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PROGRAM HIGHLIGHTS JANUARY - JUNE, 2005 

CENTER FOR APPLIED RESEARCH AND TECHNOLOGY DEVELOPMENT 

Mercury Removal Project 
Mercury research work funded by the Economic Development Administration and the 
Permanent University Trust Fund, University of Minnesota, was completed for the past 3 
year grant period. Over the past six month period, mercury sorbents have been tested in 
live stack gas streams passed through pilot scale test equipment installed at Minnesota 
Power's 1100 MW Generating Station in Cohasset, Minnesota. Proprietary novel 
sorbents were developed and proven to remove significant levels of both oxidized and 
elemental vapor phase mercury as well as other hazardous air pollutants at 250 cfm pilot 
scale levels. Patents are currently being completed for this technology. Plans are now 
being developed to continue the pilot scale test work with new funding. 

Iron Nodule Project 
A $1 ,000,000 DOE/Permanent University Trust Fund grant has been awarded to 
NRRI/CMRL for the advancement of iron nodule research. In addition, iron nodule 
research and development work is also progressing with industrial partners to advance 
iron nodule research and to optimize the design and operation of the new pilot scale 
linear hearth iron nodule furnace. 

NRRI Pellet Fines Removal System Technology 
Plans are advancing to install full-scale NRRI Pellet Fines Removal System equipment in 
U.S . mining operations. Commercialization partners are also being evaluated to advance 
the technology across worldwide mining operations and other process industries. U.S. 
and international patents have been applied for and technical papers have been presented 
at North American and European mining and steel industry conferences on this novel 
fines removal technology. 

Tundra-Tungsten Project: Ore to Metallic Powder Development 
Mineral processing and high temperature metallurgical research work has been completed 
to allow tungsten ore to be converted to metallic tungsten powder at bench and pilot scale 
levels for Tundra, a Minnesota based product development corporation. Polymerized 
tungsten products are being developed by Tundra to replace many lead products currently 
in use in the U.S. such as fishing lures, wheel weights, and shotgun shell shot. A 
specialized pilot scale high temperature hydrogen reducing furnace was installed to 
facilitate this research. Development work is currently in progress to scale up this 
powder metallurgy research work to industrial scale to advance this Minnesota based 
technology. 

Smart Screens Technology 
CMRL continues to provide research services for Smart Screen Systems, Inc., a 
Minnesota based manufacturing company in Chisholm, Minnesota, to advance 
development of their new vibrating screen technology. Various engineering 
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improvements in geometry and vibration control have recently been implemented and 
tested, leading to a successful demonstration of the technology at CMRL for Department 
of Energy (DOE) personnel. 
NRRI/Minnesota Steel Industries Joint Work 
Direct reduced iron project work is being conducted for Mim1esota Steel Industries at 
CMRL to help advance the development of this future project for Northeastern 
Minnesota. 

Sediment Remediation Testing Center at the Coleraine Minerals Research 
Laboratory (CMRL) 
Sediment remediation test work advances at the CMRL Sediment Remediation Center 
established to evaluate the ability of Electro-Petroleum, Inc. (EPI) electrogeochemical 
oxidation technology to destroy toxic inorganic and organic chemicals found in 
freshwater and marine sediments and contaminated soils. This work compliments test 
work being conducted by EPI on a larger scale at test cells established at EPI's test 
facility located at the Erie Pier area in the Duluth harbor. 

CMRL Computational Fluid Dynamics (CFD) 
New computer hardware and advanced CFD modeling software has been 
installed at CMRL to advance the capabilities of the CMRL Computer Modeling Center. 
The new hardware and software is being used to construct detailed computer process 
models for pellet plants within the Minnesota taconite industry. 

CMRL Concentrator Modeling Center 
Newly developed unit process models have been developed and added to Usim Pac 
concentrator modeling/simulation software being applied to advance mineral processing 
operations within Minnesota taconite operations. 

Minnesota Taconite Aggregate Initiative 
Significant effort has been focused on securing a Department of Commerce, Economic 
Development Administration $1,450,000 grant to implement a three year research and 
demonstration program for accelerating the usage of Minnesota taconite mining 
byproducts in the construction industry. The anticipated federal funds will be_matched by 
additional funding from the Permanent University Trust Fund, Iron Range Resources, 
Minnesota Power, the Blandin Foundation, and Minnesota Technology, Inc. 
The program, led by NRRI, will include collaboration with Minnesota DOT and the · 
University of Minnesota. Demonstration projects that use taconite aggregate products 
would be performed within Minnesota and potentially within several Upper 
Midwest/Great Lakes states. 

Soudan DUSEL Project: Deep Underground Science & Engineering Laboratory 
Soudan DUSEL (Deep Underground Science and Engineering Laboratory) project is a 
cooperative project between UM-Physics, UM-Civil Engineering, New Mexico Tech., 
and UMD-NRRI that has submitted a Phase 2 DUSEL proposal ($500,000) to the 
National Science Foundation (NSF). The submitted proposal will concentrate on drilling 
one 5,000 ft drill hole test the geology at depth prior to submitting a Phase 3 proposal (up 
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to $1.5 million for design of the laboratory). Dr. Dean Peterson of the Economic 
Geology Group is a co-PI on the Phase 2 proposal. In preparation for the Phase 2 work, 
Dr. Peterson, along with Ms. Julie Oreskovich, has been digitally capturing all of the data 
from old Soudan Mine level maps, longitudinal sections, and geologic cross-sections. 
These data, along with digital drill hole information, are being incorporated into gOcad 
(3D visualization software) that already has the 3D geology and the proposed DUSEL 
decline. All of these data will assist in understanding the geology in the third dimension, 
which is very important for the final construction of the DUSEL facility should it be 
funded by NSF. Given the 6 month time limit of the Phase 2 proposal, a Request for 
Information (RFI) was sent out to drilling companies in February 2005. Information 
received from the drilling companies that responded to the RFI was used for the Request 
for Bid (RFB) that was sent out in early June. Should funding for the Phase 2 proposal 
be received, a drilling contractor can be selected so that the drilling can begin 
immediately. 

Ispat Inland Performance Improvements 
Findings of a simulation based study carried out by the Concentrator Modeling Center, 
has been implemented at the Ispat Inland Plant. A recent plant survey indicated that the 
simulations were very accurate. As a result of modifications, an approximate 10% 
increase in throughput was observed. Results were presented at the Duluth Mining 
Symposium in April 2005. A more detailed account of the study will be presented at the 
SME Comminution Symposium in St. Louis in March 2006. 

Liberation Based Simulation 
The Concentrator Modeling Center took a big step forward in improving its simulation 
capabilities. A liberation model developed by our researchers was implemented into 
Usim Pac mineral processing simulation software. This model will be available in this 
commercial software with acknowledgements to NRRI. Inclusion of this model will 
enable users to carry out liberation based simulations, which are expected to be far more 
accurate than the current particle size based simulations. The Concentrator Modeling 
Center has received further funding from the Iron Ore Cooperative Research, Minnesota 
DNR, to convert its size based unit operation models to liberation basis. 

NRRI and the Minnesota DOT to Restore the Fens Research Facility to a Wetland 
NRRI has entered into a contract with the Minnesota Department of Transportation 
(DOT) to restore 232 acres of the Fens Research Facility to a wetland. NRRI will 
establish a wetland bank from which wetland mitigation credits can be withdrawn. 
Minnesota DOT will withdraw the credits to mitigate for the loss of wetlands related to 
the U.S. Highway 53 expansion project from Virginia to Cook, and for other highway 
improvements in Northeastern Minnesota. The project will restore the effectively drained 
peatlands at the Fens Research Facility to Type 7 (wooded) and Type 8 (bog) wetlands, 
which are in high demand. The project will take approximately five years to complete 
and it will need to meet strict regulatory requirements to obtain approval from initiation 
of work until final deposit of wetland credits into the wetland bank. 
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Permits Granted for Expansion of the Peatrex Horticultural Peat Operation 
With assistance from NRRI's peat experts, Premier Horticulture, Inc. has acquired all 
regulatory permits and leases necessary for development of a 159 acre expansion to their 
Peatrex horticultural peat operation in Carlton County. The expansion will help maintain 
current production and employment, and extend the life of the operation for an additional 
10-15 years. Site preparation on the expansion areas began this spring, with peat 
harvesting expected to proceed before the end of summer. 

Minnesota Forest Productivity Research Cooperative Obtains Additional Funding 
The Minnesota Forest Productivity Research Cooperative (MFPRC) held their annual 
meeting at NRRl and approved the research work plan for the current year. At this time, 
members include the Minnesota Department of Natural Resources, the St. Louis County 
Land Department, the Blandin Paper Company, Boise Cascade, International Paper, 
Minnesota Power, and the Potlatch Corporation. Interest has been expressed by other 
industrial land managers in joining the MFPRC and we are currently pursuing these 
contacts. Additional funding for the MFPRC was obtained from the Minnesota 
Legislature this July with the total allocation being $400,000 for the biennium. Genetic 
improvement of hybrid poplar continues with a successful breeding season with over 
5,000 new genotypes produced. We are also in the process of assembling one of the 
largest single collections of poplar plant material from cooperators in Europe, Asia, and 
the western U.S. We have received exceptional cooperation from our overseas contacts. 
This collection will be used as future breeding materials for the hybrid poplar initiative. 

The Great Lakes Wood Manufacturing Partnership Project Gets Headline From 
The Wall Street Journal 
This project is part of the Great Lakes Wood Manufacturing Partnership. Brian Brashaw, 
NRRI, serves as the Program Director. Reporter Kris Maher started the story with this 
lead: "NRRI's connection with Homer Flooring made the front page of The Wall Street 
Journal on April 1, just in time for the NCAA Final Four basketball games. The story 
was picked up across the country--from Florida to Alaska." 

Market Oriented Wood Technology Program 
NRRI's work within the field of wood-based housing systems provides several 
highlights. A very successful demonstration day was held in April. This event marked 
the completion of the first full size demonstration unit and was the public debut of the 
"rapid response housing" project. The event attendees saw the potential of this new 
concept in housing. Researchers were able to assemble the final one-third of the house in 
about an hour. Local and statewide press reported on this event. In addition to the 
demonstration day event the second highlight to report is a new grant award by the 
Knight Foundation intended to further the commercial development of the new concept. 

NRRI's work within the field of new composite materials also has created positive 
results. Efforts on the development of mineral bonded wood composites using paper mill 
residue and Ceramicrete binders have generated a number of new financial resources and 
support. The project has received gifts from corporate sponsors and a grant from the U of 
M IREE program. An Interior Appropriations Bill named NRRI as a partner with the 
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Wisconsin Business Innovation Corporation to further the development of durable 
building materials from this industrial waste stream. The Institute has geared up to 
deliver results with a two-fold strategy: to educate NRRI scientists on advanced 
chemical ceramics, and to develop an R & D license between Argonne National 
Laboratory (the Ceramicrete patent holder) and the University of Minnesota. 

NRRI Participated in the Wood Products Trade Mission to China 
Brian Brashaw and Xi ping Wang participated in a wood products trade mission to China 
in March 2005. This trade mission was sponsored by the Lake States Lumber 
Association. Along with Keith Jacobson, wood specialist with the Minnesota 
Department of Natural Resources (DNR), they participated in plant tours and trade shows 
in Dongguan, Dalian, and Shanghai, China. NRRI objectives were to experience 
firsthand the wood products industry in China, understand the logistics of moving wood 
into China, develop key relationships with companies and associations, and look for sales 
opportunities for softwood lumber from Minnesota and Wisconsin. This trade mission 
was a great opportunity to experience firsthand the challenges facing our wood products 
industry and will further our ability to help companies compete in the global 
marketplace. A one day short course was held in Sauk Rapids, Minnesota, to disseminate 
the trade mission results and provide valuable information to the 25 industry participants 
who attended. 

Chemical Extractives Laboratory 
A new biodegradable polyester plastic material has been developed from birch bark 
materials. This new material appears to have excellent strength and flexure properties. 
In addition, the total synthesis ofbetulin-3-caffeate was successfully finished. 

CENTER FOR WATER AND THE ENVIRONMENT 

Algal Indicators Provide Advantages Over Chemical Measurements 
Bioindicators are receiving considerable attention in the Great Lakes, particularly for 
assessing the condition of coastal waters. Until recently, most indicators were 
uncalibrated and untested throughout large parts of the Great Lakes. As part of the Great 
Lakes Environmental Indicators (GLEI) project, a large study developing and testing 
indicators of ecological condition for coastal ecosystems, diatom algae were evaluated as 
potential bioindicators. These indicators have potential to track the influence of human 
stressors such as agricultural and urban activities that increase the nutrient supply to 
water bodies, giving rise to environmental problems such as eutrophication. Diatom-
based models were developed from Great Lakes coastal wetlands, embayments, and high-
energy sites. Over 350 diatom taxa were sufficiently common to use as indicators of 
environmental condition, and these diatoms had strong responses to water quality, such as 
phosphorus, nitrogen, chloride and chlorophyll a. These analyses illustrated that diatoms 
were consistently better related to watershed problems than measured water quality. 
These results strongly support the application of diatoms in Great Lakes coastal 
monitoring. 
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Weber Stream Restoration Initiative 
North Shore streams of Lake Superior are largely undisturbed. However, increased 
development and recreational use along the shoreline and in the watershed pose a risk to 
water quality, stream and lake fisheries, and habitat conditions in Lake Superior coastal 
areas. With an endowment from Mr. Ron Weber, a Duluth resident who grew up 
exploring the Lester River, an initiative has begun to raise awareness of public impacts 
on local tributaries to Lake Superior. The Lester/ Amity restoration initiative will serve as 
a pilot project, with the ultimate goal to implement a comprehensive plan for all streams 
along the North Shore of Lake Superior. 

The Natural Resources Research Institute and Minnesota Sea Grant at the University of 
Minnesota Duluth are working in conjunction with local, state, and federal-agencies, 
municipalities, and community organizations to help secure additional funds for further 
project development. The objective is to apply sound scientific principles and practices to 
the conservation of healthy streams, and the restoration of degraded stream systems. The 
goal will be to assemble a coalition of citizen groups, agencies, and university personnel 
to develop a community-based model than can be implemented throughout Lake 
Superior's tributary watersheds in Minnesota. 

NRRI BUSINESS GROUP - CENTER FOR ECONOMIC DEVELOPMENT 

The UMD CED is working with NRRI Management to refine the direction of the NRRI 
Business Group. NRRI is currently directing their focus to maximize its income stream 
through royalties from intellectual property derived through its principal investigators' 
research. In order to do so, NRRI has been working through the University's process 
with the Patent & Technology Marketing (PTM) department. The NRRI Business Group 
is serving as a liaison between the PTM, NRRI Management, and NRRI Principle 
Investigators. The group has been working on refining the process for about ten months. 
Current strategy includes having NRRI involved upfront with the development of the 
business and marketing strategy for the intellectual property. 

In the first semester of 2005, the Business Group developed a spreadsheet to track the 
active NRRI intellectual property portfolio. The spreadsheet identifies each project with 
a docket number utilized by PTM, details the strategy behind the development of the 
intellectual property, identifies current funding sources, current partners and potential 
partners, documents the status of PTM activities with regard to filing for patents, and 
critical issues related to moving the intellectual property forward. The spreadsheet has 
served as a communication tool between all three parties and helps both the NRRI and 
PTM with prioritizations. NRRI Management, NRRI Business Group, and the PTM have 
been meeting quarterly to provide an update on all projects in the NRRI Intellectual . 
Property Portfolio. As this time, 14 projects are being tracked, with at least five having a 
high priority. 
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NRRI BUSINESS GROUP - CENTER FOR ECONOMIC DEVELOPMENT 

The NRRI Business Group is part of the UMD Center for Economic Development (CED). 
The UMD CED is a joint program of the Natural Resource Research Institute, the Labovitz 
School of Business and Economics and the College of Science and Engineering. The UMD 
CED's mission is to actively contribute to the growth, diversification and stability of 
Minnesota's economy by assisting entrepreneurs and small businesses, which is does through 
several programs. These include the NRRI Business Group, the Small Business Development 
Center, the 21 st Century Arrowhead Initiative, Business related workshops, and Student to 
Business Initiatives. 

The NRRI Business Group specializes in working towards the commercialization of natural 
resources and the development of new markets for existing natural resource based products. 
It has two segments of customers. The first customer is internal - the NRRI Principle 
Investigators who are working with university intellectual property. The second customer is 
external - the business or entrepreneur in a manufacturing type capacity. 

The NRRI Business Group focuses on finding solutions which make business ventures 
profitable, therefore helping to sustain the economic viability of the seven county Arrowhead 
Region of Northeastern Minnesota. Services include: 

• personalized consulting 
• product development and commercialization 
• business valuation 
• technology transfer 
• business plan development 
• industry and market evaluation 
• marketing plan development 
• financial analysis and loan packaging 
• small business workshops 

INTERNAL FOCUS 

The following are several of the internal projects that the NRRI Business Group has been 
involved: 

• Fines Removal System - is nearing the commercialization stage, with a potential 
order for equipment as well as an interested party to manufacture the equipment. The 
NRRI Business Group accompanied management to a business meeting in Milwaukee 
to discuss the potential of a license agreement between the University and a world 
leader in the manufacture of mining equipment. The results were positive - the 
company is interested in pursuing a licensing agreement with the University to 
manufacture and sell the equipment. The NRRI Business Group will take a lead role, 
working closely with Management and the Principle Investigator, in serving as an 
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interface between the PTM department and the manufacturing company in 
negotiating the license agreement. 

• Mercury Removal - while the principle investigators continue to validate the results 
of its mercury removal process, the Business Group is gathering information about 
the industry, which will help shape the marketing strategy for licensing this 
intellectual property. Regulations are driving the value of this technology as the 
Environmental Protection Agency (EPA) issued the final Clean Air Mercury rule on 
March 15, 2005, which builds on EPA's Clean Air Interstate Rule (CAIR) to 
significantly reduce emissions from coal-fired plants. The rules will require coal-
fired electric generators to reduce mercury emissions from 48 tons per year to 15 tons 
per year, or a 70% reduction. It is anticipated that this is a multi-billion dollar 
industry. A report is forthcoming which will document the federal regulations for 
mercury removal, roles of the various agencies in this arena, existing competitors, 
current technology and cost structure for mercury reduction, manufacturers of 
pollution control equipment, the dirtiest coal-fired power plants in America, benefits 
ofNRRI's mercury reduction method vs. other technologies, and potential business 
partners for the technology. 

• Forest Products - The Business Group is working with the principal investigator on a 
project that has received national attention and is considered Rapid Response 
Housing (RRH). The original focus was specifically aimed at emergency housing for 
natural disasters such as the hurricanes in Florida, and overseas to third world 
countries, like the Tsunami relief. It has been determined that it may be difficult to 
attain the cost structure required to compete in the third world country disaster relief 
market. Contacts will continue to be made, specifically with the Federal Emergency 
Management Agency (FEMA) to determine whether it is viable to develop a new 
industry in the secondary woods product area in Rapid Response Housing. The NRRI 
Business Group will continue to work with the principal investigator to explore 
various avenues, as the intellectual prope1iy is more clearly defined. Discussions are 
underway with regard to meeting with potential investors for the technology. 

• Brick Colorant - At the request of a customer, the NRRI researched and developed an 
artificial treatment for calcite or dolomitic rock to change its physical appearance to a 
more economically valuable raw material, utilized for architectural dimension stone 
applications. The NRRI Business Group researched the dimension stone market to 
help determine the economic value of the intellectual property and whether the NRRI 
should look at providing its customer with an exclusive or non-exclusive license. 

Additional NRRI Business Group Activity- in addition to the intellectual property portfolio, 
· the NRRI Business group lends technical expertise to various facets ofNRRI's Operating 

Centers. Activities through June 30, 2005 include: 

• Northern Lights Technology Center (NLTC)- development of marketing plan for the 
rapid prototyping center. The role of the NRRI Business Group was to guide the 
process for developing a marketing plan, within the parameters set by management, 
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so that NLTC can actively market its services to the public. The NRRI Business 
Group assisted staff of the NL TC with the following: identify trends occurring in the 
industry of rapid prototyping, define customer segments in the industry, conduct a 
SWOT (Strengths, Weakness, Opportunities, Threats) analysis of the NLTC, establish 
its targeted market, develop a customer list, and create and image for the NL TC. The 
marketing plan was approved with monies budgeted to launch the marketing efforts , 
including the development of collateral materials to help the NLTC brand itself in the 
marketplace. 

• FENS Project - wetland bank - the FENS Project Team had a situation where the 
value of a portion of the wetland bank (60 acres) was devalued due to provisions in 
the title. The potential buyer would not purchase the remaining 60 acres unless the 
NRRl were able to provide a clear title. The NRRl Business Group conducted a 
cost/benefit analysis to determine the value of a clear title to the NRRI. It also made 
recommendations on negotiation strategies for both the potential buyer and the party 
holding mineral rights on the 60 acres. 

• NRRl Website Committee -The NRRl Business Group serves on the NRRI website 
committee. Expertise provided by its technology specialist includes working on site 
navigation, usability, accessibility, and maintainability. 

• NRRI Advisory Board Meeting - the NRRI Business Group participated in the 
Advisory Board meeting in February and May 2005. Highlights were given on the 
development of the intellectual property process with regard to marketing efforts 
between the NRRI and PTM. 

EXTERNAL FOCUS 

The NRRI Business Group provides business-consulting expertise to clients ofNRRI who 
need assistance, in addition to other businesses in the seven county, Arrowhead Region as a 
Small Business Development Center (SBDC). The NRRI Business Group. clients are those 
more closely aligned to the NRRl mission of utilizing natural resources in a manufacturing 
process. For January through June 2005 , the Business Group has worked with 41 such 
manufacturing type businesses. Expertise provided to these businesses primarily focuses 
around the licensing and development of intellectual property, production and manufacturing 
process issues, market analysis, steps to starting a business, and financial analysis. 

In addition to the 41 businesses mentioned above, the CED counseled another 461 businesses 
throughout the Arrowhead Region through the SBDC and other operating programs of the 
CED through June 30, 2005 . Financial analysis for 53 clients resulted in-$18 mm in loan 
request. 

Staffing - In January, Jim Tolan, Business Development Specialist, located out of the 
Hibbing, Minnesota office resigned to become the director of finance for the Fortune Bay 
Resort and Casino in Tower, MN. Jim provided expertise in the start-up of manufacturing 
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companies. The CED has conducted two different searches to find a qualified replacement. 
It is anticipated that this position will be filled by August 15, 2005 . 

13th Annual Joel Labovitz Entrepreneurial Success Award - The UMD CED hosted the Joel 
Labovitz Entrepreneurial Success Awards during a luncheon on May 18, 2005 . More than 
300 business and community leaders were in attendance. Since 1993, the Joel Labovitz 
Entrepreneurial Success Awards have recognized small business owners who have dared to 
dream, taken a risk, and invested in the region. The awards luncheon occurs during the U.S. 
Small Business Administration's National Small Business Month. This year's Labovitz 
Award recipients were selected from a prestigious roster of 44 nominees from throughout 
Northeastern Minnesota. Details about the event and award categories can be found at 
v.-ww. umdced. com/labo. 

Student to Business Initiative - Seven businesses were involved in student marketing projects 
during Spring Semester 2005. The students were enrolled in Advertising and Communication 
taught by John Kratz. Teams of students developed an integrated marketing plan, complete 
with creative concepts, an ad campaign, focus groups, a communication plan, brand imaging, 
positioning, and competitive analysis. Each team had a budget, set by the participating 
company. Many of the company that participated in this project were clients of the CED and 
had a $200 obligation to cover the cost of printing and materials needed by the students. 
Approximately 35 students participated in this curriculum. At the end of the semester, each 
team presented its plan to each company. 

Project Gate - The Center continues to be a participant in a demonstration project for the US 
Department of Labor. The project is called "GATE" which stands for Growing America 
through Entrepreneurship. The project involves Workforce Centers and small business 
counseling and training programs. The difficult position for the CED is that it is not allowed 
to advertise the program, but individuals must come through the Workforce Centers. The 
CED had 98 Referrals through the GATE program. The program will no longer accept new 
referrals as of June 30, 2005 however; the existing clients can take advantage of the CED 
programs and services through June 30, 2006. 

Workshops - The CED provides additional business assistance through business and 
technology related workshops. These workshops provide a means to educate the 
entrepreneur on general business topics that are necessary in order to be successful in 
business. Some of the more basic workshops off er the CED the ability to screen clients that 
are not likely to be successful in starting a business, which allows counselors to focus on the 
most viable business opportunities. For the current reporting period, 1365 individuals 
attend,ed workshops through the CED. 
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HORTICULTURAL PEAT 
Wetland Banking - Fens Research Facility 

Objective The objective of the project is to restore much of the 
effectively drained Fens Research Facility (Fens) to Type 7 
(wooded) and Type 8 (bog) wetlands so they can be deposited into 
a state wetland bank for future withdrawal for wetland mitigation 
credits. 

Background For about 100 years, the Fens has been used for 
agriculture, horticulture, fuel peat production, and peatland 
research. The peat soils have been intensively drained. With recent 
demand for wetland mitigation credits, the Fens became a 
candidate for peatland restoration. The Minnesota Board of Water 
and Soil Resources (BWSR) and the Minnesota Department of 
Transportation (MnDOT) approached NRRI about the possibility 
of establishing two state wetland banks at the Fens. After a lengthy 
review process, two banks are in the process of being established. 
Type 7 and 8 wetlands are being established and new wetland 
credits will be deposited into the wetland banks. The credits will be 
used for wetland replacement mitigation following loss of wetlands 
as a result of road construction in Northeast Minnesota. 

Previous Activity/Results In 2002, the University of Minnesota 
entered into an agreement with BWSR to establish a wetland bank 
at the Fens. In January 2003, brush and willow/poplar plantations 
were cleared on 101.2 acres of the Fens. In the summer of 2003 the 
BWSR bank site was sprayed to kill the vegetation, and then soil 
surface was rototilled. Subsequently, the ditches were filled and the 
land leveled in preparation for re-establishing bog vegetation. In 
the early spring of 2004, donor material (plant fragments) from a 
nearby bog was gathered and spread at the Fens. In May 2004, 
monitoring wells were established and vegetation plots were laid, 
and control (herbicide spraying) of invasive species was carried out 
in August. Brush was cleared on 200 acres,of the Fens in 
anticipation of establishing a wetland bank for MnDOT. 

Principal Investigator(s) Thomas Malterer 

Project Sponsor(s) 
Minnesota Department of Transportation 
Minnesota Board of Water and Soil Resources 

Amount 
$1,531,760 
$ 809,600 

Start Date 7 /1/02 End Date 9/30/10 

Pro·ect No 187-2426 
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Progress/Results 
An agreement was made ,with 
MnDOT to create a 232 acre 
Fens Research Facility Wetland 
Bank II. (MnDOT). Land 
clearing was undertaken on the 
232 acres in the winter and 
spring of 2005. St. Louis County 
Commissioners apploved an 
NRRl petition to close two 
judicial ditches at the Fens as 
part of creating the BWSR and 
MnDOT wetland banks. 
Hydrology and vegetation 
monitoring was again started on 
the 101 acre Fens Research 
Facility Wetland Bank I 
(BWSR). 
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HORTICULTURAL PEAT 
Michigan Peat - Closure and Reclamation Plan 

Objective To develop a peatland reclamation plan for Michigan 
Peat Company's Cromwell operation as they close their operation. 

Background Michigan Peat Company is in the process of closing , 
their Cromwell operation. They asked NRRI to develop a closing 
plan that focuses on the reclamation of their peat production and to 
search out the possibility of obtaining new wetland credits as they 
go through the reclamation process. The closing process involves 
satisfying numerous requirements of regulatory agencies. Principal 
among these are the U.S. Army Corps of Engineers (USCOE), 
Minnesota Department of Natural Resources (MnDNR), Minnesota 
Pollution Control Agency (MnPCA), and the Minnesota Board of 
Water and Soil Resources (BWSR). It would be beneficial to 
Northeastern Minnesota if new wetland credits could be obtained 
from this property. Because the land is owned by the State of 
Minnesota, the wetland credits would be owned by the State and 
could be used for State projects. 

Previous Activity/Results NRRI gathered together and critically 
reviewed the Michigan Peat Company's regulatory permits. 
Regarding the reclamation of their operation, NRRI brought 
together the principal agencies (USCOE, MnDNR, MnPCA, 
BWS_R) and other agencies (Soil and Water Conservation District, 
U.S. Fish and Wildlife Service, Carlton County, Fond du Lac 
Reservation) for a meeting to determine the eligibility of the 
reclamation activities for new wetland credits. After considerable 
weighing of the circumstances, it was determined that the 
reclamation activities would not qualify for new wetland credits. 

Principal Investigator(s) Kurt Johnson & Thomas Malterer 

Project Sponsor(s) 
Michigan Peat Company 

Start Date 10/ 10/04 

Pr.o"ect No 187-2428 ' 

Amount 
$40,000 

End Date · 06/30/06 
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Progress/Results 
NRRI has developed a draft 
closing plan for Michigan Peat's 
Cromwell operation. The plan 
has been reviewed and edited by 
the Minnesota DNR and the U.S. 
Army Corps of Engineers and is 
currently being revised. NRRI 
also facilitated a preliminary 
agreement for Michigan Peat to 
transfer approximately 3 50 acres 
of the Cromwell site to P~at Inc., 
a horticultural peat company 
with an operation near 
McGregor, Minnesota. Peat Inc. 
plans to harvest Sphagnum and 
sedge peat at the Cromwell site 
to supplement their current 
operation. NRRI will assist the 
company with the transfer and 
any regulatory permits they will 
require. 
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HORTICULTURAL PEAT 1074 
Horticultural Peat Expansion - Premier Horticulture, Inc. 

Objective The overall goal of this project is to locate, assess, and 
secure a suitable horticultural peat resource for Premier 
Horticulture, Inc. to allow expansion of their Peatrex operation, 
and to initiate the environmental review and pe1mitting process. 

Background Premier Horticulture, Inc. contacted NRRI for 
assistance in expanding their Peatrex operation located west of 
Cromwell, Minnesota. It is estimated that their current peat 
resource (approximately 240 acres) will be depleted in the next 5 to 
10 years. Also, their packaging facilities are presently operating 
under capacity and could readily handle additional peat from 
another resource, making the operation more cost-effective and 
profitable. An expansion would not only maintain present 
employment at Peatrex, but would also result in 15 additional jobs 
at the pro·cessing plant and harvesting site. Supplementary 
employment 'Yould also occur in spin-off industries such as 
trucking. NRRI will assist Premier Horticulture, Inc. by: (1) 
conducting a detailed assessment of potential peat resources in 
proximity to the Peatrex operation, (2) identifying financial 
assistance and other incentives available for peatland development 
from State, County, and local agencies, and (3) assisting in the 
purchase or lease of the property, and beginning the environmental 
review and permitting process required by Federal and State 
regulatory agencies prior to peat development. 

Previous Activity/Results NRRI's continued work with Premier 
on permit acquisition has progressed significantly. The MPCA's 
National Pollutant Discharge Elimination s·ystem (NPDES) Permit 
was issued in July 2004. MPCA also issued the 401 Certific!ltion 
Waiver in September 2004. The DNR's Water Appropriation 
Permit was issued in October 2004 and the DNR peat lease was 
finalized in November 2004. A timber appraisal of the expansion 
area was conducted in November 2004 by DNR and Carlton 
County foresters, allowing Christmas trees to be harvested from the 
site. The draft 404 permit is currently awaiting approval at the U.S. 
Army Corps of Engineers, St. Paul office. NRRI has completed a 
draft Hydro logic Monitoring Plan and Peat Depth Monitoring Plan 
for the project. 

Principal Investigator(s) Kurt Johnson 

Project Sponsor(s) 
Minnesota Technology, Inc. (MTI) 
Premier Horticulture, Inc. 

Amount 
$99,982 
$30,000 

Start Date 7 /1/00 End Date 6/30/06 

Pro'ect No 187-6441/187-2428 
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Progress/Results 
The U.S. Army Corps has issued 
the 404 permit for the expansion 
and approved the Hydrologic 
Monitoring Plan and Peat Depth 
Monitoring Plan for the project. 
With all permits and leases now 
in place, actual field preparations 
on the site have progressed 
throughout the field season. 
Harvesting is expect~d to 
commence by the end of the 
summer 2005. NRRl has also 
begun work with Premier on 
environmental review and 
permit acquisition for the Wright 
Bog approximately 3 miles west 
of their current operation. The 
site would contain 
approximately 300 acres of 
horticultural peat. NRRI and 
Premier personnel met with 
representatives of the MPCA, 
Carlton County, U.S. Army 
Corps, and Minnesota DNR in 
May to discuss permitting 
procedures for the Wright Bog. 
NRRl will continue to assist 
Premier throughout the 
permitting process. 
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CHEMICAL EXTRACTIVES 
Processing of Bfrch Bark Products 

Objective The development of m;irketable chemicals from 
Minnesota's forests. · 

Background Minnesota's forest products industries have large 
capital investI)1ents and significant production costs. If unused 
materials or by-products of the process could be identified as 
valuable, or as precursors to marketable products, the 
competitiveness of our regional industries could be significantly 
improved. 

Previous Activity/Results Results of the second half of 2004 
research and development program may be summarized as follows: 
(1) A library of birch bark triterpene samples for biological tests 
was created (nearly 400 samples) and transferred to NNT, LLC. (2) 
Tli.e technology of betulin purification was finalized and 
transferred to NNT, LLC. (3) A new technology of birch bark 
processing was designed. The yield of betulin was increased by 
80% in accordance with this technology. (4) The technology of 
betulinic aldehyde synthesis was developed and transferred to 
NNT, LLC. (5) A new way of selective betulin-28-derivatization 
was developea. This invention allows us to produce betulone and 
other C3-betulin derivatives. (6) Synthesis of ten platform birch 
bark triterpenes was designed on the basis of betulin, betulinic 
acid, and lupeol as starting materials. (7) Ten platform birch bark 
triterpenes were synthesized (80-100" grams) and transferred to 
NNT, LLC. (8) New technology of birch bark fatty acids 
manufacturing was designed. Betulin content of the mixture of 
birch bark fatty acids and their salts is lower than 0.5%. 

Principal Investigator(s) Pavel Krasutsky 

Project Sponsor(s) 
Natu~North Technologies 
NaturNorth Technologies 

Start Date 1/1/2003 

Amount 
$489,712 
$771,986 

·End Date 6/30/2005 

Pro·ect No 187-6493/187-6520 
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Progress/Results 
Results of first half of 2005 
research and development 
program summary: ( 1) An 
additional library of birch bark 
triterpene samples for biological 
tests was created (100 samples) 
and transferreq to NNT, LLC; 
(2) New alcoholysis-extraction 
technology of birch bark 
processing was developed and 
disclosed to PTM UMN; (3) 
Two new technologies of 
betulinic acid synthesis were 
developed and corresponding 
provisional patent applications 
were filed; ( 4) Method of 
betulin-3-caffeate synthesis from 
betulin was developed; (5) Three 
patent applications were 
submitted to USPTO on the 
basis of research work in the 
first half 2005. (6) The project 
on "Research and Development 
of Birch Bark Products" for year 

-2006 was prepared and 
submitted to NNT, LLC. 
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FOREST PRODUCTS 
Stress Laminated Timber Bridge Vibration Testing 

Objective The objectives of this demonstration project are to use 
combinations of eastern hemlock and red pine of a stress-laminated 
bridge, to use forced and free vibrations to correlate between bolt 
tensioning and EI product, and to develop criteria for using forced 
and free vibration methods to test stress-laminated bridges. 

Background Recent collaborative research between Michigan 
Technological University (MTU) and NRRI has centered on using 
native wood species including aspen, hemlock, and red pine for use 
in constructing timber bridges. Several new bridges have been 
designed and installed on the MTU campus. In this project, NRRI 
will support MTU as a subcontractor to use nondestructive 
evaluation techniques to assess the timber quality of individual 
wood members and the bridge as a system during the installation 
and tensioning of stress bars. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Brian Brashaw & Xiping Wang 

Collaborator(s) John Erickson & John Forsman, Michigan 
Technological University 

Project Sponsor(s) 
Michigan Technological University 

Start Date 9/1/04 

Pro·ect No 187-6539 

Amount 
$4,000 

End Date 10/31/06 

3.5 
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Progress/Results 
The primary grant recipient, 
Michigan Technological 
University, has not initiated the 
project and NRRI has not been 
asked to conduct grading of the 
structural timbers and completed 
deck panels. 
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FOREST PRODUCTS 
Construction of Full-Scale House in a Box Prototype 

Objective To build a full size demonstration house to be used as a 
working prototype in the further dev~lopment of a new product and 
business targeted at providing disaster relief housing using 
Minnesota forest products. 

Background The objective of the NRRI' s Wood Products program 
is to develop new industries that create job growth for existing and 
new businesses using local and regional natural resources. This led 
to a research focus, using information· technology and our wood 
products industrial ~ase, both large and small businesses, to create 
a value-added wood'-based manufactured housing industry. The 
current opportunity came by applying what we had learned to a 
specific market niche, rapid response housing. By devel"oping a 
new niche market for our resour~e based industries, which is 
beyond typical distribution logistics, will drive new job growth. 

Previous Activity/Results Time was spent planning and carrying 
out demonstratioi1 presentations. 

Principal Investigator(s) Patrick Donahue 

Project Sponsor(s) 
Blandin Foundation 

Start Date 9/1/04 

Project No 187-6532 

Amount 
$10,000 

End Date 9/1/05 
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Progress/Results 
We constructed a full-scale 
demonstration house. Minnesota 
Power and LP provided 
donations, we also received a 
high level of in-kind.support 
from Minnesota industries. Jeff 
Foster Trucking provided a 
manufacturing 'space to 
manufacture the first 
demonstration house. In April 
2005 we were able to put 
together the house in the NRRI 
Pilot Plant for the demonstration 
day. The event was a success. 
We got initial feed back from 
FEMA and the Army Corps of 

. Engineers, and based on this 
feedback we were able to ·carry 
out a redesign process. After the 
demonstration we got additional 
resources to build demo house 
#2 from the Knight Foundation. 
The University of Minnesota 
applied for a patent on 
techniques and methods to 
construct the house with the 
Patent and Technology 
Marketing Office. The Blandin 
Foundation sponsorship has 
worked well. Blandin visited 
NRRI to review the project and 
has provided additional support 
through showing interest in the 
technology being 
commercialized. 
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FOREST PRODUCTS 
Wood Science for Economic Development 

Objective The goal is to complement the research and 
development programs of the NRRI Forestry & Forest Products 
Division to assist sustainable development of private sector forest 
products opportunities in Minnesota and the adjoining region. 
Specific objectives include: (1) helping·small and mid-size wood 
products companies be competitive through product development · 
and lean manufa~turing, (2) improving productivity of our forest 
resources, (3) development of automate pre-cut housing technology 
and businesses, and ( 4) formation of new regional industries from 
products based on chemical extractives from the waste stream of 
the forest products industry. 

Background The funding enhances our ongoing program to help 
forest products companies and associated industries in the Upper 
Midwest and Minnesota. We work with existing small and mid-
size companies to develop, improve, and implement technologies, 
which will help be competitive in the marketplace. Annually, the 
forest products programs benefit more than 100 companies as 
clients and strategic partners. Most of these companies are 
entrepreneurs or small and mid-sized businesses. Using funding 
provided in previous Wood Utilization Special Grants we have 
worked with more than 200 different companies on R&D projects. 
This research collaboration with the private sector has resulted in 
the formation of new companies, facilitated the rapid growth of 
others, created new technology and products, allowed several 
companies to enter new markets, and accomplished economic 
development in the Upper Midwest. 

Previous Activity/Results Our research activity .using information 
technology and our wood products industrial base has led to the 
creation of new pre-cut housing businesses in Minnesota. 
Specifically, Aurora Building Systems, FlatPak Inc., Talor . 
Building Systems, and US CAN Precut are currently operating or 
will be during 2005. In cooperation with the USDA FPL and CHH 
fibre-gen, nondestructive testing equipment has been developed for 
sta11ding trees and logs. · 

Principal Investigator(s) Brian Brashaw & Donald Fosnacht 

Project Sponsor(s) 
U.S. Department of Agriculture, CSREES 

Amount 
$228,059 

Start Date 7 /1/04 End Date 6/30/06 

Pro"ect No 187-6530 

3.7 
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Progress/Results 
With cooperative funding from 
several private companies, 
Minnesota Foundations, and the 
USDA, an emergency housing 
system has been conceived and 
prototyped. This system is 
wood-based and is self-
contained in a box the equivalent 
size of an export shipping 
container. The initial prototype 
was manufactured and 
demonstrated at NRRI this · 
Spring. When fully assembled, 
the footprint of the house is 20 
by 24 ft. It is rapidly assembled 
through a combination of floor, 
wall, and roof panels, and 
internal connectors. The .unit 
was assembled in under four 
hours by a crew of 6 employees 
and positive feedback was 
received from the U.S. Federal 
Emergency Management 
Agency (FEMA). Several 
presentations were made on our 
lean manufacturing program for 
the wood products industry. An 
invited presentation on 
successful implementation 
models and companies was 
made for the Forest Products 
Society in Grand Rapids, 
Michigan. · 
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FOREST PRODUCTS 
Nondestructive Evaluation of Wood Materials 

Objective The goal of this research is to evaluate recently 
developed and commercialized acoustic technologies to assess 
stress levels of trees affected by oak decline and evaluate grade 
yield and mechanical properties of boards obtained from the trees. 

Background Recent research developments of NDE technologies 
at NRRI and the USDA Forest Products Laboratory offer 
opportunities for industry and forest managers to evaluate standing 
trees for general wood quality, mechanical properties, and internal 
defect~. This information could help managers make economic and 
environmental decisions on treatments for individual trees and 
forest stands and to efficiently allocate timber resources for optimal 
utilization. For example, the information could be used to predict 
insect and disease damaged trees that should be treated or removed 
to preserve the health of the forest stands or range of forests . 
Another example is to determine the relationships between 
environmental conditions, silvicultural treatments, and wood fiber 
properties so that the most effective treatment can be selected for 
future plantations for desired fiber quality. 

Previous Activity/Results Exploratory field testing has been made 
in Missouri to examine the effectiveness and capability of several 
types ofNDE techniques (acoustics and density profiling) for 
identifying trees affected by oak decline. Preliminary results show 
that it is highly possible to monitor the presence of oak decline by 
using stress wave timing tools. 

Principal Investigator(s) Brian Brashaw & Xiping Wang 

Project Sponsor(s) 
USDA Forest Products Laboratory 
University of Missouri Columbia 

Start Date 6/24/04 

Pro"ect No 187-6527/187-6533 

Amount 
$155,000 
$25,000 

End Date 9/30/06 

3.8 
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Progress/Results · 
Following nondestructive 
assessment of standing dead Red 
Oak trees ip Missouri, 400 black 
and scarlet oak butt logs were 
taken to a sawmill in Salem, 
Missouri. Following stress wave 
testing, the logs were sawn into 
boards and visually graded based 
on the local mill standards and 
hardwood lumber grading rules. 
Based on the stress wave data, a 
sub-sample of logs and the 
resulting boards were obtained 
for detail investigation. The red 
oak boards are now being 
visually examined for grades and 
the defects of each board are 
being digitized. Mechanical 
testing ( edgewise bending to 
failure) of the boards is 
scheduled to take place in 
August. This information is 
being used to develop baseline 
information on the affect of oak 
decline of the actual wood 
quality as a management tool for 
foresters in Missouri and other 
regions affected in the United 
States. 
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FOREST PRODUCTS 1342 
Value-Added Forest Industry and Underutilized Species Feasibility 

Objective This study will use northeast Minnesota timber resource 
information to ·identify potential value-added forest industry 
applications and end uses. 

Background The Minnesota Department of Natural Resources 
identified several species as underutilized in 2000. These species 
included white birch, tamarack, basswood, and black ash. Although 
they are increasingly being used as pulp for paper or oriented 
strandboard, NRRl is leading a collaborative group of 
organizations to identify higher value products for these species, 
and new products or technologies that could be implemented. The 
focus on this project will be in northeastern Minnesota and include 
St. Louis, Cook, Lake, and Koochiching Counties. We will also 
partner with Aitkin County since they also received funding to 
evaluate new technologies for valuy-added wood products. 

Previous Activity/Results Since the proposal was written, only 
basswood of our four primary species would still be considered 
·underutilized since the others have found their way into pulp 
applications for paper or oriented strandboard. We are now 
classifying the products as undervalued. Several presentations on 
wood sorting yards were provided by Rusty Dramm of the USDA 
Forest Products Laboratory. Options for low cost sorting operations 
were presented and the potential to increase value discussed. This 
effort to develop sorting yards will be ongoing. 

Principal Investigator(s) Brian Brashaw 

Project Sponsor(s) 
Iron Rapge Resources & 

Rehabilitation Agency 

Start Date 4/27/04 

Project No 187-6528 

Amount 
$30,000 

End Date 12/31/05 

3.9 

Progress/Results 
In cooperation with the 
Minnesota Wood Campaign, the 
NRRI developed a new display 
of northern Minnesota wood 
species for use in the 
Minneapolis Home and Garden 
Show. This display booth 
included flooring, paneling, and 
furniture that demonstrate the 
utilization and character of 
basswood, aspen, tamarack, 
maple, and other species. A 
2002 study commissioned by 
Iron Range Resources called for 
four recommendations to further 
strengthen and expand the 
secondary wood products 
industry in northeastern 
Minnesota. Since these 
recommendations were never 
fully implemented, the NRRI in 
cooperation with the University 
of Minnesota Extension, hosted 
a meeting of organizations with 
a vested interest in the report. 
These organizations agreed that 
the focus on underutilized 
species was no longer 
appropriate and that the majority 
of the efforts should focus on 
strengthening and growing our 
current manufacturers. We will 
initiate an organization called 
the Forest Industry Action Team 
that had been outlined in the 
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FOREST PRODUCTS 
Tongue and Groove Paneling from Dead Jack Pine 

Objective Tq evaluate the technical and economic feasibility of 
using standing dead jack pine timber for use as tongue and groove 
paneling. · · 

. Background Many jack-pine stands across the Lake States are 
· appro~ching maturity ;ind are among the highest risk of fire 

damage in northern forests. Insects. and disease are attacking mar{y 
of these stands, established by the CCC program of the 1930s. 
Once attacked by insect,s, the trees "brown out" in 2 to 3 years. 
Recently completed studies on tlie structur.al properties of jack pine 
indicate that the yield of good lumber may be high for at least 5 
years after initial attack. Limited studies have been completed to 
adequately assess the potential for using this material for secondary 
wood -products such as tongue and groove paneling. . _ 

Previous Activify/Results Jack pine logs hav~ b~en secured by 
Michigan Technological University (MTU) who is the primary 
project contractor. NRRI is serving as a subcontractor. Several 
grade~ and quality· of logs have been obtained and were sawn into 
grade lumber. At this point in the project, the technical issues of 
drying an9 sawing appear easily addressed. The economic 
assessment has not yet been completed. 

Principal lrivestigator(s) Brian Brashaw 

Project Sponsor(s) 
USDA F°orest Service, NA S&PF 

Start Date 7 /1/03 

Pro·ect No 187-6524 

Amount 
$8,538 

End Date 12/31/05 

·, 

1337 

Progress/Results 
The primary_grant recipient, 
Michigan Technological 
University obtained jack pine 
logs and sawed them in.to flat 
lumber. NRRI staff will 
complete the drying and grading 
during the next reporting period. 
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FOREST PRODUCTS 1324 
Construct and Evaluate the Performance of Six Timber Bridges Using 
Local S ecies in Northern Michi an 

Objective This project is designed to evaluate the performance of 
timber bridges and bridge components made of lumber and timbers 
sawn from local northern species. The project, located near 
Houghton, Michigan, will utilize species prevalent across much of 
the northeastern U.S. 

Background Six timber bridges will be constructed for Michigan 
Technoligical University (MTU). The bridges will provide logging 
access to a 540-acre tract of forest owned by MTU. The forest 
currently serves as an unimproved cross-country ski area. Six 
bridges will be constructed using Eastern Hemlock, Red Maple, 
Big Tooth Aspen, and Red Pine in various combinations for 
abutments, stringers, deck boards, rails, and running surfaces. 
Recent projects have developed new nondestructive evaluation 
techniques which will be used to assess these bridges. 

Previous Activity/Results Two bridges were built in the fall of 
2004 on the campus ofMTU. These bridges were manufactured 
from Eastern Hemlock and Red Pine to demonstrate the use of 
nontraditional species for timber bridge construction. The timbers 
used for these bridges were evaluated using stress wave assessment 
techniques to determine the structural stiffness properties and 
ensure they met design requirements. A visual inspection was also 
completed. The construction of these bridges has successfully 
opened sections of the school forest, and have demonstrated initial 
success in using nontraditional species. 

Principal Investigator(s) Brian Brashaw 

Project Sponsor(s) 
Michigan Technological University 

Start Date 7 /1/03 

Pro·ectNo 187-6512 

Amount 
$5,000 

End Date 6/30/05 

3.11 

Progress/Results 
This project has been delayed by 
Michigan Technological 
University. An extension has 
been received for this project 
until 12/31/2005. It is expected 
that two bridges will be installed 
this Fall and assessed for 
performance and structural , 
quality by NRRI at that time. 
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FOREST PRODUCTS 1304 
Demonstration of an In-Place Transverse Vibration Technique to 
Assess Lon -Term Performance of a New Timber Brid e 

Objective To demonstrate the use of a flexural vibration inspection 
technique for evaluating timber bridges. 

Background A new vibration inspection method for use on timber 
bridges was recently developed in cooperative research with the 
USDA Forest Products Laboratory (FPL), Michigan Technological 
University (MTU), and the U.S. Federal Highway Administration. 
This technique appeai:s to have excellent potential for quickly and 
effectively evaluating bridges as a system instead of through time 
intensive inspection of individual members like pilings, pile caps, 
girders, decking, and railings. The fundamental frequency of 
vibration is translated into a measure of the bridge's stiffness, a key 
performance measure .. The goal of this project is to instrument a 
new bridge during construction and to develop testing protocol, 
instrumentation, and ongoing performance data. 

Previous Activity/Results Planning discussions have taken place 
with the bridge engineer from the USDA Forest Service, Nicolet-
Chequamegon National Forest. The bridge that had been planned 
for construction and implementation of the vibration equipment 
will not be built due to Forest Service budget constraints. An 
alternate bridge will be used for the testing and will be located in 
northern Wisconsin, northern Minnesota, or the Upper Peninsula of 
Michigan. 

Principal Investigator(s) Brian Brashaw 

Collaborator(s) Robert J. Ross, Xiping Wang, John Forsman 

Project Sponsor(s) 
USDA Forest Service, NA S&PF 

Start Date 7/1/03 

Pro·ect No 187-6500 

Amount 
$25,000 

End Date 6/30/05 

Progress/Results 
An exte11sion was requested 
from t~e sponsor since the 
Forest Service cooperator was 
not.able to build the orginally 
specified bridge. An alternate 
bridge has been identified and 
will be installed this Fall by 
Michigan Technologica1 
University on a county road near 
Houghton, Michigan. Our · 
research team has conducted 
several tests. on bridges in St. 
Louis County, Minnesota, to 
troubleshoot the testing 
equipment and develop a 
standard operating procedure for 
the vibration testing. 
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FOREST PRODUCTS 
Innovation in Wood Utilization Research 

Objective The goal is to complement the research and development 
programs of the NRRI Forestry & Forest Products Division to assist 
sustainable development of private sector forest products opportunities in 
Minnesota and the adjoining region. Specific objectives include: (1) 
helping small and mid-size wood products companies be competitive, (2) 
developing hybrid poplar as a crop to help ensure the sustainability of the 
forest products industry, and (3) formation of new regional industries 
from products based on chemical extractives from the waste stream of the 
forest products industry. 

Background The funding enhances our ongoing program to help forest 
products companies and associated industries in the Upper Midwest and · 
Minnesota. We work with existing smaJI and mid-size companies to 
develop, improve, and implement technologies, which will help be 
competitive in the marketplace. Annually, the forest products programs 
benefit more than l 00 companies as clients and strategic partners. Most of 
these companies are entrepreneurs or small and mid-sized businesses. 
Using funding provided in previous Wood Utilization Special Grants we 
have worked with more than 200 different companies on R&D projects. 
This research collaboration with the private sector has resulted in the 
formation of new companies, facilitated the rapid growth of others, 
created new technology and products, allowed several companies to enter 
new markets, and accomplished economic development in the Upper 
Midwest. 

Previous Activity/Results In our membrane press technology initiative, 
we completed a major redesign of our balance beam scratch and mar 
tester which is used to assess the durability and hardness of thin 
decorative laminates used in office furniture, store fixtures, and kitchen 
cabinetry to improve the accuracy and interpretation of our testing. 
Several lean manufacturing projects have been completed with Minnesota 
wood products companies with positive improvements in cost and 
manufacturing efficiency. A lean manufacturing simulation was 
developed for process-based wood products industries using a mini-
molder and molder blanks to help employees identify waste in the 
production process and understand lean principles. 

Principal Investigator(s) Brian Brashaw & Donald Fosnacht 

Project Sponsor(s) 
U.S. Department of Agriculture, CSREES 

Start Date 8/15/03 

Pro·ect No 187-6501 

Amount 
$246,407 

End Date 8/14/05 

3.13 

1303 

Progress/Results 
Our research staff has continued 
to focus on development of 
mineral bonded composite 
panels. We participated in a two 
week training at the US DOE 
Argonne National Laboratory. 
This training has enhanced our 
ability to use minerals in 
combination with pulp and paper 
mill residues. Our baseline work 
has generated enough potential 
to secure funding in a 
congressional appropriation in 
cooperation with the State of 
Wisconsin. In our membrane 
pressing initiative, we have 
conducted several pressing trials 
to assess new potential adhesives 
that can improve heat resistance 
performance, a critical criteria 
for panels used in kitchen 
cabinetry. We also have 
continued testing thermofoil 
laminated ·performance under 
chemical testing, abrasion 
testing, and scratch testing. 
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FOREST PRODUCTS 
Standing Timber Quality Assessment - Alaska Trials 

Objective To evaluate the potential of acoustic wave technologies 
for assessing wood quality of young-growth western hemlock and 
Sitka spruce in southeastern Alaska, and to c_alibrate tree acoustic 
measure with log acoustic measure for field evaluation. 

Background Sorting or grading trees has been an important 
procedure in improving the utilization of forest resources. The 
worldwide shift of wood supply from old-growth resources to 
intensively managed forest plantations increases the needs of 
evaluating wood quality of trees priot to harvest. This is especially 
true in southeast Alaska where the quality of young growth wood 
has been a major concern to the local forest economy. 
Traditionally, trees have been selected for harvest based on visual 
assessment of tree characteristics (age, species composition, habitat 
type, presence of insects and diseases, and silvicultural objectives). 
These procedures do not incorporate estimates of the mechanical 
properties of wood in trees and thus do not adequately assess the 
potential quality of structural products that might be manufactured 
from the trees. Currently, there is a strong interest and need in 
developing and using cost-effective nondestructive evaluation 
technologies to evaluate wood properties in standing trees and sort 
trees into stiffness and strength categories/grades in terms of 
structural potential. 

Previous Activity/Results The first phase of this study was 
conducted in southeastern Alaska in 2003. The second phase of the 
study was conducted in southeastern Alaska in June 2004. The . 
field testing work has been completed for this study. A total of 463 
yourig-growth western hemlock and Sitka spruce trees were 
nondestructively tested using acoustic and resistance drilling 
techniques. 

Principal Investigator(s) Brian Brashaw & Xiping Wang 

Project Sponsor(s) 
USDA Forest Products Laboratory 

Start Date 6/11/03 

Pro"ect No 187-6497/187-6510 

Amount 
$30,500 

End Date 6/30/05 

1291 

Progress/Results 
Tree samples tested in phase 1 
and phase 2 (field study) were 
harvested in May 2005. The 
felled trees were taken to the 
Ketchikan Wood Technology 
Center and nondestructively 
evalauted using the Director 
HMS to determine the modulus 
of elasticity. These logs were 
then sawn into dimension 
lumber for further 
nondestructive and destructive 
testing to determine the 
mechanical properties of wood. 
This information will then be 
used to determine the correlation 
between the predicted properties 
as a tree, log, and lumber as 
compared to the actual 
·destructively tested lumber. 
These assessments will be 
conducted during the next 
reporting period, although the 
project will not be extended. The 
results of this project will help 
Alaska forest managers to 
understand the wood quality of 
these young stands and the affect 
of management regimes on the 
quality. 

. 3.14 
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FOREST PRO DUCTS 1289 
Condition Assessment of Wood Surfaces Using Near Infrared 
S ectrosco 

Objective The primary objective of this research project is to 
explore the potential utility of near infrared (NIR) spectroscopy as 
a field sensor to assess the condition of wood surfaces of in-service 
wood bridges and other structures. The specific goals are: (1) 
collect NIR. spectrum on wood exposed to controlled weathering 
conditions, and explore the ability to distinguish treatments using 
multivariate statistical analysis, (2) evaluate the immediate and 
long-term bonding characteristics of controlled, weathered wood to 
fiber-reinforced polymer (FRP), and (3) demonstrate the potential 
for field application with material obtained in-service treated and 
non-treated structures. 

Background NIR spectroscopy is a fast growing technique for 
nondestructively evaluating organic materials. NIR has found 
widespread use in the food and agriculture industry as well as the 
pharmaceutical, petroleum, polymer, and pulp and paper industries. 
For this reason, NIR techniques have shown promise as a 
nondestructive evaluator of the properties of wood and wood-based 
materials. 

Previous Activity/Results CCA preservative treated and DDAC 
fire-retardant treated Southern Yellow Pine (SYP) 2-by 4-in 
lumber. Wood specimens were prepared for NIR spectroscopy 
scanning. These specimens had been exposed to weathering 
conditions for different periods of time, ranging from 12 to 60 
months. The spectroscopy data is currently being consolidated and 
analyzed. Multivariate analysis will be used to examine the effects 
of chemical treatments and weathering of the condition of the · 
wood surface. 

Principal lnvestigator(s) Brian Brashaw & Xiping Wang 

Project Sponsor(s) 
USDA Forest Products Laboratory 

Start Date 6/11/03 

Pro"ect No 187-6496 

Amount 
$20,000 

End Date 6/30/05 

3.15 

Progress/Results 
This project has been completed 
and a final report submitted to 
the project sponsor. The results 
of this study indicate that NIR 
spectra analysis, in conjunction 
with multivariate statistical 
analysis, has potential in 
monitoring surface conditions of 
wood structural members 
subjected to natural weathering. 
NIR spectra analysis is also 
capable of characterizing CCA 
and DDAC treated woocl that is 
subject to natural weathering. 
This rapid scanning tool can 
provide both qualitative and 
quantitative measures of the 
chemical changes that occur 
during natural weathering of 
wood. The ability to predict 
weathering time and wood 
condition with NIR spectroscopy 
could open opportunities to 
define relevant surface 
characteristics of the wood 
structure and identify 
appropriate treatments to 
optimize bonding of fiber-
reinforced polymer composites 
or other treatments. Additional 
development work is warranted. 
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FOREST PRODUCTS 1282 
Minnesota Industries of the Future-Roadmap for Forest Products 
lndustr 

Objective Develop a vision and technology roadmap for the 
Minnesota Forest Products Industry, using input from industry 
participants. 

Background The state Industries of the Future (IOF) program is an 
ex.tension of a larger national effort sponsored by the U.S. 
Department of Energy directed at improving energy efficiency and 
environmental performance and increasing the productivity of 
materials and processes in the nation's most energy intensive 
industries. The goal of the IOF program is to develop and deliver 
advanced science and technology options that will: (1) lower raw 
material and depletable energy 'use per unit output, (2) improve 
labor and capital productivity, and (3) reduce the generation of 
wastes and pollutants. The Minnesota IOF forest products effort 
will include: (1) selecting important industry sub-sectors for 
inclusion, in the process, and (2) bringing key industry 
representatives together with University of Minnesota and state 
agency experts to collectively identify issues, determine indicators 
that can be used to measure progress, develop and implement an 
information plan to disseminate important materials to state 
industry, and develop an industry-wide vision and technology 
roadmap. 

Previous Activity/Results After discussions with project managers 
at the IRRRA, work was initiated by NRRI to identify biomass 
s9urces in northern Minnesota for potential renewable fuels. 
Interest in biomass sources has increased due to higher natural 'gas 

. prices and the development of alternate energy projects in 
northeastern Minnesota. NRRI is currently involved in an 
evaluation of forest harvest residues and brushlands as potential 
sources of woody biomass for energy. 

Principal Investigator(s) Williarri Berguson 

Collaborator(s) Rubin Shmulsky & Tim Smith, UM-Dept. of 
Wood and Paper Science · 

Project Sponsor(s) , 
Iron Range Resources & 

Rehabilitation Agency (IRRRA) 

Start Date 1/29/03 

Pro·ect No 187-6490 

Amount 
$49,000 

End Date 6/30/05 

3.16 

Progress/Results 
Two reports were completed 
since April 2005 which satisfy 
the requirements of the IOF · 
project. One report entitled 
"Analysis of Forest Harvest 
Residue Availability and 
Shrubland Biomass for the 
Laurentian Energy Authority 
Project," evaluated the expected 
amount of biomass potentially 
available from harvest residues 
and shrublands in northern 
Minnesota. The feasibility of 
using existing forest harvest 
equipment coupled with 
chippers on logging sites was 
evaluated. Also, the effect of 
varying utilization standards 
used by the forest industry was 
evaluated. In total, we estimate 
that approximately one million 
green tons of harvest residue 
biomass would be available 
within 100 miles of Hibbing, 
Minnesota. A second report 
evaluated the current state of the 
forest industry and opportunities 
to improve the competitiveness 
of tlie industry. This report was 
based on information developed 
through the Governor's Task 
Force and the Blandin 
Foundation's Vital Forests-Vital 
Communities Initiative. Overall, 
issues of wood supply and cost 
are of the highest importance to 
the industry. Also, opportunities 
to offset costs of fossil fuels 
through biomass utilization were 
discussed. · 
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FOREST PRODUCTS 
Great Lakes Wood Manufacturing Partnership 

Objective The Great Lakes Wood Manufacturing Partnership will 
enhance the competitiveness of the wood products industry in the western 
Great Lakes region of Minnesota, Michigan, and Wisconsin. To 
accomplish this goal, the Partnership will link private wood products 
manufacturers with the University of Minnesota Duluth, Michigan 
Technological University, Northern Initiatives (a community development 
corporation), the Minnesota, Michigan, and Wisconsin Departments of 
Natural Resources, and the USDA Forest Products Laboratory with the 
vision and goal of enhancing the economic growth and stability of these 
companies. 

Background The wood pr;oducts industry is one of the primary economic 
drivers for the western Great Lakes region of Minnesota, Michigan, and 
Wisconsin, employing over 300,000 people. This industry is experiencing 
tremendous economic pressures resulting from slow implementation of 
new technology and best manufacturing practices, imported products, and 
restrictions in resource availability. A cooperative partnership ofregional 
specialists in wood products manufacturing and product development as 
established to complete company specific projects to enhance the 
competitive position of these manufacturers in the wood products 
industry. Two types of projects will be completed: (1) Manufacturing 
process improvement projects will be performed using Kaizen techniques 
to implement lean manufacturing. (2) Product development projects will 
be developed and structured to address technical, material, and market 
issues for new products. 

Previous Activity/Results A tour of the Minnesota and Wisconsin 
companies was completed to introduce them to the project options. A 
cooperative relationship was forged with the Foldcraft Company, a 
Minnesota-based restaurant furniture manufacturer, that adopted a Jean 
philosophy in 1997 and has experienced tremendous productivity 
increases .and waste reduction. Significant projects were completed with 
Ferche Millwork, Northern Contours, Industrial Hardwood Products, 
Crystal Cabinets, Smurfit Stone, Homer Flooring Company, TrueRide, 
and FenTech. 

Principal Investigator(s) Brian Brashaw & Patrick Donahue 

Collaborator(s) Minnesota, Wisponsin, & Michigan DNR, Northern 
Initiatives, MTU, USDA FS, Homer Flooring, Fen-Tech, Glen Oak 
Lumber 

Project Sponsor(s) 
National Science Foundation (NSF) 

Start Date 1/1/03 

Pro"ect No 187-6487 

Amount 
$599,550 

End Date 12/31/05 

3.17 

1256 

Progress/Results 
The Partnership developed a 
complete lean manufacturing 
training module during this 
project period. In the simulation., 
a fictional manufacturer, 
Dovetail Enterprises is 
transformed from a traditional 
manufacturing company into an 
efficient lean manufacturer that 
eliminated the seven wastes and 
created one-piece flow. This 
simulation was used with Beaver 
Manufacturing (Shell Lake, 
Wisconsin) and Hal's Millwork 
(River Falls, Wisconsin) to 
secure new projects with these 
companies. The project with 
Hal's Millwork focused on the 
Therma-Tru exterior door 
manufacturing cell and resulted 
in productivity improvements of 
31 % and a significant reduction 
in floor space. We will initiate 
the project with Beaver during 
the next reporting period. A one 
day training course on lean 
manufacturing for the wood 
industry was presented for the 
Lake States Lumber Association 
and was attended by 15 
individuals representing 10 . 
companies. 
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FOREST PRODUCTS 
Forest Products Research for Business Development 

Objective This project will complement the division program 
areas. Specific objectives include an emphasis on helping existing 
small and mid-size wood products companies remain or become 
competitive through research and development or by providing 
specific technical or business expertise. Work in the biotechnology 
and chemical extractives is directed at the formation of new 
industries in the region. Specific' sub-projects in the areas of wood 
engineering, secondary wood products manufacturing, and bio-
based composites, facilitate economic growth ·and stability of 
Minnesota and other Lake States wood product manufacturers. 

Background Our initiatives are inclusive of the wide range of 
projects we engage in to assist new and existing business 
commercialize products or processes. Annually, the forest products 
programs benefit more than 100 companies as clients and strategic 
partners. Most ofthese companies are entrepreneurs or small and 
medium-sized businesses. Using funding provided in previous 
Wood Utilization Special Grants we have worked with more than 
150 different companies. This research collaboration with the 
private sector has resulted in the formation of new companies, 
facilitated the rapid growth of others, created new technology and 
products, allowed several companies to enter new markets, and 
accomplished economic development in the Upper Midwest. 

Previous Activity/Results W~ applied and furthered our research 
on non-destructive evaluation to inspect 18 timber bridges in 
Minnesota in response to concerns about decay. NRRI developed 
prototypes of several new high value-added products made 
partially frqm waste papermill sludge from Minnesota mills, a 
major disposal problem for the paper industry. We assisted Aurora 
Building Systems of Aurora, Minnesota, in the startup of the wood 
frame housing pilot plant that we jointly <leveloped with this new 
business. 

Principal lnvestigator(s) Brian Brashaw & Donald Fosnacht 

Project Sponsor(s) 
USDA Cooperative Research Service 

Start Date 7/1/02 

Pro·ect No 187-6481 

Amount 
$250,207 

End Date 6/30/05 

3.18 

1245 

Progress/Results 
This project has been completed 
and final financial and technical 
reports have been submitted to 
the project sponsor. Specific 
conclusions reported included: 
(1) Product development and 
manufacturing improvement 
services were provided to over 
20 small and med-sized wood 
products companies resulting in 
their improved competitiveness. 
This included companies that 
manufacture recreation products, 
wood flooring, cabinet products, 
and housing systems. 
Specifically, we helped these 
companies develop new 
products resulting in sales 
expansion of over 20 million 
dollars, retained jobs and 
contributed to stability and 
expansion of the wood products 
industry in Minnesota. (2) 
NaturNorth Technologies has 
successfully developed and 
commercialized technology for 
isolating birch bark components 
and derivatives for use in 
cosmetics, agroproducts, 
pharmaceuticals, and other 
bioactive applications. 
NaturNorth Technologies offers 
commercial quantities of betulin 
and betulinic acid and will soon 
offer lupeol. The company is a 
partnership of the Natural 
Resources Research Institute, 
Synertec, Inc., and Potlatch 
Corporation. 
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FORESTRY 1396 
IREE Hybrid Poplar Genetic Improvement for Biomass Energy 

Objective To improve the genetic diversity and quality of hybrid 
poplar clones for biomass energy production in Minnesota. 

Background Hybrid poplar has long been recognized as one of the 
most promising potential crops for renewable energy plantations 
due to its high growth rate and ease of clonal propagation 
(Riemenschneider et.al., 1997). Recent changes in energy markets 
have made farm-grown tree plantations potentially economically 
viable assuming high-yielding, disease resistant hybrids are 
available and production systems are in place to maximize biomass 
production. In particular, high prices for natural gas point to the 
developpient of locally-grown biomass material for use in 
gasification systems to replace natural gas in many industrial 
applications. It is possible that a new industry could be developed 
in rural Minnesota which supplements income from traditional 
farm crops. The NRRl has one of the largest ongoing poplar 
breeding programs in the world with cooperators from Europe and 
Asia as well as the western United States. Beginning in 1996, a 
university-industry research cooperative was formed which began 
an aggressive breeding program at NRRI. To date, this program 
has produced over 10,000 new clones that are currently undergoing 
field-testing or are in nurseries awaiting field testing at various 
sites throughout Minnesota. The purpose of !REE-sponsored work 
is: (1) to continue to improve yields and the genetic quality of 
hybrid poplar species for energy plantations in Minnesota, (2) to 
expand the genetic base of hybrid poplar to mitigate against disease 
and improve climatic adaptability and, (3) to conduct field tests of 
new hybrids at various locations in the state. 

Previous Activity/Results This is a new project 

Principal Investigator(s) William Berguson 

Collaborator(s) USDA Forest Service, International Paper 

Project Sponsor(s) 
IREE Funds 

Start Date 1/1/2005 

Pro·ect No 187-2461 

Amount 
$269,971 

End Date 5/31/2008 

3.19 

Progress/Results 
Progress has been made in 
breeding of poplar hybrids for 
energy with over 5,000 
genotypes produced in 2005. 
This material is currently being 
sown in nurseries for eventual 
clonal propagation and planting 
in replicated field tests. A clone 
test of promising genotypes was 
planted in northwestern 
Minnesota to evaluate and 
compare growth rates of new 
hybrids to commercially-
available genotypes. Also, a test 
of the rooting ability of a variety 
of clonal material is underway. 
This material contains 
approximately 2,000 individuals 
with several cross types included 
in the test. A total of 20 unique 
clones, six P. deltoides X nigra, 
six pure P. deltoides, six P. 
deltoides X maximowiczii 
clones, and two commercial 
controls are included in these 
tests. At this time, results 
indicate that DXN clones 
developed at the NRRl have a 
very high rooting ability, similar 
to clones currently in 
commercial use. Results of these 
tests will be used to guide future 
breeding to enhance in-field 
rooting ability of new clones. 
Rooting ability is important 
because of its effect on the cost 
of plantation establishment. 
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FORESTRY 
Minnesota Forest Productivity Research Cooperative 

Objective To improve the productivity and value of natural stands and 
plantations in Minnesota, develop economfoally and environment<!llY 
sound silvicultural practices, and transfer this knowledge to Minnesota 
Forest Productivity Research Cooperative (MFPRC) members and the 
public. 

Background This Minnesota Forest Productivity Research Cooperative 
(MFPRC) is a consortium of University of Minnesota personnel, industry 
members, and the USDA Forest Service with the purpose to enhance the 
productivity of Minnesota's forests. Research done as part of the MFPRC 
includes Norway Pine management, aspen productivity research, and 
hybrid poplar genetics and yield improvement. The goal of Norway Pine 
research proposed is to better understand productivity of Norway Pine . 
plantations and optimize management of these stands both in terms of 
productivity and value. Aspen research is concentrating on assessment of 
productivity of regenerating aspen stands, an important issue as it relates 
to future wood resources. Hybrid poplar breeding and yield improvement 
is ongoing and replaces the previous activity done as part of the 
Minnesota Hybrid Poplar Research Cooperative. 

Previous Activity/Results A workplan was developed that served as the 
guiding document for research being done in 2004 and through June 30, 

·2005. This document was reviewed by all members in March 2004 and 
the cooperative was· formed at that time. Through the cooperation of 
MFPRC members, we ~elected sites for measurement in April and May 
2004. Activity began in June to collect data from aspen and Norway Pin¢ 
sites and has continued through the winter. These data are being analyzed 
and information on Norway Pine plantation productivity has been 
summarized. Field tests of new clonal material developed in the breeding 
program were planted ·in June on cooperator's lands. A crossing matrix for 
breeding of hybrid poplar has been developed and efforts are underW£!Y to 
prepare for the 2005 breeding season. 

Principal Investigator(s) William Berguson 

Project Sponsor(s) 
International Paper 
Potlatch Corporation 
Boise White Paper, LLC 
Blandin Paper Company 
Minnesota DNR 
Minnesota Power 

Amount 
$20,000 
$20,000 
$20,000 
$20,000 
$40,000 
$20,000 

Start Date 10/28/04 End Date 6/30/05 

Pro· ect No l 87-6542/'187-6538/187-6537/187-6536/187-6535/187-6534 

3.20 

1363 

Progress/Results 
A detailed work plan was 
developed in the spring of 2005 
and discussed with MFPRC 
members. This work plan 
consists of three primary 
research areas: ( 1 )Red Pine 
plantation management, (2) 
Hybrid Poplar Genetic 
Improvement and, (3) Aspen 
Productivity. This work plan 
was approved by the MHPRC in 
March and work has been 
underway to implement field 
studies of Req Pine silviculture . 
and continue with efforts to 
improve the genetics of hybrid 
poplar. Productivity analyses of 
Red Pine have shown that a 
considerable amount of early-
stand growth can be explained 
by intensity of management in 
the early phases of stand 
development. Our dataset on 
Red Pine growth is oriented 
toward young stands and is 
being used to calibrate a growth 
model for management of Red 
Pine in the Lake States. Also, 
studies of growth of young 
aspen stands have shown that 
young aspen stands are likely to 
be significantly more productive 
than current aspen stands. This. 
has impHcations to future wood 
supplies in the state. 
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FORESTRY 
Breeding and Testing New Hybrid Poplar Clones 

Objective To conduct breeding activities to improve genetic 
quality and increase disease resistance, growth rate, and wood 
quality of native cottonwood and hybrid poplar for plantations in 
the Lake States. 

Background The purpose of this project is to continue to improve 
the genetic quality of the hybrid poplar resource for the Lake 
States. This project builds upon a well-developed research history 
and infrastructure at the University of Minnesota, Natural 
Resources Research Institute (NRRI), and the U.S. Forest Service. 
Collectively, the project team has over 50 years of research 
experience in hybrid poplar productivity and genetic improvement. 
The specific work being done under this contract is to hybridize 
among P. deltoides, P. nigra, P. maximowiczii, and P. trichocarpa 
to improve yield, disease resistance, and rooting ability of poplar. 
This project involves breeding and field testing of material 
resulting from the breeding program planted on industrial 
cooperator's lands. 

Previous Activity/Results The success ratio of the 2004 breeding 
effort was very high with approximately 85 percent of the crosses 
having developing catkins. To date, we have produced over 12,000 
viable seedlings from the breeding effort. Approximately 2,500 
seedlings from the breeding effort were planted at Belle River and 
an additional 500 seedlings were planted at Grand Rapids. 
Nurseries of all seedlings were established in the summer and fall 
of 2004. Collection of female and male branches for 2005 breeding 
activities is underway. 

Principal Investigator(s) William Berguson 

Collaborator(s) USDA Forestry Sciences Laboratory, 
Rhinelander, Wisconsin 

Project Sponsor(s) 
USDA Forest Service, 
North Central Research Station 

Start Date 6/17 /04 

Project No 187-6529 

Amount 
$95,000 

End Date 5/1/07 

3.21 
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Progress/Results 
Breeding for the 2005 season 
has been very successful with 
approximately 3,000 new 
genotypes produced. Current 
breeding work focused on 
producing F 1 families of various 
combinations with little 
additional work on backcrosses. 
Our work thus far has shown 
that the backcrossing strategy for 
hybrid poplar genetic 
improvement may not be a 
fruitful direction for the 
program. Intra-family variation 
in growth is considerably higher 
than Fl populations with little 
improvement in growth of the 
largest individuals within those 
families. Based on this 
information, the populations 
produced in this year's breeding 
effort are comprised of 25 DXN, 
28 DXT, 15 DXD, 10 NXT, 10 
NXN, and 5 NXM families. An 
important aspect of development 
of a long-term breeding program 
is procurement of new parent 
materials that are not related 
genetically to other parents 
currently in the program. 
Through the efforts ofNRRI 
staff and colleagues worldwide, 
we have assembled a large 
collection of pure-species P. 
nigra, trichocarpa, and deltoides. 
In total, we have procured over 
100 open-pollinated families 

· from the U.S . and Europe 
representing approximately 
10,000 genotypes. This 
collection is one of the largest of 
its type in the world. 
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FORESTRY 
Regional Field Test Assessment-Coop. Agreement 

Objective To evaluate growth and disease resistance of Populus 
deltoides clones and Populus deltoides X maximowiczii hybrids. 

Background The commercial application of hybrid poplar 
plantation production depends on the selection of fast-growing, 
disease-resistant hybrids that are adapted to Minnesota climatic 
conditions. Considerable gains in growth rate have been realized in 
the past due to breeding and field-testing research done by the 
University of Minnesota and the U.S . Forest Service in the region. 
In order to continue to improve yield and disease resistance of 
hybrid poplars in the region, it is import:ant to evaluate promising 
new clones under field conditions. The purpose of this project is to 
establish long-term field tests to evaluate growth rates, resistance 
to pathogens, (Septoria canker, Melampsora leaf rust) and wood 
characteristics of promising poplar hybrids. 

Previous Activity/Results Field data for the 2004 growing season 
from the Westport site was collected and is currently being 
summarized for submission to the USFS Forestry Sciences 
Laboratory at Rhinelander, Wisconsin. These sites were evaluated 
for flowering, and where possible, information on the sex of each 
clone in these trials was updated. Stem sections of flowering 
branches on selected clones are currently being collected for use in 
the 2005 breeding effort. An evaluation of the status of the 
Westport collection was done in the fall to determine susceptibility 
to Septoria canker and this information was updated in our 
databases. 

Principal Investigator(s) William Berguson 

Collaborator(s) USDA Forest Service-Dr. Don Riemenschneider 

Project Sponsor(s) 
USDA Forest Service, 
North Central Research Station 

Start Date 6/21/00 

Pro·ectNo 187-6418 

Amount 
$31,980 

End Date 4/30/5 

3.22 
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Progress/Results 
A collection of native P. 
deltoides was made in the spring 
to enhance the base-populations 
for future poplar breeding. Seeds 
from these collections were 
sown in the NRRl greenhouse 
and the seedlings were planted at 
the nursery site at the North 
Central Research and Outreach 
Center at Grand Rapids, MN in 
August. This material will be 
propagated from this nursery and 
planted on field sites in the 
future . Also, collections of P. 
nigra were obtained from 
cooperators in Europe. This 
material was also seeded at 
NRRl and planted at the 
NCROC at Grand Rapids. 
Together with P. trichocarpa and 
P. maximowiczii collections, 
these materials will form the 
base for breeding in the future. 
Expansion of base breeding 
populations over time is 
necessary to ensur.e genetic 
diversity in the breeding 
program. 
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FERROUS MINERALS 1187 
The Influence of Porosity and Pore Size Distribution on the Physical 
and Metallur ical Pro erties of Iron Ore Pellets 

Objective To determine the influence of porosity and pore size 
distribution on the physical and metallurgical properties of iron ore 
pellets. This includes the porosity of both green balls and fired pellets and 
their relationship between agglomeration and firing. 

Background Reducibility (R40) and Low Temperature Disintegration 
(LTD) are established metallurgical tests used to distinguish the quality of 
iron ore pellets for their performance ih the blast furnace. Porosity and its 
characteristics are important to the diffusion of reducing gases through 
fired pellets and therefore, critical to the metallurgical properties. 
Improvements in mining have created larger and more efficient equipment 
that have inadvertently altered the mineralogical blending capabilities and 
therefore, grind characteristics of the taconite. Changes in grind, 
mineralogy, additives (binders and fluxes), and the distribution of the 
particle size influence the porosity of fired pellets. Improvements in 
microscopy have made it possible to determine the pore size, pore size 
distribution, and visually assess the connectivity of these pores for 
diffusion of gasses through fired pellets. Currently, no procedure exists 
for accurate measurement of the porosity of green pellets. Technological 
advances in characterization of particles and minerals create opportunities 
to develop a procedure to measure green ball porosity. 

Previous Activity/Results Technological advances in mercury 
porosimetry and geopycnometry to measure pore size and pore size 
distributions in uncured resins created an opportunity to see if these 
techniques will work on unfired taconite green balls. Samples of fired and 
unfired pellets were specifically prepared with variable porosity. The 
porosimetry results showed that the porosity of the green ball, including 
median pore diameter, pore size distribution, bulk density, skeletal 
density, and green ball porosity can be measured using high pressure 
mercury intrusion techniques. Green balls were prepared and fired in the 
mini-pot furnace using balling techniques, particle size, limestone 
addition, moisture content, and organic additives to intentionally alter 
porosity. The pellets porosity was characterized using the porosirneter and 
compared to physical quality results. Pot grate pellets were also fired 
using concentrate prepared from various particle size distributions and 
consistent percent passing 270 Mesh. 

Principal Investigator(s) Richard Kiesel 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Start Date 2/1/02 

Pro·ect No 783-1066 

Amount 
$70,000 

End Date 6/30/05 

3.23 

Progress/Results 
Moisture content and balling 
techniques have been varied to 
physically alter the pore 
characteristics of the green balls. 
Fired pellets have been prepared 
from the green balls and fired in 
both the pot grate and mini-pot 
furnace with modified furnace 
cycles to fully fuse the grains of 
these pellets. All testwork is 
complete and comparison of 
these results with the pore 
characteristics of the green 
pellets will be done. Data 
analysis and a final report are in 
progress. 
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FERROUS MINERALS 727 
Development of a Mathematical Model of the High Pressure Rolls for 
Ma netic Taconite Comminution 

Objective To develop sufficient operating data of the high pressure 
rolls (HPR) on taconite to permit the development of a 
mathematical model that could be incorporated into flow sheet 
simulations. 

Background One of the promising, new size redu.ction devices for 
the processing'of minerals is the high pressure rolls, which causes 
particles to break by compressive forces concentrated on a bed of 
particles. This size reduction device has the potential for achieving 
size reduction with significantly less energy than consumed by 
conventional rotating mills. The development of a mathematical 
model of the rolls would allow its evaluation in various portions of 
a plant's flow sheet. 

Previous Activity/Results The test work has been completed. A 
relationship :was developed for taconite relating the product 50 
percent passing size to feed 50 percent passing size and the Bond 
Work Index. However, it does not apperu: that the relationship is 
valid for other materials such as copper-nickel ores and ilmenite. 
To date, no single relationship has been found that encompasses all 
materials. 

Principal Investigator(s) Blair Benner 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$50,000 

Start Date 7/1/99 End Date 3/30/06 

Pro·ect No 783-1033 

3.24 

Progress/Results 
All test work has been 
completed and the major 
findings were previously 
reported ( see previous 
activity/results). As the 
workload permits ·a final report 
is being prepared. 
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FERROUS MINERALS 
A Purpose Oriented Magnetic Separator: Skimmer 

Objective To develop a new separation device capable of 
selectively capturing fine, high-grade magnetite particles. 

Background There are several streams in a typical taconite plant, 
containing a significant portion of fine, high-grade magnetite 
particles that are misplaced due to inefficiency of separation, 
classification, and/or screening operations. Misplaced particles are 
unnecessarily circulated to upstream/downstream points, reducing 
energy efficiency of grinding, increasing cost/energy use for 
pumping, reducing recovery and efficiency of separation, and 
increasing reagent consumption. If a device could be developed to 
separate a substantial portion of these unnecessarily 
circulated/treated particles, it could have a large impact on the 
performance of a taconite plant, improving grinding efficiency and 
reducing downstream loads. This device is expected to separate 
fine, high-grade magnetite particles from coarse low grade ones by 
applying a combination of magnetic, hydrodynamic and 
gravitational/centrifugal forces. Typical streams to be treated with 
this separator are hydrocyclone underflow, fine screen oversize, 
and flotation feed. 

Previous Activity/Results Review of literature was carried out to 
obtain comprehensive understanding of the forces involved in a 
typical magnetic separation. Extensive magnetic field 
measurements around the drum were carried out and fitted to a 
mathematical model defining 3D variation of magnetic field 
intensity. CFC simulations indicated that the proposed design 
should be capable of achieving the desired separation. The actual 
separation tank was constructed and fitted to the existing magnetic 
drum. Preliminary tests showed that the quality of separation was 
lower than expected. Visual inspections revealed the potential 
causes of low efficiency and led to a modified design. A new tank 
was constructed and tests were performed. This substantially 
improved the efficiency. Further tests were carried out to refine the 
improvements. 

Principal Investigator(s) Salih Ersayin 

Project Sponsor(s) 
U.S. Department of Energy 
Permanent University Trust Fund (PUTF) 

Amount 
$49,999 
$30,000 

Start Date 9/22/03 End Date 6/30/06 

Pro·ect No 783-1089/187-6508 

3.25 
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Progress/Results 
Test work has been completed. 
Results showed that thi~ new 
device can selectively separate 
fines from hydrocyclone 
unde"rflow streams. However, 
the current efficiency of 
separation was not considered 
satisfactory. Although computer 
simulations showed that the 
device can provide substantial 
improvement in the plant, it was 
concluded that the operation of 
the device should be further 
improved in order to have 
commercial application. Further 
modifications of the device and 
optimization of its operating 
conditions were recommended. 
The project report has been 
written. 
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FERROUS MINERALS 1310 
Utilization of Hemic~lluloses and Cellulose and ByProducts 

Objective To initiate a discovery research program for utilizing 
polycarbohydrate waste materials and byproducts of North American 

· industries for producing different kinds of carboxymetbylcellulose (CMC) 
(sodium carboximethylcellulose) for use as a binding agent. The unique 
idea includes processing CMC formation from the initial cellulose or 
hemicellufose raw materials, straight through to the application. This can 
sufficiently decrease the costs of CMC materials from one side, and 
optimize the necessary properties of CMC products for a particular . 
application·. This research will ·J,e based on the following high volume 
hemicellulose ~nd cellulose materials: (1) paper mill sludge (PMS, 
byproduct of paper mill plants), (2) waste wood molasses (WWM, 
byproduct from the industry ofh'ardboards), (3) sawdust and wood flour 
(SWF). The hemicellulose and cellulose structure of these materials unites 
. them iri one·common group ofpolycarbohydrates, which may be modified 
chemically by similar proce~s of carboxymythylation. the final wat~r 
soluble polymeric materials are named as sodium (or potassium) CMC. 
These materials have been known to find applications in the binding of 
coal, iron ore, and magnetic taconite concentrates and. for u~e as 
smfactints in flotatiol). processes iri. the mining industry. 

Background As bentonite supplies dwindle and quality decreases, binder 
technology advances and waste products· become more readily available 
to replace them as pelletizing additives. The use of organic binders in 
mineral ore pelletizing operations is desirable over the use ofbentonite 
because organic binders do not increase the silica content and they 
improve the reducibility of the pellets. 

Previous Ac!ivity/Results The CMC product~ will be tested as iron ore 
pelletizing binders and compared to current binders and bentonite µsing 
batch balling techniques and green ball quality. A second series of binders 
was fabricated and tested using the same techniques. Although some 
progress has been.made, none of the binders developed and evaluated to 
date are comparable to currently available commercial binders with regard 
to green ball quality. Additional binders are being developed and will be 
evaluated. 

Principal Investigator(s) Pavel Krasutsky /fl Richard Kiesel 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Start Date 9/18/03 

Pro·eet"No 187-6507 

Amount 
$57,800 

End Date 6/30/05 

·Progress/Results . 
In an effort to better optimize the 
developmental process, NRRI-
f?uluth constructed a pellet mill 
for use on premises. This 
allowed NRRI-Duluth to 
immediately test the possible 
usefulness of new organic 
binders and organic binder 
additives. It also allowed NRRI-
Duluth to fonyard binders that 
display interesting qualities to . 
NRRI-Coleraine for further 
testing and scrutiny. A series of 
samples using a combination of 
materials as binders and binder 
additives have been used: CMC, 
lignin, poly (vinyl alcohol), poJy 

· (vinyl acetate), regional clays·, 
and other compounds still 
undergoing development and 
optimization. It is the plan of 
NRRI to continue the 
development an~ optimization 
process for the following. year 
(2005-2006) and present 
thorough and comprehensive 
results. 

3.26 
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FERROUS MINERALS 
Pellet Fines Removal System 

Objective To construct and test a larger scale of a prototype fines 
rem.oval system in a pellet plant operation on 150-250 LTPH.fired 
pellets. A prototype fines removal system was developed at the 
Coleraine Minerals Research Laboratory as an alternative method 
for the sizing of pellets, ores, agglomerates, or coarse materials. 
Conventional screening methods typically use vibrating or roll 
screens, however, the high capital and maintenance costs 
associated with this equipment make the separation of fines 
uneconomical. The potential of this unit operation is to conduct a 

· clean fines separation at a low cost and by more efficient means, 
replacing screening operations that are both costly and 
maintenance intensive. 

Background The fines removal system is proposed as a low cost, 
more efficient means of separating fines. from coarser materials. 
Preliminary results show that 80-90 percent of the fines can be 
effectively removed while retaining 97-98 percent of the fired 
pellets in the product. 

Previous Activity/Results The NRRI Pellet Fines Removal 
System has been successfully demonstrated to all Minnesota 
taconite mining operations and is proceeding to be patented by the 
University of Minnesota. Pellet samples with as high as 15% fines 
have been cleaned up in a single pass through our system to a level 
of only 0.5% fines. A larger pilot scale system was constructed, 
which has a capacity of 350 tons per hour. This larger system was 
taken to several Minnesota taconite operations for field testing. 
Estimated capital costs for the new system show a cost savings of 
over 80% for installing the new NRRI technology as compared to 
instaHing a conventional vibrating screening system at the taconite 
operations. 

Principal Investigator(s) David Hendrickson & Richard Kiesel 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Amount 
$115,000 

Start Date 2/1/03 End Date 6/30/06 

Project No 187-6506 

3.27 
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Progress/Results 
Negotiations are in progress to 
have a full scale NRRl Fines 

· Removal System installed at a 
Minnesota tacoriite operation in 
2005, where it will be used to 
"screen" millions of tons of 
production pellets each year. 
Technical report presentations 
on the teclµ10logy were made at 
the Association of Iron and Steel 
Technology (AIST) meeting in 
Charlotte, NC, in-April 2005, 
and at the 5th Annual European 
Iron and Coke Making 
Conference, in Stockholm, 
Sweden, in June 2005. Future 
plans to commercialize the 
technology are in progress. 
Requests for installations of the 
technolgy are coming in from 
around the world, frnm such 
countries as Brazil, Canada, 
Argentina, and Sweden. An 
international patent on the 
technology was recently filed by 
NRRl. 
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FERROUS MINERALS 
Magnetically Enhanced Hydroseparator Study 

Objective To provide continuous operation of a magnetically 
enhanced six-foot diameter hydroseparator to determine if results 
obtained in closed circuit testing with a three-foot diameter unit 
can be sustained in continuous operation. To obtain scale-up data 
in going from three-foot to six-foot diameter. 

Background Previous work indicated that the use of a magnetic 
grid in a hydroseparator would aliow a higher up-flow velocity 
without increased iron losses. The use of a higher up-flow velocity 
would permit greater deslirning in the hydroseparator and has the 
potential for removing high silica middling particles and silicate 
slimes that have a higher specific gravity than quartz. This should 
result in a lower silica product from the current magnetic plant~ 
with the same iron recovery. 

Previous Activity/Results The underflow pump with its variable 
frequency drive (VFD) has been installed on the test 
hydroseparator. The interface sensor has be~n installed and 
connected to the VFD. A 12- x 12-in magnetic grid has been 
installed in the hydroseparator. The test unit is ready to be shipped 
to Minntac for testing. Meetings have been held with Minntac to 
determine the best location for the test installation. 

Principal Investigator(s) Blair Benner 

Project Sponsor(s) 
Minnesota Depa11ment of Natural Resources 

Amount 
$94,500 

Start Date 9/18/03 End Date 6/30/05 

Project No 187-6504 

3.28 
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Progress/Results 
The unit was installed on Line 7 
at Minntac. The system was run 
with and without magnets in the 
6 foot test hydroseparator. The 
plant hydroseparator was also 
sampled for comparison 
purposes. Tests were run over a 
two-month period. Results 
indicated a marked reduction in 
the magnetic iron content of the 
overflow. The average results for 
the tests with the magnets was 
an overflow rate of 88 gpm with 
a magnetic iron content of 1.17 
percent and a difference between 
the test unit and the plant unit 
overflow magnetic iron content 
of 0.11 percent. For the tests 
without the magnets, the average 
overflow rate was 85 gpm with a 
magnetic iron content of 1.54 
percent and a magnetic iron 
difference between test unit and 
plant of 0.63 percent. Because of 
relatively large variability in the 
magnetic iron content in the 
plant overflow on a daily basis, 
the difference between plant and 
test overflow magnetic iron 
content is proba~ly the best 
indicator of performance. The 
test has been completed and a 
final re art is bein written. 
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FERROUS MINERALS 
Green Ball Characterization 

Objective To further characterize the physical quality of green 
balls under load and evaluate their deformation over time (stress 
vs. strain). Established methods for green ball quality assessment 
are based on the drop number, dry strength, wet strength, and 
moisture content. This study will evaluate the stress-strain 
relationship with regard to each of these quality assessment 
techniques. It will establish the importance of each of these quality 
measurement procedures with regard to green ball integrity. 

Background For the Minnesota taconite industry to compete in 
today's global economy, pellet quality must meet or exceed the 
standards being set by its competitors. An understanding of the 
parameters that are key to the production of these quality standards 
will help to improve the quality of their products. Green ball 
quality is accepted by the industry as one of these key parameters. 
A procedure to further characterize green balls and develop a 
relationship to current quality assessment procedures will provide 
insight into the physical attributes and integrity of the green balls. 
Factors that influence green ball quality will be identified and the 
means for measuring their physical quality will be scrutinized. 

Previous Activity/Results A digital force gauge and test stand 
interlocked with a PC based software is being used to collect data 
and develop the stress-strain relationships. Data on both wet and 
dried green balls have been collected on varied bentonite additions 
and green ball moisture concentrations. A series of green balls has 
also been collected on green balls prepared with several types and 
sources of bentonite. The slope of the stress vs. strain relationship 
is being studied with regard to the green ball drop number, 
moisture content, wet strength, and dry strength. A series of green 
ball samples was collected from rubber lined balling drums with 
various moisture levels and bentonite rates. Stress-strain data 
curves were generated for each of these samples on both wet and 
dry balls, as well as the typical drop number, wet compression, dry 
compression, and moisture content. 

Principal Investigator(s) Richard Kiesel 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Amount 
$35,000 

Start Date 9/18/03 End Date 6/30/05 

Pro·ect No 187-6503 

3.29 ~ 
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Progress/Results 
All test work has been 
completed. The correlation 
between the parameters derived 
from the stress-strain curve 
( elasticity, deformation, and 
yield strength) and green ball 
quality will be determined. Data 
analysis and a final report ,are in 
progress. 
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FERROUS MINERALS 
Iron Ore Green Ball Porosity Measurement 

Objective To evaluate mercury porosimetry as an effective tool for 
measuring the porosity and pore size distribution of iron ore green balls 
(i.e., before firing). Technological advances in mercury porosimetry used 
to measure pore size and pore size distributions in uncured resins created 
an opportunity to see if these techniques will work on unfired taconite 
pellets. Preliminary studies show that the porosity of the green ball, 
including median pore diameter (area and volume), pore size distribution, 
bulk density, skeletal density, and green ball porosity can be measured 
using high pressure mercury intrusion techniques. This study will 
investigate the relationship between the agglomerate and the fired pellet at 
various stages of induration. 

Background For the Minnesota taconite industry to compete in today' s 
global economy, pellet quality must meet or exceed the standards being 
set by its competitors. An understanding of the parameters that are key to 
the production of these quality standards will help to improve the quality 
of their products. Although the importance of green ball quality is 
accepted by the industry as one of these key parameters, currently no 
procedures exist for a clear-cut measurement of their quality or an 
accurate measurement for the porosity of gteen pellets. Mineralogy, 
fluxstone, and gangue components are influencing factors that affect the 
porosity transition from green ball to fired pellet. A better understanding 
of the relationsh_ip between the green ball and the fired pellet porosity will 
provide additional knowledge on the physical changes that occur during 
induration. 

Previous Activity/Results The mercury porosimeter for green ball 
characterization was purchased from Quantachrome; training was 
conducted ·in March 2004. A series of green balls was prepared and fired 
in the mini-pot furnace, then quenched in nitrogen to stop the oxidation 
process atvarious early stages of induration (through the pre-heat zones). 
Additional green balls were also fired to later stages of induration. Green 
balls and quenched pellet samples were characterized using the 
porosimeter and then compared to the physical quality. Fired pellets and 
green balls have been evaluated using mercury porosimetry techniques 
and the data compared to quality results. Data indicate that a relationship 
exists between porosity characteristics of fired pellet and the fired pellet 
after tumble index. 

Principal Investiga~or(s) Richard Kiesel · 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Start Date 9/18/03 

Pro·ect No 187-6502 

Amount 
$56,000 

End Date 6/30/05 

·1306 

Progress/Results 
Balling techniques, particle size 
distribution, moisture levels and 
additives were tested to alter 
green ball porosity parameters. 
These green balls have been 
fired in both the pot grate and 
mini-pot furnace with a modified 
furnace cycle to create fired 
pellets for physical and 
metallurgical analyses. Fired 
pellets from sequential firing at 
various stages of induration have 
been cross sectioned and 
polished for microphotographs 
to observe transition of green 
ball to fired pellet. Curr.ently, 
green ball porosity data is being 
investigated for relationships 
and trends. Final report is in 
progress . 

3.30 
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FERROUS MINERALS 1318 
Preclassification of the Final Stage of Magnetic Separation Feed 

Objective To investigate the utility of pretreating the feed material to the 
final stage of magnetic separation via size classification. 

Background Conventional magnetic separation units are relatively 
efficient at separating liberated non-magnetic material from magnetite. 
However, middling particles, high in non-magnetic material, are passed 
into the concentrate and are difficult to separate via further magnetic 
separation without additional grinding and liberation. Adjustment of 
operating conditions such as field strength and pulp density can facilitate 
higher rejection rates of non-magnetic material, but at a cost of usually 
unacceptable iron losses. This leaves the obvious alternative of regrinding 
the tailing material to reclaim iron units, but is prohibitively expensive. 
However, preclassifying the feed to magnetic separation, particularly the 
final stage of separation, may provide an alternative approach to this 
problem. Preclassification would provide two independent streams of 
material to magnetic separation: (1) the fme stream, which is low in non-
magnetic material/silica and, (2) the coarse stream, which is high in non-
magnetic material. Therefore, the fme stream can be treated in a magnetic 
separator to maximize iron recovery, and the coarse stream can be treated 
to maximize silica rejection. To gain benefits, the magnetic reject from 
the coarse stream will require regrinding. However, the volume of 
material requiring regrinding will be significantly lower than without 
preclassification at equivalent upgrading. This should facilitate an 
improvement in the grind/grade relationship in taconite facilities. 

Previous Activity/Results Davis tube tests were performed on selected 
screen fractions from a n;iagnetic separator feed sample with the objective 
of trying to determine an ideal cut point and what'effect magnet strength 
has on grade. Results indicate that Davis tube concentrate grade increases 
with decreasing magnetic strength, but as the size distribution becomes 
finer, the degree of upgrading seems to approach a limiting value. A small 
system' was designed and-constructed, with the ability to continuously 
feed a small magnetic separator for testing. Bulle magnetic separator feed 
samples were obtained from an operating plant, and_ a series of tests of 
unclassified feed has been conducted with varying magnetic field 
strengths, percent solids, and feed rate. Additionally, two bullc cyclone 
underflow samples with unique size distributions were prepared for 
continuous magnetic separator testing. All of the test work has been 
completed. The last of the chemical analyses were recently completed and 
sent to the Principal Investigator. 

Principal Investigator(s) Jeremy Pletka 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Start Date 6/1/03 

Pro·ect No 783-1076 

Amount 
$26,200 

End Date 6/30/05 

Progress/Results 
. The principal investigator has 
left the University and is 
completing the final report on 
the test work. 
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FERROUS MINERALS 
Testing of Roasted Lisakovsky Material·. 

Objective To conduct bencli scale metallurgical research on 
various ores for Ispat Inland International. 

Background Is pat Inland International has a variety of iron ore 
deposits worldwide. They are interested in conducting bench scale 
research cm improving several of these ores. The initial test 
program was to be ;onducted on material from the Lisakovsky 
deposit. 

Previous Activity/Results Lisakovsky ore (total - approximately 
400 lbs) was leached using sulfuric acid to reduce phosphorous 
levels to approximately 0.10%. The material was then ground in a 
standard ball mill for 1 min:, 3 min., and 8 m'in. to produce several 
size distributio.ns for briquette testing. Several series of briquettes 
~ere first prepared in a Carver press to evaluate the grind, binders, 
additives (fluxes and Fe-Mn ores), and the pressure required to 
create a quality briquette. The wet and cured physical quality of the 
bench sc;ale briquettes were determined by measuring moisture 
content, compression strength, and drop strength. The optimum · 
conditions from the bench work were then used to conduct pilot 
scale briquetting. Approximately 250 lbs of the leached Lisakovsky 
(as-is without grinding) ore was processed using hydrated lime, 
ferro-manganese ores, Portland cement, and a bentonite binder 
combination in a pilot scale Komarek briquetter. The pilot 
briquettes were evaluated using the same analysis as the bench 
scale, as well as tumbled to determine the %-1/4" according to the 
ASTM tumble test. 

Principal Investigator(s) Blair Benner 

Project Sponsor(s) 
Ispat Inland, Inc. 

. Start Date 9/1/02 

Pro·ect No 187-6483 

Amount 
$50,000 

End Date 9/30/05 

1247 

Progress/Results 
The briquetting test work is 
completed and a final report has 
been written to the client. (See 
previous activity section for 
result summary.) Under this 
same contract, 3 0 pounds of 
Minorca concentrate was 
screened thrm1gh 635-mesh and 
the various fractions sent to the 
client for further evaluation. 
Proposals for additional work 
have been submitted and 
negotiations are underway for a 
contract extension through 
9/30/06 with an additional 
$25,000. The additional funds 
requested for this project have 
not yet been approved. 
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FERROUS MINERALS 
Taconite Concentrator Modeling 

Objective To provide simulation-based support to taconite plant 
operators and to improve available software by developing 
inclusive models for realistic simulations. 

Background The Concentrator Modeling Center was established 
in 1998 and became fully operational in 1999. Since then, it has 
been providing simulation-based service to taconite operators while 
simultaneously developing improved models required for reliable 
simulation of taconite plants. The improved models of unit 
operations included mineral liberation, magnetic separation, 
hydroseparator, and fme screening. The Center is already involved 
in a DOE funded project for improving efficiency of the !spat 
Inland concentrator by computer simulation. It has also provided 
simulation service to several other taconite plants. 

Previous Activity/Results A performance analysis and simulation 
study was completed for the Ispat Inland concentrator as part of its 
contribution to the DOE funded project, "Improving Taconite 
Processing Plant Efficiency by Computer Simulation." Based on 
simulation results, the plant implemented use of smaller makeup 
balls in its ball mill circuit. The Center successfully incorporated 
Wiegel's liberation model into Usim Pac. Magnetic separator and 
hydroseparator models were further improved by inclusion of the 
effect of variation in feed size distributions. A preliminary study 
was carried out to develop a model for Smart Screens. Further 
simulations were carried out to refine performance improvement 
ideas for the Ispat Inland plant. These led to the plant ball mill 
charge increase and plans for replacement of existing 
hydrocyclones with larger diameter ones. In order to mimic plant 
operations with variable speed pumps feeding hydrocyclones, a 
sump model that would provide a constant pressure drop to 
succeeding hydrocyclones was develop~d and incorporated into 
Usim Pac. A mathematical structure for constant speed pumps was 
also constructed. 

Principal Investigator(s) Salih Ersayin 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 
Minnesota Department of Natural Resources 

Amount 
$179,529 ' 
$60,000 

Start Date 9/30/2003 End Date 6/30/2005 

Pro ·ect No 187-6509/783-1053 

3.33 ii')! 

1319 

Progress/Results 
The Center provided simulation 
based service to Utac and 
Minntac plants. Utac simulations 
involved replacement of 
Rapifme screens with more 
efficient Stack Sizers, whereas 
Minntac simulations dealt with 
two company funded projects 
involving Stack Sizer 
replacement of the primary 
cyclones and a simulation aided 
study of seasonal variations in 
plant performance. An earlier 
version of a liberation model 
was further improved to have the 
flexibility of including operating 
variables in the simulations and 
data presentation in weight basis 
as well as volumetric. Plant 
sampling was carried out at the 
Ispat Inland plant to validate 
findings of the simulation based 
study. Plant data showed a very 
good fit to the simulated results. 
To optimize the modified circuit, 
data from newly installed gMax 
cyclones have been analyzed to 
develop a model for these 
devices. Some progress has been 
made. A new set of Smart 
Screen data has been analyzed to 
have the capability of simulating 
these devices in the Ispat Inland 
plant flow sheet. 
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FERROUS MINERALS 
Effect of Temperature on Cyclone Performance 

Objective To quantify the effects that slurry temperature may have 
on the cyclone split. 

Background Numerous taconite plants have noticed a difference 
in production rate b_etween summer and winter. In general, 
production increases in summer, and in, some cases, with a 
corresponding increase in silica content. One possible cause of this 
variation i~ the change in cyclone performance caused by the 
changes in slurry rheology with temperature, The change in 
cyclone performance with changing slurry density (rheology) is 
well documented, Denser slurries produce a coarser split. 
Temperature should have a similar effect. To quantify the effect, 
samples of plant cyclone feed will be run closed circuit through a 
10-inch cyclone iFl the pilot plant. Tests will be run at slurry 
temperatures ranging from 35°F to l 15°F and percent solids from 
25 to 5 5 percent. 

Previous Activity/Results A linear regression relating the 50 
percent passing size (D50) to percent solids and temperature was 
developed with an R2 of 0,88, The regression is as follows: D50 = 
18.204 + 1.3295 * (percent solids) - 0.4271 * (°F), These results 
indicate that increasing temperature will make a finer split in the 
cyclone; however, the affect oftemper:ature is not as great as 
percent solids. The.refore in a circuit setting, increasing temperature 
will send more material to the underflow (finer split) which will in 
tum increase the percent solids in the cyclone feed. The increased 
solids will somewhat counteract the temperature affect. 

Principal Investigator(s) Blair Benner 

Project_ Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$85,000 

Start Date 2/1/02 End Date 6/30/06 

Pro"ect No 783-1063 

3.34 

1184 

Progress/Results 
W orl<: is continuing on a final 
report as time allows, 
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FERROUS MINERALS 
Green Ball and Pellet Bed Characteristics 

Objective To develop a more detailed understanding of green ball drying, 
magnetite oxidation, and flux calcination mechanisms for incorporation · 
into CFD models where pellet beds are required. To evaluate how pellet 
size distribution affects bed permeability and packing density. Pellet 
internal porosity will also be evaluated. 

Background Green ball physical properties are influenced by concentrate 
particle size distribution, binder type and dosage, moisture content, ball 
size, ball size distribution, magnetite content, and flux addition. Green 
ball physical properties ultimately affect the overall pellet bed 
characteristics, the most important of which is bed permeability. Good 
bed permeability is essential for maximum heat transfer between gas and 
solids, and heat transfer rates in tum affect moisture evaporation, 
magnetite oxidation, and if present, flux calcination. A pot-grate computer 
simulation model incorporating these properties has been written and 
partially validated. However, at this time additional experimental data 
(single pellet level) is needed to fine-tune the drying and oxidation sub-
models. A previous proposal to investigate use of the pot-grate furnace for 
bed permeability tests was proposed and approved by the Iron Ore 
Cooperative Committee; however, manpower limitations prevented 
starting the program on time and the Department of Natural Resources 
reallocated the funding. 

Previous Activity/Results The pot-grate computer program continued to 
be revised and tested; specifically the following revisions were made by 
Dr. Richard Davis: (1) Updated the user interface to include user control 
of the critical moisture fraction and equilibrium moisture fraction. (2) 
Removed the heat conduction resistance in the pellet radial direction. The 
model currently assumes that all heat transfer resistance is in the fluid 
boundary layer. (3) The output ofresults now reports mass fractions on a 
dry weight basis. ( 4) Added a 5-point biased upwind integration scheme 
to improve solution stability for the gas phase energy balance. The pot-
grate simulation program continues to be revised. Funds from this account 
were used to purchase data logging hardware and software, as well as a 
delta p transmitter and thermocouples for the mini-pot pellet indurator. 
The mini-pot is being used for validation of the pot-grate simulator, 
because oflower costs per test. Approximately 30 tests have been run and 
used to revise the magnetite oxidation and moisture evaporation 
subroutines in the simulation program. 

Principal Investigator(s) Dave Englund 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Start Date 2/1/02 

Pro·ect No 783-1061 

Amount 
$63,000 

End Date 6/30/05 

3.35 

1182 

Progress/Results 
The final report was issued in 
March 2005. A pot-grate 
simulation program has been 
developed that closely 
approximates temperature and 
oxidation behaviors measured in 
the pot-grate and mini-pot pellet 
indurators. Further revision is 
needed with regard to magnetite 
oxidation as affected by 
temperature conditions. The rate 
needs to be decreased in the 
temperature range of 500-
l 4000F and increased at 
temperature above 1400°F. 
Additional work is needed to 
experimentally quantify the 
effect of rriean ball diameter on 
heat transfer, drying, and 
chemical reactions in the bed. In 
the current model the effect of 
ball diameter on performance 
appears to be too significant. 
Additional experimental series 
are required to generate data 
from which these relationships 
can be refined. 
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FERROUS MINERALS 1181 
Closing the Loop on Filter Cake Moisture Analysis and Control 

Objective To determine what the best and least expensive on-line 
moisture analyzer and associated sampling system is and then how 
best to structure the actual moisture control loop program to 
achieve constant filter cake and green ball moisture. 

Background Previous test programs conducted by taconite plants 
and R&D laboratories have evaluated various on-line filter cake 
moisture analyzers, yet have not identified any analyzer that gives 
accurate and reproducible moisture data. 

Previous Activity/Results The Automated Filter Cake Moisture 
Analysis System is being completed and prepared for on-site 
testing at Minnesota taconite operations. The unit is also planned to 
be .a key part of an automated balling drum circuit being planned at 
one of the Minnesota taconite operations. A number o( other 
materials, besides iron ore, will be tested in the unit in order to 
introduce the device to other industries interested in having 
accurate moisture analysis (+/-0.10% 2 sigma) done on 1-10 pound 
quantities of sample material. The system has also been designed to 
be easily upgraded to receive continuous batch fed sarp.ples. 

Principal Investiga~or(s) David Hendrickson & Richard Kiesel 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$88,800 

Start Date 2/1/02 End Date 6/30/06 

Pro·ect No 783-1060 

3.36 

P rogress/Res-ul ts 
The Automated Filter Cake 
Moisture Analysis System in 
being completyd and prepared 
for on-site testing at Minnesota 
taconite operations in the fall of 
2005. 
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FERROUS MINERALS 1158 
Re-Examination of the Relationship Between Davis Tube Data on Drill 
Core and Actual Plant O eration 

Objective To determine if blends of high and low silica ore, as 
determined by Davis tube tests, will perform the same in staged 
grinding, magnetic separation, and elutriation as they do in 
liberation grind-Davis tube tests. 

Background The standard method for predicting plant 
performance for a given ore blend ·is to determine the Davis tube 
silica at grind for the blend by mathematically combining drill core 
liberation data and then applying a factor or factors to account for 
plant inefficiency compared to Davis tube. Laboratory tests have 
confirmed that Davis tube results are additive; however, 
preliminary laboratory tests have indicated that with staged 
grinding and magnetic separation, as performed in plants, the 
results are not additive. This may explain some of the discrepancies 
between plant predicted silica and actual silica. 

Previous Activity/Results The test work has been completed and 
the results indicate that the liberation-Davis tube tests are additive 
in that two ores combined to give a silica at a given grind will give 
approximately the same value when tested as a 50-50 mixture. 
However, laboratory testing where the material is stage ground 
with magnetic separation between stages (similar to plant practice) 
can give significantly different results than the standard liberation 
grind-Davis tube test 

Principal Investigator(s) Blair Benner 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$42,509 

Start Date 9/1/01 End Date 6/30/06 

Pro·ect No 783-1056 

3.37 . 

Progress/Results . 
As the work schedule permits, a 
final report is being prepared. 
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FERROUS MINERALS 1145 
Effect of Magnetic Field in the Filtration of Fine Magnetic Concentrates 
and Control of Di-valent Cations from Filter Cake b S ra Washin 

Objective To make a laboratory investigation on the effect of a magnetic 
field on filtration rates and cake moisture.s for fine magnetic concentrates, 
and to make pilot plant investigation ofremoving calcium and magnesium 
ions from filter cakes during filtration by spray washing with softened 
water and to study its effect on balling behavior. 

Background Magnets align fine particles in a stringy extended texture at 
their surfaces, an<;l as such, the passage of water through a filter cake layer 
may be facilitated, and the moisture contents of filter cakes may be 
affected, hopefully being drier. For direct reduced iron application, 
percent Si02 in magnetic concentrates needs to be lowered to 2 percent or 
less. This may b~ accomplished by classifying magn~tic concentrates with 
a hydrocyclone, and the cyclone overflow fractions may be upgraded py 
cationic silica flotation. However, the filtration of such concentrates poses 
a problem with respect to· filtration rates and moisture contents of their 
filter cakes. Di-valent cations in plant water adversely affect ball qualities; 
in particular, the 18-inch drop numbers . A number ofresearch projects 
have been carried out, which have confirmed the adverse effects of di-
valent cations, but no simple solution except for the use of sodium salts 
has been offered. The addition of sodium salts is undesirable in blast 
furnace operations. Exploratory laboratory tests indicated that 
displacement of interstitial plant water in filter cakes with reverse osmosis 
water using the equivalent of one to two volUIIies of percent moisture was 
required. to restore the ball quality. 

Previous Activity/Results The project on the portion "Control of Di-
valent Cations from Filter Cake by Spray Washing," was completed and 
the results were summarized as a final report entitled, Role of Water 
Chemistry on Balling, Progress Report No. 2, issued on 6/20/03. The 
report stated: Green ball qualities are adversely affected by increased 
concentrations of Ca++ and Mg++ in process waters because of the 
replacement of Na+ in bentonite by the di-valent cations through cation 
exchange reaction. I'reliminary laboratory tests indicated that 
displacement of interstitial plant water in filter cakes with R.O. water 
restored ball quality. A few preliminary pilot plant tests were performed 
to study the effect of removing Ca++ and Mg++ ions from filter cakes 
during filtration by spray washing with softened water, and its effect on 
balling characteristics. 

Principal Investigator(s) ·Iwao Iwasaki 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Start Date 5/1/0 l 

Pro·ect No 783-1054 

Amount 
$68,918 

End Date 6/30/06 

3.38 

Progress/Results 
A probability screen will be built 
and tested on taconite pellets 
containing abraded as well as 
chipped fines and later on · 
crushed stones. The separation 
efficiency of sizing as compared 
to vibrating screens will be made 
and their economic merits 
compared. The use of spray 
washing taconite filter cake on 
disc filters is being evaluated for 
all Minnesota taconite 
operations. 
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FERROUS MINERALS 1141 
Chemistry, Mineralogy, and Liberation Characteristics of Taconite 
Concentrator Unit Operation Products · 

Objective To provide chemistry, quantitative mineralogy, and 
degree of magnetite liberation in feed, concentrate, and tailings of 
each taconite concentrator unit operation and to relat_e the data to 
particular crude ore blends. 

Background Mine planning and ore blending personnel at taconite 
operations have expressed interest in knowing the behaviors of 
different crude ore blends in concentrator unit operations. In their 
opinions, if the chemistry, mineralogy, and liberation 
characteristics of recovered and rejected products of unit operations 
are understood, crude ores can be blended to produce optimum 
concentrate chemistries and recoveries. The results should direct 
mine development toward provi_ding the most desirable blends and 
assist concentrate operators in optimizing concentrator operations. 
It is planned to process two sets of samples, each representing a 
particular ore blend, from three Mesabi taconite operations. 

Previous Activity/Results Quantitative mineralogy has been 
calculated for all of the samples. The following minerals were 
found in samples from all of the plants: Magnetite, Hematite, 
Goethite, Quartz, Minnesotaite, Stilpnomelane, Talc, Ankerite, 
Siderite, Hi-Mn Siderite, Pyrite, Apatite, and Rutile (Equiv.). 
Greenalite was found in samples from Minorca and Chamosite was 
found in some of the NSPC samples . EVTAC chemical analyses 
and mineralogical calculations show that Set 2 is higher in the 
carbonates ankerite and siderite and that Set 1 is higher in the 
silicate stilpnomelane. These gangue minerals carry through to the 
final concentrates where Set 2 contains 1.48 percent C02 (Set 1 is 
0.71 percent). These carbonates in the Set~ material could affect 
the agglomerator heat balance and should be accounted for in 
producing partially fluxed pellets. 

Principal Investigator(s) Harlan Niles 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$102,277 

Start Date 5/1/01 End Date 6/30/05 

Pro·ect No 783-1050 

3.39 

Progress/Results 
The EVTAC (now UTAC) 
report was completed and 
submitted for final typing. Most 
of the text for the Minorca and 
NSPC reports is finished, and 
mineral percentage graphs for 
unit operations are being printed. 
Magnetite liberation was quite 
similar in both Minorca samples 
and in both NSPC samples. 
There were no appreciable 
differences in final concentrate 
silicate and carbonate 
percentages for both sample sets 
from Minorca and NSPC. 
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FERROUS MINERALS 962 
Geological Resources of Ox Tac Ore in the Vicinity of the Canisteo, 
Hunner, ·King, Jennison, Buckeye, Jessie 1&2, and West Hill Mines: A 

· Continuin Evaluation of Ox Tac Resources in Itasca Count 

Objective To: (1) produce a geological resource estimate of the oxidized 
taconite ore in the area of the Canisteo, Danube, Morrison, Walker, 
Fletcher, Runner, King, Jennison, and Buckeye mines (Sections 25, 36, 
R25W, T56N and Sections 20, 29, 30, 31 , R24W, T56N) in Itasca 
County, and (2) make the data available in a Geographical Information 
System (GIS) format that can be used by industry, Itasca County, the 
State of Minnesota, and local towns and townships for use in future land-
use planning. 

· Background A current Permanent University Fund (PUF) project is 
compiling data on the Judd, Sally, Plummer, Holman-Cliffs, Homestead, 
Diamond, and Arcturus mine areas located northeast 9f this proposed 
study area. Approximately 20 to 30 years ago, there was a great deal of 
activity aimed at determining the occurrence and quantity of oxidized 
taconite in both Minnesota and Michigan, as well ~s evaluating alternative 
schemes for its exploitation. Currently, there is no mining on the western 
end of the Mesabi Iron Range in Itasca County, but there have been aud 
are many other uses, i.e., boating, water resource management, other 
construction, that will directly affect the availability of these oxidized ores 
in the future. These oxidized taconite, or non-magnetic ore reserves, could 
become economic in the future with new mineral processing and mining 
techniques and with lower stripping and blasting costs. The study will 
provide these data in a GIS format to local, county, and state agencies that 
are involved with land-use issues and allow them to become more aware 
of the mining potential of the area. Thus, it is hoped that these various 
entities.will use the data to make informed land-use decisions for the 
Western Mesabi Iron Range. 

Previous Activity/Results Approximately 700 spreadsheet files have 
been assembled from various drill hole data sources. These data .are being 
compiled and organized for modeling and reporting purposes. Final pit 
maps for the Jessie #1, Jessie #2, West Hill, and Lind-Greenway mines 
were obtained from the Minnesota Departm.ent of Revenue, and are being 
digitized. These pit maps represent mined out areas, and the digital · 
versions will be incorporated into the 3-D model for volumetric 
calculations. 

Principal Investigator(s) Steven Hauck 

Collaborator(s) Larry Zanko, John Heine, Mark Severson, & Julie 
Oreskovich 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Start Date 7 /1/00 

Pro'e<;t No 783-1045 

Amount 
$60,000 

End Date 6/30/05 

Progress/Results 
No work was done on this· 
project due to committments to 
co.mplete other projects. Data 
analysis and the final report are 
the only tasks left on this 
project. All data have been 
collected and entered in an Excel 
spreadsheet. 

3.40 
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FERROUS MINERALS 1384 
Magnetic Assisted Flotation: Agitator Design Application 

Objective To test the application of magnetic fields in the agitator 
of a pilot scale flotation machine for Ispat Inland, Minntac, and 
Northshore Mining Companies. 

Background In a report published in 1991, magnetic fields were 
shown to improve fine particle recovery in bench scale flotation 
cells. More recently, researchers have worked with one of many 
possible designs: that of using low gauss magnetic grids in the 
upper portion of the flotation cells. Unfortun;i.tely, that design did 
not work out very well at full scale, suggesting that a return to pilot 
scale tests would be in order. Also according to the original 1991 
reference, magnets located within the agitator itself produced the 
best bench scale performance. Up to this point, however, this 
design idea has not been tested on the next larger scale of 
equipment. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Thomas Larson 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$68,500 

Start Date 2/9/05 End Date 6/30/06 

Project No 783-1206 

3.41 

Progress/Results 
The equipment for this project 
has been prepared, and a feed 
sample has been collected from 
one of the local mining 
companies. Prior to beginning 
the tests of the new design, it is 
necessary to first adjust the 
operating conditions of the pilot 
scale equipment to match plant 
performance. To accomplish this 
objective, identical feed sub-
samples also need to be prepared 
so that no sample variability 
interferes with the test results. A 
slurry sub-sample splitter was 
built to handle 55 gallon drum 
sized quantities of feed . The next 
step will now be to establish 
matching flotation performance 
between the pilot scale 
machinery and the plant data. 
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FERROUS MINERALS 
Thermodynamic Modeling - Combustion Systems 

Objective To develop expertise using thermodynamic modeling 
software with application to biomass conversion and high 
temperature metallurgical processes. 

Background This software provides another tool to assist 
Coleraine Minerals Research Laboratory engineers with 
thermodynamic modeling of metallurgical systems. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Dave Englund 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$40,664 

Start Date 2/9/05 End Date 6/30/06 

Project No 783-1211 

1394 

Progress/Results _ 
This software is being used in 
support of various projects 
where chemical equilibrium 
calculations or phase diagrams 
can be of use. 
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FERROUS MINERALS 1393 
A Mechanical Sampling Device for Hard to Sample Streams 

Objective To develop a mechanical device capable of taking 
accurate samples from hard to sample plant streams. 

Background Analysis of data generated by plant audit sampling 
shows that it is very difficult to obtain a representative sample from 
some of the streams in any given plant. This can be caused by large 
volumes of slurry and/or limited access to sampling points, 
requiring unconventional methods for sampling. Current methods 
of sampling involve cutting a small fraction of a stream under the 
influence of gravity. These methods provide representative samples 
in most cases. However, mass balancing of plant data indicate that 
one or more streams around some devices in a plant are not 
properly sampled. In such cases, the operator judgment is used to 
decide which sample is more reliable. This adds subjectivity into 
the process. Development of a device capable of accurately 
sampling these problematic streams will eliminate subjectivity and 
improve assessment of actual performance. This will eventually 
lead to improved plant performance. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Salih Ersayin 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$15,000 

Start Date 2/9/05 End Date 6/30/06 

Pro'ect No 783-1217 

3.43 

Progress/Results 
A proposal was submitted to the 
Iron Ore Coop to obtain 
additional funding for this 
project. Despite being highly 
evaluated by plant engineers, the 
project did not get further 
funding from this source. The 
project will be initiated with the 
available funding by limiting the 
scope of work. 
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FERROUS MINERALS 1392 
The Utility of Taconite Materials as Road Patch for Highway 
Construction 

' . 

Objective To confirm the utility of using inorganically bound 
tac.onite aggregate and concentrate as highway road patchin'g and 
construction materials. 

Background Preliminary test work using a proprietary binder 
formulation has demonstrated the utility of using taconite mining 
products as a highway patching material. Actual field 
demonstrations show that the material, if properly formulated, can 
act as a semi-permanent patch. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Donald Fosnacht & Richard Kiesel 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$50,000 

Start Date · 2/9/05 End Date 6/30/06 

Project No 783-1216 

3.44 

Progress/Results 
Aggregate materials have been 
collected· and characterized 
according to their size 
distributions. Pot hole patches 
hav.e been installed in Duluth, 
Minnesota, Superior, Wisconsin, 
and Coleraine, Minnesota, as 

· demonstration test sites. Cold 
weather patching has oeen 
demonstrated at the Coleraine 
site in below freezing conditions 
(3°F). To date, all pot hole 
patches installed are showing 
good wear and sustainability · 
characteristics . Additional test 
sites are also being investigated 
in Duluth, Minnesota, A study 
will be conducted to investigate 
binders, binder mechanisms, 

. aggregate _materials, and 
installation/material handling 
techniques. 

, 
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FERROUS MINERALS 1391 
The Effect of Preheat Burners on a Straight Grate lnduration Furnace 

Objective To utilize pot grate testing to evaluate the effect of 
adding preheat burners to supplement the thermal energy required 
when adding low levels of fluxstone. 

Background The addition of low level limestone can have a 
positive effect on fired pellet quality and can be advantageous to 
blast furnace iron reduction. The addition oflimestone (calcite) to 
magnetite concentrates requires a significant amount of energy to 
calcine the fluxstone. This energy "sink" will partially prevent the 
pellets from reaching an effective induration temperature under 
normal operating conditions. This is because the calcination 
reaction takes place at relatively the same temperature as the 
oxidation of the magnetite begins to accelerate (600-800°C). The 
C02 released from the fluxstone fills the pellet pores, inhibiting the 
diffusion of oxygen into the pellet and slowing the oxidation 
kinetics. Although the same thennal energy is eventually available, 
the temperature rise as a result of the oxidation will be slower. 
Supplemental burners in the preheat section of the furnace may be 
required to add additional heat during critical stages of induration 
to maintain production levels and_ pellet quality. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Richard Kiesel 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$25,000 

Start Date 2/9/05 End Date 6/30/06 

Project No 783-1215 

3.45 

Progress/Results 
Concentrates and additives have 
been obtained. Development of a 
typical straight grate furnace 
firing cycle is currently in 
progress. Green balls have been 
collected from a commercial 
balling drum to eliminate any 
variance associated with balling, 
and fired as a baseline. The 
airflow requirement to simulate 
a typical straight grate machine 
is greater than the airflow 
currently available on the pot 
grate furnace. Altering the 
furnace drying cycle and 
modifications to the existing pot 
grate furnace to increase the 
airflow required in drying are 
being investigated to establish a 
credible and representative 
baseline. Pot grate tests will be 
used for comparing the standard 
firing cycle to one adding 

· additional heat in the preheat 
zone. The tests will examine a 
low and high feed rate, low level 
limestone addition of 0.3% and 
1.2%, and an increase in the 
preheat temperature of 50°F that 
is projected with the addition of 
the burners. Test results will be 
provided that include green ball 
physical quality, fired pellet 
physical quality, and pot grate 
furnace firing profiles. They will 
provide relative trends for the 
influence of preheat burners on 
higher fluxstone levels, feed 
rate, and ellet uali . 
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FERROUS MINERALS 1390 
State and Federal Depar,tment of Energy (DOE) Grant Search ·and Grant 
Writin for Minnesota Taconite O erations 

Objective To provide funding to NRRI/CMRL Director and staff 
engineers to evaluate State and Federal DOE grant opportunities, 
and to work with Minnesota taconite operations to write and 
submit grants for energy projects in taconite. 

Backgroun~ More and more State and Federal Department of 
Energy grants are appearing that apply directly to the taconite 
industry. For example, the Federal DOE "Industries of the Future" 
program requests specific grant projects for the mining industry 
that apply to taconite mining. On a State level, NRRI/CMRL can 
now work directly with the Minnesota State Energy Office to 
submit grants for potential (?nergy reduction projects in various · 
fields of research and development. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Blair Benner, Dave Englund, Iwao 
Iwasaki, Salih Ersayin, David Hendrickson, Thomas Larson & 
Richard Kiesel 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$61,315 

Start Date 2/9/05 End Date 6/30/06 

Project No 783-1214 

3.46 

Progress/Results 
A number of grant applications 
have been filed for research and 
development work involving 
taconite and value added 
taconite projects. As a result of 
these efforts, CMRL has . · 
recently been awarded a . 
$1,500,000 DOE grant to 
advance iron nugget research 
under a project .entitled ''Next 
Generation Metallic Iron Nodule 
Technology in Electric Furnace 
Steelmaking." 
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FERROUS MINERALS 1389 
Modification and Process Optimization of the Linear Hearth Furnace for 
Production of Value Added Iron Products 

Objective To optimize the design and operation of the linear 
hearth furnace for successful production of metallic iron products. 

Background The linear hearth furnace (LHF) is a 40-ft long 
walking beam furnace consisting of three he_ating zones separated 
by internal baffle walls and a final cooling section. Zones are 
controlled individually according to temperature, pressure and feed 
rate, making this furnace capable of simulating several reduced 
iron processes and operating conditions. An atmosphere suitable 
for production of iron products is required to successfully 
demonstrate this technology consistently. The parameters include 
airflow, temperature, gas compositions, and reductant materials. 
Optimization of these parameters is required to further demonstrate· 
technoloiges developed in small scale laboratory furnaces to reduce 
operating temperature and enhance quality of the metallic iron 
nuggets. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Rodney Bleifuss, Iwao Iwa:saki, Donald 
Fosnacht, David Hendrickson, & Richard Kiesel 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$75,000 

Start Date 2/9/05 End Date 6/30/06 

Project No 783-1213 

3.47 

Progress/Results 
The LHF has been successfully 
utilized to create metallic iron 
products. In order to work 
towards having the LHF 
consistently reproduce results 
achieved in bench scale 
laboratory experiments, 
additional furnace design 
modifications are being made. 
To better contain the furnace 
gases and control room 
atmosphere, the sides of the 
furnace were enclosed in sheet 
metal. W om bearings were also 
replaced on the walking beam 
mechanism to ensure efficient 
movement. Several sample trays 
were manufactured, and baseline 
operating conditions have been 
established. To minimize the 
thermal effect of the tray 
addition into the hot zones, the 
trays were moved one cycle of 
the walking beam revolution, or 
six inches at a time through the 
furnace. The purpose of this 
revised operating procedure was 
to minimize the effect on the 
burners and reduce combustion 
gases creating turbulence within 
the furnace. The optimum 
control of residence time, 
reduction gases, temperatures, 
burner gases, and additives will 
be further investigated. The 
furnace will be modified as 
required to better control these 
parameters and demonstrate its 
technological capabilities to 
veri laborato results. 
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FERROUS MINERALS 1388 
A System of Daily Checks and Balances to Monitor the Calibration of 
NOLA On-Line $ilica Anal zers 

Objective To provide an independent method of monitoring the 
calibraton of NOLA on-line stlica analyzers for Minnesota taconite 
operations. 

Background Throughout the past 25-30 years, Minnesota taconite 
operations have relied on NOLA on-line silica analyzers to provide 
on-line silica analysis in concentrator operations. NOLA units are 
systematically calibrated through the use of in-plant concentrate 
standards run through each NOLA unit having the appropriate 
range of silica. Calibration testing is conducted at intervals 
specified by each operation. The present project will provide 
operations with a daily method of independently checking the 
NOLA calibration by running wet silica analysis on concentrate, 
filterca:ke, and pellet samples made from the sarrie concentrate in 
time and. comparing these analyses back to what the NOLAs 
reported during that time period. This daily method of checks and 
balances can then be sent to concentrator DCS systems to improve 
the accuracy of the on-line analyses and thus improve silica 
control. 

Previous Activity/Results This is a new project. 

Prindpal Irrvestigator(s) David Hendrickson 

Project Sponsor(s) 
Pennanent University Trust Fund (PUTF) 

Amount 
$19,500 

Start Date 2/9/05 End Date 6/30/06 

Pro"ect No 783-1212 

3.48 

Progress/Results 
Taconite operations are being 
requested to provide matching 
funding to advance this 
important NOLA calibration 
methodology. To date, no new 
technology has been made 
available to replace NOLA units, 
worldwide. New calibration 
techniques are needed and this 
methodology answers some of 
the current needs. 
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FERROUS MINERALS 1317 
The Effect of Fluorine and Chlorine on Fired Pellet Metallurgic.al 
Pro erties 

Objective To evaluate the effect of fluorine and chlorine on fired 
pellet metallurgical properties, specifically Reducibility (R40) and 
Low Temperature Disintegration (LTD). This will include the 
influence of halogenated process water for agglomeration and 
when applied to the surface of fired pellets for the purpose of pellet 
cooling, conveyor belt protection, and dust control. 

Background Reducibility (R40) and Low Temperature 
Disintegration (LTD) are established metallurgical tests used to 
distinguish the quality of iron ore pellets for their performance in 
the blast furnace. Fired pellet quality has been historically 
influenct,d by chlorinated water when applied as dust control or 
cooling water. Process water containing high levels of chlorine has 
been shown to be detrimental to metallurgical properties when 
applied to the surface of cooled pellets. Quenching hot fired pellets 
for cooling or with conveyor belt protection water is known to 
degrade metallurgical properties due to the stresses created within 
the microstructure of the pellet. However, the impact of the 
chlorine levels in this water must be evaluated. The concentration 
of these halogens in process water used for agglomeration should 
also be included in this investigation for its effect on R40 and LTD. 

Previous Activity/Results Concentrates have been obtained from 
Northshore Mining and U.S. Steel ' s Minntac. Additional fired 
pellets will be obtained for analysis. Calcium chloride and calcium 
fluoride have been identified as the selected salts for increasing 
levels of halides. They will be used in several addition rates to 
process water, which will then be used to create fired pellets. These 
same compounds will also be used to "quench" hot pellets once 
they are removed from the furnace, to determine the influence of 
these salts on pellet quality. Process water used for dust control, 
containing salts, will also be investigated for influence on pellet 
quality. Fired pellets will also be obtained from Minnesota taconite 
operations for study. 

Principal Investigator(s) Richard Kiesel 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$30,000 

Start Date 6/1/03 End Date 6/30/06 

Pro·ect No 783-1075 

3.49 

Progress/Results 
Plant process water will be 
obtained from locations 
containing various levels of 
halides for processing and 
quenching pellets. It is believed 
that this will be more 
representative of the typical 
pellet processing conditions 
without the addition of . 
"artificial" halides. These results 
will be compared to deionized 
water and several addition rates 
of salt induced waters. No 
additional progress can be 
reported for this project at this 
time. 
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FERROUS MINERALS 
Specific Gravity Cyclone Follow-Up Tests 

Objective To expand the application of the Specific Gravity 
Cyclone over a broader range of size separation situations. 

Background It is well-known that the classification performance 
of a cyclone depends not only on particle size, but also on particle 
specific gravity, and water drag forces. When processing taconite 
ores, the specific gravity difference between silia and magnetite 
results in an expensive amount of fine magnetite reporting to the . 
cyclone underflow. If this fine magnetite can be removed from the 
cyclone underflow stream, then overall cost savings at the plant ean 
be substantial. In Part I, an inexpensive hydrocyclone modification 
was built and tested over a small number of separation conditions. 
The initial test results are very encouraging and prove that the 
concept works and successfully redirects fine particles away from 
the cyclone apex. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Thomas Larson 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$30,000 

· Start Date 2/9/05 End Date 6/30/06 

Project No 783-1207 

3.50 

1385 

Progress/Results 
Data from the previous project 
revealed that a minor hardware 
change would dramatically 
improve the performance of the 
Specific Gravity Cyclone, and 
enable it to operate over a wider 
range of conditions. The 
required hardware component 
has been designed for prototype 
number 2 and this particular part 
is being provided by an outside 
vendor. Additional testing will 
commenye as soon as the part 
arrives. 
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FERROUS MINERALS 
CFO Primary Cooling Fan Model 

Objective To develop a CFD model of a primary cooling fan (3A) 
and use as a virtual or soft sensor process flow meter, to estimate 
primary cooling fan airflow to the induration process. 

Background CFD software has advanced to the point where 
process fans (rotating machinery) can be modeled using CFD 
software, and computers are now sufficient to run these models. 
Estimation of airflow in the induration process has always been 
difficult because of limited accessibility to ductwork, and because 
of turbulence in the ductwork using Pitot tube sampling 
procedures. It is desirable to measure airflow for the purpose of 
process optimization relating to productivity, fuel consumption, 
NOX generation, and product quality. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Dave Englund 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 
Cleveland Cliffs, Inc. 
Iron Range Resources 
U.S. Steel 

Amount 
$61,925 
$24,119 
$24,119 
$24,119 

Start Date 2/9/05 End Date 6/30/06 

Project No 783-1210/187-2625/187-6547/187-6545 

3.51 

1395 

Progress/Results 
New CFD software (CFX-5) was 
installed on a new workstation, 
and the engineer attended · 
software training in Waterloo, 
Ontario, in June. The project has 
proceeded through grid 
development. A gridded model 
of the primary cooling fan on 
United Taconite's Lipe 2 
machine is being developed. The 
next step is to evaluate model 
solutions as affected by the node 
density in the grid to establish a 
relationship between solution 
accuracy and grid size. 
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FERROUS MINERALS 1383 
An Investigation of Seasonal Performance Variations in Taconite Plants 

Objective To investigate potential causes of seasonal variations in 
taconite plant productivities and develop simulation-based 
strategies to neutralize the negative effects of winter conditions. 

Background· All of the taconite plants on Minnesota's Iron Range 
experience reduced productivities during winter months. A number 
of studies were performed in the past to postulate plausible causes 
of this trend. However, no strategy has been developed to tackle 
this problem. The Coleraine Minerals Research Laboratory 
(CMRL) has detailed plant data from one of the plants on the Iron 
Range representing the winter and summer operating conditions 
and performances. In the past, the data were analyzed by 
conventional techniques. Present availability of mass balancing and 
simulation software at the CMRL creates an opportunity to assess 
the data using a modern tool and, furtherm.ore, to develop a 
strategy to alleviate the negative effects imposed by winter 
conditions. 

Previous Activity/Results This is a new project. 

Principal lnvestigator(s) Blair Benner & Salih Ersayin 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$16,500 

Start Date 2/9/05 End Date 6/30/06 

Pro"ect No 783-1205 

3.52 

Progress/Results 
Plant data representing winter · 
and summer performance on the 
Minntac plant's two different 
lines in 1995 were obtained. 
Mass balancing of raw data is 
being carried out. As a separate 
privately funded project, several 
sets of data from the same plant 
representing winter 2005 in two 
different lines conditions were 
obtained and mass balanced. 
Plant sampling and data analysis 
will be repeated for summer 
2005 conditions. These two 
studies are expected to 
complement each other. 
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FERROUS MINERALS 
Magnetic Separator Model Development 

. Objective To develop a magnetic separator model for simulating 
the effects of significant operating variables, which model can then 
be used as a tool in circuit design and optimization. 

Background There exists no magnetic separator model capable of 
simulating the effects of the variables involved in tacopite 
processing. The Concentrator Modeling Center at the Coleraine 
Minerals Research Laboratory (CMRL) has evaluated a number of 
plant data and developed a mathematical structure for magnetic · 
separators. Further analysis of plant data showed that this structure 
could successfully be used to include the effects of operating and 
design variables. A model defining the effects of significant 
variables under various operating conditions is yet to be developed. 
This proposal will generate sy~tematic pilot scale data for · 
constructing mathematical relationships defining the effects of 
these variables. The model will provide answe~s to a large number 
of "what if' questions commonly asked by plant engineers and 
operators for improving their plant performance. Funding for this 
proposal will also constitute matching funds for a larger budget 
Department of Energy (DOE) project. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Salih Ersayin 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount ·· 
$45,000 

Start Date 12/9/05 End Date 6/30/06 

Pro·ect No 783-1204 

3.53 

1382 

Progress/Results 
Available data and existing 

. models were re-examined in 
order to have an efficient 
experimental design. 
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FERROUS MINERALS 1380 
Development of a Drop Weight Test for Predicting SAG and FAG Mill 
Performance 

Objective Develop a drop weight test procedure that can be used to 
predict SAG and _f AG mill performance from small samples. 

Background For optimum performance of both SAG and FAG 
mills, the feed must contain a certain portion of "competent" (hard) 
rock. However, there is no test available for determining the 
competency of the rock from small samples. In the 1960s, U.S. 
Steel (USS) developed a drop weight test procedure for autogenous 
grinding of Canadian specular hematite ore. This procedure 
correlated well with plant grind-ing energy and was used for 
designing several. plants. This test procedure was also used for 
preliminary mine planning for the Kudremukh ore bod_y in India. 
This test was never applied to taconite, JK has also developed a 
drop weight test, which can be related to several parameters in their 
autogenous grinding model. There are several differences in the 
test p'rocedures. The USS procedure uses multiple drops of 
different heights on single particles of the "same" material and 
measures the broken size distribution as a function of energy 
applied. Keewatin Taconite is very interested in having a test 
procedure developed and will supply material for the testing. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Blair Benner 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$18,370 

Start Date 2/9/05 End Date 6/30/06 

Pro"ectNo 783-1202 

Progress/Results 
We are awaiting arrival of the 
test samples from Keewatin 
Taconite. The testing will begin 
when the samples arrive. 

3.54 
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FERROUS MINERALS 
Hydroseparator Modeling 

Objective To develop a mathematical model of hydroseparators, 
which could be used for simulation, optimization, and control of 
hydroseparator operating conditions. 

Background The existing hydroseparator model does not take into 
account the effect of any operating variables. Available plant data 
indicate that there are large differences between hydroseparator 
performances from one plant to another. They are not operated at 
their optimum due to a lack of quantitative information definfag 
their performance. Analysis of plant data led to the development of 
the current model, which could simulate the effect of variations in 
feed grade. Although there appears to be a good correlation 
between upward velocity and separation efficiency, systematic test 
work is required to establish such a relationship. Recently, the 
Coleraine Minerals Research Laboratory (CMRL) received Iron 
Ore Coop funding to carry out pilot scale hydroseparator tests in 
plants to demonstrate the benefits of magnetic field application. 
These tests will produce samples that could generate data needed 
for hydroseparator modeling.- Funding will be used for additional 
analysis of these samples and model development. This proposalis 
also expected to provide matching funds for a larger budget 
Department of Energy (DOE) project. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Blair Benner & Salih Ersayin 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$36,000 

Start Date 2/9/05 End Date 6/30/06 

Pro"ect No 783-1201 

1379 

Progress/Results 
A related Iron Orn Cooperative 
funded study has recently been 
completed. The report 
containing test data from that 
previous project will form the 
starting point for this new 
project. 
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FERROUS MINERALS 
USS - 2005 Annual Research Contract 

Objective NRRI's Coleraine Minerals Research Laboratory 
(CMRL) will conduct research and development work for U.S. 
Steel's Minntac and Keewatin Taconite plants during 2005 in the 
areas of size reduction, classification, flotation, magnetic 
separation, filtering, balling, indurating, and pellet quality 
improvement. Research and development work will be conducted 
using bench and pilot scale equipment at CMRL in addition to in-
plant testwork at the mining operations plant sites. 

Background The Coleraine Minerals Research Laboratory 
(CMRL) has provided research support to the Minntac operation 
for many years. This research has helped Minntac reduce costs, 
improve their product, and better understand processes. 

Previous Activity/Results Currently under investigation are the 
effect of particle size and the distribution of particle size on 
metallurgical properties of fired pellets. Pore characteristics of 
prepared pellets are being evaluated using mercury porosimetry. 
Physical and metallurgical quality of these pellets is being 
measured against a standard baseline for comparison. In addition, 
batch balling studies are being used to quantify green ball 
parameters for potential bentonite replacements. Finally, leaf filter 
testing is in progress to determine the effect of recycling furnace 
roll feeder undersize back into the filter tubs. A trend for the effect 
of bentonite on filter cake moisture and filter cake production will 
be provided. Future studies include defining the parameters that 
influence the deformation of green balls on the grate. Stress-strain 
measurements on a column of green balls will be used to 
characterize the deformation behavior of green balls prepared with 
varying binder, grind, _and moisture parameters. 

Principal Investigator(s) Blair Benner, Dave Englund, Iwao 
Iwasaki, Salih Ersayin, David Hendrickson, Thomas Larson & 
Richard Kiesel 

Project Sponsor(s) 
USS Corporation 

Start Date 1/1/05 

Pro"ect No 187-6545 

Amount 
$240,000 

End Date 12/31/05 

3.56 

1377 

Progress/Results 
Concentrating: Froth regrind 
work was conducted at C1'.{RL 
using flotation froth from 
Minntac, which now includes 
the effects of preclassification. 
The effect of temperature on 
grinding was evaluated for 
Minntac cobber concentrate 
samples. The addition of Smart 
Screens to a concentrating line at 
Minntac and Keewatin Taconite 
was evaluated. Computer 
simulations were conducted to 
evaluate replacing primary 
cyclones with various screening 
equipment options . 
Agglomerating: A complete 
process airflow survey was 
conducted on the grate kiln 
induration furnace at Keewatin 
Taconite. The objective of this 
survey was to establish baseline 
conditions prior to 
commissioning a new wet 
scrubber system for off-gas 
cleaning and identify any 
possibilities for process 
improvement. Airflow was 
measured on all incoming and 
outgoing process airflow ducts 
to the system. The data were 
used to create a mass and energy 
balance around the furnace. 
Batch balling tests with mini-pot 
furnace testing were used to 
evaluate the effect of additives to 
reduce bentonite use and 
enhance pellet metallurgical 
quality. 
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FERROUS MINERALS 1369 
Mercury Release from Taconite During Heating in the Presence and 
Absence of Ox en 

Objective To investigate whether the release of mercury during the 
heating of taconite in air is related to the oxidation/reduction 
reactions taking place. 

Background The taconite industry is under pressure to reduce the 
emissions of mercury from their induration process. To support the 
taconite industry, the Coleraine Minerals Research Laboratory 
(CMRL) has conducted numerous sampling programs aimed at 
determining the distribution of mercury during the processing of 
the ore. These previous studies, along with those of the DNR, have 
shown that greater than 90 percent of the mercury in green balls is 
vaporized during induration. The DNR is in the process of 
contracting with the Energy & Environmental Research Center 
(EERC) of the University of North Dakota to conduct a bench scale 
study on the rate of mercury release as a function of temperature 
with the heating of taconite. This proposal is to supplement that 
work. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Blair Benner 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Amount 
$10,000 

Start Date 2/16/05 End Date 6/30/05 

Project No 187-6543 

3.57 

Progress/Results 
Green balls from Minntac and 
Ribtac were collected and dried 
at low temperature. The dried 
green balls were crushed and 
blended to produce a uniform 
feed for the tests. Tube furnace 
tests were run at temperatures 
between 3 00° and 600°C in air 
and in nitrogen. The sample 
before and after heating was 
analyzed for mercury. For 
Minntac green balls more 
mercury was released in nitrogen 
than in air. For example at 
300°C only 15.7 percent of 
mercury was released in air 
compared with 64.7 percent 
being released in nitrogen. At 
600°C, 71.5 percent of the 
mercury was released in air 
compared with 93 . 7 percent in 
nitrogen. A similar trend was 
noted for Hibtac at temperatures 
below 450°C. For example, at 
400°C 39 percent of the mercury 
was released in air compared 
with 80 percent released in 
nitrogen; however, at 500°C 
87 .5 percent of the mercury was 
released in air and 88.5 percent 
was released in nitrogen. Since 
the majority of the tests were run 
for 20 minutes, a series of tests 
were run with Hibtac green balls 
at 450°C in air and nitrogen for 
5, 10, and 15 minutes. In both air 
and nitrogen over 70 percent of 
the mercury had been released in 
5 minutes. The test work is 
completed and final report was 
written. The ro · ect is com lete. 
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FERROUS MINERALS 1348 
Medusa Modeling for Oxygen Injection into a Grate-Kiln Furnace - Part 2 

Objective Simulation work will conti~ue to investigate oxygen 
injection through a limited Fl.umber of kiln ports.Variables to be 
evaluated will.include oxygen concentration, volume flow, 
production rate; and length of injection region in the kiln. The goal 
i.s to determine the minimum number of ports in combination with 
flow, to achieve 95 percent oxidatio~ in the kiln. ' 

Background The Keewatin Taconite kiln load bearings cannot 
support the full weight of a ported kiln assembly. This project will 
evaluate alternatives that provide the benefits of a porte.d kiln, with 
a reduced number of ports, intended to keep the weight of port 
assembly within the bearing limits. · 

Previous Activity/Results Oxygen requirements necessary to yield 
oxygen enriched. air were determined as a function of ( 1) the 
number of kiln ports, (2) enriched air flow, and (3) percent oxygen 
concentration. The results were reported as c·ubic feet of oxygen · 
per long ton of fired pellets. Plots are provided in the·final report 
such that the read.er can determine oxygen required based on a 
desired oxidation revel in the kiln d1s~harge stream. 

Principal Investigator(s) Dave Englund 

Project Sponsor(s) 
.. Minnesota Department of Natural Resources 

Amount 
$5,000 

Start Date 7 /1/04 End Date 6/30/05 

Project No 187-6531 

Progress/Res~lts · 
The report has been sent to the 
DNR, and the next step is to 
determine an oxygen cost per. ton of 
pellets.Part 1: (1) Thirty-one . 
simulations were performed to 
approximate oxygen injection on 

· kiln transfer chute. (2) Simulations 
indicated that oxidation -levels were 
strongly influenc.ed by the number 
of injection ports. Most efficient 
use of oxygen was achieved by 
using more ports with smaller flow 
rates; than fewer ports and larger 
flow rates. (3) Injection of oxygen 
·on the kiln transfer chute was 
unlikely to achieve the desired 95% 
magnetite 'oxidation level in the kiln 
discharge . . Part 2: (1) This study , 
expanded the analysis of ported 
region in the kiln, to see if oxygen 
enrichment ofport air could be used · 
limit the number of ports and 
achieve the desired level of 
oxidation while maintaining the 
weight limits on the kiln bearings. 
(2) More than one hundred· 
simulations were completed to 
develop a response surface 
statistical model from which the 
following effects were evaluated. 
(a) port.ed length, (b) production 
rate, and ( c) oxygen consumption. 
(3) Using this model oxygen 
consumption can be balanced with 
the number of ports required ~md 
airflow necessary to achieve the 
desired level of oxidation. 
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FERROUS MINERALS 
Satmagan Standards and Calibration 

Objective To produce possibly as much as ten-pound quantities of 
Satmagan standards of selected magnetic content, for use in all of 
the taconite production plants across the Minnesota Iron Range. In 
addition, the budget includes one visit to each taconite plant for the 
purpose of examining the Satmagan, and providing assistance with 
calibration using the new standards. 

Background The Satmagan is an old but reliable device for 
determining the concentration of magnetic iron in taconite samples. 
Currently, each of the taconite plants has their own calibration 
standards, and their own calibration curves in order to relate the 
Satmagan dial reading to the actual magnetic iron content. 
Unfortunately, many plants are now facing a similar problem, and 
that is that their internal quantities of Satmagan standard materials 
are running low. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Thomas Larson 

Project Sponsor(s) 
Pennanent University Trust Fund (PUTF) 

Amount 
$18,000 

Start Date 2/9/05 End Date 6/30/06 

Project No 783-1209 

3.59 

1387 

Progress/Results 
This project requires a 50 
percent match from the taconite 
industry, which was initially 
sought through the Department 
of Natural Resources, Iron Ore 
Cooperative Research program. 
After discussions with mining 
company representatives, it was 
agreed that this proposal should 
be sent to the mining companies 
directly rather than within the 
scope of the DNR program. 
Support from industry is 
pending. 
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NON-FERROUS MINERALS 1386 
Heavy Stream Discharge from the Falcon Concentrator 

Objective To test various modifications designed to enable a free 
flow of the heavy mineral stream out of the standard Falcon 
concentrator bowl. If successful, a performance evaluation will 
measure the device' s ability to separate low silica magnetite out of 
a mixed stream that contains middlings and gangue. 

Background Previously, the Coleraine Minerals Research 
Laboratory (CMRL) completed an evaluation of the Falcon 
concentrator, which is a device that separates minerals based on 
specific gravity. While the performance was promising, the 
previous researcher was concerned regarding the clogging of the 
heavy mineral discharge hardware. On the other hand, investigators 
from the gold industry state that the Falcon is the device of choice 
for "fine" particle size distributions, such as those used in the 
taconite industry. In addition, they report: "The ability to recover a 
mineral of density equal to 5.2 from a gangue of density 2.7, 
especially below 50 urn (270 Mesh), is clearly demonstrated." (La 
Plante, Andre, "A Comparative Study of Two Centrifugal 
Concentrators," CMP Mineral Processing Proceedings, 1993). 
Existing magnetic separators are designed to remove magnetite out 
of the tailings stream, while sending both liberated magnetite and 
middlings on to further processing. These machines are not 
designed to separate pure magnetite away from the middlings. 
However, if that can be done with a Falcon, then the combination 
of the two devices could produce a returning mill feed stream 
consisting only of middlings. As the net mill feed tonnage is 
reduced, so the line productivity increases. In addition, if the heavy 
concentrate is sufficiently low in silica, then flotation recovery will 
increase. Solving the heavy particle discharge problem with the · 
Falcon concentrator could result in large improvements for taconite 
plants. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Thomas Larson 

Project Sponsor(s) 
Permanent University Trust Fund (PUFF) 

Amount 
$40,000 

Start Date 2/9/2005 End Date 6/30/2006 

Pro"ect No 783-1208 

3.60 

Progress/Results 
This project is nearly complete, 
and shows that Falcon's newly 
designed separator is capable of 
producing particles with 
concentrate grade silica assays in 
the fine sizes. A feed sample 
was taken from the primary 
grinding section of the flowsheet 
of a local taconite mine, and was 
separated by the Falcon into 
heavier particles and lighter 
particles. It is encouraging that 
the finer particles of the heavier 
particle stream are concentrate 
grade, even though capturing 
this advantage requires that the 
heavies stream be sent to a size 
separation step. In a plant 
application, the heavy particles 
stream might be bypassed out of 
the primary grinding circulating 
load, into an existing screen or 
cyclone located downstream, 
providing an economic 
advantage through increased 
circuit productivity. 

RRI Semi-Annual Reoort/Januarv-June 2005 



NON-FERROUS MINERALS 1192 
Origin and Distribution of Chromium Mineralization in the Duluth 
Complex and Related Keweenawan Intrusives in Minnesota and its 
Relationshi to PGE Mineralization 

Objective To expand our knowledge of Cr-mineralization and its 
potential relationship to PGE mineralization by: (1) using existing 
geochemistry data and collecting Cr-bearing samples for polished 
thin section analysis, (2) identifying other unassayed drill core that 
may contain chromium mineralization and analyzing the drill core 
and collect samples for polished thin sections, (3) supporting one 
Ph.D. thesis in the Birch Lake that will investigate the PGE-Cr 
mineralization and relationships to oxide mineralization, ( 4) 
conducting quantitative microprobe analyses to determine the 
various chromium-related minerals, and (5) evaluating and 
analyzing further one chromium occurrence identified in a drill 
hole outside·of the Duluth Complex. 

Background Chromium mineralization associated with PGEs in 
the Duluth Complex was first recognized by Sabelin and Iwasaki 
(1985, 1986) in Du-15 in the Birch Lake area (BLA). The presence 
of chromium spinels was noted earlier by Weiblen and Morey 
(1976) at the Spruce Road deposit. Severson (1995) identified 
chromium and platinum mineralization in drill hole SL-19' 
northeast of the Water Hen deposit. Severson (1991) identified Cr-
rich spinels in the Local Boy ore zone of the Babbitt deposit. 
Hauck et al. (in prep.) have identified a variety of Cr-rich spinel in 
the BLA, not all of which are directly associated with PGE 
mineralization. In addition, Heine et al. (1998) reported 1.64% 
Cr203 in saprolite in a drill hole drilled into a Keweenawan 
ultramafic body in Stearns County. 

Previous Activity/Results Petrography of 20 polished thin 
sections has been completed. The data recorded were mineral 
modal percentages, textures, and relationships to other minerals. 
Polished thin section work will continue and some of the 20 
sections will be prepared for microprobe analyses. Preliminary 
analysis of the petrographic data indicates that there is no obvious 
petrographic indicators for the chromium increase other then the 
presence of semi-massive to oxide-rich rocks. Mineral chemistry of 
the major minerals, e.g., olivine, plagioclase, pyroxene, and oxides 
may provide a better understanding of changes in the magma that 
produced the chromium-rich magnetites. 

Principal Investigator(s) Mark Severson & Steven Hauck 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$76,000 

Start Date 2/1/02 End Date 6/30/05 

Pro'ect No 783-1071 

3.61 

Progress/Results 
Petrography on another 51 polished 
thin sections have been completed 
from: (l)Water Hen deposit - drill 
hole SL-19A, (2) Wetlegs deposit-
drill holes W-1 , W-12, W-14, (3) 
Birch Lake deposit - drill holes Du-
9, Du-15, and (4) Cr-sills from the 
footwall of various deposits. 
Petrography on additional Cr-sill 
samples will be completed before 
all of these samples are sent off for 
microprobe analyses on the oxides, 
plagioclase, and olivine. These 
minerals will provide clues as to: 
(I) location of chromium in the 
oxides (titanomagnetite, chromite, 
chromium-titanomagnetite, 
ilmenite), and (2) the origin of the 
samples (plag. and olivine). 
Petrographically, the samples from 
the Wetlegs deposit indicate that 
chromium-rich oxides were the 
beginning of a new input of magma 
into the magma chamber. PGE 
analyses of these rocks indicate that 
the new magma had no PGEs 
associated with it. Previous 
rhenium-osmium isotope work of 
this study indicated that there was 
very little crustal contamination of 
the Cr-rich rocks, i.e., no sulfur-rich 
rocks in the footwall to remove the 
PGEs prior to emplacement of the 
Cr-rich rocks. This condition 
suggests that the magma that 
formed the Cr-rich rocks was barren 
of PG Es. The location of the 
chromium mineral phases in the 
rocks is also different between the 
different areas/rocks suggesting 
much different formation 
conditions. Upon completion of 
petrography, microprobe analyses 
will be completed. 
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NON-FERROUS MINERALS 1191 
West Birch Lake Surface Mapping and Geochemical Sampling 

Objective To map the surface geology, and sample and describe 
the base- and precious-metal geochemistry of the basal mineralized 
zone of the Duluth Complex in the poorly explored area between 
the Maturi and Dunka Pit/Birch Lake Cu-Ni-PGE deposits. 

Background Recent geologic mapping along the basal contact 
zone of the Duluth Complex west of Birch Lake (Sections 6, 7, 18, 
and 19 ofT61N, Rl lW; and Sections 12, 13, and 24 ofT61N, 
Rl 2 W) has revealed the presence of exposures of mineralization in 
the basal contact zone of the Duluth Complex. In the north, 
mineralized rock units U3, BH, and BAN (from Severson, 1994; 
NRRI/TR-93-34) are well exposed. The central portion of the area 
includes these same units and a previously unrecognized oxide-
rich, ultramafic intrusion (OUI), and in the poorly exposed 
southern area, some exposures appear similar to the PGE-rich 
intervals from drill hole DU-15. 

Previous Activity/Results A geologic map, NRRJ-Map-2004-02, 
"Bedrock Geology Map and Cu-Ni Mineralization Data for the 
Basal Contact of the Duluth Complex West ,ofBirch Lake, St. 
Louis, and Lake Counties, Northeastern Minnesota" by Dean M. 
Peterson, Richard L. Patelke, and Mark J. Severson was published 
in June 2004 and placed in the download section of the Economic 
Geology Group's website. E-mail notification of the map's 
availability was made to individuals interested in the Economic 
Geology Group's publications. The mapping concentrated on 
hundreds of meters of previously unmapped Cu-Ni-PGE 
mineralized outcrop along the basal contact of the South 
Kawishiwi intrusion. According to the authors, visual analysis of 
the copper grade maps presented on the map sheet indicate that the 
mineralization in the northern portion of the map is the extension 
of the Maturi deposit to the west of Birch Lake, and the 
mineralization to the south may be the northern extension of the 
PGE-rich Birch Lake deposit. 

Principal Investigator(s) Mark Severson, Steven Hauck, & 
Dean Peterson 

Collaborator(s) Richard Patelke 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$37,000 

Start Date 2/1/02 End Date 6/30/2006 

Pro·ect No 783-1070 

3.62 

Progress/Results 
No work was done on this 
project due to full time effort by 
the PI on the Soudan-DUSEL 
Phase 2 proposal to build a Deep 
Underground Science and 
Engineering Laboratory 1.5 
miles east of the existing Soudan 
Mine in Tower, Minnesota. 
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NON-FERROUS MINERALS 
Partridge River Intrusion Three-Dimensional Modeling 

Objective To develop a three-dimensional (3-D) model of the 
bottom (footwall) of the Partridge River Intrusion of the Duluth 
Complex based on drill holes and geophysical interpretations. 

Background The recent completion of a 3-D model of the bottom 
(footwall) of the South Kawishiwi intrusion (SKI) of the Duluth 
Complex has led to new models on the genesis of the Cu-Ni-PGE 
mineralization in the SKI. Moreover, numerous trough-like 
features have been identified and provide new drill targets· for such 
deposits . In addition, presentation of this work at PGE conferences 
in Thunder Bay and Sudbury, Ontario, initiated lots of 
encouragement to continue this work by representatives of the 
Canadian mineral industry. 

Previous Activity/Results Three-dimensional contouring of the 
basal surface of the Partridge River intrusion (PRI) has been 
completed. Preliminary examination of the 3-D surface clearly 
shows that Babbitt deposit is located in a bowl-shaped depression, 
and likely is associated with an early pulse of magma within the 
PRl. All data associated with this project will be published. 

Principal Investigator(s) Steven Hauck & Dean Peterson 

Project Sponsor(s.) 
Permanent University Trust Fund (PUTF) 

Amount 
$41,000 

Start Date 2/1/02 End Date 6/30/05 

Pro"ect No 783-1069 

3.63 

1190 

Progress/Results 
Work has begun again on this 
project, it was delayed due to 
work on a confidential project 
and work on the Soudan-DUSEL 
Phase 2 proposal to build a Deep 
Underground Science and 
Engineering Laboratory 1.5 
miles east of the existing Soudan 
Mine in Tower, Minnesota. 
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NON-FERROUS MINERALS 1138 
Copper-Nickel-PGE Grade Maps for Stratigraphic Units of the Basal 
Portion of the South Kawishiwi and P.artridge River Intrusions and the 
Soutli Com lex Area 

Objective The objective of this project is to produce a series of 
Cu-Ni-PGE grade distribution maps that will allow industry to 
quickly visualize the regional variations in: ( 1) stratigraphic unit 
thickness, (2) Cu grade, (3) Ni grade, (4) PGE+Au grade, (5) Cu:Ni 
ratios, and (6) drill hole or sample density. 

Background Approximately 1,400 exploration holes have been 
drilled by numerous companies over the last 50 years within the 
South Kawishiwi intrusions (SKI), Partridge River intrusions 
(PRI), and southern complex area (SCA) of the Duluth Complex. 
The holes were, largely coUared within specific properties that the 
companies held. However, there remains a general lack of 
knowledge about the distribution and grades of mineralization 
within basal stratigraphic units, e.g., BAN, BH, U3, PEG, of the 
entire SKI, PRI, and SCA that are known to contain Cu-Ni-PGE-
Au mineralization. In the short- and long-term, the quantitative 
knowledge of these features could lead to a -better understanding of 
the whole intrusive/mineralization system, which could help 
companies target exploration in favorable locations, e.g., extension 
of high-grade zones, interpreted feeder systems; and undrilled 
areas. 

Previous Activity/Results Compositing drill hole assays for the 
Partridge River Intrusion (PRI) has been completed. These data 
will be modeled into Copper and Nickel grade maps (on 50 ft 
levels above the basal contact) from the Skibo area in the south 
through to the Babbitt deposit in the north. These data will be 
integrated with the modeled 3-D surface of the PRI in order to 
visualize the magmatic processes that l;ad to the widespread Cu-Ni 
mineralization. Grade maps for the South Kawishiwi Intrusion 
(SKI) have been completed. The project will be completed in the 
fall of 2004, and will be· submitted to the journal Economic 
Geology. 

Principal Investigator(s) Steven Hauck & Dean Peterson 

Collaborator(s) Mark Severson 

. Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$68,918 

Start Date 5/1/01 End Date 6/30/05 

Pro·ect No 783-1047 

3.64 ~ 

Progress/Results 
Data were input into gOcad 3-D 
software. However, no other 
work was done on this project 
due to the full time effort by the 
PI on the Soudan-DUSEL Phase 
2 proposal to build a Deep 
Underground Science and 
Engineering Laboratory 1.5 
miles east of the existing Soudap. 
Mine in Tower, Minnesota. 
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INDUSTRIAL MINERALS 1170 
Investigating the Alkali-Silica Reaction (ASR) Between Cement and 
Aggregate in· Concrete Mixes and Testing ~he ASR Mitigative. Potential 
of Calcined Kaolin 

Objective To mitigate the alkali-silica reaction (ASR) between cement 
and aggregate in concrete mixes with calcined kaolin by evaluating 
Minnesota's quartzite, taconite tailings, and kaolin resources. 

Background The ASR between cement and certain types of aggregate in 
concrete mixes is a real and/or perceived problem that renders several 
aggregate sources, particularly those containing certain types of 
microcrystalline quartz-bearing rock, e.g., quartzite, cherty taconite, etc., 
unusable or potentially unusable for many cement-based construction 
projects. Perceptions of the ASR issue are especially probl~matic for 
south-central and southwestern Minnesota's quartzite aggregate producers. 
Similarly, the suitability of using taconite aggregate from taconite mining 
operations in cement mixes is not well documented, and this may be 
hindering its usage. Certain blended cement formulations have been 
shown to counteract the ASR, formulations that include pozzolanic 
admixtures like fly ash or calcined kaolin, also known as metakaolin. 
Given the nature of the ASR problem and the potential economic benefit 
to the state of Minnesota in adding value to its clay, quartzite aggregate, 
and taconite industries, a two-track research project will be undertaken. 
Track 1 will test the pozzolanic potential of Minnesota's kaolinitic clays 
for counteracting the ASR in selected problematic and/or potentially 
problematic siliceous aggregates. Track 2 will evaluate the suitability of 
using taconite aggregates in concrete mixes, including an evaluation of 
their ASR potential. The research will proceed with guidance arn;l input 
from the Minnesota _Department of Transportation and assistance from the 
clay, aggregate, and taconite industries. · 

Previous Activity/Results The project remains on hold, but it will be 
included in the broader project proposal that has been submitted to the 
Economic Development Administration (EDA) for funding. Once the 
EDA funding situation is finalized, the project will get underway. This 
project will help examine the use oftaconite aggregate in concrete 
applications. 

Principal lnvestigator(s) Lawrence Zanko & Steven Hauck 

Collaborator(s) 
John Heine, Julie Oreskovich, and Minnesota Valley Minerals 

Project Sponsor(s) 
Minnesota Technology, Inc. (MTI) 

Start Date 12/4/01 

Pro·ect No 186-6099 

Amount 
$55,000 

End "Date 6/30/05 

3.65 . 

Progress/Results 
This project is a part of the 
match required by the EDA 
proposal. The final proposal W<J.S 

sent out in June, and has left the 
Chicago office for final review 
and signature.s in the 
Washington, D.C. office. The 
work for this proposal will be 
done by the Dept. of Civil 
Engineering, University of 
Minnesota, Twin Cities. 
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ENVIRONMENTAL REMEDIATION 1166 
Mercury Removal Research and Demonstration Project 

Objective To develop low-cost, surface-modified particles capable 
of removing both oxidized and elemental fom1s of mercury in 
effluent gases from taconite plants, power plants, and incinerators. 

Background Mercury capture by prototype solid particles was 
discovered by the Coleraine Minerals Research Laboratory 
(CMRL). In a subsequent study, small-scale furnace tests were 
performed to determine the types and amounts of mercury that are 
captured from indutation off-gases by these solid particles. 
Mercury capture by a filter, on which the above-mentioned 
particles were placed, showed that these particles were uniquely 
effective in removing the oxidized form of mercury, but not the 
elemental form. Such an-observation suggests that injection of 
these particles into an effluent gas stream and their subsequent 
collection by wet scrubbing or bag house dust collectors can 
remove most of the oxidized mercury. The present investigation 
aims at surface modification of the prototype particles that enable 
capture of metallic mercury. 

Previous Activity/Results More than 35 different mercury 
sorbents have been produced having good to excellent (50-95%) 
vapor phase mercury (oxidized and elemental forms) uptake, as 
measured in actual "live" coal fired power plant stack gas 
emissions streams. Concurrent with bench scale mercury removal 
testing being conducted at the Minnesota Power Clay Boswell 
1100 MW Power Generating Station in Cohasset, Minnesota, pilot 
scale equipment is being installed to measure mercury removal in 
·stack gas flows of approximately 50-200 cfm. Sorbent regeneration 
technologies are also being evaluated, with regeneration test work 
to commence 1.n February 2005. 

Principal Investigator(s) Blair Benner, Iwao Iwasaki, Donald 
Fosnacht, & David Hendrickson 

Project Sponsor(s) 
U.S. Department of Commerce, EDA 
Permanent University Trust Fund (PUTF) 

Amount 
$720,000 
$480,000 

Start Date 9/30/01 End Date 4/30/05 

Pro'ect No 187-6465 

3.66 

Progress/Results 
Mercury sorbent test work 
advanced as additional new 
sorbents were synthesized and 
tested at the bench and pilot 
scale in live stack gas streams 
sampled from scrubber inlet 
locations from Boswell's Unit 4, 
550 MW generator. Pilot scale 
test equipment was designed and 
installed in a live stack gas 
stream having a flow rate of 250 
cfm and containing flyash. A 
blower fan was installed to pull 
the 250 cfm stack gas through 
165 feet of four-inch diameter 
piping and into a pilot scale 
baghouse positioned to trap 
sorbents injected into the gas 
stream down the 165 feet of 
piping. Several different sorbent 
.types injected into the pilot scale 
test facility showed high 
removal efficiencies for 
mercury, mercury and sulfur 
dioxide and mercury, sulfur 
dioxide, and nitrogen oxides 
combinations. Regeneration 
work conducted on sorbents 
injected in the pilot scale test 
facility showed good removal of 
mercury from the sorbents. Test 
work was also conducted in 
which a novel method to 
produce sorbents at low cost on 
an industrial scale was 
demonstrated. A final report was 
prepared and submitted to the 
Economic Development Agency 
describing the details of t~e 3-

ear ro"ect. 
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ENVIRONMENTAL CHEMICAL 1381 
Distribution of Mercury During the Processing of Copper-Nickel Ores 

Objective To determine the distribution of mercury during 
flotation and subsequent pressure leaching of the bulk flotation 
concentrate. 

Background The development of a copper-nickel mine and 
processing plant would be a large economic boost to the area. The 
proposed development area is within t~e Lake Superior Basin, 
which is an environmentally sensitive area. Therefore, mercury in 
the ore and resultant concentrates and tailings will be of great 
concern. Preliminary analyses of chem lab pulps from previous 
copper-nickel studies indicated a mercury concentration in the head 
sample of 65nglg (ppb )and 108ng/g in a flotation concentrate 
sample. It should be noted that the samples had been previously 
pulverized (no effort to prevent mercury contamination) and had 
been stored in paper envelopes for as much as nine years prior to 
analyses. While the absolute values of the above analyses may be 
suspect, they do indicate the presence of mercury in the ore and in 
the concentrate. · 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Blair Benner 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$18,750 

Start Date 2/9/2005 End Date 6/30/2006 

Pro:ect No 783-1203 

3.67 

Progress/Results 
This project has not been started. 
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f!,NVIRONMENTAL ,CHEMICAL 1378 
' Investigation of Mercury Vaporization During lnduration and Removal of 

Mercur from Scrubber Solids . . . . 

Progress/Results ,Objective-To determine how mercury is volatized ·during 
-induration and to investigate methods of removing mercury from This project has not been started. 
the scrubber solids. · 

' ' ' 

Backgro{!nd The taconite industry is under pressure to reduce the · 
· emissions of mercury from their induration process. Previous 
studies have sho,wn that greater than 90 percent of the mercury in 
the green balls 1s vaporized duringinduration. What is not known 
is whether the mercury is vaporized quipkly early in the process, or 
is slowly evolved over the entire process,. Once the temperature-
time relationship for mercury volatilization is established, then it 
may be possible to treat a ·smaller portion of the gas stream to 
remove mercury. Pr~vious studies have also shown that the fine 
so'tids removed by the scrubbers contain mercury, which is 
recycled back to the indurating furnace. The solids cannot be 
simply discarded without a significant los~ in iron units. However, , 
if the solids could be treated to remove the mercury, then they 
could be recycled to recover the iron and still reject mercury. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Blair Benrier 

Project Sponsor(s) 
Permanent University Trust Fund (PUTF) 

Amount 
$45,500 

Start Date 2/9/2005 End Date 6/30/2006 

Pro·ectNo 783-1200 

3.68 
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CARTD CONTRACTS AND GRANTS 

Active Grants 
Sponsor 

HORTICULTURAL PEAT 

Project 

Michigan Peat Company Michigan Peat - Closure and Reclamation Plan 

MN Department of Wetland Banking-Fens Research Facility 
Transportation/ 
MN Board of Water and 
Soil Resources 

MN Technology, Inc. 
(MTI)/Premier · 
Horticulture, Inc. 

Horticultural Peat Expansion - Premier Horticulture, 
Inc. 

CHEMICAL EXTRACTIVES 

NaturNorth Technologies Processing of Birch Bark Products 

FOREST PRODUCTS 

Blandin Foundation 

Iron Range Resources & 
Rehabilitation Agency 
(IRRRA) 

Iron Range Resources & 
Rehabilitation Agency 
(IRRRA) 

Michigan Technological 
University 

Michigan Technological 
University 

National Science 
Foundation (NSF) 

U.S. Department of 
Agriculture 

U.S. Department of 
Agriculture 

Construction of Full-Scale House in a Box Prototype 

Minnesota Industries of the Future-Roadmap for 
Forest Products Industry 

Value-Added Forest Industry and Underutilized 
Species Feasibility 

Construct and Evaluate the Performance of Six 
Timber Bridges Using Local Species in Northern 
Michigan 

Stress Laminated Timber Bridge Vibration Testing 

Great Lakes Wood Manufacturing Partnership 

Forest Products Research for Business Development 

Innovation In Wood Utilization Research 

3.69 ~ 

Budget 

$40,000 

$2,341,360 

$129,982 

' 

$1,261,698 

$10,000 

$49,000 

$30,000 

$5,000 

$4,000 

$599,550 

$250,207 

$246,407 
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Active Grants 
Sponsor 

U.S. Department of 
Agriculture 

U.S . Department of 
Agriculture FS 

U.S. Department of 
Agriculture FS 

U.S. Department of 
Agriculture FS - Forest 

· Products Lab 

U.S. Department of 
Agriculture FS - Forest 
Products Lab/University 
of Missouri Columbia 

U.S. Department of 
Agriculture FS - Forest 
Products Lab 

FORESTRY 

Project 
Wood Science for Economic Development 

Demonstration of an In-Place Transverse Vibration 
Technique to Assess Long-Term Performance of a 
New Timber Bridge 

Tongue and Groove Paneling From Dead Jack Pine 

Condition Assessment of Wood Surfaces Using Near 
Infrared Spectroscopy 

Nondestructive Evaluation of Wood Materials 

Standing Timber Quality Assessment - Alaska Trials 

Blandin Paper Company Minnesota Forest Productivity Research Cooperative 

Boise White Paper, LLC Minnesota Forest Productivity Research Cooperative 

International Paper Minnesota Forest Productivity Research Cooperative 

IREE Funds IREE Hybrid Poplar Genetic Improvement for 
Biomass Energy 

Minnesota DNR Minnesota Forest Productivity Research Cooperative 

Minnesota Power Minnesota Forest Productivity Research Cooperative 

Potlatch Corporation Minnesota Forest Productivity Research Cooper-ative 

U.S. Department of Breeding and Testing New Hybrid Poplar Clones 
Agriculture FS 

U.S. Department of Regional Field Test Assessment-Coop. Agreement 
Agriculture FS 

Budget 
$228,059 

. $25,000 

$8,538 

$20,000 

$180,000 

$30,500 

$20,000 

$20,000 

$20,000 

. $269,971 

$40,000 

$20,000 

$20,000 

$95,000 

$31,980 
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Active Grants 
Sponsor Project Budget 

FERROUS MINERALS 

Ispat Inland, Inc. Testing of Roasted Lisakovsky Material $50,000 

MN Department of Green Ball Characterization $35,000 
Natural Resources (DNR) 

MN Department of Iron Ore Green Ball Porosity Measurement $56,000 
Natural.Resources (DNR) 

MN Department of Magnetically Enhanced Hydroseparator Study $94,500 
Natural Resources (DNR) 

MN Department of Mercury Release from Taconite During Heating in the $10,000 
Natural Resources (DNR) Presence and Absence of Oxygen 

MN Department of Medusa Modeling for Oxygen Injection into a Grate- $5,000 
Natural Resources (DNR) Kiln Furnace - Part 2 

MN Department of Pellet Fines Removal System $115,000 
Natural Resources (DNR) 

MN Department of Taconite Concentrator Modeling $239,529 
Natural Resources 
(DNR)/Permanent 
University Trust Fund 

MN Department of Utilization of Hemicelluloses and Cellulose and $57,800 
Natural Resources (DNR) By Products 

Permanent University A Mechanical Sampling Device for Hard to Sample $15,000 
Trust Fund (PUTF) Streams 

Permanent University A System of Daily Checks and Balances to Monitor $19,500 
Trust Fund (PUTF) the Calibration of NOLA On-Line Silica Analyzers 

Permanent University An Investigation of Seasonal Performance Variations $16,500 
Trust Fund (PUTF) in Taconite Plants 

Permanent University CFD Primary Cooling Fan Model $134,282 
Trust Fund (PUTF)/ 
Cleveland Cliffs, Inc./ 
Iron Range Resources/ 
U.S. Steel 

Permanent University Chemistry, Mineralogy, and Liberation $102,277 
Trust Fund (PUTF) Characteristics of Taconite Concentrator Unit 

Operation Products 
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Active Grants 
Sponsor 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Project 
Closing the Loop on Filter Cake Moisture Analysis 
and Control 

Development of a Drop Weight Test for Predicting 
SAG and FAG Mill Performance 

Development of a Mathematical Model of the High 
Pressure Rolls for Magnetic Taconite Comminution 

Effect of Magnetic Field in the Filtration of Fine 
Magnetic Concentrates and Control of Di-valent 
Cations from Filter Cake by Spray Washing 

Effect of Temperature on Cyclone Performance 

Geological Resources of Oxidized Taconite Ore in the 
Vicinity of the Canisteo, Runner, King, Jennison, 
Buckeye, Jessie 1&2, and West Hill Mines: A 
Continuing Evaluation of Ox Tac Resources in Itasca 
County 

Green Ball and Pellet Bed Characteristics 

Heavy Stream Discharge from the Falcon 
Concentrator 

Hydroseparator Modeling 

Magnetic Assisted Flotation: Agitator Design 
Application 

Magnetic Separator Model Development 

Modification and Process Optimization of the Linear 
Hearth Furnace for Production of Value Added Iron 
Products 

Satmagan Standards and Calibration 

Specific Gravity Cyclone Follow-Up Tests 

State and Feder.al Department of Energy (DOE) Grant 
Search ;md Grant Writing for Minnesota Taconite 
Operations 

3.72 

Budget 
$8'8,800 

$18,370 

$50,000 

$68,918 

$85,000 

$60,000 

$63,000 

$40,000 

$36,000 

$68,500 

$45,000 

$75,000 

$18,000 

$30,000 

.$61,315 
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Active Grants 
Sponsor 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

, Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

U,S, Department of 
Energy/Permanent 
University Trust Fund 
(PUTF) 

USS Corporation 

Project 
The Effect of Preheat Burners on a Straight Grate 
Induration Furnace 

The Influence of Porosity and Pore Size Distribution 
on the Physical and Metallurgical Properties of Iron 
Ore Pellets 

The Utility of Taconite Materials as Road Patch for 
Highway Construction 

Thermodynamic Modeling - Combustion System 

Preclassification of the Final Stage of Magnetic 
Separation Feed 

Re-Examination of the Relationship Between Davis 
Tube Data on Drill Core and Actual Plant Operation 

The Effect of Fluorine and Chlorine on Fired Pellet 
Metallurgical Properties 

A Purpose Oriented M~gtietic Separator: Skimmer 

USS- 2005 Annual Research Contract 

. 

NON-FERROUS MINERALS 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

INDUSTRIAL MINERALS 

Copper-Nickel-PGE Grade Maps for Stratigraphic 
Units of the Basal Portion of the South Kawishiwi and 
Partridge River Intrusions and the South Complex 
Area 1, 

Origin and Distribution of Chromium Mineralization ,, 
in the Duluth Complex and Related Keweenawan 
Intrusives in Minnesota and its Relationship to PGE 
Mineralization 

Partridge River Intrusion Three-Dimensional 
Modeling 

West Birch Lake Surface Mapping and Geochemical 
Sampling 

Budget 
$25,006 

$70,000 

$50,000 

$40,664 

$26,200 

$42,509 

$30,000 

$79,999 

$240,000 

$68,918 

$76,000 

$41,000 

$37,000 
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Active Grants 
Sponsor 

MN Technology, Inc. 
Project 

Investigating the Alkali-Silica Reaction (ASR) 
Between Cement and Aggregate in Concrete Mixes 
and Testing the ASR Mitigative Potential of Calcined 
Kaolin 

ENVIRONMENTAL CHEMICAL 

Permanent University 
Trust Fund (PUTF) 

Permanent University 
Trust Fund (PUTF) 

Distribution of Mercury During the Processing of 
Copper-Nickel Ores 

Investigation of Mercury Vaporization During 
Induration and Removal of Mercury from Scrubber 
Solids 

ENVIRONMENTAL REMEDIATION 

U.S. Department of 
Commerce, EDN 
Permanent University 
Fund (PUF) 

MACHINE SHOP 

None 

Mercury Removal Research and Demonstration 
Project 

' 

NORTHERN LIGHTS TECHNOLOGY 

None 

Total 

3.74 

Budget 
$55,000 

$18,750 

$45,500 

$1,200,000 

$9,901,083 
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CARTD CONTRACTS AND GRANTS 

Pending Grants 
Sponsor 

HORTICULTURAL PEAT 

None 

WASTEWATER TREATMENT 

None 

CHEMICAL EXTRACTIVES 

Project Budget 

NaturNorth 
Technologies, LLC 

Processing of Birch Bark Products $379,718 

FOREST PRODUCTS 

None 

FORESTRY 

None 
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Pending Grants 
Sponsor 

FERROUS MINERALS 

EPA Office of Solid 
Waste and Emergency 
Response 

MN Department of 
Natural Resources (DNR) 

U.S. Department of 
Commerce, Economic 
Development 
Administration 

U.S. Department of 
Commerce, Economic 
Development 
Administration 

U.S. Department of 
. Energy 

U.S. Department of 
Energy 

U.S. Department of 
Energy 

U.S. Department of 
Energy 

Project 

The Use of Dredged Material to Establish Hybrid 
Poplar Tree Plantations on Taconite Tailings Basins 

The Feasibility of Clean Coal Processing as an 
Alternative to Natural Gas for the Minnesota Taconite 
Industry 

Research, Development and Marketing of 
Minnesota's Iron Range Aggregate Materials for 
Midwest and National Transportation Applications · 

Use of Taconite Aggregate in Highway Applications 

Fines Removal System 

Mineral Processing Simulation: Expanding Horizons 

More Bucks for the Bang: Recovering Iron Units and 
Construction Aggregate from Lean Ore Stockpiles 

Next Generation Metallic Iron Nodule Technology in 
Electric Furnace Steelmaking 

NON-FERROUS MINERALS 

None 

INDUSTRIAL MINERALS 

None 

ENVIRONMENTAL REMEDIATION 

National Science 
Foundation 

U.S. Army Corps of 
Engineers (USACE) 

Innovative Sediment Remediation Technologies 
Partnership 

Emerging Technology Demonstration at the Erie Pier 
Confined Disposal Facility (Continuation) 

3.76 

Budget 

$75,000 

$39,197 

$490,000 

$245,000 

$761,392 

$507,070 

$186,500 

$1 ,017,774 

$600,000 

$15,000 
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Pending Grants 
Sponsor 

U.S. Environmental 
Protection Agency 

U.S . Environmental 
Protection Agency 

University of New 
Hampshire- Coastal 
Response Research 
Center 

MACHINE SHOP 

None 

Project 

Recycling of Discarded Electronic Equipment 

Microwave Treatment of Waste Plastics for Thermal 
Energy Recovery 

Separation Technology for Oil-Contaminated Ice 

Budget 

$73,472 

$74,822 

$151,393 

NORTHERN LIGHTS TECHNOLOGY 

None 

Estimated amount $4,616,338 
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PERSONNEL 

John Heine, in collaboration with Drs. Iwasaki and Fosnacht completed a variety of chemical and heat 
treatment techniques on Mankato-Kasota Stone (MKS) limestone samples. The results of the testing 
have produced a red product that shows high potential for producing a consistent colorized limestone 
product. Additional shades of yellow, brown, and green have been produced and Munsell Color was 
measured on all samples. All data was entered into an Excel spreadsheet. Over 2, 100 individual 
limestone samples have been tested, and a report of the testing has been completed. NRRI is currently 
in the process of obtaining a patent through the University. 

Kurt Johnson and Tom Malterer attended a workshop "Redoximorphic Features: Development and 
Identification in Minnesota Landscapes" held at the Duluth Entertainment and Convention Center on 
March 23, 2005. 

Kurt Johnson and Tom Malterer attended five Minnesota Board of Water and Soil Resources field 
courses between April 15 and June 24, 2005, dealing with wetland plant identification and hydric soils. 
The field sites were at v'arious locations in St. Louis and Carlton Counties. 

Kurt Johnson and Tom Malterer attended the "Wetland Workshop" at the Cloquet Forestry Center on 
April 29, 2005. The workshop goal was to bring contractors, realtors, and local government units 
together to explain wetland rules and regulations and their impacts on future land development. 

Steve Hauck is working on a syllabus for the University for Seniors course to be taught in the fall at 
UMD on Minnesota ' s Mineral Resources - From Clay to Diamonds to Copper to Gold. All members 
of the Economic Geology Group, Don Fosnacht, Dave Hendrickson and Blair Benner from CMRL, 
and Harvey Thorleifson of the Minnesota Geological Survey will present various portions during this 
eight-week course. 

Steve Hauck and Mark Severson attended a.one-day MCC workshop on "Oil and Gas Potential in 
Minnesota" in St. Paul in January. They also attended a similar MCC workshop on "Diamonds" in 
February. 

Steve Hauck and Mark Severson attended the 51 st Annual Institute on Lake Superior Geology 
Conference in Nipigon, Ontario. Steve Hauck is a member of the Board of Directors of the Institute on 
Lake Superior Geology through 2007. 

Steve Hauck, John Heine, Ju.lie Oreskovich, _Mark Severson, ~nd Larry Zanko attended the SME short 
course in April 2005. Steve Hauck, Larry Zanko, and Dean Peterson attended the Annual SME 
Meeting in Duluth. 

Steve Hauck, John Heine, Mark Severson, Larry Zanko, and Dean Peterson attended the North-Central 
Geological Society of America meeting in Minneapolis. Larry Zanko and John Heine led a field trip to 
the clay deposits in the Minnesota River Valley. Mark Severson and Dean Peterson also prepared field 
trip guides that were not run due to low interest. 

Julie Oreskovich attended the LRRB/RIC (Research Implementation Committee) meeting. The 
meeting was to edit and discuss the brochure entitled "Taconite Tailings and Their Use in Road 
Construction." 

Julie Oreskovich and John Heine attended at one-day MCC workshop on Dimension Stone in St. Paul 
in April. 

KDLH TV in Duluth interviewed Dean Peterson on the Soudan DUSEL project. 
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Dean Peterson attended the second geoscience meeting of the NSF-sponsored Phase · 1 Deep 
Underground Science and Engineering Laboratory (DUSEL) program in Boulder, Colorado, in January 
2005. 

Dean Peterson attended a meeting in Minneapolis on 3D mapping in Antarctica. The two-day meeting 
was attended by Dr. Bruce Marsh (Professor of Geology, Johns Hopkins University), Dr. Bonnie 
Souter (Research Associate, Dept. of Geology, Johns Hopkins University), Dr. Zbigniew Malolepszy 
(Post-Doctoral Fellow, Minnesota Geological Survey), and Mr. Paul Morin (Geological Visualization 
Specialist, Department of Geology & Geophysics, University of Minnesota). They discussed 3D 
mapping of the Ferrar Dolerites of the McMurdo Dry Valleys, Antarctica. A trip to Antarctica is being 
planned for December 2005 . 

Dean Peterson, Larry Zanko, and Steve Hauck attended gOcad training at the Minnesota Geological 
Survey on January 25-28. gOcad is 3D visualization software th~t allows visual of geological, mining, 
drill hole, geophysical, topographical, and any other related spatial information. 

Dean Peterson, Don Fosnacht, and Steve Hauck, along with Dr. Marvin Marshak and Dr. Williain 
Miller (both UM-Physics) attended a meeting at the Iron Range Resources in Eveleth, Minnesota, on 
February 15, 2005, to explain the Soudan-DUSEL project. 

Mark Severson attended a meeting regarding obtaining permits in a timely manner. Those who 
attended the meeting were: D. Fosnacht, D. Hendrickson, K. Johnson, Barr Engineering, Minnesota 
DNR Division of Lands and Minerals, Minnesota Pollution Control Agency, PolyMet Mining 
Corporation, U.S. Army Corps of Engineers, and U.S . Forest Service. 

Larry Zanko attended the Porous Pavement seminar in Minneapolis on May 25, 2005 . Don Fosnacht 
attended this same seminar in Chicago the following day. 

FACILITIES 

Fens Research Facility 

Wetland restoration is ongoing at the Fens Research Facility. Hydrology and vegetation monitoring 
were again started on the 101 acre Fens Research Facility Wetland Bank I (BWSR). Land clearing was 
undertaken on the 232 acre Fens Research Facility Wetland Bank II (Minnesota DOT). Three security 
lights were installed as a precaution against a recent upturn in theft and vandalism in the Zim area. 
Regular maintenance of the facility continued through the winter and into the spring. 

NRRI Greenhouse 

The NRRI Greenhouse is currently being used to raise seedlings resulting from the Minnesota Forest 
Productivity Research Cooperative's hybrid poplar genetics program. Seedlings are being grown to 
sufficient size and then planted at nursery sites for eventual field testing. 

Northern Lights Technology Center 

The Northern Lights Technology Center is continuing to expand its client and customer base. The 
following companies and individuals recently have entered into Services Agreements with Northern 
Lights: 3M of St. Paul, Minnesota (www.3m.com); 3 Dimensional Engineering of Pompano ~each, 
Florida (www:3dresins.com); Advantage Prototype Systems of Sheboygan Falls, Wisconsin 
(www.advproto.com); David Camps of Duluth, Minnesota; Digitec, Inc. of Milford, Nebraska 
(http://www.digitecinc.com); Julie Savalas of Alpheretta, Ge01:gia; Kai David Haller, Architect of St. 
Louis Park, Minnesota; Jim Borson of Duluth, Minnesota; William Lindsey of Washburn, Wisconsin; 
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and Vista Technologies of Vadnais Heights, Minnesota (www.vistatek.com). Many of these clients 
order prototypes on a repeat basis. A marketing strategy has been developed and is in the process of 
implementation to increase Northern Lights client base. 

REPORTS/PAPERS/PRESENTATIONS 

Reports/Papers 

Tom Malterer prepared the Annual Monitoring Report for the Fens Research Facility Wetland Bank I. 
The report was submitted to the Minnesota Board of Soil and Water Resources (BWSR). 

Don Fosnacht wrote a published paper for Skillings July Issue entitled Paradigm Shift: A Vision for 
Produ?ing Steel from Minnesota Iron Ore with New-Era Manufacturing Methods. pp 49-51. 

Wang, X., J. Wacker, R.J. Ross, and B.K. Brashaw. 2005. Nondestructive assessment of timber bridges 
with vibration-based methods. In: Proceedings, 2005 Structure Conference, American Society of Civil 
Engineers (ASCE). April 2005, New York, NY. 

Wang, X. , R.J. Ross, and P. Carter. 2005. Acoustic evaluation of standing trees - Recent research and 
development. In: Proceedings, 141

h International Symposium on Nondestructive Testing of Wood. 
May 2005, Hannover,.Germany. 

Carter, P., R.J. Ross, and X. Wang. 2005. NDE oflogs and standing trees using rugged new acoustic 
tools - Technical application and results. In: Proceedings, 14th International Symposium on 
Nondestructive Testing of Wood. May 2005, Hannover, Germany. 

Wang, X. J.P. Wacker, R.J. Ross, B.K. Brashaw, and R. Vatalaro. 2005. Development of flexural 
vibration inspection techniques to rapidly assess the structural health of timber bridge systems. In: 
Proceedings, 14th International Symposium on Nondestructive Testing of Wood. May 2005, 
Hannover, Germany. 

Wang, X., J. P. Wacker, A.M. Morison, J.W. Forsman, J.R. Erickson, and R.J. Ross. 2005. 
Nondestructive Assessment of Single-Span Timber Bridges Using a Vibration-Based Method. Res. 
Pap. FPL-RP-627. June 2005. WI: U.S. Department of Agriculture, Forest Service, Forest Products 
Laboratory. 

Simpson, W.T., X. Wang, J.W. Forsman, and J.R. Erickson. 2005 . Heat sterilization·times of five 
hardwood species. Res. Pap. FPL-Jl.P-626. June 2005. WI: U.S. Department of Agriculture, Forest 
Service, Forest Products Laboratory. 

Brashaw, B.K., R. J. Vatalaro, J. P. Wacker and R.J. Ross. 2005. Condition Assessment of Timber 
Bridges: 1. Evaluation of a Micro-Drilling Resistance Tool. Gen. Tech. Report. FPL-GTR-159. U.S. 
Department of Agriculture, Forest Service, Forest Products Laboratory. 

Brashaw, B.K. 2005. Lean Manufacturing 101: Transforming a company from tradition batch to lean 
manufacturing. Beaver Manufacturing, Shell Lake, Wisconsin. 

Brashaw, B.K. 2005. Lean Manufacturing 101: Transforming a company from tradition batch to lean 
manufacturing. Crystal Cabinet Works, Princeton, Minnesota. 

Brashaw, B.K. 2005. Lean Manufacturing 101 : Transforming a company from tradition batch to lean 
manufacturing. Hal 's Millwork, River Falls, Wisconsin. 
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Brashaw, B.K. and K. Jacobson. 2005. China Wood Products Industry Investigation & Trade Mission. 
Forest Products Society Midwest Section Meeting, Sauk Rapids, Minnesota. 

Brashaw, B.K. and K. Jacobson. 2005. Opportunities for Minnesota Wood Products. Forest Products 
Society Midwest Section Meeting, Sauk Rapids, Minnesota. 

Brashaw, B.K. 2005. What Industry "Success Stories" Provide Models for Lean Implementation? 
Forest Products Society Great Lakes Section Meeting, Holland, Michigan. 

Brashaw, B.K. 2005 . Development of Flexural Vibration Inspection Techniques to Rapidly Assess the 
Structural Health of Timber Bridge Systems. Local Road Research Board Annual Meeting. Mille 
lacs, Minnesota. 

Brashaw, B.K. and T. Pike. 2005. Lean Manufacturing for the Wood Products Industry. Lake State 
Lumber Association Education Inc., Stevens Point, Wisconsin. 

Ross, R.J. , B.K. Brashaw, X. Wang, R.H. White. 2005 . Wood and timber condition assessment 
manual. In: Proceedings, J4t1• International Symposium on Nondestructive Testing of Wood. 
May 2005 . Hannover, Germany. 

Wang, X., W.T. Simpson, and C. Pilon. 2005. Acoustic evaluation of warp potential in smali diameter 
pon.derosa pine trees and logs. In: Proceedings, 481

" Annual Convention -Society of Wood Science 
and Technology (SWS1). June 2005. Quebec City, Quebec, Canada. 

Wang, X. and B.K. Brashaw. 2005. Guanxi - The Role of Culture and Relationships in Business. 
Forest Products Society Midwest Section Meetin_g, Crystal Cabinets. Minnesota. 

Carter, P., R.J. Ross, and X. Wang. 2005. Characterizing softwood lumber prior to processing. In: 
Proceedings, s<f" International Convention -Forest Products Society (FPS) . June 2005 . Quebec 
City, Quebec, Canada. 

Bill Berguson prepared a report entitled "Minnesota Forest Products Industries of the Future I~itiative" 
which was published jointly by NRRI, the UM Department of Bio-Based Products, and the Minnesota 
Department of Commerce. 

Blair R. Benner issued a confidential report to U.S. Steel Minntac in March 2005. Natural Resources 
Research Institute, University of Minnesota Duluth Technical Report NRRI/TR-2005/07. 

David J. Englund issued a confidential report to United Taconite in April 2005. Natural Resources 
Research Institute, University of Minnesota Duluth Technical Report NRRI/TR-2005/11. 

Blair R. Benner issued a confidential report to U.S. Steel Minntac in May 2005. Natural Resources 
Research Institute, University of Minnesota Duluth Technical Report NRRI/TR-2005/14. 

Fosnacht, D.F., I. Iwasaki, and D.W. Hendrickson issued a non-confidential r~port entitled Mercury 
Removal Research and Demonstration Project to the Economic Development Administration (EDA) in 
June 2005. Natural Resources Research Institute, University of Minnesota Duluth Technical Report 
NRRI/TR-2005/19. 

David J. Englund (CMRL) and Richard Davis (UMD Chem Engineering). March 2005. A Pot-Grate 
Simulator for Experimental Evaluation of Heat Transfer, Drying, Flux Calcination and Magnetite 
Oxidation Mechanisms in Pellet Induration Processes. Natural Resources Research Institute, 
University of Minnesota Duluth Technical Report NRRI/TR-2005/09. 
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Harlan B. Niles. May 2005. Chemistry, Mineralogy & Liberation Characteristics of Samples of 
EVTAC Concentrator Unit Operations. 

Blair R. Benner. June 2005. Mercury Release from Taconite During Heating. This report was 
prepared for the Minnesota DNR. Natural Resources Research Institute, University of Minnesota 
Duluth Technical Report NRRI/TR-2005/ 17. 

Ersayin, S., W.M. Bond, J. Arola, B. Kettunen. Simulation of Flotation Feed Pre-classification, The 
Proceedings of Centenary Flotation Symposium, The Aus. IMM, pp.105-110. 

Ersayin, S., W.M. Bond, R. Strukel, J. Arola, B. Kettunen. 2006. Simulation Based Performance 
Improvements at the Ispat Inland Minorca Plant Grinding Circuit, submitted for presentation at the 
SME. Comminution Symposium, 2006 Annual Meeting. 

Brochot, S. , S. Touze, S. Ersayin, R . Wiegel. 2006. Modeling and simulation of comminution circuits 
with USIM J:>AC, submitted for presentation at the SME Comminution Symposium, 2006 Annual 
Meeting. 

Gulsoy, O.Y., .N.M. Can, I. Bayraktar, S. Ersayin, M. Rizal, A.I. Sahin. 2005. Two stage flotation of 
sodium feldspar - from laboratory to industrial application. Mineral Processing and Extractive 
Metallurgy (Trans. Inst. Min. Metall. C), v.113, pp.Cl-6, 2004. 

Salih Ersayin submitted a report to the Department of Energy entitled "A Purpose Oriented Magnetic 
Separator: Skimmer." 

Ojakangas, R., M. Severson, G.B. Morey, P. Jongewaard, J. Arola, J. Evers, D. Halverson, and T.B. 
Holst. 2005. Geology and sedimentology of the Paleoproterozoic Animikie Group: Pokegama 
Formation, Biwabik Iron Formation, and Virginia Formation, Eastern Mesabi Range, and the Thomson 
Formation near Duluth: Geological Society of America meeting Field Trip Guidebook# 11 . 

D.M. Peterson and G. Hudak. 2005 . Architecture of an Archean greenstone belt: Stratigraphy, 
structure, and mineralization: Geological Society of America meeting, Field Trip Guidebook #9, 
p.154-180. 

Zanko, L., D. Setterholm, and J. Heine. 2005. Pre-Cretaceous weathering profile and Cretaceous 
geology of the Minnesota River Valley: Geological Society of America meeting, Field Trip 
Guidebook# 8. 

Journal Papers/Book 

Presentations 

Tom Malterer gave a presentation to the McDavitt Town Board on April 12, 2005, on the wetland 
banking project at the Fens Research Facility. Following the presentation, the Board granted approval 
for judicial ditch abandonment being carried out in conjunction with the project. 

Tom Malterer attended and gave a presentation at the "Minnesota Native Plant Society 2005 
Symposium," on April 16, 2005, at Marine on St. Croix, Minnesota. The presentation was entitled 
"Large Scale Bog Restoration For Wetland Mitigation." 

Tom Malterer and Bob Beaudin attended the St. Louis County Board of Commissioners meeting on 
June 7, 2005, in Duluth. Tom Malterer presented a petition to close two judicial ditches located at the 
Fens Research Facility. After discussion, the petition was approved. 
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Tom Malterer taught a field class on peat soils to students of the Judicial Wetland Delineation class, 
which is sponsored by the Minnesota Board of Water and Soil Resources. The class was conducted at 
the Fort Ripley military base on June 21, 2005. 

Kurt Johnson attended the 2005 Aggregate Mining Conference held in St. Cloud, Minnesota, on April 
18 & 19, 2005. The conference dealt with regulations and reclamation of mined sites. · 

The Market Oriented Wood Technology Program hosted a major demonstration in April that unveiled 
our disaster response housing product concept. The event was attend by over 70 people and provided a 
great deal of positive public impact relating to the initiative. 

Bill Berguson gave a presentation of the Minnesota Forest Productivity Research Cooperative to the 
Minnesota Forest Industries. Also, presentations of aspen productivity research and red pine 
silviculture were given to staff at Trus-Joist Weyerhauser at Deerwood, Minnesota, and Plum Creek at 
Hayward, Wisconsin. 

Don Fosnacht gave a presentation entitled Iron Ore: Its current markets, the supply of iron, and the 
international view of the future production in March 2005 at NRRI. 

Dave Hendrickson gave a presentation entitled "Revolutionary New Low Cost Pellet Fines Removal 
System, Association of Iron and Steel Technology," at the AIST Tech 2005, in Charlotte, N.C., in 
April 2005 . 

Salih Ersayin presented a·paper entitled "Simulation of Flotation Feed Pre- classification" at (he 
Centenary of Flotation Symposium at Brisbane, Australia in June 2005. During his stay, he visited the 
Julius Kruttschnitt Mineral Research ~enter (JKMRC) and CSIRO's Melbourne Research Facilities. 
He also had discussions with AMIRA executives who expressed their desire to fund research providers 
in the U.S. 

Salih Ersayin gave a presentation entitled "Simulation as a Tool for Improved Taconite Concentrator 
Performance - A case study," at the Upper Peninsula SME Meeting, in Houghton, Michigan, on April 
6, 2005. 

Salih Ersayin gave a presentation entitled "Old Mines, Modem Techniques," at the AIChE UMD 
Student Chapter meeting held in Duluth, Minnesota, on April 13, 2005. 

Salih Ersayin gave a presentation entitled "Performance Improvements at the Ispat Inland Minorca 
Plant," at the 78th Annual Meeting of SME Minnesota section, held in Duluth, Minnesota, on April 19-
21, 2005. 

Alexander, E.C., Jr., S.C. Alexander, D.M.Peterson, S.A. Hauck, and A. Zavodnik, 2005. A 
reconnaissance geochemistry of groundwater seeps in the Soudan mine, Minnesota: Geological Society 
of America meeting in Minneapolis, Minnesota. 

Miller, J.D., Jr., J.C. Green, M.J. Severson, V.W. Chandler, and T.J. Boerboom. 2005. Geology of the 
Midcontinent Rift in northeastern Minnesota: Geological Society of America meeting in Minneapolis, 
Minnesota. 

Miller, J.D., Jr., M.A. Jirsa,.M.J. and Severson. ioo5. Geology, geochemistry, and PGE potential of the 
mafic-ultramafic intrusions in Minnesota, excluding the Duluth Complex: Geological Society of 
America meeting in Minneapolis, Minnesota. 

D.M. Peterson. 2005. Three Dimensional Visualization of the Proposed Soudan Mine DUSEL, MINOS 
Collaboration "Week in the Woods" meeting in Ely, Minnesota, June 17, 2005. 
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D.M.Peterson. 2005. Deep Underground Science at the Soudan mine: A proposal by the University of 
Minnesota: Geological Society of America meeting in Minneapolis, Minnesota. 

D.M. Peterson. 2005. Deep Underground Science & Engineering Laboratory (DUSEL): a Proposal for 
the Soudan Mine, 79th Annual Meeting of the SME Minnesota Section, Duluth Entertainment .' 
Convention Center held in Duluth, Minnesota, on April 11, 2005. 

D.M. Peterson. 2005. Deep Undergroi.md Science: the University of Minnesota's Proposal for the 
Soudan Mine: Geology Seminar, Department of Geological Sciences, University of Minnesota Duluth, 
March 17, 2005. 

D.M. Peterson. 2005. Gold Mineralization in the Mud Creek Road Area, Northeastern Minnesota, 
presented to corporate directors of Newmont Mining Company, January 10, 2005. 

D.M. Peterson. 2005. Lode Gold Mineral Potential Modeling, presented to corporate directors of 
Newmont Mining Company, January 10, 2005. 

D.M. Peterson presented work from his Ph.D. concerning gold and VMS mineralization in Minnesota 
and Canada to Newmont Mining Company, January 10, 2005. 

D.M. Peterson. 2005. Visualizing the geology of the Soudan mine: A proposed site for a Deep 
Underground Science and Engineering Laboratory in northern Minnesota: Geological Society of 
America meeting in Minneapolis, Minnesota. 

M.J. Severson. 2005. Cu-Ni±PGE mineral deposits associated with the Duluth Complex, northeastern 
Minnesota: Geological Society of America meeti~g in Minneapolis, Minnesota. 

M.J. Severson. 2005. PGE and gold potential of the Archean Deer Lake Complex: 51 st Annual 
Meeting of the Institute on Lake Superior Geology, Nipigon, Ontario. 

Weiblen, P., D.M. Peterson, and T. Vislova. 2005. Implications ofMidcontinent Rift and oceanic 
ridges analogies and 3D interpretation of the subsurface structure of the Bald Eagle Intrusion in the 
Duluth Complex and the East Pacific Rise: 51 st Annual Meeting of the Institute on Lake Superior 
Geology, Nipigon, Ontario. 

PROGRAM NOTES 

Proposals in Progress 

Tom Malterer contacted the Minnesota Board of Water and Soil Resources about the potential of 
developing more wetland bank acreage at the Fens Research Facility. A pre-proposal was prepared. 

Bill Berguson received funding obtained successfully through a grant to the NRRI from the Legislature 
for the Minnesota Forest Productivity Research Cooperative (MFPRC). The total amount ofthis 
funding is $400,000 for the biennium. Thls grant will be matched by MFPRC members with cash and 
in-kind support. Together, over $700,000 of cash is expected over the upcoming biennium from 
Legislative and member support for the MFPRC research program. 

A proposal was submitted to the DNR from the Chemical Extractives Program for the 2006. 

A pre-proposal was submitted to NaturNorth Technologies, LLC., from the Chemical Extractives 
Program for the 2006. 

3.84 
RRI Semi-Annual ReoorUJanuarv-June 2005 



The following is a list of pre-proposals submitted by the Economic Geology Group: 

Site and conceptual design for the Soudan Deep Underground Science and Engineering 
Laboratory (DUSEL): PI- Dr. Marvin Marshak (UM Physics); Co-Pls - Dr. Dean 
Peterson (UMD-NRRI Economic Geology Group), Dr. Earl Peterson (UM Physics), 
Dr. Thomas Kieft (New Mexico Tech. Biology), and Dr. Priscilla Cushman (UM 
Physics), $500,000. 

Data compilation of United States Steel (USS) exploration data in Minnesota, PI -
Mark Severson, $60,000; $30,000 MCC and $30,000 PUTF funding. Funding for the 
project from both sources will be in the 1st year of biennium. 

Finish logging Duluth Complex drill core, Pls - Mark Severson and Steve Hauck, 
MCC and PUTF $120,000, funds from both sources split 50:50 in each year of the 
project. 

Further evaluation of diamond, base metal, and precious mineral potential of Minnesota 
using various glacial till sampling and analytical methods, Pls Steve Hauck and Dr. 
Harvey Thorleifson (MGS), $100,000; PUTF $50,000 first year and MCC $50,000 
second year. 

Economics and logistics of transporting taconite mining and processing by-products 
(aggregate) Rail: Minnesota and beyond, PI- Larry Zanko, $100,000; PUTF $50,000 
first year and MCC $50,000 second year. 

Technical Assistance 

Fafard Peat Company: Tom Malterer provided technical assistance to Fafard Peat Company regarding 
the use of peat as a carrier of microorganism that is beneficial to plant growth when used as a soil 
amendment. 

The following technical assistance was given from the NRRl Wood Materials and Manufacturing 
Staff: 

Ainsworth Engineered, LLC., Grand Rapids, Minnesota: Completed a study to 
evaluate the performance of several types of edge sealer. 

Shaw/Stewart Lumber Co., Minneapolis, Minnesota: Provided an overview of 
3rd party wood certification and the LEED program to enhance their 
understanding of these markets. 

Henkel Adhesives, Chicago, Illinois: Conducted heat resistance testing of a one 
part adhesive to enhance their market in the membrane pressing industry. 

LG Chemical, Engelwood Cliffs, New Jersey: Conducted laminate performance 
testing of two thermofoil laminates to support their new product and market 
development. 

Cirrus Design, Duluth, Minnesota: Conducted resin flow testing in support of 
their quality assurance program. 

Van Technologies, Duluth, Minnesota: Conducted abrasion testing ofVanTech 
coated hardboard vs. standard grade from GP to support their product 
development efforts. 

3.85 
RRI Semi-Annual Reoort/Januarv-June 2005 



Ferche Millwork, Rice, Minnesota: Conducted color variation evaluation on oak 
door jamb samples to support a claim resolution. 

Tuffloats, LLC., Duluth, Minnesota: Performed testing of advanced composites 
to support their quality assurance program. 

TrueRide Inc. , Duluth, Minnesota: Conducted testing of ramp sections to support 
continuous improvement programs. 

Lisbon Enterprises, Lisbon, North Dakota: Manufactured wheat straw 
particleboard in support of their product development efforts. 

CPI, West Concord, Minnesota: Provided key contacts for edge sealants and 
resin to support their startup efforts and market trails for Drip Trap, a com-based 
absorbent panel. 

The Market Oriented Wood Technology Program provided technical assistance to both the Ely Area 
Development Association and the Grand Marais Economic Development Association by assisting them 
in developing a wood products economic development strategy. The formation ofthis strategy was an 
outcome of the Blandin Foundation Community Action Leadership Program. 

The NRRl Forestry Program provided technical assistance to UPM Blandin to better define potential 
productivity of aspen on their lands and the estimate availability of aspen in the future. Also, technical 
assistance was provided to Forest Capital (formerly Boise Cascade Woodlands) to estimate 
productivity gains and financial returns from investments in aspen thinning. 

Steve Hauck, Larry Zanko, and Julie Oreskovich responded to a request from Ms. Ann Glumac of 
Sk;illings to answer some questions for an article on mineral exploration. The article was published in 
the July issue. 

Mark Severson and Steve Hauck met with Mr. K. Otani and Dr. Jiro Uesugi, Sumiko Consultants Co., 
Ltd., Tokyo, Japan. Mr. Otani and Dr. Uesugi are compiling information on current and future 
potential PGE resources and how these resources may affect fuel cell development and technology. 

Steve Hauck assisted Mr. Mike Carlson, teacher at Holy High School in Foley, Minnesota, to find 
NRRI information on the kaolin clays at the former Meridian (now Martin Marietta) Quarry in Waite 
Park, Minnesota. Mr. Carlson is interested in building small wood burning kilns for students to use. 
Mr. Carlson was directed to three EGG reports that contain data on the kaolin clays. 

John Heine has provided a copy of his Minnesota Valley Clay Report and some small samples of 
kaolin to Dr. Robert Pruitt of IMERYS Minerals Ltd, formerly English China Clay, in Georgia. 
IMERYS is looking for new sources of kaolin clay. 

Julie Oreskovich sent samples of several types of Kittson clay fired products (lightweight aggregate, 
pellets, ceramic foam) to former NRRl peat researcher Tim Hagen for testing in wastewater treatment. 

Julie Oreskovich and Steve Hauck assisted Ms. Kathy Sandnas and Mr. William Goodman, Hibbing 
Community College Art Instructors, in a search for local Minnesota clays to use for making 
pottery/ceramics. 

Julie Oreskovich provided feedback to a Duluth News Tribune reporter on NRRI involvement in the 
taconite jewelry production by Bryan and Theresa Sandnas' Virgin Steel company for an article in the 
paper. 
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Mark Severson spent one day with Falconbridge Limited (Exploration) personnel reviewing geology 
(drill core and rock exposures) of Minnesota's Cu-Ni deposits. Falconbridge personnel included: Alan 
R. Smith, Rob Foy, Alger St. Jean, Jim Hennessey, Doris Fox, and Tyna Desjardins-Ceccanese. 

Mark Severson met with Minnesota DNR personnel (Kim Lapakko, Rick Ruhanen, Paul Eger, and 
Mike Berndt) and reviewed PolyMet drill core from PolyMet's Dunka Road/NorthMet Cu-Ni project. 

Mark Severson, Dean Peterson, and Jim Miller (MGS) spent one day reviewing the geology and 
mineralization style of the Cu-Ni deposits with Minnesota DNR personnel including: Marty Vadis, 
Dennis Martin, Rick Ruhanen, Arlo Knoll, Steve Dewer, Dave Antonson, Kim Lapakko, Paul Eger, 
John Engesser, Glen Melchert, and Jennifer Engstom (DNR person assigned to the PolyMet project). 

Mark Severson spent an evening with Minnesota DNR personnel at an open public meeting answering 
. questions about waste rock characteristics and geology as it pertains to PolyMet's NorthMet Cu-Ni 

deposit. The open house discussion is part of the Environmental Assessment Worksheet (EA W) 
process that is the initial stage to permitting a non-ferrous mine in Minnesota. 

Mark Severson exchanged communications with Dr. Andrey Bekker (Postdoc at Carnegie Institute), 
and Dr. Simon Poulton (University of Southern Denmark) regarding interpretations of their isotope 
work in the Paleoproterozoic rocks of Central Minnesota. 

Mark Severson communicated with Douglas Dustin (Consultant) regarding the geology of the Fe-Ti 
intrusives of the Duluth Complex. 

· OTHER 

A new pilot apparatus for electrochemical oxidation of betulin was constructed in the laboratory of 
NRRI Chemical Extractives. 

A NMR spectrometer for analytical work was purchased from the Department of Chemistry. 

New pilot equipment for taconite balls formation was constructed at NRRI. 

Intellectual Property and Licenses 

• Four patent applications were accomplished by the NRRI Chemical Extractives Group. 

• Four disclosures of inventions were applied to PTM UMN (Mike Moore) by this same 
group. 

New Project Collaborators 

The following list includes collaborators for the Soudan-DUSEL proposal to build a Deep 
Underground Science and Engineering Laboratory: 

Paul Morin, Department of Geology & Geophysic~, University of Minnesota 
3D Visualization. 

Zbigniew Malolepszy, Postdoc, Minnesota Geological Survey 
3D Visualization using gOcad 

Paul Weiblen, Emeritus Professor, Department of Geology & Geophysics, University of Minnesota 
3D Visualization of the Bald Eagle Intrusion, Duluth Complex. 

Tatiana Vislova, Professor, Department of Geology, University of St. Thomas 
3D Visualization of the Bald Eagle Intrusion, Duluth Complex. 
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Calvin Alexander, Professor, Department of Geology & Geophysics, University of Minnesota 
Groundwater sampling at the Soudan Mine 

Scott Alexander, Scientist, Department of Geology & Geophysics, University of Minnesota 
'Groundwater sampling at the Soudan Mine 

Forest Rowher, Professor, Department of Biology, San Diego State University 
Microbial sampling underground at the Soudan Mine 

Bruce Marsh, Professor, Department of Geology, Johns Hopkins University 
3D Mapping in the Dry Valleys of Antarctica 

Bonnie Souter, Research Associate, Departrp.ent of Geology, Johns Hopkins University 
3D Mapping in the Dry Valleys of Antarctica 

Joe Wang, Group Leader, Earth Science Division, Lawrence Berkeley National Laboratory 
Underground Science 
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ENVIRONMENTAL CHEMICAL 1333 
Behavior Modifying Compounds for Disease Vector Control 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
Subhash Basak 

Project Sponsor(s) 
USDA AG RES SVC (ARS) 

Start Date 6/2/2004 

Project No 189-6263 

Amount 
$580,680 

End Date 9/30/2008 

Progress/Results 
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ENVIRONMENTAL CHEMICAL 1253 
Research Programs for the Development of Methods for the Toxicity 
Assessments 

Objective 

Background The NRRI team has been involved in the 
development of novel methods for the prediction of toxicity of 
pollutants to human and environmental health. This project aims at 
the formulation of quantitative structure-activity methods for the 
prediction of toxicity of mixtures of chemicals from their 
calculated chemodescriptors and genomics as well as proteomics 
data. 

Previous Activity/Results 

Principal Investigator(s) 
Subhash Basak 

Project Sponsor(s) 
CDC 

Start Date 9/30/2002 

Project No 189-6243 

Amount 
$180,998 

End Date 9/29/2007 

Progress/Results 
Three papers have been accepted 
in the area of prediction of 
blood:air partition coefficients of 
volatile organic toxicants from 
their calculated structural 
descriptors. Parameters 
estimated by these models will 
be useful in physiologically 
based pharmacokinetics (PBPK) 
modeling for predictive 
toxicology. 
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ECOSYSTEM STUDIES - Land Resources 
Development of Sampling Framework/key Protocols for Monitoring Natural 
Resources in the Great Lakes Network 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
George Host, Richard Axler 

Project Sponsor(s) 
U.S. Department of Interior 
U.S . Department of Interior 
U.S. Department of Interior 

Start Date 7 /1/2004 

Project No 189-6272 

Amount 
$58,750 
$25,850 
$67,445 

End Date 12/30/2005 

Progress/Results 

1345 
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ECOSYSTEM STUDIES - Land Resources 419 
Interacting Effects of Elevated Carbon Cioxide and Ozone on Aspen Forest 
Ecosystems 

Objective To use physiological process modeling to predict the 
response of aspen forest ecosystems to global change 

Background We have been involved for many years in modeling 
the physiological processes of plant growth. We have recently 
become involved in a large-scale Free Air C02 Exchange project 
under development at the Harshaw Experimental Farm in 
Rhinelander, Wisconsin. The study will involve establishing a 
replicated set of 30 m treatment rings, which will allow C02 and 
ozone to be injected at varying concentrations into treatment plots. 
The site covers 80 acres. We will use data from the experiment to 
develop and test models of aspen response C02 and ozone 
exposure. 

Previous Activity/Results We have developed and incorporated a 
model of ozone effects on photosynthesis into the existing 
RUBISCO model built into ECOPHYS. A manuscript on the ozone 
model submitted to Environmental Pollution was recently 
accepted. The GIS database was expanded to include a point 
coverage for each of the individual trees in the FACE ring; 
selecting a tree allows a user to obtain information on clone, height 
and diameter. The data is delivered interactively over the Internet 
using ARC Internet Map Server. 

Principal Investigator(s) 
George Host, Gerry Sjerven 

Collaborator(s) 
Kathryn Lenz, Harlan Stech 

Project Sponsor(s) 
USDA Forest Service 
USDA Forest Service 
USDA Forest Service 

Start Date 3/21/1996 

Project No 189-6285 

Amount 
$80,000 
$98,500 
$20,000 

End Date 4/30/2010 

Progress/Results 
Three years of data from the 
Aspen FACE experiment have 
been analyzed; in particular, we 
studied the effect of different 
time-step sizes on model 
resolution. We have also used 
the POV-ray visualization 
language to illustrate tree 
shading over the course of the 
day, providing a means of model 
evaluation. Presentations were 
given at this summers all-
investigators meeting in 
Rhinelander, WI. 
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ECOSYSTEM STUDIES - LAND RESOURCES 
Monitoring Birds in Great Lakes National Forests 

Objective To develop strategies to monitor the abundance of forest 
bird populations. 

Background Forest bird populations are a key biological indicator 
of the health and stability of forest ecosystems. Recent evidence 
suggests that some North American species are declining in 
abundance, in particular, Neotropical migrants or species that breed 
in North America and winter in Central or South America. With 
the increased interest and awareness of the status ofNeotropical 
migrant birds in the U.S., several organizations have developed 
strategies to monitor abundance of these species. We have 
established monitoring programs in three Great Lakes national 
forests: the Chippewa (1993), Superior (1991), and Chequamegon 
(1992). Long-term monitoring will give us information on species 
abundance patterns over time and data will be used to identify 
species that are significantly increasing or decreasing in 
abundance. 

Previous Activity/Results This was the fourteenth year of 
sampling on the national forests, and we tallied 23,738 individuals 
of 121 species on 1,246 sites, which is about average. We have 
calculated population trends for 69 species, 17 of which are 
increasing on at least one national forest (down from 22 in 2003), 
and 24 which are declining (down from 30 in 2003). 

Principal lnvestigator(s) 
Gerald Niemi, JoAnn Hanowski, James Lind 

Project Sponsor(s) 
USDA Forest Service 

Start Date 5/1/1999 · 

Project No 189-6219 

Amount 
$715,264 

End Date 12/31/2005 

420 

Progress/Results 
A field crew of five people 
conducted 10-minute point 
counts on 1,257 points on the 
Superior, Chippewa, and 
Chequamegon National Forests 
during June-July of 2005, for the 
15th year of sampling. 
Preliminary data summaries 
indicate some encouraging 
results for the following species 
that have previously shown 
declines on our study areas 
(these had their record high or 
second highest totals in 2005): 
Winter Wren, Brown Creeper, 
Nashville Warbler, Black-and-
white Warbler, Mourning 
Warbler, Common Yellowthroat, 
Canada Warbler, and Chipping 
Sparrow. Conversely, species 
that have shown declines and 
had their lowest or second 
lowest total in 2005 include 
Eastern Wood-Pewee, Great 
Crested Flycatcher, Veery, 
Hermit Thrush, Pine Warbler, 
Connecticut Warbler, Scarlet 
Tanager, and Rose-breasted 
Grosbeak. These results are 
tentative and may differ from the 
actual population trends that will 
be calculated. 
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ECOSYSTEM STUDIES - LAND RESOURCES 740 
Distribution of Canada Lynx in the Upper Midwestern United States 

Objective The objective of this project is to understand the factors 
affecting the apparent reappearance, current distribution, and long-
term persistence of the Canada lynx in Minnesota. This requires a 
much greater understanding of the biology and ecology of lynx in 
this geographic region than we currently have. Methods used will 
include telemetry, snow-tracking, documentation of habitat use, 
and GIS analysis oflocations. 

Background This project will increase understanding of Canada 
lynx (Lynx canadensis) in Minnesota, ranging from demographic 
information to habitat use data that can be used to make 
management recommendations for Canada lynx, a species which is 
listed as threatened under the ESA. The only previous study on 
Canada lynx in the region was conducted by L. David Mech in the 
1970s. 

Previous Activity/Results To date l 9 Canada lynx have been 
captured and fitted with either VHF or GPS collars since March 
2003. About 700 VHF locations and almost 3000 GPS collar 
locations have been obtained from collared animals. Two collared 
animals have died, one was trapped in Ontario, cause of death of 
the second animal is unknown. Three den sites were found in June 
2004. Kittens were raised by the female through at least December 
2004. Kitten survival will be monitored through the winter. The 
trapping program continues, with attempts to recapture previously 
collared animals and deploy collars on uncollared animals. 

Principal Investigator(s) 
Gerald Niemi, Ronald Moen 

Collaborator(s) 
Chris Burdett 

Project Sponsor(s) 
NCASI 
USDA Forest Service 
USDA Forest Service 
USDI Geological Survey 
USDA Forest Service 
USDI Geological Survey 
MNDNR 

Start Date 9/3/1999 

Project No 189-6288 

Amount 
$10,000 
$30,000 
$117,000 
$56,242 
$108,710 
$285,482 
$180,165 

End Date 3/31/2008 

Progress/Results 
Thirty Canada lynx have now 
been live-trapped and 
radiocollared on the project. 
Almost 10,000 GPS locations of 
lynx have been collected with 
GPS radiocollars. Other lynx are 
wearing standard VHF telemetry 
collars. Several mortalities have 
been documented over the past 
year. The project website at 
www.nrri.umn.edu/lnx provides 
full details and a current update. 
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ECOSYSTEM STUDIES - LAND RESOURCES 
Wild Rice Population Dynamics and Nutrient Cycles 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
John Pastor 

Project Sponsor(s) 
National Science Foundation (NSF) 
National Science Foundation (NSF) 

Start Date 9/15/2002 

Project No 189-6241 , 6264 

Amount 
$543,068 
$10,000 

End Date 8/31/2006 

1246 

Progress/Results 

4.9 RRISemi-Annual Report I January- June 2005 



ECOSYSTEM STUDIES - LAND RESOURCES 1293 
Climatic Variability and Ecosystem Response: Precipitation Patterns, 
Soil Moisture D namics, and Productivit in Tall rass Prairie 

Objective To quantify the impact of variability in rainfall patterns 
on above- and belowground grassland productivity, using tallgrass 
prairie as a model system. We impose decreases and increases in 
variability in rainfall inputs on microcosms containing common 
tallgrass prairie grasses and forbs, by experimental watering at 
sixteen different quantity and frequency combinations. 
Measurements focus on soil moisture dynamics, photosynthetic 
performance, canopy development, root growth dynamics, plant 
reproduction, and above and belowground net primary 
productivity. 

Background Climatic variability is a key driver of ecosystem 
structure and function in grasslands, and climate models suggest 
that variability in rainfall, temperature, and other climatic 
parameters will increase because of global climate change. 
However, there is uncertainty about future rainfall patterns, with 
some models predicting increased, others decreased growing 
season rainfall and soil moisture. Any shifts in rainfall quantity or 
frequency will change rainfall variability, and several lines of 
evidence suggest that variability may as important as the total 
quantity of rainfall in regulating tallgrass prairie net primary 
productivity. Indeed, increases in rainfall variability, even with no 
change in rainfall quantity, have the capacity to reduce plant 
performance and productivity and may cause shifts in tallgrass 
prairie community composition, because of unavoidable 
physiological and morphological limitations on plant abilities to 
track and adjust to varying resources. 

Previous Activity/Results 

Principal Investigator(s) 
Philip Fay 

Collaborator(s) 
John M. Blair, Kansas State University 

Project Sponsor(s) 
Kansas State University (NSF Prime) 

Start Date 2/1/2003 

Project No 189-6246 

Amount 
$173,602 

End Date 8/31/2006 

Progress/Results 
1. Initiatated year one watering 
treatments. 2. Initiated sampling 
program to assess plant canopy 
development, water status, 
photosynthetic performance, and 
tiller/ramet growth in selected 
species. 3. Initiated two 
manuscripts with the project's 
post-doc, Dawn Kaufman 
(KSU), one a data paper 
summarizing the first year of 
microcosm results, the second a 
review of regional pattens of 
climate variablity and ecosystem 
structure. 4. Coordinated on 
maintenance, data collection, 
and logistics issues with Dawn 
Kaufman and the project's 
research technician, Chris 
Harper. 5. Discussed future 
collaboration and funding 
renewal for this project with 
Melinda Smith, Yale University. 
6. Planned for gene activity 
sampling on big bluestem in the 
microcosms, with Karen Garrett 
and Steve Travers (both KSU) . 

4 .10 RRI Semi-Annual Report I January - June 2005 



ECOSYSTEM STUDIES - LAND RESOURCES 370 
L TREB: Spatial Dynamics of the Moose-Forest-Soil Ecosystem on Isle 
Ro ale 

Objective To determine the spatial patterns of moose foraging and 
associated ecosystem properties through population cycles. 

Background In previous grant awards from NSF on this long-term 
project, we have determined that the spatial patterns of ecosystem 
properties, such as soil fertility and the distribution of tree species, 
were accentuated during the latest moose population cycle on Isle 
Royale. There is, therefore, a connection (albeit poorly understood) 
between animal population cycles and the spatial patterns of 
ecosystem properties across the landscape. In this project, we will 
monitor moose browsing intensity and associated ecosystem 
properties on three greis of 1000 points apiece in different sectors 
of Isle Royale to determine the dynamics of spatial patterns of 
ecosystem properties during moose population cycles. 

Previous Activity/Results Based on our results over the previous 
fiv~ years, we submitted a renewal proposal to NSF requesting 
further funding for an additional five years. The proposal was 
approved and the project begins this quarter. 

Principal lnvestigator(s) 
John Pastor, Yosef Cohen 

Project Sponsor(s) 
National Science Foundation (NSF) 
National Science Foundation (NSF) 

Start Date 9/1/1993 

Project No 189-6268 

Amount 
$299,997 
$299,997 

End Date 7 /31/2009 

Progress/Results 
Geostatistical analyses of spatial 
patterns of soil nitrogen, conifer 
abundance, browse availability, 
and browse consumption by 
moose show that these are 
arranged in patches across the 
landscape of about 100-300m in 
diamter and that thae patches 
repeat themselves every 300-500 
meters. A reaction-diffusion 
model is proposed to account for 
these higher order patterns. This 
is the first demonstration in the 
scientific literature that 
herbivores determine the spatial 
patterns not only of their food 
supply but also of the ecosystem 
properties that support them. A 
paper on these results and 
discussing the implications for 
foresters and wildlife managers 
has been published in Ecological 
Applications 8: 411-424 (1998). 
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ECOSYSTEM STUDIES - LAND RESOURCES 
Development of Monitoring Protocols to Assess Impacts of European 
Earthworm Invasions 

Objective Develop recommendations for monitoring efforts in the Progress/Results 
Great Lakes national parks in relation to exotic earthworm invasion 
impacts to forested ecosystems 1. Document the relative abundance 
and species composition of earthworm populations of beech-maple 
forests in Pictured Rocks National Lakeshore and spruce-fir-aspen 
forests in Voyageurs National Park. 2. Determine the distribution 
of earthworm assemblages in the selected forest cover types in 
relation to key landscape features (i .e., campgrounds, roads, boat 
landings; visitor center, etc.) 3. Document changes in forest floor 
and upper soil horizons resulting from earthworm populations in 
the selected forest cover types. 4. Document changes in understory 
plant communities in relationship to earthworm populations in the 
selected forest cover types. 

Background 

. Previous Activity/Results 

Principal Investigator(s) 
George Host, Cindy Hale 

Collaborator(s) 
Carol Reschke, Joan Elias, Steve Windells, Jerry Belant 

Project Sponsor(s) 
U.S. Department of Interior 

Start Date 9/16/2003 

Project No 189-6256 

Amount 
$64,597 

End Date 6/30/2005 

1314 
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Development of a Risk Assessment Plan for Arcadia National Park 

Objective 

Background 

Previous Activity/Results 

Principal lnvestigator(s) 
Lucinda Johnson 

Project Sponsor(s) 
USDI Geological Survey 

Start Date 8/1/2004 

Project No 1648-189-6247 

Amount 
$60,000 

End Date 7 /30/2007 

Progress/Results 

1372 
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ECOSYSTEM STUDIES - LAND RESOURCES 1359 
An Assessment of Terrestrial Snail Biology and Ecology with Threats 
Anal sis 

Objective The objective of the proposed research will be to 
determine the status and distribution of select terrestrial snail 
species and to determine data gaps in biological information 
available on these species. This will be accomplished through a 
review, interpretation and summary of published and unpublished 
literature, reports, plans and data. In addition, extensive personal 
communications with terrestrial snail experts will be used update 
essential information and/or close data gaps. The deliverable 
product will be a status assessment which will include a detailed 
and thorough analysis of all potential threats to terrestrial snails, 
discern trends in their populations and present geographic 
distributional patterns. Completion of the status assessment will 
yield a written deliverable, e.g., a status assessment report (SAR). 

Background There is little information available on the biology 
and ecology of various species of terrestrial snails that inhabit the 
Midwestern United States. Although some survey work was 
completed in the early 1990s, there has since been no follow-up 
effort on terrestrial snails regarding species-specific population 
trends and distributional patterns, or research on potential threats to 
their existence. Given the high potential for anthropogenic 
activities to significantly impact unique habitats and thereby 
threaten the relatively isolated populations of terrestrial snails 
associated with them, a thorough range-wide status assessment is 
warranted. 

Previous Activity/Results Literature search efforts have been 
initiated. A state-specific technical contact network has been 
established by the initial PI, Dr. Joseph Mayasich. Dr. Mayasich 
left NRRl in May of 2005 and was replaced by Dr. Ron Moen as PI 
on the project. 

Principal Investigator(s) 
Ronald Moen 

Project Sponsor(s) 
U.S. Department of Interior 

Start Date 9/24/2004 

Project No 1648-189-6276 

Amount 
$28,436 -

End Date 4/30/2006 

Progress/Results 
The text for the literature search 
is almost complete. Current 
efforts are to develop maps and 
finish text for the September 30 
deadline for the preliminary 
draft. 
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Minnesota Forest Data Analysis 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
George Host 

Project Sponsor(s) Amount 
MN Center for Environmental Advocacy$24,000 

Start Date 10/22/2004 End Date 6/30/2005 

Project No 189-6279 

1360 

Progress/Results 
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ECOSYSTEM STUDIES - LAND RESOURCES 
Updating Current Forest Condition for Range of Variation Modeling 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
George Host 

Project Sponsor(s) 
MNDNR 

Start Date 1/7/2005 

Project No 1663-189-6282 

Amount 
$23,000 

End Date 9/30/2005 

Progress/Results 

1373 
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ECOSYSTEM STUDIES - LAND RESOURCES 
Bridging the Divide: Linking Genomics to Ecosystem Responses to 
Climate Chan e 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
Philip Fay 

Project Sponsor(s) 
U.S. Department of Energy 

Start Date 8/15/2004 

Project No 189-6281 

Amount 
$37,568 

End Date 8/14/2007 

Progress/Results 

1364 
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ECOSYSTEM STUDIES - LAND RESOURCES 
An Exchange Network/COX Flow Protocol 

Objective To design and implement protocols and related software 
to facilitate the submission of research data and metadata to the 
U.S. EPA via the CDX/exchange network framework. The present 
lack of tools for bundling research data with metadata mean that 
much of the value of archived research data is lost. We will expand 
our proof-of-concept Ecological Metadata Language (EML) tool 
into a package suitable for wide distribution. This tool provides an 
on-line metadata entry system following an accepted federal 
standard. We will develop CDX protocol descriptions required to 
validate and transport the combined metadata/data bundle to the 
U.S. EPA. 

Background 

Previous Activity/Results A metadata creation form based on 
Ecological Metadata Language was created for the Estuarine and 
Great Lakes Coastal Indicators program, of which the Great Lakes 
Environmental Indicators project is a part. This web-based tool 
allows researchers to create proper, federally-compliant metadata 
that is fully searchable. The tool can accomodate metadata for all 
data types, from cellular and molecular toxicologica data to 
satellite imagry to biological community data and routine water 
quality samples. The tool allows linking to the files about which 
the metadata is being created, and allows seamless uploading of 
both the metadata and linked data files to the EaGLe server at 
NRRI. From there, the data and metadata are uploaded to the EP A's 
Environmental Information Management System (EIMS) for 
archiving. 

Principal lnvestigator(s) 
Terry Brown, Valerie Brady 

Collaborator(s) 
US EPA CDX developers; U.S. EPA EIMS 

Project Sponsor(s) Amount 
U.S. Environmental Protection Agency $100,847 

Start Date 10/1/2004 End Date 9/30/2006 

Project No 189-6277 

1365 

Progress/Results 
The metadata entry tools 
developed for the EaGLe 
program have been refined and 
are being tested. Utilities for 
handling taxonomic searches 
have been added. We are setting 
up the Java Demonstrated Node 
Configuration from the 
Exchange Network site. 
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ECOSYSTEM STUDIES - LAND RESOURCES 
GEIS Report 

Objective 

Background 

Previous Activity/Results 

Principal lnvestigator(s) 
JoAnn Hanowski 

Project Sponsor(s) 
MNDNR 

Start Date 2/25/2005 

Project No 189-6283 

Amount 
$14,000 

End Date 6/30/2005 

1371 

Progress/Results 
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Scenarios of Landscape Change Effects on Tropospheric Ozone Risk to 
Midwestern Forests in the Midwest 

Objective To assess the regional response of Midwestern forest 
types to increased tropospheric ozone concentrations 

Background The annual increases in tropospheric ozone 
concentrations continue to present a risk to the health of human and 
ecological systems. Tropospheric ozone is increasing at a rate of 1-
2% per year, and recent research has shown that ozone has 
numerous adverse impacts on forest tree species, including effects 
on photosynthesis, crown architecture and leaf morphology. Ozone 
also affects interactions among species, such as pathogenic effects 
and competitive interactions among trees. A combined effect of 
these impacts is a net decrease in plant productivity, which over 
time translates to decline and increased mortality in ozone-
sensitive species. It is now possible to develop more sophisticated 
ozone exposure response functions that could provide input to 
regional-scale landscape estimates of risk for key forest species. 
The intent of this project is to conduct joint research on developing 
landscape-level ozone exposure-response functions for aspen, 
maple, and birch. These functions will be an integral part of a 
larger collaborative study entitled "Scenarios of Landscape Change 
Effects on Tropospheric Ozone Risk to Forests in the Midwest", 
with cooperators from the North Central Research Station, Battelle 
Laboratory, and the University of Wisconsin. The ultimate goal of 
the project will be to provide maps of estimated reductions in the 
productivity of dominant Midwestern forest species. 

Previous Activity/Results 

Principal Investigator(s) 
George Host, Gerry Sjerven 

Project Sponsor(s) Amount 
USDA Forest Service, $50,000 
North Central Forest Experiment Station 

Start Date 7 /1/2003 End Date 9/30/2005 

Project No 189-6253 

Progress/Results 
Work on this study will begin 
fall 2003. 
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ECOSYSTEM STUDIES- Water Resources 1315 
Assessment and Development of Water Quality Monitoring for Parks in 
the National Parks Service Great Lakes Network 

Objective NRRI will critically analyze the Great Lakes network 
(GLKN) water quality data and jointly examine future monitoring 
strategies for the nine parks. NRRI scientists will conduct state-of-
the-art statistical analysis of the various data sets, assist the GLKN 
in determining potential indicators for future monitoring, and write 
specific protocols when indicators have been selected. 

Background The National Park Service's (NSP) GLKN consists of 
nine national park units in four states around the Great Lakes. 
These parks have monitored water quality using a variety of 
methods and for a number of different reasons over many years. 
E.g., Indiana Dunes National Lakeshore has 10 years of data on E. 
coli sampling along beach fronts . These data sometimes result in 
the closure of beaches, which can be highly controversial. 
Voyageurs NP has >25 years of limnological and toxicological data 
on several lakes and contaminants, especially mercury, are a high 
concern for fish, wildlife, and human health. Each park has some 
degree of water quality monitoring occurring and there are >200 
cumulative years of water quality data overall. Some data sets are 
in electronic databases and have been summarized and reviewed 
while others remain only in hardcopy with limited critical review. 
NRRI will assist the NPS in critically analyzing these data and 
jointly recommending future monitoring strategies for the parks. 
NRRI scientists will conduct statistical analyses of certain data 
sets, assist the GLKN in determining rotential indicators for future 
monitoring, and write specific protocols when indicators have been 
selected. NRRI will also directly assist staff at the Apostle Islands 
Nat'l Seashore in their comprehensive 5-yr monitoring of the park's 
aquatic resources in summer 2004. 

Previous Activity/Results An initial meeting was held with NPS 
staff in December 2003. NRRI staff are reviewing numerous 
reports and specifically reviewing the Apostle Islands 5 year 
monitoring plan which will occur in summer 2004. 

Principal Investigator(s) 
Richard Axler, George Host 

Project Sponsor(s) 
U.S. Department of Interior 

Start Date 9/15/2003 

Project No 189-6257 

Amount 
$46,650 

End Date 9/30/2005 

Progress/Results 
Pis attended two Vital Signs 
(indicators) workshops in Feb 
and March 2004 to refine and 
prioritize the list of indicators to 
be recommended for inclusion in 
GLKN park units. Initial efforts 
have focused on: 1) compiling 
existing water quality data; 2) 
developing aan Access database 
as a tool to facilitate statistical 
analysis; 3) reviewing pre-
existing Apostle Islands (APIS) 
water quality and aquatic 
organism data in order to design 
the summer 2004 intensive 5-
year monitoring program, and : 
4) conducting the first APIS 
survey (late June). Pis also 
assisted GLKN staff in 
developing an omnibus proposal 
for actually writing protocols for 
specific ecosystem basedVital 
Signs indicators. 
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ECOSYSTEM STUDIES - WATER RESOURCES 11-14 
Development and Assessment of Environmental Indicators Based on 
Birds and Am hibians in the Great Lakes Basin 

Objective This proposal is part of a multi-disciplinary 
investigation involving scientists from seven academic institutions, 
the MN DNR, and U.S. EPA MED. Cooperators will address a 
central question: ''What environmental indicators can most 
efficiently, economically, and effectively measure and monitor the 
condition, integrity, and long-term sustainability of Great Lakes 
coastal ecosystems?" Specific objectives of this subproposal are 
to: 1) develop a suite of scientifically robust, cost-effective indices 
of bird and amphibian assemblages that reflect ecological condition 
of the Great Lakes; 2) quantify the extent to which these indices 
are related to environmental pressure indicators such as land use 
characteristics, water quality, presence of exotic species, and 
hydrological modifications; 3) derive predictive models based on · 
statistical relationship between pressure indicators and indices of 

. bird/amphibian diversity and abundance; 4) use these models to 
infer ecological conditions at local and regional scales and to 
establish or improve the baseline for environmental monitoring 
programs; 5) develop a quality assurance/quality control 
infrastructure for future assessments of bird and amphibian 
communities; and, ultimately, 6) provide scientific 
recommendations for improving and monitoring the ecological 
health of the Great Lakes basin. 

Background The purpose of our project is to develop a suite of 
scientifically robust, cost-effective indices of bird and amphibian 
communities that reflect the ecological condition of the Great 
Lakes. 

Previous Activity/Results Surveys for calling anurans and 
breeding birds were conducte_d in over 200 coastal wetlands 
throughout the Great Lakes basin in 2002 and 2003. fu addition, 
coastal upland breeding birds surveys were completed in 180 
shoreline segments during the same time period. 

Principal Investigator(s) 
JoAnn Hanowski, Robert Howe, Charles Smith 

Project Sponsor(s) Amount 
U.S. Environmental Protection Agency $591,375 

Start Date 1/10/2001 End Date 1/9/2006 

Project No 189-6209 

Progress/Results 
Work in the past six months has 
focused on quantification of 
str~ssor metrics that will be used 
to create wetland bird and 
amphibian and upland bird 
indicators. We will focus on 
stress variables related to land 
cover and agriculture for this 
task. Both wetland and upland 
birds will likely be most 
sensitive to changes in land 
cover from natural to human 
influenced. Amphibians, due to 
their more complex life history 
in both terrestrial and aquatic 
habitats will likely respond to 
both land cover changes in the 
landscape as well as changes in 
nutrient levels due to agricultural 
activities. 
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ECOSYSTEM STUDIES - WATER RESOURCES 1115 
Testing Indicators of Coastal Ecosystem Integrity Using Fish and 
Macroinvertebrates 

Objective The specific goals of our proposal are to: 1) evaluate the 
applicability of SOLEC-derived and complementary indicators for 
the ecosystems making up the Great Lakes coastal margins; 2) 
rigorously test the efficacy of a suite of indicators across the range 
of habitats in these coastal margin ecosystems; and 3) recommend 
indicators of specific ecological conditions keyed to assessment 
endpoints and stressors. 

Background Aquatic invertebrates and fish are important 
inhabitants of Great Lakes nearshore and coastal wetland 
ecosystems. Sampling nearshore fish and invertebrate communities 
will give us information about the quality of habitats and water 
quality, and can indicate potential impacts of disturbance. To 
evaluate indicators we will employ a multi-tiered sampling and 
modeling strategy, integrating regional data collected via satellite 
imagery, and site scales via field sampling. These data will be used 
to identify indicators at each scale that reflect critical process 
related to the integrity and sustainability of those ecosystems. 

Previous Activity/Results Fish and habitat data have been 
completely entered and reviewed; 2002 macroinveitebrate sample 
processing and identification is nearly complete. Sediment particle 
size analysis for 2002 samples is complete and data have been 
entered and checked. 

Principal lnvestigator(s) 
Lucinda Johnson, Valerie Brady, Thomas Hrabik, Dan Breneman 

Collaborator(s) 
Jan Ciborowski 

Project Sponsor(s) Amount 
U.S. Environmental Protection Agency $893,628 

Start Date 1/10/2001 End Date 1/9/2006 

Project No 189-6210 

Progress/Results 
As of December 30, 2004, 
approximately 800 of the 900 
samples have been processed 
and identified. A laboratory 
effort that is running concurrent 
with benthic data entry is 
substrate particle size analysis. 
Twenty-two of 160 total 
sediment samples have been 
processed. Buffers have been 
created for wetland sampling 
sites that cover 30 separate 
distances, ranging from 200 m to 
5 km from the sampling 
locations. Land cover/land use 
information has been 
summarized for each buffer, and 
the land cover information is 
being used to examine the 
spatial scale at which various 
fish species respond to land use 
stressors. Presentations were 
given at the International 
Association of Great Lakes 
Research, the North American 
Benthological Society, the 
Environmental Monitoring and 
Assessment workshop, and the 
Society of Wetland Scientists. 
Duluth was the site for the 2004 
all-EaGLes conference. 
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ECOSYSTEM STUDIES - WATER RESOURCES 
Great Lakes Diatom and Water Quality Indicators 

Objective The abbreviated objectives of this study are to: 1) 
Quantify the extent to which pressure indicators influence diatom 
community structure in nearshore wetlands, estuaries, and reaches 
of the Laurentian Great Lakes; 2) Develop predictive models 
through multivariate analyses of communities and ecosystems to: i) 
infer ecological status at local and regional scales, and ii) describe 
pre-disturbance-to-recent baselines, trends, and magnitudes of 
change in restricted riverine and other wetlands; 3) Evaluate and 
modify existing diatom metrics, and devise and validate new 
diatom metrics, so that a number of state indicators for nutrient 
loading, siltation, and salinity in nearshore waters of the Great 
Lakes will be available to federal and state agencies; 4) Construct 
multimetric diatom indices from the best of these state or condition 
metrics; 5) Develop integrated indices of biotic integrity based on a 
combination of selected metrics developed in the diatom 
subprogram and by other teams in the larger program; and 6) 
Develop a QA/QC infrastructure for the diatom subprogram and 
future assessment efforts. 

Background This project builds on previous U.S . EPA assessment 
designs to quantitatively characterize condition of nearshore and 
coastal areas of the Great Lakes using diatom algae and water 
quality. 

Previous Activity/Results During the latter half of 2004 most of 
the diatom sample identification was complete, and a preliminary 
assessment of diatom model performance was done. 

Principal Investigator(s) 
Richard Axler, Euan Reavie 

Project Sponsor(s) Amount 
U.S. Environmental Protection Agency $658,436 

Start Date 1/10/2001 End Date 1/9/2006 

Project No 189-6211 

1116 

Progress/Results 
Diatom sample identification 
was complete in March 2005 . 
Several assessments of diatom 
model performance were 
performed and a number of 
conference abstracts on these 
models have been presented by 
Reavie, Sgro and Kireta. Four 
journal articles are in 
preparation, the first of which 
will be submitted in August 
2005 to the Journal of Great 
Lakes Research. During the last 
six months, most time on this 
project has been spent on data 
analysis and write-up. 
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ECOSYSTEM STUDIES - WATER RESOURCES 1128 
Aquatic and Wetland Ecosystem Study of a Restored Wild Rice Lake 
S stem 

Objective To evaluate the efficacy of a macrophyte removal 
treatment on recovery of wild rice populations. 

Background This study is a joint effort among the Fond du Lac 
Tribal and Community College, the Fond du Lac Department of 
Natural Resources, the Natural Resources Research Institute, and 
Minnesota Sea Grant. The study addresses aquatic and wetland 
ecosystem changes on a series of five wild rice lakes. The wild rice 
(Zizania aquatica) and the native plant communities on this series 
of lakes will be undergoing considerable change brought about by 
the Fond du Lac Wild Rice Restoration Project restoration on the 
Fond du Lac Reservation, in northeastern Minnesota. The primary 
goal is to determine how the wild rice lake ecosystem responds to 
the lake restoration activities of water level control and mechanical 
vegetation control and conversion, and how this information can be 
used to manage and improve wild rice lake restoration efforts, on 
the Fond du Lac Reservation and on other locations in the region. 

Previous Activity/Results We completed the first year of 
sampling and data analysis. The harvest treatment had a strong 
effect on emergent macrophytes, which were significantly reduced 
in number. Presentations on the project were given at a DNR-
sponsored wild rice symposium and at the North American Forest 
Ecology workshop. 

Principal Investigator(s) 
George Host. Gerry Sjerven 

Project Sponsor(s) 
Fond du Lac Community College 

Start Date 9/15/2000 

Project No 189-6217 

Amount 
$72,000 

End Date 9/30/2005 

Progress/Results 
Two seasons of field sampling 
have been successfully 
completed; data entry for this 
past summer is in progress. 
Initial results indicate the 
pickerel weed, the dominant 
macrophyte in Perch Lake, 
continues to be reduced.in 
number. Wild rice populations 
show moderate to strong 
increases. A presentation on the 
project was given at the Society 
for Conservation Biology 
meeting held in Duluth in June 
2004. 
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ECOSYSTEM STUDIES - WATER RESOURCES 1136 
Protocols for Selecting Classification Systems and Reference 
Conditions: A Com arison of Methods 

Objective To use an a priori classification system to identify least-
impacted Great Lakes coastal ecosystems. 

Background The specific goals of our proposal are to: 1) apply an 
a priori classification system to Great Lakes coastal ecosystems; 2) 
quantitatively identify least impacted sites within classification 
units using widely available spatial data bases; 3) define reference 
biological conditions for classification units; 4) use biological data 
to test the efficacy of reference classifications; 5) determine 
whether degraded biological conditions differ from reference 
conditions in a subset of classification units. 

Previous Activity/Results Fish and habitat data have been 
completely entered and reviewed; substrate particle size analysis 
has been processed on all samples. One hundred percent of the 
2002 and 2003 macroinvertebrate samples have been processed, 
with generic identification of midge larvae from 2003 samples 
remammg. 

Principal Investigator(s) 
Lucinda Johnson, Dan Breneman, Valerie Brady 

Collaborator(s) 
Jan Ciborowski, University of Windsor 

Project Sponsor(s) Amount 
U.S. Environmental Protection Agency $747,404 

Start Date 3/26/2001 End Date 3/25/2005 

Project No 189-6221 

Progress/Results 
Activity on the GLEI/Reference 
project is currently concentrating 
on GIS database completion, 
identification of 2003 midge 
larvae to complete the 
invertebrate processing effort, 
data analysis on all aspects of 
the project, and manuscript 
preparation. Specifically, a GIS 
effort to delineate contributing 
areas for wetlands and stressors 
that may be affecting wetlands 
will be calculated for each area. 
The fish and habitat data are 
being analyzed with preliminary 
results indicating that reference 
area fish communities are 
different in similar wetlands 
receiving more anthropogenic 
influence. 
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ECOSYSTEM STUDIES - WATER RESOURCES 1160 
Development of Environmental Indicators for the U.S. Great Lakes 
Basin Usin Remote Sensi.n Technolo 

Objective The objective of this research is to use remote sensing 
technology, coupled with GIS, to improve mapping of coastal 
environments and forests in the Great Lakes basin, provide data for 
the development of ecological risk assessment indicators and to 
serve as important background information for ecosystem 
characterization of ecological response variability. 

Background 

Previous Activity/Results During the 2003 field season, ground 
truth work for the SA V classification work was completed. SA V 
mapping using Quickbird sensor data was completed in winter 
2003-04. Wetland vegetation and land cover mapping land cover 
using high spatial resolution (2.4;4 m) satellite data began in 
Summer 2003 and is on-going for 15 sites (8x8 km each) across the 
Great Lakes. Native wetland vegetation and two species of 
invasive exotics (Phragmites australis and Phalaris arundinaceae) 
have been successfully mapped at three of the sites. Change 
detection for the U.S. portion of the Great Lakes basin (1992 to 
2001) using 30-meter Landsat TM sensor data began in December 
2003 . Pilot studies were performed to determine the best way to 
quantify change in the basin using existing data layers. Radarsat-1 
data for nearly the entire shore of Lake Michigan and Saginaw Bay 
on Lake Huron were collected in triplicate in spring of 2002 during 
an historic low water level period. 

Principal lnvestigator(s) 
Gerald Niemi, Peter Wolter 

Project Sponsor(s) 
NASA 

Start Date 9/1/2001 

Project No 189-6228 

Amount 
$600,000 

End Date 8/31/2005 

Progress/Results 
Land-use/land-cover change 
detection for the U.S. portion of 
the Great Lakes basin (1992 to 
2001) began in December 2003 
and was completed in February 
2005. In August 2005, a 
manuscript documenting our 
methodologies and results was 
submitted to the International 
Association of Great Lakes 
Research. These change data are 
now providing stressor/pressure 
variables on a landscape scale 
and are being used in concert 
with variables measured in-situ 
to develop indicators of 
environmental state for near-
shore areas of the U.S. Great 
Lakes. Because of historically 
low water levels in Lakes 
Michigan and Huron during 
2002-2003, our goal was to use 
radar interferometry to map 
relatively fine-scale relief of the 
exposed lakebed. The purpose of 
this effort is to be able to model 
coastal wetland inundation 
events as lake water returns to 
normal levels. Therefore, 
Radarsat-1 sensor data triplicates 
were gathered for practically the 
entire shoreline of Lake 
Michigan and for Saginaw Bay 
on Lake Huron in late winter of 
2002. Processing of these 
Radarsat-1 data began in August 
2005 and completion is expected 
b January 2006. 
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Monitoring Diatom Algae in Northeastern Minnesota 

Objective We are developing a diatom/water quality calibration 
for nutrients that can be used as a lake management and planning 
tool in NE Minnesota lakes. 

Background We are developing a diatom/water quality calibration 
for nutrients that can be used as a lake management and planning 
tool in NE Minnesota lakes. This technology has been used in 
Minnesota and nearby states and provinces, but we seek to 
specifically develop a better tool for the high-quality lakes of the 
northern lakes and forests region. 

Previous Activity/Results PI changed to Euan Reavie. Diatom 
identification and enumeration is complete, and data analysis is 
beginning. No-cost extension is July 2005, when the final report is 
due. We expect development of the diatom-based model in 
collaboration with personnel at the Marine on St. Croix Watershed 
Research Station. 

Principal Investigator(s) 
Richard Axler, Euan Reavie 

Project Sponsor(s) 
Itasca County Soil and Water 

Start Date · 7/1/2001 

Project No 189-6230 

Amount 
$91,502 

End Date 6/30/2005 

1169 

Progress/Results 
Data analysis and results write-
up are complete. Draft report 
was provided to MPCA in April 
2005. As of July 2005, we await 
comments/suggested revisions 
from the MPCA. Project is 
essentially complete. 
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- ECOSYSTEM STUDIES - WATER RESOURCES 1113 
Development of Environmental Indicators of Condition, Integrity, and 
Sustainabilit in the Great Lakes Basin 

Objective Our specific objectives include: 1) identification of 
environmental indicators that will be useful to define the condition, 
integrity, and change of the ecosystems within the basin, 2) testing 
these indicators using existing data and field data to link stressors 
with environmental responses, and 3) recommendation of a suite of 
hierarchically structured indicators to guide managers toward 
informed management decisions. The final product will allow 
managers to communicate with the public on the condition and 
integrity of the basin, guide development of monitoring programs 
to measure change, identify areas in need of restoration or 
conservation strategies, and the use of key indicators as input for 
modeling efforts to predict the future condition and integrity of the 
basin. 

. 
Background Major threats to the Great Lakes coastal margins 
include stressors related to land use, climate change, point and non-
point source discharges, exotic species, atmospheric deposition, 
stratospheric/tropospheric ozone effects, and various hydrologic 
modification. Coastal ecosystems across the basin vary greatly in 
their structure and function. Indicators will be developed for each 
coastal margin ecosystem type, if necessary. Our research plan uses 
EPA's ecological risk assessment paradigm as a broad framework 
to 1) illustrate the development of indicators, 2) test cause and 
effect between stressors and endpoints to develop diagnostics 
indicators, and 3) provide essential linkages with several EPA 
initiatives and programs. 

Previous Activity/Results Much of the data has been entered into 
a centralized database and checked for accuracy. The remaining 
samples are being processed. 

Principal Investigator(s) 
Gerald Niemi, George Host, Valerie Brady, Ronald Regal, Carol 
Johnston 

Project Sponsor(s) Amount 
U.S. Environmental Protection Agency $3,340,032 

Start Date 1/10/2001 End Date 1/9/2006 

Project No 189-6208 

Progress/Results 
The thousands of GPS points 
that were taken in conjunction 
with the collection of data at all 
sampling points are being linked 
to that data through GIS and the 
NRRI field database system. 
These GPS points are also being 
used to confirm sampling 
overlap among subprojects. 
Delineation of contributing areas 
for wetlands and embayments is 
nearing completion. Delineation 
of contributing areas for high 
energy shoreline is the next 
challenge to be tackled. 
Stressors that may be affecting 
these wetlands will be calculated 
for each contributing area. A 
paper has been accepted (with 
revisions) for publication: Host, 
G. et al. Use of GIS and 
remotely-sensed data for a priori 
identification of reference areas 
for Great Lakes coastal 
ecosystems. International 
Journal of Remote Sensing. 
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ECOSYSTEM STUDIES - WATER RESOURCES 
Effects of Multiple Stressors on Aquatic Communities 

Objective 1. Quantify the relationships among factors directly 
affected by climate change ( e.g., hydroperiod), differing land use, 
and amphibian community structure and composition in the prairie 
pothole region (PPR) of the U.S. 2. Quantify the relationships 
among physical and chemical wetland attributes (e.g., hydroperiod, 
thermal regime, pH, and DOC), UV-B radiation, and land use 
(including associated pesticide use) on amphibian organismal and 
community responses. 3. Quantify the effects of multiple stressors 
(shortened hydroperiod, increased UV-B radiation, and atrazine 
exposure) on the health and organismal responses of R. pipiens. 4. 
Use regional climate scenarios and hydrologic models in 
conjunction with empirical data gathered through field and 
mesocosm studies to predict potential effects of multiple stressors 
on prairie pothole wetlands and their associated amphibian 
communities. 

Background Aquatic organisms have evolved to respond to a wide 
variety of environmental stressors. These include fluctuating 
temperatures, pH, solar radiation, and water levels. Humans have 
added stressors, such as fertilizers, which add high nutrients to 
water, and pesticides. In addition, human activities have increased 
temperatures and the incidence of harmful solar UV radiation. This 
project aims to define the responses of amphibians and other 
aquatic organisms to such changes in the Prairie Pothole Region in 
southeastern South Dakota, which contains a vast expanse of 
important aquatic habitat. 

Previous Activity/Results All field data from 2003-2004 have 
been entered into a database and QC checked; analyses of field and 
landscape data are ongoing. 

Principal Investigator(s) 
Pat Schoff, Lucinda Johnson, Jennifer Olker 

Collaborator(s) 
Glenn Guntenspergen, Carter Johnson, Catherine Johnson 

Project Sponsor(s) Amount 
U.S. Environmental Protection Agency $746,433 

Start Date 4/7 /2003 End Date 4/6/2006 

Project No 189-6245 

1292 

Progress/Results 
Field surveys continued at the 
extensive (landscape) and 
intensive (wetland) scales 
beginning in late March 2005. 
We re-sampled four of the 
eleven cells (26 wetlands) from 
2004, and sampled 47 additional 
wetlands in seven cells across 
the PPR. Site selection was 
conducted as previously 
described. A total of 114 
wetlands were sampled in the 
extensive study. The 35 
intensive wetlands were sampled 
once a month (rather than once a 
week) starting in mid-April 
2005. Mesocosm studies were 
conducted at the Natural 
Resources Research Institute, 
University of Minnesota Duluth. 
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ECOSYSTEM STUDIES - WATER RESOURCES 
North Shore Wetland Classification: Phase I and Phase II 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
George Host 

Project Sponsor(s) 
MN Department of Natural Resources 
(NOAA Prime) 
MN Department of Natural Resources 
(NOAA Prime) 

Start Date 3/4/2004 

Project No 189-9011 

Amount 
$34,999 

$39,999 

End Date 6/30/2005 

Progress/Results 

1327 
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ECOSYSTEM STUDIES - WATER RESOURCES 
Evaluation of DNR Aquatic Vegetation Surveys Data Summaries and 
Com arative Anal sis 

Objective · 

Background 

Previous Activity/Results 

Principal Investigator(s) 
George Host, Lucinda Johnson 

Project Sponsor(s) 
MNDNR 

Start Date 5/28/2004 

Project No 189-6262 

Amount 
$50,000 

End Date 6/30/2005 

Progress/Results 

1328 
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ECOSYSTEM STUDIES - WATER RESOURCES 
Monitoring and Predicting Lake Water Quality in Northern Minnesota: 
NRRI Madelin and Database Assistance to Itasca Count 

Objective 

Background 

Previous Activity/Results 

Principal lnvestigator(s) 
Richard Axler 

Project Sponsor(s) 
MNDNR 

Start Date 4/19/2004 

Project No 189-6261 

Amount 
$10,413 

End Date 6/30/2005 

Progress/Results 

1334 
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ECOSYSTEM STUDIES - WATER RESOURCES 
Development of a North Shore Conservation Design Toolkit 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
Richard Axler 

Project Sponsor(s) 
Minnesota Pollution Control Agency 

Start Date 6/14/2004 

Project No 189-6265 

Amount 
$25,000 

End Date 6/30/2005 

Progress/Results 

1335 
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ECOSYSTEM STUDIES - WATER RESOURCES 1347 
Rainy River Basin TMDL Work Plan: SE Lake of the Woods Im pared 
Waters Pro·ect 

Objective 

Background Williams Creek, from its headwaters to Zippel Creel 
(River Reach# 09030009-116), was put on the TMDL list for low 
oxygen affecting aquatic life. Based on monitoring data from the 
Lake of the Woods (LoW) Soil and Water Conservation District 
(SWCD) and the MPCA and field surveys by MPCA staff it was 
determined that all watersheds, from Tomato Creek-West Branch 
Zippel Creek to Williams Creek-South Branch Zippel Creek were 
connected hydrologically through judicial ditches (County Ditch 
Number One). Low oxygen was a common occurrence throughout 
all the watersheds. In addition erosion, sediment deposition and 
elevated nutrients along with sediment and nutrient loading to Lo W 
were common throughout all the watersheds. It appears that the 
sediment loading is contributing to the low dissolved oxygen. The 
purpose of this study is to determine the causes and sources of the 
loading causing the low dissolved oxygen and high TSS and to 
determine locally acceptable remediation strategies. If the study 
points to the wetlands drained by County Ditch# 1 as the major 
cause oflow dissolved oxygen, the work group will need to 
determine if the wetland has been impacted from phosphorus 
loading or hydrologic modifications. Three sediment profiles will 
be collected to represent human history in the region (at least 150 
years) so that pre- and post-remedial trends may be inferred. Past 
nutrient and other chemical properties will be reconstructed using 
diatoms and other microfossil indicators preserved in the 
sedimentary remains. Sediment accumulation rates will be 
determined from lead-210 isotopic and loss-on-ignition analyses. 

Previous Activity/Results A preliminary visit to Zippel Bay 
occurred on 13 and 14 July 2004, and a gravity core was collected 
for preliminary dating and sediment analyses. Results indicated the 
length of cores required for the main sampling event, to occur 11 
January 2005. The project officially kicked off mid-December with 
planning for field sampling. 

Principal Investigator(s) 
Euan Reavie 

Project Sponsor(s) 
Lake of the Woods 
Soil and Water Conservation District 

Start Date 10/ 18/2004 

Project No 189-6278 

Amount 
$45,000 

End Date 12/31/2005 

Progress/Results 
Sediment cores were collected in 
January 2005. Loss-on-ignition, 
diatom preparation and 
enumeration, archiving, and 
lead-210 analysis have been 
performed on all core material. 
We await some lead-210 results 
from the St. Croix Watershed 
Research Station. A preliminary 
report was provided to the Lake 
of the Woods Soil and Water 
Conservation District for 
inclusion in the TMDL, due June 
30, 2005. A final report is 
currently in preparation, and is 
intended for submission to the 
Lo W SWCD and for publication 
in an international journal. 
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ECOSYSTEM STUDIES - WATER RESOURCES 
Integrated Habitat Classification and Map of the Lake Erie Basin 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
Lucinda Johnson 

Project Sponsor(s) Amount 
National Fish and Wildlife Foundation $128,278 
(EPA prime) 

Start Date 10/1/2004 End Date 6/30/2006 

Project No · 1653-189-6284 

Progress/Results 

1374 
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ECOSYSTEM STUDIES - WATER RESOURCES 1375 
CoastalGIS: Delivering Spatial Information for Land Use Planning on 
Minnesota's North Shore 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
George Host 

Project Sponsor(s) 
MN's Lake Superior Coastal Program 
(NOAA prime) 

Start Date 11/15/2004 

Project No 1662-189-6280 

Amount 
$24,565 

End Date 12/31/2005 

Progress/Results 
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ECOSYSTEM STUDIES - WATER RESOURCES 1172 
Collaborative Research: Training Water Science Technicians for the 
Future 

Objective To better prepare water science technicians for the 
increasingly high-technology, interdisciplinary, and often 
contentious world of water resource management in the 21st 
century 1) Develop a modular, Internet-based, two-semester 
laboratory water science curriculum for students in water resource 
management, water sciences, and environmental resource 
management; 2) provide on-line real-time water quality data and 
user-friendly data visualization tools from a variety of sources 
nationwide to provide a real-world setting for critical thinking and 
problem solving; 3) pilot-test, beta-test, evaluate and disseminate 
the curriculum. 

Background The Scientific and Advanced Technology Act of 
1992 stressed the need for improved educational training in 
science, mathematics, engineering, and technology. It noted that 
future technicians must improve their knowledge and skills by 
integrating theory with applied contexts, data acquisition, 
written/oral communication and interpretation of results, and 
advanced technologies. This project builds on the previous WOW 
basic science curriculum (http://wow.nrri.umn.edu) and 
LakeAccess community education project (http://Lakeaccess.org) 
to develop a curriculum for 2 and 4-year institutions that teaches 
fundamental water science principles and skills while addressing 
water quality issues important to each of 5 regions of the U.S. 
WOW staff will collaborate with instructors from the Pacific NW, 
SW, SE, NE and Upper Midwest with guidance from a national 
panel representing industry, agencies, and higher education. Each 
region is associated with a real-time water quality data stream 
delivered to the curriculum web site in partnership with an 
associated water management agency or university. 

Previous Activity/Results A website re-design is in progress to 
integrate the new with the pre-existing curriculum. 

Principal Investigator(s) 
Bruce Munson, Richard Axler, George Host, Gerry Sjerven, Cindy 
Hagley 

Project Sponsor(s) 
National Science Foundation (NSF) 
National Science Foundation (NSF) 

Start Date 7/1/2001 

Project No 189-9007, 9008 

Amount 
$204,404 
$161,369 

End Date 6/30/2005 

Progress/Results 
Minnesota data collection is now 
limited to the DuluthStreams 
creeks (3) and Ice Lake. The 
website has been redesigned, 
renamed 
(http://waterontheweb.org) and 
greatly expanded to include the 
new Water Science powerpoint 
curriculum, educational 
elements from WOW, 
LakeAccess and DuluthStreams, 
and new data feeds from a 
number of lakes and rivers 
around the U.S. and includes the 
pre-existing WOW science 
curriculum. Teacher training 
workshops were held in the 
Pacific NW and northern 
Wisconsin (LCO Tribal College) 
in spring 2004 to establish 
formal curriculum evaluation. 
Approximately 15 lecture 
modules have now either been 
posted on the website or are in 
final internal review. 
Presentations were made at 
national and state meetings. The 
website is now receiving > 1.6 
million hits /month. 
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CENTER ACTIVITIES 
Active Grants for Fiscal Year 2005 
Sponsor ID# CUF# Project Budi!et 
National 1160 1617-189-6228-00 Development of Environmental Indicators 120,000 
Aeronautics and for the U.S. Great Lakes Basin Using 
Space Remote Sensing Technology 
Administration, 
NASA 

Center for Disease 1253 1622-189-6243-00 Research Programs for the Development of 36,200 
Control and Methods for the Toxicity Assessments 
Prevention (CDC) 

U.S. Environmental 1113 1628-1 89-6208-00 Development of Environmental Indicators 353,220 
Protection Agency of Condition, Integrity, and Sustainability in 
(EPA) the Great Lakes Basin 

U.S . Environmental 1114 1628-189-6209-00 Development and Assessment of 62,540 
Protection Agency Environmental Indicators Based on Birds 
(EPA) and Amphibians in the Great Lakes Basin 

U.S. Environmental 1115 1628-189-6210-00 Testing Indicators of Coastal Ecosystem 94,504 
Protection Agency Integrity Using Fish and Macroinvertebrates 
(EPA) 

U.S. Environmental 1116 1628-189-6211-00 Great Lakes Diatom and Water Quality 69,632 
Protection Agency Indicators 
(EPA) 

U.S . Environmental 1117 1628-189-6212-00 Vegetative Indicators of Condition, 18,681 
Protection Agency Integrity, and Sustainability of Great Lakes 
(EPA) Coastal Wetlands 

U.S. Environmental 1136 1628-189-6221-00 Protocols for Selecting Classification 109,756 
Protection Agency Systems and Reference Conditions: A 
(EPA) Comparison of Methods 

U.S. Environmental 1292 1628-189-6245-00 Effects of Multiple Stressors on Aquatic 190,869 
Protection Agency Communities 
(EPA) 

U.S. Environmental 1365 1628-189-6277-00 An Exchange Network/COX Flow Protocol 50,493 
Protection Agency 
(EPA) 

USDA AG RES 1333 1634-189-6263-00 Behavior Modifying Compounds for 134,060 
SVC(ARS) Disease Vector Control 

USDA Forest 740 l 636-189-6202-00 Distribution of Canada Lynx in the Upper 5,793 
Service, Superior Midwestern United States 
National Forest 
(SNF) 

USDA Forest 740 1636-189-6252-00 Distribution of Canada Lynx in the Upper 21 ,718 
Service Midwestern United States 
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Sponsor ID# CUF# Project Budget 
USDA Forest 420 1637-189-6219-00 Monitoring Birds in Great Lakes National 31,356 
Service, Forests 
Chequamegon I 
Nicolet National 
Forests 

USDA Forest 1298 l 637-189-6253-00 Scenarios of Landscape Change Effects on 15,939 
Service, North Tropospheric Ozone Risk to Midwestern 
Central Forest Forests in the Midwest 
Experiment Station 
(NCFES) 

USDA Forest 419 1637-189-6285-00 Interacting Effects of Elevated Carbon 16,703 
Service Cioxide and Ozone on Aspen Forest 

Ecosystems 

National Science 1246 163 8-189-6241-00 Wild Rice Population Dynamics and 137,081 
Foundation (NSF) Nutrient Cycles 

National Science 1246 163 8-189-6264-00 Wild Rice Population Dynamics and 2,524 
Foundation (NSF) Nutrient Cycles 

National Science 370 163 8-189-6268-00 LTREB: Spatial Dynamics of the Moose- 60,463 
Foundation (NSF) Forest-Soil Ecosystem on Isle Royale 

USDI Geological 740 1648-189-6255-00 Distribution of Canada Lynx in the Upper 77,186 
Survey Midwestern United States 

U.S. Department of 1315 l 648-189-6257-00 Assessment and Development of Water 5,753 
Interior Quality Monitoring for Parks in the 

National Parks Service Great Lakes 
Network 

U.S. Department of 1345 1648-189-6270-00 Development of Sampling Framework/key 19,655 
Interior Protocols for Monitoring Natural Resources 

in the Great Lakes Network 

U.S. Department of 1345 l 648-189-6271-00 Development of Sampling Framework/key 22,564 
Interior Protocols for Monitoring Natural Resources · 

in the Great Lakes Network 

U.S. Department of 1345 1648-189-6272-00 Development of Sampling Framework/key 8,648 
Interior Protocols for Monitoring Natural Resources 

in the Great Lakes Network 

USDI Geological 1372 1648-189-6274-00 Development of a Risk Assessment Plan for 20,037 
Survey Arcadia National Park 

U.S. Department of 1359 l 648-189-6276-00 An Assessment of Terrestrial Snail Biology 14,828 
Interior and Ecology with Threats Analysis 

Fond du Lac 1128 1653-189-6217-00 Aquatic and Wetland Ecosystem Study of a 3,036 
Community College Restored Wild Rice Lake System 
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Sponsor ID# CUF# Project Bude:et 
Kansas State 1293 1653-189-6246-00 Climatic Variability and Ecosystem 48,481 
University (NSF Response: Precipitation Patterns, Soil 
Prime) Moisture Dynamics, and Productivity in 

Tallgrass Prairie 
U.S. Department of 1364 1653-189-6281-00 Bridging the Divide: Linking Genomics to 12,534 
Energy Ecosystem Responses to Climate Change 

Minnesota Pollution 1335 1662-189-6265-00 Development of a North Shore 12,232 
Control Agency Conservation Design Toolkit 
(MPCA) 

Minnesota's Lake 1375 1662-189-6280-00 CoastalGIS: Delivering Spatial Information 10,997 
Superior Coastal for Land Use Planning on Minnesota's 
Program (NOAA North Shore 
prime) 

Minnesota 740 1662-189-6287-00 Distribution of Canada Lynx in the Upper 61,805 
Department of Midwestern United States 
Natural Resources 

Minnesota 1373 1663-189-6282-00 Updating Current Forest Condition for 7,955 
Department of Range of Variation Modeling 
Natural Resources 

National Council of 740 1665-189-6288-00 Distribution of Canada Lynx in the Upper 7,527 
the Paper Industry Midwestern United States 
for Air and Stream 
Improvement, Inc. 
(NCASI) 

Lake of the Woods 1347 1676-189-6278-00 Rainy River Basin TMDL Work Plan: SE 18,861 
Soil and Water Lake ofthe Woods lmpared Waters Project 
Conservation 
District 

USDI Geological 740 1727-189-6251-00 Distribution of Canada Lynx in the Upper 15,779 
Survey Midwestern United States 

Estimated total $ 1,899,410 
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Pending Grants 
1. Moen. Habitat improvements for Canada lynx in northeastern Minnesota. National Wildlife 

Federation. 6,000. 
2. Axler, Host. DuluthStreams heads north; making North Shore stream data make sense to citizens 

and local officials. MN DNR (NOAA prime). 95,619. Funded. 
3. Munson, Axler. Environmental Literary 2005: Linking Great Lakes weather, water, and community 

health. NOAA. 499,994. 
4. Host, Aquatic ecosystem study of a wild rice lake system, phase 3. Fond du Lac Tribal Community 

College, USDA prime. 32,451. 
5. Host. CoastalGIS: Delivering spatial information for land use planning on Minnesota's North 

Shore. MN Lake Superior Coastal Program (NOAA prime). 28,123. Funded. 
6. Johnson. Mitigating disturbance in tributary streams of Lake Superior. Great Lakes National 

Program Office. EP AJNHEERL. Funded. 
7. Johnson, Integrated habitat classification and map of the Lake Erie basin. Great Lakes Commission 

128,278. Funded. 
8. Reavie. Rainy River Basin TMDL Work Plan: SE Lake of the Woods impaired waters project 

(Williams Creek TMDL). Lake of the Woods SWCD AND MPCA. Funded. 
9. Reavie. Assessing the condition of Great Rivers using benthic and planktonic algal indicators. U.S . 

EPA. 839,999. 
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PROGRAM NOTES 
Natural Resources Geographic Information System Laboratory 
Projects using the GiS Laboratory fiscal year 2005 
Area Org Project Title 
186-2209 Water on the web - monitoring II 
189-2758 Duluth area natural resources inventory- wetlands and forest cover 
189-6170 Minnesota integrated riparian study 
189-6191 Effects of forest fragmentation on community structure and 

metapopulation dynamics of amphibians 
189-6194 Dispersion and ecological interactions of clonal and sexual fish at VNP 
189-6203 Moose browsing and fire regime at Isle Royale National Park 
189-6208 GLEI - Main 
189-6209 GLEI - Birds and·amphibians 
189-6210 GLEI - Fish and macro-invertebrates 
189-6212 GLEI - Wetlands 
189-6217 Rice Lake I Wild Rice 
189-6218 New TM classification scheme, Toolik, Alaska 
189-6219 National forest 01 monitor 
189-6221 GLEI - Reference areas 
189-6223 Spatial assessment of MN forests 
189-6224 Boreal owl: its habitat and prey in the Superior National Forest 
189-6228 NASA - remote sensing 
189-6229 Coastal zone management - CZM 
189-6232 LCMR forest bird diversity - Phase VI 
189-6238 Climate, wetland, and dissolved organic matter control over UV 

damage to aquatic foodchains - Ontonagon watershed 
189-9010 Duluth streams - stormwater 
345-9021 Seagrant - Non-point education for municipal officials 
189-6245 EPA - stressors 

Equipment: 

Pl 
Host/Axler 
Johnston · 
Hanowski 

Johnson 

Johnston/Meysembourg 
Moen 
Niemi 
Hanowski 
Niemi 
Johnston 
Host 
Richards 
Hanowski 
L. Johnson/Host 
Host 
Moen 
Niemi/Wolter/Brown 
Host 
Niemi 

Johnston 

Host/Axler 
Sjerven 
Niemi 

An additional machine has been added (mite). This machine's primary purpose is to host the ArcIMS 
web and map server. Current computer configurations: There are currently ten workstations available 
for use. All workstations have Windows 2000 or XP Pro operating systems installed. All workstations 
have USB 2.0 interfaces and CD writers. We have a total of four general purpose hard disks available 
for common, frequently used data (W: , X:, Y:, and Z: drives). The X: and Y: drives are mirrored 160 
GB volumes. The Z: drive is a mirrored 232 GB volume. User data is still backed up onto two backup 
hard disks nightly. One DVD writer is now available for projects and backing up larger data (either 
cheaper 4.7GB or more expensive 9.4GB disks) - it can write to any current type of DVD. 

The large format (13xl9") inkjet printer (HP1220) is still working reliably. The page size HP color 
LaserJet 4550 is operating in good condition and replacement toner cartridges are on hand. Three 
Garmin handheld mapping GPS receivers are available for field work. The Compaq H3850 color 
handheld PC is also available for field data collection. 

Software: 
Current software versions in use: Windows 2000 Pro and Windows XP Pro, ArcGIS 9.0 and Arclnfo 
Workstation 9.0, ArcIMS 9.0, Imagine 8.7, Arcview 3.3, Photoshop 6.0, MS Office 2000, Nero (CD 
writing) 5.5. Oracle 9.2 database server software has been installed and is being configured for serving 
geo-da tabases. 
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Central Analytical Laboratory 
The Central Analytical Laboratory continues to analyze samples from a variety of projects including: 
Itasca Soil and Water Conservation District, Fond du Lac Band Environmental Program, Lac Courte 
Oreilles Band Conservation Program, MN DNR regional fisheries office in Grand Rapids, Chippewa 
National Forest, and new for 2005 - the Mille Lacs Band's Natural Resources Program which the Lab 
has helped in regard to its lake monitoring design and preparation of a quality assurance program plan 

Under the direction of John Alneel the Lab has continued to successfully analyze performance 
evaluation standards for a variety of water quality parameters relating to federal Clean Water Act and 
Safe Drinking Water Act regulatory standards. The lab is also certified through the UM Radiation 
Protection Program for the use of the radioisotopes, carbon-14 and tritium, for limnological studies. J. 
Ameel is a member of the UMD Hazardous Materials Management Advisory Committee and is the 
radiation protection officer for NRRI. 

Elaine Ruzycki continues her involvement with the NSF project 'Training water quality technicians for 
the future-a national on-line curriculum using advanced technologies and real-time data.' This three-
year educational program integrates advanced environmental monitoring technology into a semester 
long curriculum designed to train water quality technicians. It is an offshoot of the Water on the Web 
project that recently ended http://waterontheweb.org, although the Internet-based basic science 
curriculum will continue until June 2005. E. Ruzycki is assisting with outreach through MN Sea Grant, 
and technical aspects of the project through NRRI. 

Ruzycki is working in collaboration with Itasca County SWCD and MDNR to assist with development 
oflake protection tools for the county. This effort involves database development, generating 
hydrologic coefficients, and running various lake models which can be used to generate and evaluate 
potential development scenarios. Ruzycki was involved in the development of a prototype performance 
code website: watershed or river basin/water resource classification website that could be used by 
counties and incorporated into a web-based software tool for tracking and permitting onsite septic 
systems developed by Ayers and Associates called Septic Assist 
(http://www.lakesuperiorstreams.org/understanding/performance-code.html). 

E. Ruzycki and J. Henneck also continued their involvement in the CESU project called, 'The 
assessment and development of water quality monitoring protocols for park units in the National Parks 
Service Great Lakes Network' (R. Axler, George Host, and Joe Mayasich- Co Pls). Both are also 
assisting with a GLKN water quality monitoring protocol development project that is closely related to 
this one. 

J. Henneck, Jane Reed, and E. Ruzycki continued their involvement in DuluthStreams, an EPA 
EMPACT funded project partnering the city of Duluth, NRRI, MN Sea Grant, UMD Department of 
Education, MPCA, WLSSD, Lake Superior Zoo, and the Great Lakes Aquarium. The primary goal is 
to enhance public understanding of aquatic ecosystems, the influence ofland uses in the watershed, 
and the importance of these systems to both economic and environmental sustainability. Three in-
stream monitors were deployed and stream monitoring in on-going. The web site for 
http://www.duluthstreams.org, which continues to be expanded and updated, has been funded to 
expand to include regional communities now considered to be stormwater dischargers. The website is 
now called Lake Superior Streams (http://lakesuperiorstreams.org). An additional proposal has been 
submitted to further expand the project to include the North Shore of Lake Superior and has received 
tentative approval for funding beginning October 2005. 

J. Henneck began field work on the Weber Stream Restoration Initiative that NRRI and Minnesota Sea 
Grant at the University of Minnesota Duluth are working on in conjunction with local, state, and 
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federal-agencies, municipalities, and community organizations to help secure additional funds for 
further project development (see http://www.lakesuperiorstreams.org/ weber/index.html) . The 
objective is to apply sound scientific principles and practices to the conservation of healthy streams, 
and the restoration of degraded stream systems. ill order to maintain or enhance the ecological structure 
and function of North Shore streams, collaborators will implement best.management practices (BMPs) 
that focus on water quality, habitat characteristics, and native biological diversity. The initiative 
consists of four parts: 1) watershed assessment, 2) community education and communication, 3) stream 
restoration, and 4) project evaluation. 

E. Ruzycki has begun field work and data analysis on a Minnesota Sea Grant project funded project 
entitled 'Estimating sediment and nutrient loads in four Western Lake Superior streams: Continuous 
turbidity monitoring versus spot sampling and modeling. ' Real time turbidity sensor data from the 
Duluth Streams project is being used to determine sediment loads in four Duluth area watersheds. ill 
addition, the Western Lake Superior Sanitary District is providing funds to analyze stream samples for 
dissolved and total mercury. A relationship between sediment concentrations and mercury has been 
established in several Minnesota watersheds and this work will explore that relationship in these small 
urban Duluth watersheds. 

J. Reed and Norm Will continue to maintain a website for the MN Pollution Control Agency beach 
monitoring program (http://www.mnbeaches.org/index.shtrnl). The goal .of the program is to assure a 
safe and healthy aquatic recreational environment by informing the water-going public about risk of 
contracting water-borne diseases from exposure to contaminated waters. The program collects samples 
from 37 Lake Superior beaches and analyzes those samples for water-borne diseases and human health 
risks. A prototype data visualization tool is now in development for displaying and animating these 
data. She also designed and maintains the NRRl lynx website (http://www. nrri.umn. edu/lynx) and has 
assisted with the revision of the main NRRI website. 
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Scientific Meetings and Presentations 
Subhash C. Basak was Co-Chairperson of the fourth Indo-U.S. Workshop on Mathematical 
Chemistry organized in Pune, Maharashtra, India, January 8-12, 2005. Basak and collaborators gave 
the following presentations at the conference: 
1. Mathematical structural invariants: Developments and applications, by Subhash Basak. 
2. Partial order: A general tool in ecotoxicological and ecosystems· hazard assessment, by Rainer 

Briiggemann (Institute of Freshwater Ecology and Inland Fisheries, Dept. of Ecohydrology, 
Mi.iggelseedamrn, Berlin-Friedrichshagen, Germany) and Basak. 

3. Prediction of biologic partition coefficients and binding affinities using SAR models, Moiz M. 
Mumtaz and Hisham A. El-Masri, (both from the Agency for Toxic Substances and Disease 
Registry, Centers for Disease Control and Prevention, Atlanta, GA), Douglas M. Hawkins 
(University of Minnesota Dept. of Statistics), Denise Mills, and Basak 

4. Quantitative structure-activity relati_onship (QSAR) modeling of juvenile hormone activity of alkyl 
(2E, 4E), 3, 7,11-trimethyl-2, 4-dodecadienoates, Basak, Ramanathan Natarajan, Mills, and 
Brian Gute. 

5. Tailored similarity: Creation of activity specific molecular similarity spaces, by Gute. 
6. On canonical labeling of proteins of proteomics maps, Milan Randie (Drake University, Iowa), 

Dejan Plavsic (Rugjer Boskovic Institute, Croatia), and Basak. 
7. Comparison of arbitrary versus tailored similarity spaces in property estimation, Gute, Basak, 

Mills, and Hawkins. 
8. Four-color map representation of DNA sequences and their numerical characterization, Randie, 

Basak, Nella Lera, Dejan Plavsic (both ofRugjer Boskovic Institute, Croatia), and Alexandru T. 
Balaban (Texas A & M University, Galveston, TX). 

9. On invariants of a 2-D proteomic map derived from neighborhood graphs, Randie, Lera, Plavsic, 
and Basak. 

10. Mutagen/non-mutagen classification of congeneric and diverse sets of chemicals using computed 
molecular descriptors: A hierarchical approach, Basak, Mills, Gute, Matson, and Hawkins. 

11. NMR spectral invariants as numerical descriptors for diastereomers, Basak and Natarajan. 
12. Ordering the repellency of stereoisomeric topical mosquito repellents by molecular overlay, 

Natarajan, Basak, Balaban, Jerome A. Klun and Walter F. Schmidt (both of the USDA 
Agricultural Research Service, Chemical Affecting Insect Behavior Laboratory, Beltsville, MD). 

13. Overall path connectivity- Two non-degenerate indices for alkanes, Natarajan, T. C. Murali T. 
M . Anbazhagan (both of Crux Fusion Software, Bangalore, India). 

14. Prediction of blood: brain penetration of chemicals using computed molecular descriptors, 
Matson, Basak, Lester R. Drewes (Department of Biochemistry and Molecular Biology, UMD 
School of Medicine). 

15. QSTR models of juvenile hormone mimetic compounds for Culex pipiens larvae, Jessica J. Kraker, 
Hawkins (both of the University of Minnesota Dept. of Statistics), Mills, Natarajan, and Basak. 

16. Similarity of proteomic maps: Use of similarity index and self-organizing maps, Marjan G. Vracko 
(National Institute of Chemistry, Slovenia), Basak, Kevin Geiss (Air Force Research Laboratory, 
Dayton, OH), Frank Witzrnann (Purdue University of Indiana, Indianapolis, IN). 

17. Similarity-based chemical clustering techniques, Gute and Basak. 
18. Stereochemical structure-activity relationship studies of insect repellents, Natarajan, Basak, 

Balaban, and Klun. 
19. Advancing frontiers of graph-theoretic applications in environmental protection and drug design, 

an invited lecture by Basak. 
20. Graph invariants and design of mosquito repellents, by Natarajan Ramanathan and Basak 

Subhash Basak participated in the international conference on Contemporary Concepts in Toxicology-
Charting the Future: Building the Scientific Foundation for Mixtures Joint Toxicity and Risk 
Assessment, organized by the Agency for Toxic Substance and Disease Registry, Centers for Disease 
Control and Prevention, Atlanta, GA, February 16-17, 2005 . He also presented the paper Computer-
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Assisted Estimation of Blood: Air Partition Coefficients of VOCs: Implications for Chemical Mixtures, 
authored jointly by Basak, Denise Mills, H.A. El-Masri (Quantitative and Risk Methods Group 
National Center for Environmental Assessment, Washington, DC), and M.M. Mumtaz (Research 
Implementation Branch NCEH/ ATSDR, Atlanta, GA). 

Subhash Basak participated in the meeting organized for the Competitive Grants Review of the 
Armed Forces Pest Management Board and Deployed War Fighter Protection funded research, March 
1-2, 2005, Gainesville, FL. He then went to Washington, DC to take part in the DARPA workshop on 
Computable Semantics for Systems Biology, March 3-4, 2005, Washington, DC, as an invited 
participant and to discuss the utility of hierarchical structure-function relationship (HiSFR) concept 
developed by Basak in computationaf systems biology. Basak continued this trip to New Orleans, LA, 
to participate in the Society of Toxicology annual conference, March 5-11, 2005. 

Basak traveled to California, to participate in the 229th national meeting of American Chemical 
Society, March 12-17, 2005 in San Diego, where he was invited to present a paper, "Indices of 
neighborhood complexity of molecules," in the special symposium on "Application of Information 
Theory in Chemistry" organized by the Chemical Information Division of the American Chemical 
Society (ACS) and co-sponsored by the Computers in Chemistry Division. The symposium was 
organized by G.M. Maggiora and V. Shanmugasundaram. 

Basak's research group also presented the following papers in four different divisions of ACS: 
I. Division of Agricultural and Food Chemistry: 
1. Hierarchical quantitative-structure activity relationship (HiQSAR) studies of mosquito repellency 

of amides ." R. Natarajan, S. Basak. 
2. Ordering repellency of stereoisomeric topical mosquito repellants by molecular overlay." R. 

Natarajan, S. Basak. 
3. Quantitative structure-activity relationship (QSAR) modeling of juvenile hormone activity of alkyl 

(2E, 4E),3,7, l l-trimethyl-2,4-dodecadienoates." R. Natarajan, S. Basak. D. Mill, B. Gute. 
4. Stereochemical structure-activity relationship studies of insect repellants", R. Natarajan, S.C. 

Basak., A.T. Balaban (Texas A & MU, Galveston), J.A. Klun (USDA, Washington DC), W.F. 
Schmidt (USDA, Washington DC). 

II. Division of Chemical Information: 
1. Estimation of estrogen receptor binding affinity using theoretical molecular descriptor." D. Mills, 

S. Basak, D. Hawkins (Department of Statistics, TC campus) . 
2. Hierarchical quantitative structure-toxicity relationship (Hi-QSTR) of aquatic toxicity and 

mutagenicity." D. Mills, S. Basak, B. Gute. 
3. Mutagen/non-mutagen classification of congeneric and diverse sets of chemicals using computed 

molecular descriptor: A hierarchical approach." D. Mills, S. Basak, D.M. Hawkins (UMN, TC), 
and B. Gute. 

4 . Prediction of biological partition coefficients and binding affinities using QSAR models." D. 
Mills, S. Basak, M. Mumtaz (Agency for Toxic Substances and Disease Registry, Centers for 
Disease Control and Prevention, Atlanta) and H. El-Masri (U.S. Environmental Protection Agency, 
Washington, DC). 

5. Prediction of blood: brain penetration of chemicals using computed molecular descriptors." C. 
Matson, S. Basak and L. Drewes (Department of Biochemistry and Molecular Biology, UMD). 

6. NMR spectral invariants as numerical descriptors for diastereomers and enantiomers." R. 
Natarajan, S. Basak. 6) "QSTR models of juvenile hormone mimetic compounds for Culex 
pipiens larvae." J. Kraker, D. Hawkins (both from Department of Statistics, TC Campus), D. Mills, 
R. Natarajan, S. Basak. 

III. Division of Computers in Chemistry: 
1. Hierarchical QSAR (HiQSAR) approach to predicting dermal penetrations. B. Gute, J. Riviere, R. 

Baynes (both from the North Carolina State University), S. Basak. 
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2. Comparison of arbitrary versus tailored similarity spaces in property predictions. B. Gute, D. 
Mills, S. Basak, D. Hawkins. 

3. Similarity-based chemical clustering techniques. B. Gute, D. Mills, S. Basak. 

IV. Division of Medicinal Chemistry: 
1. Predicting antimycobacterial activity of quinolone derivatives using theoretical molecular 

descriptors."D. Mills, S. Basak, M. Bagchi, B. Maiti (both of the Indian Institute of Chemical 
Biology, Kolkata, India). 

2. Predicting in-vitro antimycotics using quantitative structure-activity relationship (QSAR) models." 
D. Mills, S. Basak. 

Ron Moen gave an oral presentation at the 4th annual Western Great Lakes Research Conference held 
March 30-31 in Marquette, Michigan entitled, Biology and Management of Canada Lynx in 
Minnesota. Ron Moen gave another oral presentation at the 2005 Midwest Wolf Stewards meeting on 
April 27th-281

h at Grand Casino Hinckley entitled "How do Lynx in the landscape impact wolves?" 
The presentation was based on a paper by Moen, Ed Lindquist (U.S. Forest Service), Chris Burdett, 
Gerald Niemi and L. David Mech (USGS). Ron Moen gave a talk titled "Biology and Management of 
Canada lynx in Minnesota", co-authored by Christopher L. Burdett, Gerald J. Niemi, L. David Mech 
and Edward L. Lindquist at the 2005 Joint Furbearer Workshop, May 10-12, 2005 in Bismarck, North 
Dakota. 

On March 22, Jim Lind presented a poster at the Forest and Wildlife Research Review at UMD. It was 
titled, Population Trends of Forest Birds on Western Great Lakes National Forests. 
And on March 31, Jim Lind gave an oral presentation at the Western Great Lakes Research 
Conference at Marquette, Michigan. It was titled "A Review of Landbird Monitoring Programs in the 
Great Lakes Network. 

Rich Axler presented a poster titled "DuluthStreams.org: Community Partnerships for Understanding 
Urban Storm Water and Water Quality Issues at the Head of the Great Lakes" at the 4th Annual 
Minnesota Road Salt Symposium on March 30, 2005 in St. Cloud. The Project also received a 2005 
Environmental Leadership Award for Education from the Freshwater Society of Minnesota and the 
Minnesota Local Technical Assistance Program. 

Subhash Basak gave an invited plenary lecture entitled "Applications of chemodescriptors and 
biodescriptors in biological structure-activity relationships" at the Chemometrics session of the 14th 
Spectroscopy in Theory and Practice Conference, April, 10-13, held in Nova Gorica, 
Slovenia. Basak continued his trip to Ljubljana, Slovenia, where he delivered two invited lectures: 1) 
"The utility of chemodescriptors and biodescriptors in predicting toxicity of chemicals" at the 
University of Ljubljana; and 2) an invited seminar "Information-theoretic descriptors of molecules and 
proteomics maps: development and applications," at the National Institute of Chemistry, Ljubljana, 
Slovenia. Basak then traveled to Rome where he gave a presentation on his mathematical proteomics 
research at the Dipartimento di Biologia Vegetale, Universita di Roma, Rome, Italy. He also gave an 
invited lecture entitled "Applications of mathematically derived chemo- and proteomics based 
descriptors in predicting toxicity of chemicals" at the Experimental and Computational Carcinogenesis 
Branch oflnstituto Superiore di Sanita, Rome. 

Subhash Basak was in Arlington, VA, May 2-7, 2005, to participate in the BioSpace Conference on 
Computational Biology and Bioinformatics, organized by DARPA, U.S . Department of Defense. 
Basak traveled to Lille, France, to act as the Co-Chairperson of a QSAR session at the Society of 
Environmental Toxicology and Chemistry (SETAC) Europe conference, May 22-26, 2005, and to 
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present a paper "QSARs for bioactivity and toxicity using chemodescriptors and biodescriptors" ~t the 
conference. He continued his trip to Orleans, France, where he gave an invited lecture "Prediction of 
bioactivity and toxicity of chemicals from chemodescriptors and proteomics based biodescriptors: An 
integrated approach" at the company headquarter ofBIOCHEMICS CONSULTING. Basak finally 
traveled to Paris to meet UNESCO/United Nations officials regarding UNESCO involvement in the 
mathematical chemistry research and workshop program of NRRI. 

Phil Fay presented a poster titled "Rainfall variability and ecosystem response in a mesic grassland" in 
a session on "Ecohydrology of arid and semi-arid ecosystems" at the European Geosciences Union 
General Congress, in Vienna, Austria, April 24-29. Co-authors included D.M. Kaufman, J.M. Blair, 
and C.W. Harper (Kansas State Univ.), A.K. Knapp and J.B . Nippert (Colorado State Univ.), M.D. 
Smith (Yale), and S.L. Collins (Univ. of New Mexico). 

Ronny Millen and Chris Burdett presented "Critical habitat at the crossroads: science, economics, and 
other relevant factors" at the Law and Life Sciences Conference held at the UMN Law School May 20, 
2005. 

Several CWE researchers attended the 2005 annual meeting of the North American Benthological 
Society in New Orleans May 23-27. Valerie Brady presented an invited presentation with co-authors 
Lucinda Johnson, Jan Ciborowski, Dan Breneman, Tom Hollenhorst, and Joseph Gathman on 
Macroinvertebrate responses to wetland hydrogeomorphic classes in the Laurentian Great Lakes. Dan 
Breneman presented an invited presentation with co-authors Lucinda Johnson and Catherine Johnson 
on Effects of fragmentation on macroinvertebrate community composition in vernal pools. Lucinda 
Johnson gave an invited presentation with co-authors Dan Breneman, Jan Ciborowski, Valerie 
Brady, George Host, Jeffrey Schuldt, Tom Hrabik, and Carl Richards on Identifying reference 
conditions in highly disturbed coastal Great Lakes regions. Reavie, E.D., A.R. Kireta, J.C. Kingston, 
R.P. Axler, G.V. Sgro, E.F. Stoermer. "New diatom-based tools to assess environmental disturbance in 
Great Lakes coastal ecosystems." Kireta, A.R., E.D. Reavie, G.V. Sgro, J.C. Kingston, R.P. Axler, 
E.F. Stoermer. "Importance of geomorphic characteristics in developing diatom models in the near-
shore Great Lakes." 
Sgro, G.V., E. D. Reavie, A.R. Kireta, J.C. Kingston, R.P. Axler, M.J. Ferguson, E.F. Stoermer. 
"Comparison ofbenthic diatom indices of habitat quality in the Laurentian Great Lakes." 

Johnson, L.B., J.J.H. Ciborowski, N. Danz, G. Host, G.L. Niemi, J. Schuldt, R. Regal, T. Hollenhorst, 
V.J. Brady, and T. Brown. 2005 . Quantifying the human disturbance gradient for the coastal Great 
Lakes. Invited presentation to: Surface Water Monitoring and Assessment Chicago, IL. Feb/05. 

Johnson, L.B., J.J.H. Ciborowski, G. E. Host, V. Brady, J. Schuldt, and C. Richards. 2005. Great 
Lakes Coastal Wetland classification and identification of reference areas. [invited symposium] 
American Society of Limnology and Oceanography, Aquatic sciences meeting, Salt Lake City, Utah, 
Feb/05. 

Johnson, L.B., D. Breneman, V.J. Brady, J.J.H. Ciborowski, and Y. Bhagat. 2005. Indicators of 
water quantity and quality issues: examples from Great Lakes coastal areas. Invited presentation to 
Sustainable Water Resources Roundtable, Ann Arbor, MI, April/OS. 

Teaching 
The following course were taught at the University of Minnesota Duluth spring, 2005: 
Gerald Niemi taught Conservation Biology, 
Patrick Schoff and Joseph Mayasich taught Ecotoxicology. 
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Outreach 
Lucinda Johnson was re-elected for a second term as secretary of the North American Benthological 
Society, an international organization representing freshwater biologists. 

Lucinda Johnson participated, with Jan Ciborowski, in an effort within the EPA Office of Waters to 
develop a method for quantifying the human disturbance gradient, a methodology used to conduct 
water quality assessments for addressing the Clean Water Act requirements. The information going 
into this document is derived from the GLEI and Reference Area projects. 

Tom Hollenhorst and Lucinda Johnson participated in and co-hosted a two-day meeting to 
coordinate strategies and plan next steps to building and implementing an integrated binational 
classification system and GIS-based map of the Lake Erie basin at the F.T. Stone Laboratory of Ohio 
State University, Gibraltar Island, OH, May 6-7, 2005. 

Lucinda Johnson was among six domain experts who participated in the development of a Bayesian 
Belief Network Model of a stream ecosystem. This effort was part of an initial effort by the 
Environmental Protection Agency to develop new modelling frameworks for environmental decision 
making. 

JoAnn Banowski and Lucinda Johnson continue to serve on the Riparian Science Technical 
Committee, which is charged with compiling and summarizing existing knowledge about the impact of 
forest harvest in riparian zones on ecosystem health. 

Awards 
On January 26, 2005, DuluthStreams.org was a recipient of the 2004 Environmental Stewardship 
Award for Media by the St. Louis River Citizens Action Committee. The award recognizes the team of 
agencies, including NRRI, for their outstanding contributions to environmental stewardship in the St. 
Louis River area. 

4.50 RRISemi-Annual Report I January- June 2005 



Publications 
Currently submitted, in press, or published 
Cumulative published totals from 1985 to present 
Publications- 526 

Axler, R.P., J.R. Henneck, B.J. McCarthy, R.E. Hicks, Olson, M.R. 2005. Seasonal virus removal by 
alternative wastewater treatment systems. Journal of Water and Health 3:139-155 . 

Bagchi, M. C., B.C. Maiti, D. Mills, S.C. Basak. 2004. Usefulness of graphical invariants in 
quantitative structure-activity correlations of tuberculostatic drugs of isonicotinic acid hydrazide 
type. Journal of Molecular Modeling 10(2): 102-111. 

Bajzer, Z. , S.C. Basak, M.Vracko, Grobelsek, M. Randie. 2004. Use ofproteornics based 
biodescriptors in the characterization of chemical toxicity. In Genomic and Proteomic Applications 
of Toxicity Testing, ed. MJ Cunningham, Humana Press, Inc, Totowa, NJ. In press. 

Basak,S .C. 2005 . Use of proteomics based biodescriptors versus chemodescriptors in predicting 
halocarbon toxicity: an integrated approach, pgs. 1-3, Vol. 3. In: Lecture Series on Computer and 
Computational Sciences. 

Basak,S.C., Gute,B.D., Hawkins,D.M. 2005. A comparative study of arbitrary versus tailored 
molecular similarity metrics in property I toxicity I bioactivity prediction, pgs. 1-3, Vol. 1. In: 
Lecture Series on Computer and Computational Sciences. 

Basak, S.C., B.D. Gute, F.A. Witzmann. 2005. Application of information-theoretic biodescriptors in 
toxicity prediction. Journal of Chemical Information and Modeling. In preparation 

Basak, S.C., B.D. Gute, F.A. Witzmann. 2005. Information-theoretic biodescriptors for proteomics 
maps: Development and applications in predictive toxicology. In Proceedings of the 9th WSEAS 
International Conference on Computers. In press. 

Basak, S.C., B.D. Gute, G.D. Grunwald. Quantitative comparison of five molecular structure spaces in 
selecting analogs of chemicals. Mathematical Modeling and Scientific Computing. In press. 

Basak, S.C., B.D. Gute, G.D. Grunwald. Development and applications of molecular similarity 
methods using nonempirical parameters. Mathematical Modeling and Scientific Computing. In 
press. 

Basak, S.C., D. Mills. 2005. Predicting permeability of antimycotics from calculated 
chemodescriptors: A hierarchical QSAR approach. In Proceedings of the 9th WSEAS International 
Conference on Computers. In press. 

Basak, S.C., D. Mills. 2005. Prediction of partitioning properties for environmental pollutants using 
mathematical structural descriptors. SAR and QSAR in Environmental Research. Submitted. 

Basak, S.C., D. Mills, B.D . . Gute. 2005 . Predicting bioactivity and toxicity of chemicals from 
mathematical descriptors: a chemical-cum-biochemical approach. In Advances in Quantum 
Chemistry: Chemical Graph Theory: wherefrom, wherefor, & whereto, eds. , D.J. Klein, E. 
Brandas, Elsevier-Academic Press. Submitted. 

Basak, S.C., D. Mills, B .D. Gute. 2005 . Quantitative structure-activity relationships (QSARs). In 
Biological Concepts and Techniques in Toxicology: An Integrated Approach, ed., J. Riviere, 
Marcel-Dekker, Inc. Submitted. 

Basak, S.C., Mills, D., Gute, B.D., Balaban, A.T., Basak, K., Grunwald, G.D. 2005 . Use of 
mathematical structural invariants in analyzing combinatorial libraries: a case study with Psoralen 
derivatives. In : D.K. Sinha, S.C. Basak, R.K. Mohanty, I.N. Basumallick, eds. Some Aspects of 
Mathematical Chemistry. Visva-Bharati University, India. In press. 

Basak, S.C., D. Mills. 2003 . Modeling of aryl hydrocarbon (ah) receptor binding affinity for 
dibenzofurans. Pg 168 In Kartsev,V, editor. Oxygen- and Sulfur-Containing Heterocycles in our 
Series Chemistry of Biologically Active Synthetic and Natural Compounds. 

Basak, S.C. , Mills, D, Mumtaz, M.M., Balasubramanian, K. 2003. Use of topological indices in 
predicting aryl hydrocarbon (Ah) receptor binding potency of dibenzofurans: a hierarchical QSAR 
approach. Indian Journal of Chemistry 42A: 13 85-1391. 
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Basak, S.C., N. Ramanathan, D. Mills. 2005. Structure-activity relationships for mosquito repellent 
aminoamides using the hierarchical QSAR method based on calculated molecular descriptors. In 
Proceedings of the 9th WSEAS International Conference on Computers. In press. 

Danz, N.P., R.R. Regal, G.J. Niemi, V. Brady, T. Hollenhorst, L.B. Johnson, G.E. Host, J.M. 
Hanowski, C.A. Johnston, T. Brown, J. Kingston, J.R. Kelly. 2005. Environmentally stratified 
sampling design for the development of Great Lakes environmental indicators. Environmental 
Monitoring and Assessment 102:41-65. 

Grigorovich, I.A., E.L. Mills, C.B. Richards, D. Breneman, J.J.H. Ciborowski. 2005. European valve 
snail Va/vat piscinalis (Muller) in the Laurentian Great Lakes basin. Journal of Great Lakes 
Research 35(1): in press. 

Gute, B.D., S.C. Basak. 2005. Ordering of molecules using topological indices: comparison of 
arbitrary and tailored structure spaces. SAR and QSAR in Environmental Research. In 
preparation. 

Hale, C.M., J. Pastor. Nitrogen content, decay rates, and decompositional dynamics of hollow versus 
solid hardwood logs in old growth and mature hardwood forests of Minnesota, USA. Canadian 
Journal of Forest Research. Submitted. 

Hanowski, J. M, N. Danz, J. Lind, G. J. Niemi. 2005. Breeding bird response to varying amounts of 
overstory retention in riparian buffers. Journal of Wildlife Management 69:689-698. 

Hanowski, J., N. Danz, J. Lind, G. Niemi. Does amount of tree basal area removed from riparian 
forests impact breeding bird communities? Submitted. 

Hanowski, J,. R. Howe, G. Niemi. Species-specific sampling effectiveness of calling anuran surveys in 
Lake Superior wetlands. Copeia. Submitted. 

Harper, C.W., J.M. Blair, P.A. Fay, A.K. Knapp, J.D. Carlisle. 2005 . Grassland soil C02 flux responds 
to alterations in both rainfall timing and amount. Global Change Biology 11: 322-334 

Hawkins, D. M., S. C. Basak, D. Mills. 2004. QSARs for chemical mutagens from structure: ridge 
regression fitting and diagnostics. Environmental Toxicology and Pharmacology 16:37-44. 

Hollenhorst, T., G. Host, L. Johnson. 2004. Scaling effects in mapping riparian zones in agricultural 
areas. In: Scaling and Uncertainty Analysis in Ecology: Methods and Applications, Wu, J., B 
Jones, 0 . Louckes, eds. Columbia University Press. New York. In press. 

Host, G. E., J. Schuldt, J. Ciborowski, L.B. Johnson, T. Hollenhorst, C. Richards. Use of GIS and 
remotely-sensed data for a priori identification of reference areas for Great Lakes coastal 
ecosystems. International Journal of Remote Sensing. In press. 

Kingston, J.C., D.R. Engstrom, A.R. Norton, M.R. Peterson, N.A. Griese, E.F. Stoermer, N.A. 
Andresen. 2004. Paleolimnological inference of nutrient loading in a eutrophic lake in north 
central Minnesota (USA) and periodic occurrence of abnormal Stephanodiscus niagarae. p. 187-
202. In: M. Poulin, ed. Proceedings of the 17u, International Diatom Symposium, Ottawa, Ontario. 
Koeltz Scientific Books, Koenigstein. 

Natarajan, R., Basak, S.C., Balaban, A.T., Klun, J.A., Schmidt, W.F. 2005. Chirality Index, molecular 
overlay and the biological activity of diasteroisomeric mosquito repellents. Pest Management 
Science. In press. 

McCarthy, B., S. Monson Geerts, R. Axler, J. Henneck, S. Heger, J. Crosby, M. Guite. The year-round 
use of drip technology using septic tank effluent in Minnesota. 9th national symposium on 
Individual and Small Community Sewage Systems, American Society of Agricultural Engineering, 
Austin, TX, March 2001. In press. 

McClain, M.E., E.W. Boyer, C.L. Dent, S.E. Gergel, N.B. Grimm, P.M. Groffman, S.C. Hart, J.W. 
Harvey, C.A. Johnston, E. Mayorga, W.R. McDowell, Pinay. 2003. Biogeochemical hot spots and 
hot moments at the interface of terrestrial and aquatic ecosystems. Ecosystems 6:301-312. 

Monson Geerts, S., B. McCarthy, R. Axler, J. Henneck, S. Heger, I.Crosby, M.Guite. Performance of 
peat filters in the treatment of domestic wastewater in Minnesota. Ninth National Symposium on 
Individual and Small Community Sewage Systems, American Society of. Agricultural. 
Engineering, Austin, TX, March 2001. Submitted. 

Pastor, J., K. Dannel. Moose-vegetation-soil interactions: a dynamic system. Alces. In press. 
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Pastor, J., Y. Cohen, R.A. Moen. Herbivore effects on landscape level processes. Ecosystems. In press. 
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Library Activities 

ADMINISTRATION 

The NRRI Library ran a journal survey for Six months to review journal usage. The NRRI Library 
Committee has decided to drop one more expensive title, Journal of Biogeography, as it is about four 
thousand dollars a year for 2006, and is not being used by enough people to justify continuing the 
subscription. 

FACILITIES AND EQUIPMENT 

Three new library tables were purchased to replace the old and damaged tables. 

LIBRARY SERVICES 

Research 

Online literature searches provided this quarter for the following: 

• Polylactic acid • Tissue Composition 
• Current administrators of U.S ./ State agencies • Proteomics, current citations 
• Patents (searches) • Phase Diagrams (Mining) 
• Baghouses (Manufacturers) • Citation verifications ("in press" articles) 
• Electric precipitators (Manufacturers) • Hydrogenation of Wood 
• Mercury and taconite • Anti-corrosion Process 
• Rapid Response Housing • Transdermal drugs 
• Garden Offices • Red Pine, Norway Pine (Silviculture) 
• Mobile Architecture • Information on Disclaimer permission (citations) 
• Small Manufactured Buildings • Knockdown effect (Mosquitoes) 
• Housing for Pipeline Workers • Natural Defense Mechanisms (Plants and Animals) 
• Insurance for Federal Disaster Housing • QSAR in silica 
• Finnish Customs (Business Meeting Etiquette) • QSAR and Skin Irritation 
• Refugee Shelters • Patents done on ore processing (Company) 
• Medical Shelters • Rotary Hearths and Coal 
• Small Prefabricated Buildings • Blood Brain Barriers 
• Post-Disaster Housing • Land Snails of North America 
• U.S . Patents on disaste~ type housing • Steel consumption by countries of the world 
• Journal Impact Factors • Steel, Iron Ore commodities, production 
• Fannie Mae, Fannie Mac financing • Forest growth (Global Warming) 
• Habitat International • Wetlands 
• Containerized Housing • Climate change 
• International Disaster Housing info • Peat 
• Articles on Fish and Turbidity, Sediment • ADME or LogP and soil sorption 
• Powder coatings (Wood) • Dermal Permeation 
• Electrostatic Surface coating (Wood) • Biological function (articles) 
• Nucor article • Environmental Indicators 
• Quantum Chemical parameters (Prediction) • Electrophoresis journal (table of contents) 
• QSAR ( coefficients, partitioning) • Proteomics journals (table of contents) 
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Interlibrary Loans 

The following is a summary for the period of Jan. 1, 2005 - June 30, 2005 . 

Minnesota Region (Minitex) 
UMD Libraries 
US Libraries (OCLC) 
Other US Libraries (Direct) 
Total 

CAR TD 
CWE 
CED 
Central 

Borrowing Organizations 

Minnesota Region (Minitex) 
US Libraries (OCLC) 
US Libraries (Direct) 

ACQUISITIONS 

Materials Borrowed 

Use of Borrowed Materials by NRRI Centers 

Material Loaned to Other Libraries 

The library cataloged 45 new items to date. 

No. Of Documents 

288 
028 
069 
000 
385 

No. of Documents 

144 
237 
000 
004 

No. of Documents 

003 
007 
001 
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PUBLIC RELATIONS ACTIVITIES 

SEMI-ANNUAL REPORT - FIRST HALF 2005 

Progress/Results 

NRRI media coverage for the first half of 2005 (January - June) amounted to an official commercial 
advertising equivalent of $147,673.39, which is $96,366.06 more than July- December, 2004. A total 
of 73 stories in print, 3 radio broadcasts and 11 television news stories aired. The increase in 
advertising equivalent dollars is a reflection of stories placed in higher profile media. For example, a 
feature story on lynx research in The Rake (Minneapolis) carries a value of $14,140.00, the value of the 
front page Wall Street Journal story about basketball flooring is $3, 755.07 and a front page color story 
on the lynx in the Minneapolis Star Tribune carries a value of $26,822.80. We had many well-placed, 
in-depth stories published this reporting period. 

In the Duluth area, the News Tribune printed 15 stories. The Reader Weekly ran a story about NRRI's 
GLEI project, and the UMD Statesman ran a story about our rapid prototype center. Rural and small 
town newspapers ran a total of 45 NRRI stories. For the Twin Cities metro area, three stories were 
placed in the Minneapolis Star Tribune, three stories in the St. Paul Pioneer Press, and one story in 
The Rake. We achieved a national reach with stories in Skillings Mining Review, the IMA's Mining 
Matters, The Wall Street Journal, and the Boundary Waters Journal. 

National television/internet story venues this period include ABC News, WCCO News, Yahoo News 
and MSNBC News, all of which carried versions of our lynx research story. 

A media event to unveil the rapid response housing demonstration model in April was well attended by 
guests and media. In May, Public Relations coordinated a media event with Chancellor Kathryn A. 
Martin and UMD benefactor Ron Weber to announce the Weber Stream Restoration Initiative. 

Visibility/Other PR Projects 

NRRI continues to get excellent visibility on the U ofM Twin Cities campus through University 
Relations publications which ran four stories in the first half of 2005. Public Relations also participated 
in the U ofM Communicators Forum Maroon & Gold Awards, a program that promotes excellence in 
university public communications. 

Public Relations gave tours to 145 people in 8 separate tours during the first half of 2004, including 
Wall Street Journal reporter Kris Maher. 

Public Relations has been busy coordinating plans for NRRI's 20th Anniversary Event, which will be 
held September 22, 2005. "Save the date" postcards were mailed in early June to approximately 900 

. people. Full invitations will be mailed at the end of July. A billboard campaign was launched in June 
with two billboards highlighting NRRI's industry research. Six more billboards will follow in July, 
August and September. 

The NRRI Web site is being completely revamped with a new design. Descriptions of each project 
area are being rewritten and updated photographs are being added. Sections will be added as they are 
completed. 
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