

FIGURE 3. Main Deck Aft of AAA Class Vessel Single Fuel LNG Conversion

pressure control and LNG re-gasification installed in a cold box
within the tank support skirt below the tanks. These 199 gross
cubic meter tanks would have enough capacity to allow the AAA
vessels to fuel once per typical round trip (Duluth, MN, to Gary,
IN) with a fuel margin of about 60%. The inboard profile of the
aft part the conversion using the single fuel Rolls-Royce Bergen
B35:40V12PG engine is shown in Fig. 2. The main deck aft plan
view of the single fuel LNG conversion of AAA class vessels is
shown in Fig. 3. The dual fuel LNG conversion is similar with only
minor variations needed to accommodate a slightly (0.6 m)
longer engine and the needed MDO fuel bunker. Although
slightly inferior in terms of fuel savings and emissions, the dual
fuel option would offer a potentially major advantage since it
can operate on MDO only if LNG is not available when and
where needed in the initial years of the development of a LNG
infrastructure with the Great Lakes. The project is continuing to
develop overall remaining life-cycle economic tradeoff
comparison of the LNG and diesel conversions.
To support the goals of the project, the PI arranged and led
an August 12-18, 2012, visit to Norway to observe the
propulsion plant designs, construction, and operation of the LNG
powered ferries and platform supply vessels that have been

developed in Norway over the past 12 years. The PI, project
consultants Patrick O’Hern and Richard Harkins, GLMRI
consultant Randolph Helland and GLMRI Executive Director Carol
Wolosz were able to participate in this visit. The trip was based
in Bergen, Norway, and included side visits to Halhjem, Alesund,
Ulsteinvik, Haugesund and Oslo. The team was able to tour the
Rolls-Royce LNG engine factory in Bergen, tour the propulsion
plant on a single fuel LNG engine plant onboard the operating
ferry MV Raunefjord, observe refueling of the LNG supply tanks
at Halhjem from truck, observe the LNG bunkering of the
MV Raunefjord, tour the propulsion plant of the dual fuel LNG
engine plant onboard the nearly completed platform supply
vessel Viking Princess, meet with Norwegian Maritime Authority
personnel who regulate LNG vessels in Norway, visit the Kleven
Verft shipyard building the Viking Princess, visit the Fiskerstrand
shipyard that built the latest Fjord1 single fuel LNG ferry
MV Boknafjord, and meet with Det Norske Veritas classification
personnel involved in LNG vessel development and approval.
The Norwegian hospitality and openness was outstand-ing and
the visit was able to accomplish all goals and exceed
expectations. The MV Raunefjord and the PSV Viking Princess are
shown in Fig. 4. n

FIGURE 4. Vessels Visited during LNG Visit to Norway

a

(a) Single Fuel Ferry MV
Raunefjord
(b) Dual Fuel Platform Supply
Vessel Viking Princess

b
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Bay Engineering, Inc.
Sturgeon Bay, Wisconsin
The S.S Badger at the Manitowoc, Wisconsin dock.
Ziyan Zhang graduated from
Shanghai Jiao Tong University,
China with a BSE degree in
Mechanical Engineering in 2006
and received her MSE degree from
University of Michigan in
Mechanical Engineering in 2007.
She worked as a naval architect for
Bay Engineering, Inc. of Sturgeon
Bay, Wisconsin until December
2012 when she joined American
Bureau of Shipping. Ms. Zhang is a
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S.S. Badger Conversion from Coal to
CNG/LNG Fired Boilers Engineering
Feasibility Analysis
consists of nitrogen, carbon dioxide (CO2) and water vapor. The
exhaust emission contains relatively lower nitrogen oxides
(NOx), lower carbon monoxide (CO) and lower hydro carbons
(HC) as well as no particulate matter (PM) and no sulfur oxides
(SOx), which makes natural gas a good alternative to coal for
protection of the environment.
The design objective was to apply ABS criteria for the
arrangements and construction of machinery, equipment and
systems for vessels operating with natural gas as fuel, in order to
minimize risks to the vessel, crew and environment. The system
will be configured to use natural gas to power the existing
boilers with new natural gas burners instead of coal. The boilers
in turn will provide steam energy to power propulsion and
auxiliary systems. For historic marketing reasons, the owner of
S.S. Badger has elected to maintain the Skinner Unaflow
reciprocating steam propulsion engines. There are several
locations that can be used for the gas storage (which are
discussed in the full report). The tank type will be double-wall
Type C cryogenic tanks for Liquefied Natural Gas (LNG) or high
pressure gas tanks for Compressed Natural Gas (CNG).
For the current Ludington-Manitowoc route, the most
convenient fuel source of LNG is the SE Wisconsin LNG peak
shaving plant in Milwaukee. However, it’s up to the fuel supplier
to decide the fuel source location. The ideal transportation
method would be a truck with tank trailer from the fuel source
(for example a shaving plant) or a distribution point (for
example a gas refill station) to ship to the dock in Manitowoc.
Several natural gas suppliers have been contacted. According to
the information collected, LNG can be supplied by one LNG
supplier from several plants within 500 miles via cryogenic
continued

Joseph P. Fischer graduated from
the University of Michigan with a
BSE degree in Naval Architecture
and Marine Engineering in 1959.
He worked as a naval architect for
R.A. Stearn, Inc. of Sturgeon Bay,
Wisc. until 1977 when he joined
American Steamship Co. Buffalo,
New York as Vice President of
Engineering leading to Vice
President of Operations. In 1986, he
returned to R.A. Stearn, then a
subsidiary of John J. McMullen and
Associates, as Director of
Engineering. In 1996, Mr. Fischer
purchased the assets of R.A Stearn
and started Bay Engineering, Inc.,
where he is Owner and President.
Mr. Fischer is a fellow of SNAME
and was given its highest award,
the David W. Taylor Medal, for
notable achievement in his field. He
is a member of ABS Americas
Technical Committee and Great
Lakes Technical Committee. He is a
registered professional engineer in
the State of Wisconsin.

Full research reports are available at www.glmri.org

THIS REPORT CONSIDERS THE FEASIBILITY
of using natural gas as a fuel option for the S.S. Badger. The
feasibility of economically and safely converting the car ferry
S.S. Badger to a natural gas powered vessel is presented. The
inherent safety of the two principal fuel storage options,
Liquefied Natural Gas (LNG) and Compressed Natural Gas (CNG),
is discussed for a passenger vessel based on the published
guidelines. The main guideline used to demonstrate inherent
safety is American Bureau of Shipping (ABS) Guide for
Propulsion and Auxiliary Systems for Gas, 2011. The safety
measures such as second barrier, double piping with inert gas,
independent forced ventilation, insulation of steel structure,
etc. were considered in the design. The possible fuel availability
and options for the current route is presented. This report also
explains the necessary shoreside support and infrastructure. The
cost is estimated for the conversion. The report suggests areas
where additional manning and crew training will be required.
The value of the S.S. Badger as a pilot for future conversions of
U.S.-flag Great Lakes vessels is discussed.
Natural gas is a “greener” fuel that complies more easily with
ever stricter government air emissions regulations. The current
fuel used by the S.S. Badger is bituminous coal. Bituminous coal
normally consists of not less than 70 percent of carbon, not over
1 percent sulfur, not over 7 percent ash and not over 12 percent
moisture. The combustion products of coal consists of nitrogen
oxides (NOx), carbon monoxide (CO), hydro carbons (HC),
particulate matter (PM) and sulfur oxides (SOx). Natural gas
predominantly consists of methane, CH4 (85-95 percent), with
smaller amounts of ethane, propane, butane and nitrogen. The
exhaust emission from the natural gas engines or boilers mainly
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tanker truck. The cryogenic tanks on the truck are similar to the
tanks onboard the ship. A typical truck can carry about 12,250
gallons (46 m3) of LNG and unload at a rate up to 300 GPM.
CNG can be transported to the dock using trucks with CNG
containers / tube trailers from a Manitowoc pipeline gas station
owned by one of the CNG suppliers. The fuel will be transferred
from the tanker truck directly to the onboard gas storage
tank(s). A storage bunker at the ferry berth is not necessary,
which reduces the initial investment cost and makes it possible
to relocate the ferry to serve other routes.
LNG storage tanks onboard the ships are normally
independent International Maritime Organization (IMO) ‘Type C’
tanks. The Type C tanks have a double wall design, which
consists of an inner cryogenic cylindrical vessel with an outer
jacket. This design creates a double barrier required by ABS
safety regulations, so that no additional structural secondary
barrier is required for a Type C tank. The inner vessel is made of
stainless steel and outer jacket is made of mild steel. The space
in between the inner vessel and outer jacket is filled with perlite
insulation and held under a vacuum. The insulation method
maintains LNG’s temperature and prevents stress cracks forming
from the high temperature differential. These tanks and
accessory system can be expensive to construct and install
onboard a ship. The cryogenic tanks typically come with a cold
box attached to one end, which acts as a secondary barrier to
hold any LNG leakage. The cold box contains control equipment
needed for the tank operation, connection fittings and other
fuel gas preparation equipment such as the vaporizers.
Storage tanks for liquid gas are not to be filled to more than
98 percent full at the reference temperature. In order to
maintain the cryogenic environment in the LNG tanks, the tanks
will have at least 10 percent LNG left upon arrival. Gas storage
tank monitoring equipment will be installed to prevent
overfilling, monitor pressure and temperature and conduct
safety shutdown if leakage is detected.
Both LNG and CNG gas storage tanks can be located on the
open deck with the following requirements:
• The gas storage tanks are to be located at least 11.9 ft or
3.627 m from the ship’s side for the S.S. Badger.
• Stainless steel drip trays will be fitted below the LNG tank
connections and be away from the entrance, air inlets and
openings to accommodation spaces, services spaces, cargo
spaces, machinery spaces and control stations.
• The gas storage tanks and equipment are to be located so
as to facilitate sufficient natural ventilation, in order to
prevent accumulation of escaped gas.
From mid-October to mid-May each year, the S.S. Badger will
return to port for layup, maintenance and repairs. The ferry will
stay docked and the boilers will be shut down. The steam
generator used to supply power onboard will also be shut down.
Instead, the shore power supply system can provide electricity via
power connection located in the ship side recessed areas. The
natural gas tanks will be gas-free for inspection and maintenance.
Any remaining CNG can be emptied by directly pumping the CNG
in the compressed gas format from the vessel tank to the same

type of tanker truck as used to deliver the CNG to the vessel.
The discharge of LNG is a multi-step procedure. First, the
remaining LNG will be emptied by directly pumping the LNG in
the cryogenic liquid format from the vessel tank to the same
type of tanker truck as used to deliver the LNG to the vessel.
Residual liquids in the LNG tanks can be allowed to warm up to
ambient temperature. This can be accelerated by warming up
the remaining gas using the gas heater in the evaporator in the
cold box and circulate the gas back into LNG tanks. Once the LNG
tanks are warmed up to ambient temperature, an inert gas (e.g.
carbon dioxide CO2) is pumped into the tanks to push the
warmed up gas state natural gas from the LNG tanks to a tanker
truck which is used to contain gas state natural gas. After the
tanks are methane free, then dry air can be pumped in to make
the tanks a safe working atmosphere.
Before resuming operation at the beginning of the transportation season, the tanks need to be prepared for storing natural
gas again. CNG tanks have to be filled with inert gas (e.g. carbon
dioxide CO2) until the oxygen content drops below 4 percent to
avoid explosion. Then, CNG can be pumped in using the regular
method of connecting a CNG tank truck with the ship bunker
station. LNG tanks need an extra “cool down” step after they are
filled with the inert gas. The LNG is sprayed into the tanks via
spray heads inside the tank. The LNG is vaporized from the liquid
state to gas state and absorbs the heat inside the tank. The
vaporized LNG is then pumped out of the tank and burned off.
This process is repeated until the tanks are cooled down to 140°C, then the normal LNG loading procedure can be used.
The S.S. Badger will staff with crew according to the LNG
related equipment suppliers’ requirement to maintain and
operate the LNG / CNG equipment. The crew involved with the
LNG / CNG will have to be trained in the proper handling and
maintenance of the equipment. This would include safety drills
on proper emergency shutdown procedures and passenger
evacuations. The crew will need the proper state and federal
certifications to operate the equipment. The copies of operation
manuals will be stored on board for reference. Safety notes and
warning signs will be posted at the required zones.
The S.S. Badger is a good opportunity to demonstrate the
feasibility of natural gas powered conversion and could act as a
pilot for future conversions of U.S.-flag Great Lakes vessels. It is a
relatively simple conversion. The original propulsion system
(reciprocating steam engines and fixed pitch propellers) would
remain untouched. The boiler is simply converted from coal to
LNG powered. No significant structural modifications are needed.
The S.S. Badger runs on a short fixed route with one or two
round trips per day. This helps gathering operational data
needed for future research and reference in a short time. Quick
diagnostics helps decide if further adjustment is needed. The
short routes also make it possible to test different scenarios and
get comparison data in a relatively short period of time. Finally,
the conversion cost is relatively low for the S.S. Badger, as
compared to other Great Lake vessels that would have to include
conversion to gas burning engines as well. n
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Liquefied Natural Gas as Maritime Fuel on
the Great Lakes: A Regulatory Evaluation
Standard for the Production, Storage, and Handling of Liquefied
Natural Gas) is the standard that had been adopted by fire
departments around the country.
There are a myriad of federal, state and location government
regulations that address LNG safety and security requirements
at facilities. The U.S. Army Corps of Engineers require a permit
for construction of LNG facilities (tanks and liquefaction plants)
that complies with the Rivers and Harbors Act. Other federal
agencies regulate production facilities that handle large
quantities of LNG. The smaller amounts of LNG for refueling
vessels do not currently meet production regulatory
requirements. Those agencies that have regulations for LNG but
don’t include the smaller amounts for bunkering include: the
Federal Energy Regulatory Commission (FERC) and the
Department of Energy (DOE). FERC has jurisdiction over import
and export of LNG however there is a provision in their
regulations that provide an exemption for those companies that
use LNG for transportation. Similarly, DOE has jurisdiction over
import and export of LNG, but they do not have regulations that
address small amounts of LNG for transportation.
The EPA has authority over marine engine emissions and
facility emissions and discharges. On October 30, 2009, the EPA
published a mandatory reporting requirement for Greenhouse
Gases (GHG) from large GHG emissions sources in the United
States. EPA has also published emission standards in Title 40 CFR
Part 1042 for replacement engines with engine power levels over
250Kw installed on commercial vessels operating in the U.S.
The U.S. Coast Guard exercises regulatory authority over LNG
facilities that affect the safety and security of port areas and
navigable waterways. The Coast Guard is responsible for matters
continued
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WITH STRICTER EMISSION STANDARDS
forthcoming from the U.S. Environmental Protection Agency
(EPA) and the International Convention for the Prevention of
Pollution from Ships (MARPOL), there are companies interested
in converting existing main propulsion systems to Liquefied
Natural Gas (LNG).
The Great Lakes Maritime Research Institute (GLMRI) received
funding through a cooperative agreement from the U.S. Maritime
Administration to analyze the feasibility of converting U.S. Great
Lakes bulk carrier commercial ships (known as Lakers) to LNG
propulsion. The Lake Michigan Carferry S.S. Badger was chosen
as the demonstration project. The S.S. Badger is the only coalfired steamship in operation in the United States. The project is
divided into the engineering analysis and the regulatory
analysis. The regulatory part of the study will address current
federal, state and local regulations regarding LNG propulsion on
commercial vessels and LNG fueling facilities and operations.
There are many federal, state and local government agencies
in the U.S. that have jurisdiction over some aspect of LNG. There
are agencies that have jurisdiction over the vessel (ship) and
agencies that have jurisdiction over the facility that stores
and/or transfers LNG to the vessel. Facility types are further
broken down into fixed facilities (storage tanks or liquefaction
plant) and mobile facilities (LNG tank truck).
The international standards that address LNG fueled engines
on ships are found in the International Maritime Organization
(IMO Resolution MSC 285(86), Interim Guidelines For GasFuelled Engine on Ships). Most of the classification societies
around the world have adopted these standards. Domestically,
the U.S. National Fire Protection Association Code (NFPA 59A:
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related to navigation safety, vessel engineering and safety
standards, and all matters pertaining to the safety of facilities or
equipment located in or adjacent to navigable waters up to the
last valve immediately before the receiving tanks. The Coast Guard
also has authority for LNG facility security plan review, approval
and compliance verification as provided in 33 CFR Part 105, and
siting as it pertains to the management of marine traffic in and
around the LNG facility.
Coast Guard regulations in 33 CFR Part 127 (Waterfront
facilities handling liquefied natural gas and liquefied hazardous
gas) only apply to facilities that handle large quantities of LNG.
Similarly, Coast Guard Navigation and Vessel Inspection Circular
01-2011 (Guidance Related to Waterfront LNG Facilities) and
Commandant Instruction (COMDTINST 16010.3 Risk Based
Decision-Making Guidelines) only apply to LNG facilities and tank
ships that transport LNG as cargo. The Coast Guard is working on
policy that will apply to the transfer from a fixed or mobile facility
to the vessel.
The Coast Guard has also been working on policies that address
training requirements for LNG bunkering and the Merchant
Marine Personnel Advisory Committee (MERPAC) recently formed
a working group to advise the Coast Guard on Standards of
Training Certification and Watchkeeping (STCW) qualifications and
licensing requirements. Similar to facilities, vessels need to
comply with MTSA and the accompanying regulations in 33 CFR
104 (Maritime Security: Vessels). Compliance with these
requirements will be to the satisfaction of the cognizant Coast
Guard Captain of the Port.
There are state and local requirements pertaining to LNG fixed
and mobile facilities. These requirements include permits for fixed
facilities and compliance with the applicable National Fire
Protection Association Code for mobile facilities.
Since the use of LNG as maritime fuel is new in the United
States, it was important to learn from countries that have
successfully implemented this technology. Over the past decade,
Norway has built natural gas powered ferries and are currently
building additional natural gas powered vessels to support the
North Sea oil and gas industry. This initiative was undertaken in
part because of the strict emission standards in Europe and the
establishment of Emission Control Areas. The primary government
agency that has jurisdiction over commercial shipping is the
Norwegian Maritime Authority (NMA). NMA has similar
authorities to the Coast Guard in that it is responsible for ensuring
that Norwegian vessels meet the highest level of safety and
environmental standards, that mariners are properly qualified
(licensing) and that foreign ships entering Norwegian ports and
territories meet applicable international rules. Norway adopted
IMO Resolution MSC 285(86), Interim Guidelines For Gas-Fuelled
Engine on Ships and all Norwegian-flagged ships must comply
with those standards.
The future of LNG fueled vessels on the Great Lakes is
extremely positive. The U.S regulatory and policy framework is
being developed, and there is an opportunity for the maritime
industry to provide input in the development of governmental
regulations and policy. n

A Comparative Analysis of Air
Emissions from Alternative
Fuel Transport via the
S.S. Badger v. Trucks to
Transport Cargo along
the Great Lakes
THE S.S. BADGER IS AN HISTORIC CAR FERRY, THE LAST
remaining one operating under coal power in the United States that transports
passengers and cargo across Lake Michigan. This report examines in Phase I the
emissions profiles assuming that the S.S. Badger’s engines were fueled by a variety of
other fuels, including: Intermediate Fuel Oil (IFO); Marine Diesel Oil (MDO);
Compressed Natural Gas (CNG); Liquefied Natural Gas (LNG); and BD20, a blend of 80
percent diesel and 20 percent biodiesel. The results from the study will help decision
makers understand the emissions implications associated with such a fuel switch in
the context of alternative land-based routes.
Currently the Lake Michigan Carferry Service (LMCS) operates the S.S. Badger across
Lake Michigan, traveling between Manitowoc, Wisconsin and Ludington, Michigan,
avoiding the alternative, land-based route through Chicago. The four-hour, 62-mile
cruise carries passengers, autos, RVs, tour buses, motorcycles, bicycles and
commercial trucks. In its current configuration, the S.S. Badger typically reserves
space for 12 heavy-duty vehicles (HDVs) with 53’ trailers, with space for additional
vehicles (typically passenger cars). The full capacity of the S.S. Badger is 180 “vehicle
units,” a proprietary measure developed by LMCS. For comparison, one tractor trailer
is equal to four vehicle units [3]. For our baseline analysis, we assume the S.S. Badger
could carry a full load of 45 tractor trailers, which corresponds to 180 vehicle units;
we consider more typical (e.g., smaller) cargo volumes in a sensitivity analysis.
In order to calculate the total emissions of a pollutant for a given route or route
segment the following general equation is used:

Pij = Ej • EFij
where Pij represents pollutant of type i for mode j in kg/ segment; Ej represents
energy consumption for mode j in BTU/ segment; and EFij represents an emissions
factor for pollutant i for mode j in mass/energy unit (e.g., g/BTU or g/hp-hr).1
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TABLE1. Total voyage emissions for the S.S. Badger route using conventional and alternative
fuels. Emissions values are measured on a per TEU basis for the entire voyage.

Total Voyage Emissions (kg/TEU)
CO2

SOx

NOx

PM

Carferry route using Coal

389

4

91

109

0.5

41

Carferry route using IFO

334

634

81

41

1

7

Carferry route using MDO

322

128

27

3.0

0.1

7.4

Carferry route using LNG

216

0.001

0.2

0.01

0.004

0.2

Carferry route using CNG

216

0.001

0.2

0.01

0.004

0.2

Carferry route using BD20

312

3.9

0.4

0.0

1.1

11

CO

separate from auxiliary engines (powered by independent
internal combustion generators). For the S.S. Badger and
some other older vessel designs, the use of boiler steam to
power all main and auxiliary power needs required a more
holistic calculus, similar to trucking.
To determine energy consumed by the S.S. Badger engines,
we first determined how much fuel the engines currently
consume per trip. We then converted fuel consumption to BTUs
based on fuel energy content. The current consumption of coal is
based on the reported fuel consumption in a year and
normalized by the number of trips taken in a year.
Phase I Emissions Results:
Emissions were calculated for each pollutant on a TEU basis
for each main segment of the trip. Table 1 reports total
emissions for each pollutant to transport one TEU from
Ludington to Manitowoc.
Total voyage emissions for the S.S. Badger route using
conventional and alternative fuels. Emissions values are
measured on a per TEU basis for the entire voyage.
While comparing the emissions for alternative fuels on
the Badger is useful from the perspective of the passengers,
considering a cargo shipment journey from origin to destination
offers a more complete comparison of freight performance
among intermodal options. For this comparative analysis, we
applied the Geospatial Intermodal Freight Transport (GIFT)
model [13, 14]. Using GIFT, we solved two alternate routes each
continued
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To estimate the current coal-fired emissions by the S.S.
Badger, we used information provided by LMCS to perform a
calculation using fuel-based emissions methods. However, to
develop emissions estimates under alternative fuels, we needed
to make energy conversions from coal to each of the fuel
alternatives and consider whether other systems changes may
also be made. The project scope specified that alternative fuels
would be used to fire the boiler-steam-engine system – as
opposed to a retrofit scenario replacing the steam engine(s)
with internal combustion or diesel engines. This is important for
two reasons affecting this case study.
1. By converting the boiler-steam-engine system from coal to
alternative fuels, the emissions under each fuel alternative
are derived from watertube steam boiler combustion
factors rather than emissions from high-pressure/hightemperature internal combustion power plants.
2. By applying the conversion to the boiler combustion, the
amount of energy consumed represents the total energy
delivered to service the vessel (i.e., including auxiliary
servicers) rather than the energy associated with the
propulsion steam engines alone. Truck fuel consumption
also powers auxiliaries, and while the proportion may be
insignificant compared to propulsion, this is included in
the fuel consumption rates for trucking; importantly,
almost 50 percent of consumption goes to auxiliaries on
the Badger. Most analyses of marine propulsion emissions
consider the main engines (dedicated to propeller thrust)

CH4
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TABLE 2. Total trip emissions for the two alternative routes using conventional and alternative fuels.
Emissions values are measured on a per TEU basis for the entire trip.

Total Voyage Emissions (kg/TEU)
CO2

SOx

All Truck Route (Full)

400

0.004

Carferry route using Coal

590

3.6

Carferry route using IFO

530

Carferry route using MDO

520

Carferry route using LNG

410

0.003

Carferry route using CNG

410

0.003

Carferry route using Bio-Diesel

500

NOx
0.17

PM10
0.0084

CH4
0.0012

CO
1.0

91

110

0.50

630

81

41

1.5

7.9

130

27

3.0

0.081

7.9

0.26

0.018

0.0081

0.65

0.26

0.018

0.0081

0.65

3.9

0.44

0.053

1.6

11

involving the transport of cargo from Green Bay, Wisconsin to
Detroit, Michigan The details of the routes are as follows:
• Route 1: A highway route from Green Bay, Wisconsin, to
Manitowoc, Wisconsin (45 miles), followed by a ferry
(S.S. Badger) route to Ludington, Michigan (62 miles), and
then a highway from Ludington, Michigan, to Detroit,
Michigan (260 miles).
• Route 2: An alternative all-highway route (Scenario A) from
Green Bay, Wisconsin to Detroit, Michigan (620 miles).
(All-truck Scenarios A and B are considered along with
a longer 650-mile route in the Sensitivity Analysis in
Section 5 of the full report.) Note that this route is
designed to avoid potential Chicago-area congestion.
Phase II Emissions Results:
Phase II modifies the calculation context to consider
emissions for a freight trip from Green Bay to Detroit, utilizing
either exclusively trucks or intermodal route using both trucks
and the S.S. Badger, under the alternative fuel scenarios
described above. Emissions were calculated for each pollutant
on a TEU basis for each main segment of the trip, using the best
estimate values. The table above reports total emissions for each
pollutant to transport one TEU from Green Bay to Detroit.
Total trip emissions for the two alternative routes using
conventional and alternative fuels. Emissions values are
measured on a per TEU basis for the entire trip.
It can be seen that transporting goods by truck – although a
longer distance compared to the S.S. Badger route – produces
the lowest amount of CO2 emissions. Using the coal in the S.S.
Badger emits almost 50 percent more CO2 compared to an alltruck route. Switching from coal to other fuels helps somewhat,
but only a switch from coal to natural gas competes well with
the all-truck alternative; CO2 emissions are only 3 percent higher
using natural gas compared to trucks. For nearly all pollutants,
using coal produces the largest amount of emissions. In
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addition, the car ferry (with its existing engine system) does not
compete well with an all-truck route in almost all cases, though
natural gas does lower emissions for some pollutants.
Natural gas is a promising marine fuel for Great Lakes
vessels in terms of intermodal emissions comparisons.
Natural gas fuel, if used by the water-tube boiler, reciprocating
steam-engine power plant on the S.S. Badger, provides the
greatest improvement in environmental performance with
respect to other fuels. Natural gas (LNG or CNG in-use emissions)
can perform similarly or better for SOx and CO. However, natural
gas performance cannot achieve parity with the all-truck land
route for all other pollutants.
Generally, emissions performance of the older (1930s)
vessel design does not compete with technologies
decades more advanced. The all-truck route using a modern,
emission-controlled heavy-duty diesel can move goods using
less energy and producing fewer emissions than the S.S. Badger
(as currently configured); this result was repeated across all
fuels considered in this study, for nearly all pollutants.
Additionally, as HDV engines become cleaner due to new EPA
regulations on fuel efficiency, we would expect emissions to
decrease over time using the all-truck route, ceteris paribus.
Technology modernization could enhance a fueltransition for Great Lakes integration with internal
combustion gas engine propulsion. With a movement
towards a new propulsion system (i.e., away from steam and
towards a more efficient internal combustion engines or other
highly efficient plant designs), the case-study route using the
S.S. Badger car ferry could become much more competitive with
the all-truck route from an environmental performance basis. n
1 Often, emissions factors are provided in different units and conversions are
required; for example, as demonstrated later, emissions factors for the S.S.
Badger using coal are given in terms of pounds of emissions per ton of fuel
burned. These types of emissions values then imply that the energy
consumption is provided in tons of fuel burned.

27
ARTICLE BY
Dr. Michael Parsons
with support from
Randolph Helland
and Carol Wolosz

Dr. Mike Parsons is an Arthur F.
Thurnau Professor Emeritus who
taught marine engineering and
ship design prior to retirement in
2008. He received his Ph.D. in
Applied Mechanics from Stanford
University in 1972. He is a Fellow,
Honorary Member, and Webb
Medalist of the Society of Naval
Architects and Marine Engineers.

Norway: A Look at Recent LNG
Marine Fuel Developments
Halhjem, Norway ferry terminal
• Tour the dual fuel LNG engine plant onboard the nearly
completed Eidesvik platform supply vessel Viking Princess
• Meet with Norwegian Maritime Authority personnel who
regulate Norwegian LNG vessels in Haugesund, Norway
• Visit the Kleven Verft shipyard in Ulsteinvik, Norway during
the final weeks of building the Viking Princess
• Visit the Fiskerstrand shipyard, near Alesund, Norway where
the latest Fjord1 single fuel LNG ferry MV Boknafjord was built
• Meet with Det Norske Veritas classification personnel involved
in LNG vessel development and approval in Oslo, Norway.
The Norwegian hospitality and openness was outstanding and
the team was able to accomplish all goals and exceed expectations.
The team is indebted to the U.S. Maritime Administration (LNG
Study project sponsor), the many organizations and individuals who
assisted in the planning of this visit and those who met with the
team during the visit.
The team was able to ride and tour the propulsion plant of the
ferry MV Raunefjord operated by Fjord1 during transits between
Halhjem and Sandvikvag, Norway. Three LNG fueled ferries
delivered in 2006 and 2007 now operate on this critical link along
Norwegian highway E39 between Bergen and Stavanger. These
double-ended ferries are 129.8 m long with a capacity of 212 cars,
22 trailers and 587 passengers. They are equipped with integrated
electric plants with a dual propeller (pusher and puller) rotating
thruster located at each corner of the hull. They can make 21 knots
on three thrusters and 23 knots maximum using all four. The ferries
have Rolls Royce Bergen single fuel LNG gas engine generator sets
with a total capacity of 6180 ekW. They are built using the
classification society Det Norske Veritas emergency shut-down
safety design concept since these early engines did not have
double-wall piping all the way the cylinder heads.
Team members were able to observe the transfer of LNG from a
road truck to the two 500 m3 dedicated shore storage tanks at the
continued

Vessels toured during GLMRI
LNG visit to Norway are the
single fuel LNG ferry MV
Fanafjord (above), sister ship
dual fuel LNG Platform
Supply Vessel of the MV
Raunefjord, and the MV
Viking Princess at Kleven
Verft shipyard.
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ON AUGUST 12-18, 2012, A TEAM OF FIVE
representatives from the Great Lakes Maritime Research Institute
(GLMRI) were able to visit Norway to observe the development and
use of Liquefied Natural Gas (LNG) as a marine fuel in non-LNG
cargo vessels. Since the use of LNG as maritime fuel is new in the
United States, it was important to learn from countries that have
successfully implemented this technology. Over the past decade,
Norway has built natural gas powered ferries and is currently
building additional natural gas powered vessels to support the
North Sea oil and gas industry. This initiative was undertaken, in
part, because of the strict emission standards in Europe and the
establishment of Emission Control Areas. Further, the European
Union (EU) has embarked on an approximately $14 million study on
converting vessels operating in the Baltic and other Emission
Control Areas to using natural gas as a primary fuel.
While the supply chain infrastructure for LNG is a concern to the
Norwegians, it has grown substantially over the past decade. The
maturity of the supply chain infrastructure along with an abundant
source of natural gas positions them well to expand this technology.
The goals of the GLMRI visit were to observe propulsions plants
of vessels with both single fuel LNG and dual fuel LNG-Marine Diesel
Oil (MDO) gas engines and discuss LNG marine fuel developments
with representatives of the building shipyards, operating
companies, engine manufacturers, classification society and
national regulators. The trip was based in Bergen, Norway and
included visits to Halhjem, Alesund, Ulsteinvik, Haugesund and Oslo.
Members of the team were able to accomplish the following:
• Tour the Rolls-Royce factory building and testing single fuel
LNG gas engines in Bergen, Norway
• Tour the single fuel LNG engine propulsion plant onboard the
operating Fjord1 ferry MV Raunefjord
• Observe refueling of the LNG supply tanks at the Halhjem,
Norway ferry terminal from truck
• Observe the LNG bunkering of the MV Raunefjord at the
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(a) GLMRI LNG Team (from
left to right): Steam
Conversion Project
Consultants Richard Harkins
and Patrick O’Hern, GLMRI
Executive Director Carol
Wolosz, Steam Conversion
Project Principal Investigator
Michael Parsons, and GLMRI
Regulatory Consultant
Randolph Helland (CAPT,
USCG, ret).
(b) Dedicated 500 m3 LNG
storage tanks located at the
ferry terminal in Halhjem,
Norway.
(c) Resupplying LNG storage
tanks from a road truck.
(d) A Wärtsilä dual fuel
6L34DF generator set
onboard the PSV Viking
Princess with double-walled
gas supply line in yellow.
(e) Steam Conversion Project
Consultant, Richard W.
Harkins, is in the LNG storage
tank room on the MV Viking
Princess.

Halhjem ferry terminal. It was noteworthy that these tanks were
located only a few feet behind a resort marina. Transfer was
accomplished during normal daytime hours. They were also able to
observe the bunkering of the MV Raunefjord from these tanks later
that night. Bunkering was undertaken at night so that no vehicles
or passengers would be onboard at the time.
The steam conversion project team members were also able to
tour the propulsion plant of the nearly completed Eidesvik Platform
Supply Vessel Viking Princess in the Kleven Verft shipyard. The vessel
was christened by the Crown Princess of Norway in Bergen
September 14, 2012, five weeks after the visit and is now supplying
platforms in the North Sea. The vessel is 89.6 m long with an
integrated electric plant supplied by two Wärtsilä dual fuel 6L34DF
generator sets and two smaller Wärtsilä dual fuel 6L20DF generator
sets. These four generators produce a total output of 7332 ekW. The
vessel already had LNG onboard and was operating one of its
smaller dual fuel generators on MDO for shipboard power at the
time of the visit. The ship is equipped with two rotating dual
propeller thrusters aft and two bow thrusters and an azimuthing
thruster forward for use in dynamic positioning. The MV Viking
Princess was built using the Det Norske Veritas inherently safe
engine room design concept since these engines have double-wall
piping all the way the cylinder heads.
The primary government agency that has jurisdiction over
commercial shipping is the Norwegian Maritime Authority (NMA).
NMA has similar authorities to the U.S. Coast Guard in that it is
responsible for ensuring Norwegian vessels meet the highest level
of safety and environmental standards, that mariners are properly
qualified (licensing) and that foreign ships entering Norwegian
ports and territories meet applicable international rules.
Norway adopted IMO Resolution MSC 285(86), Interim
Guidelines For Gas-Fuelled Engine on Ships and all Norwegian
flagged ships must comply with those standards. Specifically,
regulation No.1218 of September 9, 2005 addresses construction
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and operation of gas-fueled passenger ships (more than 12
passengers) and Regulation No. 644 of June, 17, 2002 addresses
cargo ships with natural gas fueled combustion engines. For other
ships (entitled Unclassified ships), gas related matters not
regulated by NMA are to comply with Det Norske Veritas (DNV)
rules currently in force for gas-fueled engine installations.
The agency responsible for LNG facilities (storage tanks and
liquefaction plants) as well as the bunkering process from shore to
ship (or barge) is the Directorate for Civil Protection and Emergency
Planning (DSB). Recognizing that two government agencies have
jurisdiction over the bunkering process, there has been significant
coordination between NMA and the DSB to standardize the
requirements for LNG bunkering since both agencies have
regulatory jurisdiction. Both agencies are looking at developing a
standardized risk assessment process and implementing a safety
work permit (similar to the Coast Guard Declaration of Inspection
for transfer operations).
Norway has been successful in encouraging the maritime
industry to invest in NOx reducing technology. The main driver for
this initiative is the environmental requirements mandated by
MARPOL as well as the Baltic/North Sea limitations on nitrogen
oxide emissions. Starting in August 2012, the Baltic Sea, North Sea,
North American coasts and Great Lakes are regulated as Emission
Control Areas, limiting the amount of nitrogen oxide emissions.
MARPOL Annex VI requires NOx reduction to meet Tier II
requirements (20 percent reduction) by 2011 and Tier III
requirements (80 percent reduction) by 2016.
While the use of LNG fuel involves new, higher technology and
additional safety considerations, the use of LNG as a marine fuel
for non-LNG cargo vessels is now part of normal marine practice
in Norway following the introduction of the ferry MV Glutra 12
years ago. n
Note: Adapted from an initial, shorter version that appeared in Great Lakes/
Seaway Review, Vol. 41, No. 2, Oct.-Dec. 2012.
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Assessment of the Abundance and Diversity
of Resting Stages of Zooplankton in Ballast
Sediments of Great Lakes Ships: Phase I
sediment for the more recent period. The values reported in this
study of between 0.2 to 2.7 eggs g-1 sediment can be considered
typical of densities found in studies of transoceanic ship ballast.
In addition to dormant eggs, a wide range of other life forms
and fragmentary evidence of organisms was discovered. One group
of organisms included copepodid stages of both harpacticoid and
cyclopoid copepods. Harpacticoid copepods generally inhabit
benthic environments throughout their life so their presence in the
sediments was not surprising. Cyclopoid copepods are primarily
planktonic but can enter a dormant state as an advanced
copepodid stage during which time they rest in the sediments. A
second broad grouping of organisms included bivalves,
oligochaetes, nematodes, water mites and gastropods. These are all
primarily benthic organisms at some stage in their life cycle and are
commonly found throughout lake sediments. A third group of
material included exoskeleton remains of ostracods, bosminids and
Bythotrephes longimanus. Lake sediments are the major repository
for dead zooplankton and therefore it is not surprising that
refractory portions of their exoskeletons accumulate there.
Fragments of tail spines of Bythotrephes longimanus, for example,
have been reported from lake sediments in Lake Erie (Keilty 1988).
We also recovered material from the ballast sediment samples that
appeared to be biological in origin but could not be securely
assigned to any of the categories listed above. Most of this
unidentified material consisted of fine bits of tissue and may have
been aquatic, terrestrial, plant or animal in origin.
In Phase II of this study, we will obtain additional samples of the
sediment from the ballast tanks to determine the density, viability
(hatchability) and species-level identity of resting eggs. We plan to
obtain the ballast sediments from the three Great Lakes ships that
were sampled in Phase I over the fall/winter of 2012/2013 to
continue this research. n
Bailey, SA, IC Duggan, CDA van Overdijk, PT Jenkins, and HJ MacIsaac. 2003.
Viability of invertebrate diapausing eggs collected from residual ballast
sediment. Limnology and Oceanography. 48: 1701-1710.
Briski, E, SA Bailey, ME Cristescu, and HJ MacIsaac. 2010. Efficacy of ‘saltwater
flushing’ in protecting the Great Lakes from biological invasions by invertebrate
eggs in ships’ ballast sediment. Freshwater Biology 55: 2414-2424.
Keilty, TJ. 1988. A new biological marker layer in the sediments of the Great
Lakes: Bythotrephes cederstroemi (Schodler) spines. Journal of Great Lakes
Research 14: 369-371.
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THE OBJECTIVE OF THIS STUDY, FUNDED
by Lake Carriers’ Association, was to determine the abundance and
diversity of zooplankton in ballast sediments of three regional fleet
Great Lakes ships, including the M/V American Century, the M/V
Edwin Gott and the M/V Mesabi Miner. The research was comprehensive in its examination of metazoan (multicellular) invertebrate
freshwater zooplankton, including the dormant life stage.
Ballast sediments were collected from December 2011 to March
2012, while the ships were in port in Lake Superior in either the
Duluth-Superior Harbor or Silver Bay Harbor. Each ship was sampled
twice. Collected sediments were preserved in ethanol and later
subsampled and examined by a light microscope in the laboratory.
All of the material identified was typical of the types of
organisms and fragmentary pieces of exoskeleton that can be
found in virtually any lake sediments in the Great Lakes basin. A
total of 18 20-g samples, including six from each ship, were
analyzed. Biota recovered, in decreasing order of prevalence,
included bivalves, dormant eggs, ostracods, bosminid head shields,
cyclopoid copepods, Bythotrephes tail spine fragments, harpacticoid
copepods, oligochaetes, nematodes, water mites and gastropods.
The results demonstrated that ballast sediments of the
M/V American Century, the M/V Edwin Gott, and the M/V Mesabi
Miner contained evidence of zooplankton dormant eggs. The
average number of dormant eggs in a sample ranged from 0.2 to
2.7 eggs g-1 sediment. There was no statistical difference detected
in the average density of dormant eggs between sampling dates or
among ships. Dormant eggs are of considerable interest to lake
ecologists because of their likely role in dispersal processes by
native and non-native species. The dormant eggs we recovered
were not taxonomically assigned and therefore we are unable to
say whether they came from native or non-native species.
Previous studies have quantified the density of dormant
zooplankton eggs in ballast sediments of ships arriving to the Great
Lakes from transoceanic locations. Bailey et al. (2003) reported that
for nine ships entering the Great Lakes during 2000 and 2001,
dormant eggs in residual ballast sediments ranged in density
between < 1 to about 44 eggs g-1 sediment. Briski et al. (2010)
studied ship ballast sediments for 39 ships arriving to the Great
Lakes during 2000 to 2002 and 17 ships arriving during 2007 to
2008. They reported that the density of dormant eggs was about
3.6 eggs g-1 sediment for the earlier period and about 0.5 eggs g-1
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Erie Pier Dredged Material Site in Duluth,
Minnesota. Photo courtesy of USACE.

Combining Fine Dredged Material and
Biosolids for Beneficial Reuse: Wet vs. Dry
Water Quality Implications
THE BENEFICIAL USE OF ENVIRONMENTAL
materials has the potential of providing sustainable solutions for
solids management in many different arenas. Both dredged
material from the Duluth-Superior Harbor and biosolids from
the Western Lake Superior Sanitary District in Duluth, Minnesota
have been used with some success for the purpose of creating
topsoil and establishing vegetation in the challenging setting of
mineland reclamation. While experimental-scale and pilot-scale
field applications have taken place in upland situations, there is
frequently a need to create wetland habitat during mineland
reclamation and other restoration projects. The use of dredged
material and biosolids carry with them potential water quality
concerns, which are heightened in the setting of wetlands due
to typically direct connectivity with ground and surface water as
well as the wetland habitat itself. Many of the chemical and
biological processes controlling the release of metals and
nutrients differ in settings where soil is continuously saturated
(wetland) versus occasionally wetted (upland). The purpose of
the work described herein was to investigate how metals and
nutrients are released from different mixture ratios of fine
dredged material and biosolids under saturated and
occasionally-wetted conditions.
Methods/analytical. Five different blend ratios outlined in
Table 1 were tested in the lab using ~2.5 inch diameter
polycarbonate columns with a nylon mesh screen installed in
the bottom to support solid materials. Four columns for each
blend ratio were incubated at constant temperature and
controlled humidity conditions under either dry (Figure 1a) or
wet (Figure 1b) conditions for eight weeks. Once per week,
water was added to the top of the columns and allowed to

equilibrate with the solids for two hours after which the
leacheate from columns was collected and analyzed for a suite
of water quality parameters, including alkalinity, conductivity,
nitrate, ammonia, pH and metals. Though water addition
occurred consistently on a weekly basis, samples were preserved
and analyzed at zero, one, two, three, five and eight weeks.
Alkalinity was measured by titration, ammonia was measured
spectrophotometrically, pH and conductivity were quantified
with electrodes, nitrate and phosphate were quantified by ion
chromatography and metals were measured by Inductively
Coupled Plasma-Mass Spectrometry.
Results
Alkalinity and conductivity. Alkalinity differed markedly
amongst the wet and dry lab experiments. Regardless of blend
ratio, alkalinitiy remained below two millimoles per liter (mM)
for dry experiments while alkalinity was above 4mM after the
initial flushing for all wet experiments. If alkalinity is taken as a
surrogate for mineral dissolution (total conductivity showed
similar trends), it is clear from these results that the two hour
equilibration time was not sufficient to allow pore waters to
fully interact with minerals present in the solids. Although a
consistent trend was not observed with respect to mixture
ratios, the 0 and 10 percent biosolids columns appeared to have
lower alkalinity leachate under saturated conditions and higher
alkalinity under dry conditions compared to other blend ratios.
Nutrients: nitrate, ammonia and phosphate. Total
nitrogen concentrations in leachate from the dredged-biosolids
mixtures generally increased with increasing biosolids content
under both saturated and unsaturated conditions (Figure 2).
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TABLE 1. Blend ratios for lab experiments

Blend
Ratios

Fraction
Biosolids
(by mass)

Fraction
Fine Dredged
(by mass)

A

0

1

B

0.1

0.9

C

0.2

0.8

D

0.5

0.5

E

1

0

FIGURE 2. Nitrogen (nitrate and ammonia) concentrations in
leachate from mixtures of fine dredged material and biosolids
stored under dry and wet conditions after five weeks.

FIGURE 1. lab columns are stored in
(a) dry and (b) wet conditions.

a

b

FIGURE 3. Phosphate concentrations measured two, three, five and eight
weeks after the initiation of lab experiments in leachate from mixtures of
fine dredged material and biosolids stored under wet conditions.

in leachate from the saturated 100 percent biosolids mixture
(Figure 3) although nitrate observations suggest that both the
saturated 50 percent and saturated 20 percent biosolids mixtures
were also depleted of nitrate (Figure 2). The reason for why iron
reduction did not result in the mobilization of iron (and
consequently phosphate) in the saturated 50 percent and 20
percent biosolids mixtures is not known.
Metals. The metals measured in leachate which exceeded
potentially applicable water quality standards (Table 2) were
arsenic, cobalt, and copper (Figure 4). Leachate from dry
columns contained higher arsenic and cobalt concentrations
than those stored saturated. Leachate from saturated columns
contained higher concentrations of copper. Aside from initial
conditions, a distinct trend of increasing leachate metal
concentration with increasing biosolids content (up to 50
percent) was observed for arsenic as well as cobalt and zinc to
continued
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Total N concentrations ranged from 10 to 70 mg/L as N in dry
conditions and from less than 1 to greater than 140mg/L in wet
conditions. The composition of the nitrogen in leachate changed
dramatically as the biosolids content increased. The labile
carbon provided by biosolids likely facilitated microbial
processes which converted nitrate to ammonia. Under dry
conditions, mixtures with biosolids contents of 50 percent and
less had 80-90 percent of total N in leachate comprised of
nitrate. For mixtures stored under wet conditions, nitrate
comprised a majority of total N in leachate only for the 0 and 10
percent biosolids mixtures (Figure 2). These observations
provide strong evidence that continuously saturated conditions
not only affected mineral dissolution but also resulted in a
characteristically different redox environment.
In both dry and wet conditions, phosphorus concentrations in
leachate from dredged-biosolids mixtures of 0 percent, 10 percent,
20 percent and 50 percent biosolids were all relatively low
(<4mg/L, Figure 3). However, phosphorus concentrations in
leachate from the 100 percent biosolids material were higher
under dry conditions (7-9mg/L) and extremely elevated in
saturated conditions (75-275mg/L). After nitrate, the next most
energetic electron acceptor in most natural systems is ferric iron
oxide which often represents a strong binding phase for
phosphate. Ferric iron minerals are reduced by bacterial
communities which thrive in anoxic environments that are also
depleted of nitrate. The absence of exposure to oxygen and nearly
complete consumption of nitrate in the saturated conditions with
significant biosolids fraction likely facilitated the release of
phosphate from the solid phase in the saturated experiments.
Extremely elevated phosphate concentrations were only observed
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TABLE 2. Potentially applicable water quality standards for the protection of human health and
ecosystem health (toxicity/wildlife) in Minnesota and the Lake Superior Watershed in particular.

Chemical

EPA-MCL1
[mg/L]

Nitrate

10,000

Ammonia
Arsenic

State of MN –
Human
health-based2
[ug/L]

State of MN –
Class 2B/C/D
toxicity based
Lake Superior2
[ug/L]

State of MN –
Human
health-based
Lake Superior2
[ug/L]

40
10

Cobalt
Copper

State of MN –
Class 2B/C/D
toxicity-based2
[ug/L]

53

2.0

5.0
1,300

9.8

9.3

1 Maximum Contaminant Levels for drinking water: http://water.epa.gov/drink/contaminants/index.cfm
2 Guidance Manual for Assessing the Quality of Minnesota Surface Waters for Determination of Impairment: 305(b) Report
and 303(d) List. Minnesota Pollution Control Agency: wq-iw1-04.

FIGURE 4. Metals concentrations measured three weeks after the
initiation of lab experiments in leachate from mixtures of fine
dredged material and biosolids stored under dry conditions.

some extent. Although at the surface, this would suggest that
these metals are originating from the biosolids material,
evidence suggests that geochemical conditions facilitated by the
presence of biosolids may lead to the mobilization of metals
originating from either material. Elucidating the specific
mechanisms responsible for the leaching of metals from the
dredged-biosolids mixtures will require further study. For
example, sulfide plays an important role in controlling the
mobility of many metals, but its effects were not quantified
directly in this study.
Hydraulics. Perhaps the largest difference between wet and
dry incubation conditions was the observed change in hydraulic
characteristics in blend ratios containing predominantly
dredged material. After approximately five weeks, the 0 percent,
10 percent and 20 percent biosolids content stored under
saturated conditions essentially stopped draining. Typically less
than 10mL of volume was recovered from these columns despite

an attempt to drain for >12 hours. This evidence suggests that
dredged material (predominantly clay) took several weeks to
completely saturate. Alternatively, previous research has shown
that biological organisms, which exist predominantly under
saturated conditions, can bind together inorganic and organic
portions soils, forming a crust and reducing hydraulic
conductivity. The practical implication of slow hydrologic
drainage under saturated conditions for the beneficial use of
dredged material for land application or wetland habitat
creation is that very little drainage through the dredged
material will occur if it remains saturated. This is important to
consider when interpreting some of the water quality
measurements which showed higher concentrations in leachate
under saturated conditions. Although concentrations in leachate
were observed to be higher under continuously saturated
conditions for ammonia, phosphate, and copper; a greatly
reduced volume of drainage through saturated clay material
would limit the total mass of these chemicals transported to
ground water from a wetland created with dredged material.
Conclusions. The results of this study demonstrated that
important differences can be expected between the water
quality impacts of upland and wetland applications of dredged
material, biosolids or some combination thereof. The
composition of total nitrogen (nitrate vs. ammonia) in leachate
shifted dramatically depending on both the biosolids content
and the saturation conditions. Phosphate was generally higher
in saturated conditions likely owing to the more reducing
environment induced by a lack of access to atmospheric oxygen.
In some instances metals concentrations in leachate was related
to biosolids content; however, the origin of the metals (dredged
material or biosolids) as well as the mechanism leading to their
mobilization are related to a complex set of interrelated
biogeochemical processes likely influenced by the high carbon
content of biosolids. In addition to geochemical controls on
nutrient and metal mobility, results suggests that hydrogeologic
controls may drastically reduce transport of water and dissolved
chemicals from continuously saturated fine dredged material.
This consideration should lessen the effects from wetland reuse
applications on local groundwater, but does not alleviate
concerns about effects on the local wetland ecosystem or
potential connectivity via surface water.
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Measuring a Ports’ Performance Using the
Economic Value of Commodities
trends in the demand for a given port’s services. This metric is
another tool that port and waterway navigational authorities can
use in creating future port development plans. In addition,
tracking the value of bulk cargo is useful in the development of
economic impact studies.
Two other proposed indicators are the average real value per
ton moved and the real value index of a port. The average real
value per ton moved can be used along with the cargo total real
value to compare different ports economic performances,
whereas the port’s real value index can help track each port’s
economic performance over time. Using the Port of DuluthSuperior as a case study, we illustrate how these economic
performance measures can be estimated on an annual basis
using publicly available data.
The following formula was used for calculating the proposed
total real value of a port’s cargo indicator (TRV), where P stands
for a market price of a commodity, Q stands for commodity’s
tonnage moved through a port, PPI stands for a producer price
index, i indices all transported commodities, and t indices years:

The total real value of the cargo indicator as an aggregate
measure does not explicitly reflect how many tons were actually
moved or how valuable a ton of cargo is. Therefore, to improve
the allocation of resources, we suggest that the average real
value per ton moved and tonnage are factored into the decisionmaking, as well as other metrics. For example, if two ports have
the same tonnage indicator but different total real values of the
continued
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THE MARINE TRANSPORTATION SYSTEM
plays a significant role in the U.S. and other countries’ economies.
Ports play a vital role in this system by serving as gateways to
economic activities. Depending on their cargo, some ports are
considered as primarily container ports, bulk cargo ports or a
combination of cargoes. The importance of all of these ports is
undisputable, but their ability to provide services often depends
on the state of their facilities and ability to obtain resources to
support them. Resources are scarce, however, and in the United
States all ports compete for federal, state, local and private
resources. To allocate scarce resources efficiently and effectively,
decision-makers must be able to assess a port’s performance not
only over time but also relative to other ports. The heterogeneity
of cargo, however, makes port performance comparison difficult.
Conventionally, TEU’s tonnage or tons per mile statistics are used
in port evaluations. These indicators, however, do not reflect the
monetary value ports help to create or the economic significance
of their service. For example, when using the tonnage indicator,
decision-makers essentially weigh one ton of coal equally to one
ton of wheat. In reality, however, one ton of wheat is much more
valuable than one ton of coal: in 2010, hard red winter wheat
was valued at $246 per net ton and subbituminous coal was
$14 per net ton.
To capture the heterogeneity of cargo and the economic role
of ports, we propose using the value of commodities as one of
port performance measures. In fact, container ports already
collect this data, but bulk ports typically do not. The
improvement to the existing cargo value tracking practice is that
we propose using the total real value of a port’s cargo, which
adjusts the nominal value for inflation and helps reveal the
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FIGURE 1. Port of Duluth-Superior Total Real Value and Average Real Value Per Net Ton

FIGURE 2. Port of Duluth-Superior Real Value Index (2005 = 100)

cargo, the port with a higher average real value per ton may have
economic justification for additional funding. The following
formula was used for calculating the average real value per ton:

TRV and ARV are useful in comparing different ports
performances to each other. To track a given port’s performance
over time, we suggest using the real value index of a port. The
following formula was used for calculating the proposed real
value index of a port, which compares the total real value of the
port’s cargo in a given year to a base year of 2005. Alternatively,
the base year could also represent the time period when a port
received public funds.

To estimate the three proposed port performance indicators,
we collected statistical data on the Port of Duluth-Superior cargo
tonnage, market prices for commodities shipped through the
port, and producer price indices. All data was collected from
publicly available sources, including the U.S. Army Corps of
Engineers, World Bank, U.S. Energy Information Administration,
U.S. Bureau of Labor Statistics and Minnesota Department of
Natural Resources. Figures 1 and 2 illustrate the proposed port
performance indicators calculated for the Port of Duluth-Superior.
The total real value of the port (blue line, Figure 1) averaged
about $1.6 billion in 1990-2004 and $2.1 billion between 2005
and 2008. The 2007-2009 recession has affected the port, with
the total real value of the cargo dropping to $0.9 billion in 2009.
However, a strong world demand for iron ore helped rebound the
port’s total real value of the cargo to $2.6 billion in 2010.
The average real value of the port’s cargo (orange line, Figure
1) was about $42.5 per net ton in 1990-2004 and $48.4 per net
ton in 2005 and 2008. In 2009, the port’s average real value
dropped to $31.5 per net ton but then more than doubled by
2010, peaking at $72.2 per net ton. Analysis of these two timeseries suggests that the majority of the fluctuations resulted from
the variability in iron-ore prices and tonnage.
The real value index of the Port of Duluth-Superior illustrates
that in 2007 and 2008 the port has performed significantly better
than in 2005 (see Figure 2). Not surprisingly, in 2009, the index
dropped to 44 percent but then rebounded to 129 percent in
2010. Given the severity of the 2007-2009 recession, it is
remarkable that the real value index dropped for only one year.
This suggests that there is a strong demand for the commodities
transported by the port and, hence, port’s services.
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The Detroit-Windsor Truck Ferry on the Detroit River, one of many
ferries operating on the Great Lakes.
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A Preliminary Concept of Trailer-Only
Short Sea Shipping on Lake Michigan
incidents and the ripple effects of these incidents and an increase
in CO2 emissions. Despite the economic advantage of moving
freight by rail, trucking remains the dominant mode. Estimates of
the annual number of trucks passing through the region that
could potentially use short sea shipping from Wisconsin and
Michigan Departments of Transportation ranged from 800,000 to
1,300,000. Thus, any bypass method, including the short sea
operation that could alleviate congestion, would be of interest to
planners, investors and policymakers.
The scope of this project was limited to a geographic area that
a tractor trailer could traverse within an 11-hour period that
required passage through the Chicago corridor. The cities of
Minneapolis, Minnesota, Madison, Wisconsin, Milwaukee,
Wisconsin, Lansing, Michigan, Toledo, Ohio and Detroit, Michigan
were chosen for the study and a computer simulation analysis of
the movement between the combinations of the west and east
cities was performed.
The process of the short sea shipping operation is that of a
roll-on/roll-off operation in which an eastbound truck delivers a
trailer to an area at the port where it awaits the vessel. The driver
and the tractor are not a part of the operation and, in a steady
state operation, ideally would pick up a westbound trailer that
has been delivered to port. Once the short sea vessel arrives, the
trailers would be loaded by a stevedoring crew.
The distance across Lake Michigan from the respective ports is
approximately 80 miles. For the set of origin and destination
cities, the water distance represents between 12 and 23 percent
of the entire trip. Thus, whichever mode is used, a significant
portion of the trip will be made by truck movement.
The vessel chosen for this study is a tug and barge
continued
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THIS STUDY INVESTIGATED THE ECONOMIC
feasibility of a roll-on/roll-off short sea shipping operation,
moving trailers only, across Lake Michigan to avoid the congested
I-80/90/94/294 Chicago corridor. This route would link
Milwaukee, Wisconsin and Muskegon, Michigan using a set of
western origination and eastern destination cities. An operational
model was developed and analyzed using computer simulation.
This modeling approach allowed the capture of the inherent
variability and intangible elements of the process and the
development of realistic, long-term expected estimates of the
financial expectation of the proposed operation. The objective of
the study was to determine if a short sea operation could be
financially feasible while removing semi traffic from the
congested Interstate Highway corridor along the southern shore
of Lake Michigan via Chicago, Illinois and Gary, Indiana.
An experimental design procedure was used in the simulation
model with parameters representing the short sea vessel
capacity, cost of a barrel of oil and the Harbor Maintenance Tax.
Fourteen elements representing system operating costs were
included in the model. Performance metrics, expressed in per
trailer moved units included total cost, total transit time, transit
time variability and fuel consumption.
Short sea shipping operations can impact transportation
systems by providing congestion, environmental and safety relief.
Chicago, the Crossroads of America, suffers from severe traffic
congestion. The Chicago corridor is ranked as the third worst
congested area overall and the worst area for long-haul freight
movement in the United States. This causes increased wear and
tear on the highway, increased costs to truckers in terms of time
and fuel, increased time to commuters, increased frequency of
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arrangement. The base vessel characteristics consist of a tug and two barges, with each barge
having a capacity of 42 trailers. The capital cost for the vessel is estimated to be $13 million.
These figures were provided by Sand Products Corporation. The capacity of the vessel is an
experimental design parameter. Due to the environmental characteristics of Lake Michigan,
expert opinion suggested that the maximum number of barges that could be strung together
would be four, providing a maximum load of 168 trailers. These are standard over the road 53foot trailers. It was estimated that each additional barge beyond the base configuration of two
would require a capital cost of $3.5 million.
In 88 percent of the experimental scenarios, the standard truck mode was the most cost
efficient method. The average cost per trailer move using the truck only mode across
experimental conditions was $1,609.66 compared to $2055.01 for the short sea operation. The
scenarios in which the short sea shipping route was more efficient had Milwaukee as the
origination point. Furthermore, as the distance of the total route increased, short sea became
cost prohibitive.
Dependent on vessel capacity, a range of 42,600 to 94,200 trailers could be removed from the
Chicago corridor. The utilization of the vessel capacity was taken directly from the simulation
results. The estimate was calculated using this value and an operational schedule of 300 days
per year.
Clearly, truck mode is faster on an absolute time basis. The comparatively larger value for
short sea transit time is due to the queue time that exists at both sides of the process. At the
origination point, the trailers wait for the vessel to arrive, while at the destination point they
wait for tractors to pick them up.
The total cost estimates for each of the scenarios was influenced by a number of factors,
primarily the experimental design factors. By far the most difficult cost factor to estimate in the
study was the Harbor Maintenance Tax. If the Harbor Maintenance Tax did not exist, 26 of the 81
scenarios would have favored the short sea operation. This represents a 160 percent gain over
the case in which the tax was present.
The vessel design for this project does not result in fuel use reduction, but is relatively the
same as the truck mode for shorter distances. As the amount of miles in the route that involves
the truck operation increases, the cost benefit is dominated by the truck, and in most instances
cannot be overcome by the economy of scale efficiency of the short sea method.
The establishment and operation of the proposed short sea operation requires substantial
capital investment. The methodology used focused on generating realistic estimate of variable
operational expenses of the short sea method using computer simulation. This figure can then
be used to determine the economic feasibility of the proposed operation using Return on
Investment (ROI) methodologies. n

THE 2012 GREAT LAKES MARITIME
Transportation Teachers’ Institute was held in the Upper
Peninsula of Michigan. Nineteen teachers from Michigan
participated in a traveling maritime transportation teacher
institute in July that visited the port cities of Marquette,
Munising, Sault Ste. Marie and Manistique. Teachers met with a
wide variety of experts throughout the week including Chief
Engineer for the U.S. Army Corps of Engineers (USACE) at the Soo
Locks, the Vessel Traffic Service Command Center at the U.S. Coast
Guard station in Sault Ste. Marie and Fred Stonehouse, Vice-Chair
of Michigan Ports Collaborative and Marquette City
Commissioner and maritime history author.
The workshop included mining facilities, to learn about some
of the products that are being shipping on the Great Lakes.
Teachers toured the Cliff’s Natural Resources iron ore mines. The
Empire and Tilden mines operate separate mining pits and iron
ore processing facilities in the Marquette Iron Range. The group
also toured the mining museum in Negaunee and the dock at
Marquette. At the Carmeuse Lime & Stone Quarry in Port Inland
on Lake Michigan, the group received an extensive tour of the
quarry operations and they were able to be onsite while a boat
was loading.
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Extensive information on the Soo Locks was covered on
Wednesday. The USACE provided a detailed walking tour of the
facility, and the group watched two freighters transit the locks.
They also saw preparations for the future pending lock
expansion. The U.S. Coast Guard provided a tour of the Vessel
Traffic Center, which tied in nicely from seeing the ship enter the
locks, to tracking it in to the St. Marys River navigation channel.
Later in the afternoon, the teachers saw the locks from the
inside, while on a tour boat, and had time that evening to take
in the USACE museum.
The history of shipping was threaded throughout many of
the stops. After the quarry tour, the group enjoyed a picnic lunch
at the nearby Seul Choix Lighthouse. On Tuesday, they toured
Whitefish Point Lighthouse & Shipwreck Museum to examine
important maritime issues and challenges. On Thursday, the
teachers toured the Fayette Historic Town Site. In the mid-1800s,
iron ore was shipped from the Upper Peninsula mines to the
foundries in the lower Great Lakes at an enormous cost. This
high cost of shipping was caused by inefficient transportation
combined with the nearly 40 percent waste the ore contained.
The solution was to build a blast furnace close to the mine
where the ore could be smelted into pig iron before it was
shipped to the steelmaking centers. The town had to be
relatively close to the Escanaba ore docks, have a natural harbor
and be near the limestone and hardwood forests that were

needed to smelt the iron ore. While in Sault Sainte Marie, the
group toured the S.S. Valley Camp Freighter Museum, which
spent most of her 50 years of service hauling iron ore and coal
before retiring in 1967.
Captain Rick Brown, licensed captain and instructor at The
Maritime Academy of Toledo, presented lessons on maritime
history, navigation and mapping, weather, and maritime
careers. He stayed with the group for two days to address
questions and enhance the learning experience.
Throughout the week, the teachers collected resources for
their classrooms. Lake Carriers’ Association generously provided
maps and information on the fleet. Captain Brown provided
books and lessons. Samples of iron ore and limestone were
gathered for each of the teachers.
The program was coordinated by Joan Chadde, Michigan
Technological University, with funding from the University of
Wisconsin CFIRE program and the Great Lakes Maritime
Research Institute. Carol Wolosz, the GLMRI Executive Director,
assisted with the workshop and provided an overview of
shipping on the Great Lakes and helped address questions
throughout the week.
As part of the workshop, teachers prepare lessons to
incorporate their newfound knowledge into their classes.
The lesson plans are linked for public access at
www.glmri.org/resources/. n
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Photos from the July, 2012
K-12 Maritime Teachers
Workshop held in the Upper
Peninsula of Michigan.
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