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INTRODUCTION 
 
 Every year, Minnesota’s taconite mining 
industry generates over 125 million tons of 
mining byproducts, a figure that is more 
than double the entire state’s annual 
aggregate usage.  Since 2000, the Natural 
Resources Research Institute (NRRI), 
University of Minnesota, Duluth, has been 
investigating how these vast quantities of 
taconite mining byproducts can be used for 
construction aggregate purposes on an 
expanded basis. 
 However, if taconite-based aggregate is 
to be competitive beyond the Mesabi Iron 
Range, cost-effective rail transport options 
will be needed, and rail-related economic 
and logistical barriers must be identified, 
quantified, and overcome. The reality is, 
lower value/higher volume commodities like 
construction aggregates are often 
economically limited by their distance to 
market, due to the cost of transportation. 
 Consequently, this study is focusing on 
rail transport by reviewing/identifying 
transportation networks, logistics, 
equipment availability, costs, and potential 
difficulties associated with moving taconite 
aggregate through that network.  Truck, 
barge, and Great Lakes shipping are also 
being addressed. 
 By identifying the key transportation- 
and market-related issues, this study will 
give potential end-users inside and outside 
Minnesota a better understanding of how 
taconite aggregate could be an important 
alternative to “conventional” aggregate 
sources. Likewise, taconite producers will 
have a better understanding of the relative 
ease or difficulty of marketing and/or 
moving various types of aggregate, and the 
potential economic benefit(s) thereof.  By 
improving our understanding of what the 
supply, demand, and movement dynamics 
are (and how they interrelate), the prospect 
for expanded use of taconite aggregate will 
be enhanced - a development which will 
ultimately be important for both the 

economy and the environment, a dual 
benefit measurable in both a dollars 
(economic) and tons (resource conservation) 
sense. 
 This Technical Summary Report 
describes project activities and progress 
through October of 2007. 
 
 
Methodology 
 
 Project tasks are approached using the 
following methodology.  Checked (√) items 
indicate tasks which are ongoing; non-
checked are pending.  
 
• Acquire background data, meet with key 

stakeholders, identify key issues, and 
report the major transportation modes 
and routes with the emphasis on 
railroads.√ 

• Identify and report taconite aggregate 
sources, type, and volume/tonnage 
relative to transportation modes. √ 

• Assess aggregate supplies, market 
conditions, and market acceptance of 
taconite aggregate: in northern 
Minnesota; in the state of Minnesota, 
e.g., Rochester area; and, if time and 
resources allow, in the Great Lakes 
region and beyond, e.g., Gulf states. √ 

• Identify potential barriers that inhibit the 
transportation of taconite aggregates 
such as equipment, logistics, etc. √ 

• Submit an interim project progress 
report to the State by March 1, 2008 
(NOTE: delays in securing and 
finalizing a contract for project 
assistance from a transportation and 
logistics professional will delay the 
reporting date by 1.5 months, from 
the original January 1, 2008, date.  
The contract, which calls for a final 
report to be submitted by the 
contractor to NRRI by February 15, 
2008, is for four-months, and 
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effectively began October 15, 2007.  
Additional details about this 
contracting process and the contractor 
are provided later in this report.) 

• Generate economic evaluation criteria, 
such as capital and ton-mile cost 
estimates for various transportation 
scenarios, and identify/model the least 
expensive routes, e.g., routes having the 
fewest connections and/or best market 
potential. 

• Present project findings at public and/or 
industry forums. 

• Submit a Final Report to the State by 
June 30, 2008 that includes all pertinent 
data along with GIS maps and databases. 

 
 
Background 
 
 The use of taconite aggregate products 
on a larger scale throughout Minnesota and 
beyond will be dependent on transportation 
logistics and costs.  The project goal is to 
develop a model to better define/quantify the 
transportation logistics and economics for 
moving various Minnesota-based aggregate 
products to identified markets, focusing on 
bulk intermodal (rail and water-borne) 
transportation options, with a focus on 
taconite aggregate products. 
 
 
Taconite Operation Locations 
 
 From west to east along the Biwabik 
Iron Formation, Minnesota’s taconite 
mining operations are represented by U.S. 
Steel Keewatin Taconite (Keetac), Hibbing 
Taconite Company (Hibtac), U.S. Steel 
(Minntac) Minntac, United Taconite LLC 
(UTAC), ArcelorMittal Steel Minorca Mine 
Inc. (Minorca), and Northshore Mining 
Company (Northshore).  Minntac has been 
the most significant source of taconite

aggregate materials for offsite customers, 
although all of the mines have made 
arrangements with outside contractors to 
work with their materials as circumstances 
required.  The exception is Northshore, 
which is currently restricted from marketing 
certain aggregate materials for offsite use. 
 
 
Rail Service at Taconite Operations 
 
 Minnesota has an extensive rail network 
in place (Fig. 1).  All of the western Mesabi 
Range taconite operations (Keetac through 
Mittal) are served by Class I railroads, i.e., 
Canadian National (CN) and Burlington 
Northern-Santa Fe (BNSF) (Fig. 2).  
Easternmost Northshore operates its own 
line between the Peter Mitchell mine in 
Babbitt and its processing facility in Silver 
Bay. 
 
 
Taconite Mine Access to Water-borne 
Shipping 
 
 Most Mesabi Range taconite pellets are 
delivered by rail to bulk material transload 
(rail to vessel) facilities in Two Harbors, 
MN; Duluth, MN; and Superior, WI.  
Another facility is located on Lake Superior 
in Taconite Harbor, MN; it served the now 
closed LTV Steel Mining Company (Cliffs 
Erie) in Hoyt Lakes, but is still potentially 
available for future activity.  Northshore’s 
taconite processing facility in Silver Bay 
provides direct access to Great Lakes 
vessels.  All of these facilities are capable of 
handling taconite aggregate materials for 
shipping to lower Great Lake destinations 
(Fig. 3).  Bulk shipping by Great Lakes 
vessel provides the lowest transportation 
cost of all transportation modes.  A smaller 
percentage of taconite pellets are shipped to 
their final (steel mill) destinations entirely 
by rail. 
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Figure 1.  Map of Minnesota railroads (source: Mn/DOT). 
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Figure 2.  Map showing location of Class I rail lines serving the taconite mines relative to Duluth/Superior. 
(Copyright:  North American Railroad Map is Copyright 1999-2005 Railway Station Productions, LLC.) 
 

 
Figure 3.  Map of Great Lakes (source: Lake Carriers’ Association www.lcaships.com)  
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Physical Properties of Taconite Aggregate 
 

An important consideration for the 
economic competitiveness of taconite 
aggregate is its unit weight.  Typical taconite 
aggregate source materials have a specific 
gravity (s.g.) that can range from 2.9 to 3.3, 
while conventional aggregate sources like 
limestone and granite have s.g.’s that range 
from 2.5 to 2.7.  Taconite aggregate unit 
weight density can range from 90 to 120 
lbs/ft3; this value will vary depending on the 
type and size of material.  For example, 
sand-sized coarse tailings typically range 
from 110 to 120 lbs/ft3 (sometimes higher if 
more fines are present), while coarser-sized 
crushed taconite aggregate has been 
measured at 92 to 108 lbs/ft3.  Comparably-
sized granite has been measured at 95 lbs/ft3. 

This weight per unit volume issue is an 
important one for contractors considering 
taconite aggregate.  A recent change to 
Mn/DOT’s asphalt specifications raised the 
hot mix asphalt (HMA) limit from 160 
lbs/ft3 to 165 lbs/ft3 without a weight 
“penalty” being imposed (Thomas, pers. 
comm., 2007).  This change, plus the 
increased use of performance-based criteria 
for increasing pavement longevity, e.g., 
specifying the use of more durable and 
preferred aggregate sources, enhances the 
longer-term prospects for increased taconite 
aggregate usage inside and outside of 
Minnesota. 
 
 
Potential Backhaul Opportunities 
 

Key to optimizing equipment usage and 
keeping overall transportation costs to a 
minimum are backhauls.  Backhaul options 
will be needed to increase the economic 
viability of moving significant amounts of 
taconite aggregate materials from the Iron 
Range.  The following summary presents a 
few backhaul options identified to date 
which will be the subject of further scrutiny 

and quantification as the project proceeds 
into 2008. 
 
• Limestone for neutralization at pending 

non-ferrous mining projects. 
o Increased consumption of limestone 

for non-ferrous (Cu-Ni-PGM) 
operations provides a significant 
aggregate backhaul opportunity.  For 
example, at full production, PolyMet 
Mining Corp. anticipates that annual 
consumption of limestone will total 
250,000 short tons for its NorthMet 
operation (Hunter, 2006).  Franconia 
Minerals’ Birch Lake and Duluth 
Metals’ Nokomis projects would 
require limestone for their ore 
processing needs as well, should they 
reach the development stage. 

 
• Dolomitic limestone (fluxstone) from 

southeast Minnesota for use in taconite 
pellet production. 
o An in-state source of carbonate rock 

that is chemically and physically 
suitable for potential use in fluxed 
taconite pellets is located within the 
Stewartville Formation in Olmsted 
County in southeastern Minnesota 
(Niles and Mossler, 1990).  To date, 
only out-of-state carbonate 
resources, the bulk of which 
originate in Michigan, have been 
used by Minnesota's taconite 
industry for producing fluxed pellets. 
A previous investigation by Zanko 
(1997) showed that it was 
theoretically possible to move 
Minnesota fluxstone cost effectively 
to the Iron Range via a dedicated 
unit train.  The inclusion of a 
taconite aggregate backhaul to an 
area of the state where local 
aggregate quality can be an issue 
would improve the transportation 
economics and the overall viability 
of the concept. 
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• Biomass for energy production at 
Mesabi Range power generation 
facilities. 
o Residual biomass materials 

generated by the agricultural and 
forest industry/wood products 
industries, as well as from 
construction demolition, represent 
potential biofuel feedstock for new 
and existing power generating 
facilities.   Municipal utilities and 
industry could use biomass for their 
energy source. Hibbing and Virginia, 
Minnesota, utilities recently 
constructed biomass boilers to 
become 75% dependable on biofuel 
in 20 years, and wood is the 
preferred fuel. 

 
• Grain and other agricultural products 

from northwest Minnesota, Upper 
Plains, and the Canadian Prairie 
Provinces. 
o Grain arrives in Minnesota from the 

Upper Plains and Western Canada 
(Canadian Prairie Provinces) by 
truck and rail for processing and 
distribution, with the ports of Duluth 
and Superior receiving a significant 
amount.  The Canadian Provinces are 
noted for being aggregate-poor 
and/or possessing poor-quality 
aggregate.  CN, BNSF, and Canadian 
Pacific (CP) railroads serve these 
areas.  CP’s presence in Duluth/ 
Superior provides another Class I 
option for transporting aggregate that 
has been delivered to the Twin Ports 
from Minnesota’s taconite mines. 

 
• Western/Powder River Basin Coal. 

o Nearly 20 million of tons of low-
sulfur western coal, primarily from 
the Powder River Basin, are 
delivered by rail to the Twin Ports 
annually; additional amounts are 
delivered by rail to power generating 
facilities on the Mesabi Range.  Even 

so, the backhaul options are limited 
because many of the coal unit trains 
use specially made lightweight 
aluminum hopper cars to maximize 
the amount of coal each train can 
carry, and aluminum cars would be 
damaged by the much harder and 
heavier taconite aggregate.  
However, discussions with industry 
representatives indicate the potential 
for attaching, for example, 20-car 
lots of conventional hopper cars 
loaded with taconite aggregate to the 
end of an empty unit train returning 
to the coal fields.  Whether such a 
concept would work in practice is 
being investigated. 

 
• Beneficial use of dredged material from 

the Duluth-Superior Harbor for mineland 
reclamation. 
o Maintenance of the Navigation 

Channel in the Duluth-Superior 
Harbor generates about 100,000 
cubic yards of uncontaminated 
material for disposal annually; this 
material goes to the Erie Pier 
confined disposal facility (CDF) in 
Duluth. Minnesota and Wisconsin 
State laws prohibit in-water disposal 
of this dredged material so it must be 
placed on upland sites.  The costs of 
developing new CDFs are extremely 
high, estimated to be upwards of $20 
million for replacing Erie Pier.  That 
is why transitioning CDFs such as 
Erie Pier in Duluth, MN, to a 
reuse/recycling facility the most cost 
effective, environmentally sound 
option to dredge material disposal.  
Part of the recycling solution could 
include a front haul of taconite 
aggregate to Duluth. 

 
How? Marginal lands like 
Minnesota’s taconite mine tailings 
basins have enormous potential to 
act as plantation sites for the growth 
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and production of cellulosic 
feedstock from source species like 
hybrid poplars. Their large areal 
extent (square miles) and location 
within active mining areas make 
tailings basins especially attractive 
targets for large-scale biomass 
plantation development that 
minimizes environmental impacts. 
However, the physical properties and 
relatively sterile nature of tailings 
requires adding supplemental soil-
like materials and nutrients to 
support plant establishment and 
growth.  Current reclamation 
practice produces a vegetative cover 
with minimal economic value. This 
land could be revitalized by the 
addition of a layer of “topsoil” using 
dredged material.  If a backhaul of 
dredged material can be established 
in combination with a front haul of 
taconite aggregate, the dredged 
material topsoil could be transported 
more cost-effectively.  Discussions 
are underway (most recently on 
October 22, 2007) with the U.S. 
Army Corps of Engineers and 
potential shippers to test the 
feasibility of this option in the near-
term. 
 
Hybrid poplar, native cottonwood, 
and switch grass have been identified 
as fast growing biomass for 
renewable energy.  It is believed that 
nutrient levels required for these 
species could be met by adding 
recycled sediment, or a mix of 
sediment and biosolids, that latter 
generated by municipal wastewater 
treatment plants. As stated above, 
Hibbing and Virginia utilities 
recently constructed biomass boilers 
to become 75% dependable on 
biofuel in 20 years, with wood being 
the preferred fuel.  A back haul of 
coarse taconite tailings, also 

currently under study as a filter 
medium and remediation method for 
reducing the level of suspended 
solids (and perhaps mercury) in 
water discharged from Erie Pier, 
would complete the beneficial reuse 
cycle.   

 
 
Contracting 
 

Throughout its taconite aggregate-
related research efforts, NRRI has interacted 
with transportation and logistics 
professionals in academia and in the public 
and private sector.  Given the time demands 
of NRRI’s concurrent Department of 
Commerce - Economic Development 
Administration (EDA) taconite aggregate 
research program, which began in January 
of 2006, it was felt that the MCC project 
would benefit from the assistance of one of 
these professionals.  This need was made 
more critical by the timing of MCC project 
funding, which was not made available until 
August of 2006.  The goal was to have this 
contracted assistance completed by June 30, 
2007, even though the project’s end-date 
was granted an extension to June 30, 2008. 

The presence of the Great Lakes 
Maritime Research Institute (GLMRI) at 
UMD and the University of Wisconsin 
Superior (UWS) Transportation and 
Logistics Research Center and 
Transportation and Logistics Management 
program initially made Dr. Richard Stewart 
a logical choice to provide this assistance.  
Dr. Stewart leads the UWS programs and is 
co-Director of GLMRI. GLMRI represents a 
consortium of the UWS Transportation and 
Logistics Research Center, and the UMD 
College of Science and Engineering and 
Labovitz School of Business and 
Economics.  Further, NRRI has interacted 
with Dr. Stewart about taconite aggregate 
transportation and logistics issues for the 
past few years and values his expertise.  
Therefore, in late 2006 and through early 
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2007, efforts were made to finalize a 
contractual arrangement between NRRI and 
Dr. Stewart via his role at UWS.  
Unfortunately inter-university contracting 
issues and other university-related 
bureaucratic difficulties kept delaying this 
effort until Dr. Stewart recommended to 
NRRI in spring of 2007 that a transportation 
and logistics specialist with whom he has 
collaborated, Ms. Libby Ogard, be 
contracted instead to provide the needed 
project assistance.   

Ms. Ogard is a transportation and 
logistics expert based in Wisconsin, and is 
familiar with the issues that we are 
investigating.  She runs her own company, 
Prime Focus LLC, has a broad range of 
practical experience, and is well-respected 
by other transportation professionals.  She 
has extensive contacts within the University 
of Minnesota and Wisconsin systems, state 
and federal agencies, and private sector 
(inside and outside Minnesota) that mesh 
very well with our overall taconite aggregate 
transportation and logistics research efforts. 

In-depth discussions about the MCC 
project’s focus and goals, as well as 
university contracting, took place with Ms. 
Ogard at the July, 2007, meeting of the 
Minnesota Regional Railroad Association 
(MRRA) meeting in Two Harbors, MN.  
Her University contract was finalized the 
week of October 13.  She will be working in 
earnest with NRRI for the next 4 months, 
and will submit her project findings to NRRI 
by February, 2008.  Her duties are outlined 
below. 
 
 
Contractor’s Tasks for Taconite 
Transportation Study 
 

Identify the Market and Supply Chain 
and logistics costs for MN Taconite 

 
 Identify six primary producers in 

MN 

o Identify their current production 
volume 

o Current end users and market 
areas 

o Current transportation rates to 
existing markets 

o Transportation connections 
 

 Identify six end use locations in MN, 
IL, WI, three Canadian Provinces 
(e.g., priority destinations could 
include:  Twin Cities Metropolitan 
Area, Minnesota; Chicago, Illinois; 
Milwaukee, Wisconsin; and SE 
Minnesota)  
o Determine costs by mode to the 

six end use locations 
o Map locations using GIS 

software, e.g., Arcview 
o Determine transportation rates 

via truck, rail and water to each 
location 

o Identify backhaul opportunities if 
any.  For example: 
 dolomitic limestone from SE 

MN for use as a fluxing agent 
for taconite pellet production 

 biomass from Prairie 
Provinces as a taconite mine 
fuel source and for electric 
power generation on the 
Mesabi Range by one or 
more utilities 

 
 Investigate new technologies, 

transportation lanes, demonstration 
opportunities and products 
o Review the feasibility of 

RailMate 
o Explore alternative types of 

taconite products which might be 
used in the six markets identified 
(i.e. concrete rail ties made with 
tailings) 

o Explore short line rail 
participation and/or interchange 
points to move freight 
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o Assess impact of DME 
acquisition by Canadian Pacific 
and opportunity for Taconite 
shippers (SD, WY, NE and OR)  

o Interview DOTs in IN, IL, WI, 
and MN and potentially others 
(IA, OH, PA, etc.) about the 
feasibility of using ground 
taconite in highway building 
facilities served by rail. 

 
 Communicate and coordinate with 

NRRI to complement ongoing 
taconite aggregate research program 
and avoid duplication of effort. 

 
 
Project-related meetings/demonstrations 
 

Getting input from private and public 
sector transportation researchers and 
professionals and bulk material handlers is 
an important project component, as it 
overlaps with NRRI’s ongoing taconite 
aggregate research efforts.  A summary of 
project-related meetings and demonstrations 
follows. 
 
September 29, 2006 meeting 
 

On September 29, 2006, a meeting was 
held in Hinckley, MN, focusing on 
transportation logistics and economics. 
Private and public sector transportation 
professionals, university researchers, and 
aggregate and mining industry 
representatives were in attendance.  The 
meeting highlighted critical transportation 
and logistics issues that were especially 
relevant to: 1) near-term demonstration 
projects; and 2) long-term taconite aggregate 
usage. For example, tight equipment 
availability (especially rail) and higher 
energy costs, e.g., fuel surcharges, were 
identified as near-term challenges. 

Taconite mines were noted to be 
operating at capacity, impacting equipment 
availability.  However; the industry is 

historically cyclical, so conditions can 
change. Potential shippers want a long-term 
(5- to 10-year), large quantity, 
commitment/contract for moving taconite 
aggregates. A significant and potentially 
cost effective shipping option is the Unit 
Train/Shuttle Train concept.  For example, 
such a shipment to Twin Cities would entail: 
 
• 100-110 cars 
• Rapid loading at mine & rapid discharge 
• One crew-shift move (rapid turnaround) 
 
 
November 13, 2006 meeting 
 

On November 13, 2006, a presentation 
on NRRI’s taconite aggregate program was 
made to the Milwaukee Port Authority and 
U.S. Army Corps of Engineers, Detroit 
District, in Milwaukee, WI.  Much of the 
follow-up discussion focused on potential 
use of taconite blast rock as a more durable 
rip rap and armor stone alternative to 
limestone for waterway infrastructure and 
maintenance projects.  Milwaukee’s port 
facility was also toured as a potential bulk 
material offloading and distribution site for 
taconite aggregate materials used in 
highway construction demonstration 
projects, especially for upcoming work on I-
94 between Milwaukee and the Wisconsin 
and Illinois state line. 
 
 
April 10, 2007 meeting 
 

On April 10, 2007, a meeting was held 
in Hinckley, MN, again focusing on 
transportation logistics and economics.  
Attendees included:  Dan Jordan, Iron 
Range Resources (IRR); Stacey Carlson, 
Great Lakes Maritime Research Institute – 
University of Minnesota Duluth (GLMRI-
UMD), for Richard Stewart; Betty Juntune 
and Patrick Dorin (American Surface 
Lines/RailMate); Jill Thomas, Minnesota 
Asphalt Paving Association (MAPA), for 
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Richard Wolters; Denny Johnson and Bob 
Gale (Mn/DOT Freight Office); David 
Christianson  (Tinklenberg Group); Dick 
Kiesel (CMRL); and Pamela Sarvela, 
Tamara Diedrich, and Larry Zanko (NRRI).  
Meeting topics included: taconite aggregate 
program update; a discussion of potential 
Minnesota demonstration projects; and an 
update on RailMate, a bi-modal (truck/rail) 
system. 
 
 
June 26, 2007 RailMate demonstration 
 

On June 26, 2007, an equipment 
demonstration of American Surface Lines’ 
RailMate system was attended by NRRI in 
Hopkins, MN.  The RailMate system will 
likely be used for one or more taconite 
aggregate demonstration projects in 
November of 2007, as described in more 
detail below. 
 
 
July 14 – 16, 2007 MRRA meeting 
 

The Minnesota Regional Railroads 
Association (MRRA) conference in Two 
Harbors, MN, was attended on July 15 and 
16.  This annual meeting focuses on regional 
and short-line railroad issues, and is well-
attended by Minnesota railroad industry 
representatives and transportation officials 
and researchers from the private and public 
sectors.  As explained previously, this venue 
provided an opportunity to meet current 
project contractor, Libby Ogard, and discuss 
her professional experience and anticipated 
contractual role on the project. It also 
provided an opportunity to meet with 
RailMate representatives Elizabeth Juntune, 
Ernest Larson, and Patick Dorin, and discuss 
their short and long-term plans for moving 
taconite aggregate from the Mesabi Range to 
the Twin Cities using the RailMate system.  
Discussions with Laurentian Aggregates 
also took place. 

October 22, 2007 RailMate meeting 
 

On October 22, 2007, a meeting was 
held at NRRI with RailMate.  RailMate is 
working with Canadian Pacific (CP) 
Railroad. CP has agreed to request a test 
waiver from the Federal Railroad 
Administration (FRA) to handle RailMate 
equipment for demonstration movements of 
aggregate from the Mesabi Iron Range to 
one or more Twin Cities area destinations.  
These demonstrations originally planned for 
November, 2007, have been postponed until 
Spring of 2008.  CP will be the originating 
railroad for the demos (out of Hopkins, 
MN), with the RailMate cars piggybacking 
CP's train in both directions. 

Mn/DOT’s MnROAD facility in 
Albertville, MN, is the likely destination for 
at least one RailMate movement, because a 
single demonstration delivery via RailMate 
would at least satisfy MnROAD's need for 
about 115 tons of coarse taconite tailings for 
reconstruction work planned for 2008.   
 
 
SUMMARY 
 

After overcoming initial contractual 
delays, most aspects of the project are well 
underway.  Significant progress is expected 
to be made from now through early 
February of 2008, when the project 
contractor’s duties are fulfilled.  At that 
point, an interim progress report will be 
provided to MCC. 

The contractor’s work will provide the 
basis for completing the remaining major 
project tasks, which include: 

 
• Generating economic evaluation criteria, 

such as capital and ton-mile cost 
estimates for various transportation 
scenarios, and identifying/modeling the 
least expensive routes, e.g., routes 
having the fewest connections and/or 
best market potential. 
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• Presenting project findings at public 
and/or industry forums. 

• Submitting a Final Report to the State by 
June 30, 2008 that includes all pertinent 
data along with GIS maps and databases. 
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