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NRRI Awarded Grant from Blandin Foundation for Disaster Relief Housing Concept 
The NRRI Wood Products group was awarded a grant from the Blandin Foundation that 
provided key base funding to complete a full size demonstration disaster relief housing concept. 
The full size demonstration will be featured at a FEMA location in Florida and promoted as a 
temporary housing option for last year's hurricane victims. 

NRRI Helps Build Capacity for The Blandin Foundation 
NRRI wood products staff took a leadership role in the development of the first annual "Building 
the Capacity of Minnesota's Wood Products Industry: Creating the Edge for Global Competition 
and Future Investment Conference," sponsored by the Blandin Foundation in October 2004. 
NRRI served as a conference sponsor. Pat Donahue served as a member of the planning 
committee and a session moderator, while Brian Brashaw presented an invited talk, "What Best 
Practices Provide Models for Adaptation?" The conference brought together over 100 
stakeholders to address issues of manufacturing competitiveness, product design, and marketing 
as a means to build its capacity at home and compete in a global market. 

Director ST300 Commercially Available for Assessing Wood Quality in Standing Trees 
CHH fibre-gen, (Auckland, New Zealand) has commercialized nondestructive evaluation for 
assessing wood quality based on research completed by the NRRI, the USDA Forest Products 
Laboratory, and Michigan Technological University. The Director ST300 measures acoustic 
speed to determine standing tree quality and enable stumpage valuation. The tool is currently 
selling for approximately $10,000 and has proven to be both easy to use and easy to interpret for 
both timber management and research applications. The University of Minnesota has filed a 
patent on the technology in cooperation with the other organizations. 

Funding Attained for the Minnesota Forest Productivity Research Cooperative 
Funding for the Minnesota Forest Productivity Research Cooperative (MFPRC) has been 
arranged for the years 2004 and 2005. Each individual member has agreed to support the 
MFPRC in the amount of $20,000 per year. Currently the MFPRC has seven members with an 
annual funding of $140,000 per year. 

Permits Granted for The Pine Island Bog Horticultural Peat Development 
Development of a portion of Koochiching County's extensive peatlands can finally begin, 
bringing new jobs to rural Northern Minnesota. A permitting process that began over five years 
ago was completed in October as the Federal 404 permit was issued to Berger Horticultural 
Products, Ltd. for development of the Pine Island Bog. The 840 acre bog will be harvested for 
Sphagnum moss peat, the type of peat used extensively in commercial greenhouses, and 
commanding the highest price. The state, county, and nearby city of Big Falls will reap 
significant economic benefits. The project will result in net benefits of $2 million annually; 5 
full-time, year-round jobs and 40 full-time seasonal jobs; and lease fees and royalties averaging 
in excess of $100,000 per year. NRRI peat experts helped Berger Horticultural Products, Ltd. 
and Koochiching County's officials through the extensive permitting process to bring the project 
to fruition. Trees from 80 to 100 acres are being removed from the site this winter and ditching 
will begin in the spring of 2005. Plant construction and peat shipments will begin in the next 
two to three years. 
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Soudan DUSEL 
Much work has been completed on the University of Minnesota's proposal to expand the Soudan 
Mine into a Deep Underground Science & Engineering Laboratory (DUSEL). This work 
includes the nearly completed writing of the Phase 2 proposal to NSF, and the budgeting of time 
and resources to approximately 25 individual researchers associated with the proposal. A 
coordinated approach that integrates bedrock geological studies (lithology, structures, petrology, 
petrography, and geochemistry) with engineering and design, Quaternary geology, hydrology, 
and geomicrobiology has been developed for the Soudan proposal. The $500,000 proposal will 
be submitted to NSF prior to February 28, 2005. 

The magnitude of the potential impact of a Soudan DUSEL to the University of Minnesota, and 
to the State of Minnesota, cannot be understated. Most estimates of the capital and operating 
cost of DUSEL over a 20-year period are in the range of $0.75 billion to $1 billion. Therefore, it 
is important to support the research initiatives intended to develop the scientific justification of a 
Soudan DUSEL at this stage. With this in mind, and in conjunction with the Phase 2 proposal, a 
$75,000 grant has been acquired from the University of Minnesota to complete geoscience 
research at Soudan in the winter of 2005. This work includes geophysical studies, Quaternary 
mapping, and the acquisition of 3D geologic modeling software. 

Findings of a DOE Funded Simulation-Based Study Were Implemented at the Ispat Inland 
Plant 
Findings of a DOE funded simulation-based study were implemented at the !spat Inland plant. 
From a number of process improvement alternatives, use of smaller makeup ball size was 
selected for plant implementation. Power draws of ball mills were increased to make more 
efficient use of available power. Substantial improvements in plant throughput were observed. 
The plant will be sampled and improvements will soon be quantified. 

Chemical Extractive Highlights 
New technology of birch bark processing was developed in 2004. In accordance with this 
technology the cost manufacturing of birch bark products was decreased by 60 percent. 

Electro oxidation technology ofbetulinic aldehyde and betulinic acid manufacturing was 
invented. This technology was disclosed to PTM, UMN in 2004. 

The analysis of the Alaskan birch bark shows the unique chemical content of the extract. 
The possible broad medicine and cosmetic application of this extract was the matter of two 
invention disclosures to PTM, UMN in 2004. 

NRRI to Restore 190 Acres of the Fens Research Facility to a Wetland 
NRRI has entered into an agreement with the Minnesota Department of Transportation 
(MnDOT) to restore 190 acres of the Fens Research Facility to a wetland. NRRI will establish a 
wetland bank from which wetland mitigation credits can be withdrawn. MnDOT will withdraw 
the credits to mitigate for the loss of wetlands related to the U.S. Highway 53 expansion project 
from Virginia to Cook, Minnesota, 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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Iron Nugget Project 
Modifications to the Linear Hearth Furnace design are being implemented to allow for 
improved furnace gas atmosphere control to optimize iron nugget production. Iron nugget 

chemical and physical parameters have been optimized in the bench scale box furnace to reduce 
nugget sulfur content and reduce the production of micronuggets. 

Numerous feed shape designs have also been developed including green balls, briquettes, and 
other feed surface presentations in order to enhance reduction and metallization processes as well 
as to reduce energy consumption. Sample tray design and material construction have also been 
enhanced to allow for efficient sample transport through the various heating zones of the 
reducing furnace. U.S. patents are being developed to secure the intellectual property for these 
valued added iron processes. A detailed final report has been completed and submitted to the 
Economic Development Agency (EDA) as the EDA three year funding period for the project was 
completed in December 2004. 

Mercury Project 
Numerous mercury sorbents have been developed at the Coleraine Minerals Research Laboratory 
(CMRL) to remove significant percentages of both oxidized and elemental vapor phase mercury 
in coal fired power plant stack gas streams. All mercury removal testing has been conducted in 
actual "live" power plant stack gas streams passed through bench and pilot scale reactor 
equipment installed at Minnesota Power's 1100 Megawatt Boswell Generating Station in 
Cohasset, Minnesota. Pilot scale mercury removal test equipment has been installed to evaluate 
mercury removal in stack gas streams of from 100 to 400 cfrn. Patents are being completed to 
protect the intellectual property derived in this important environmental research work. 

Research work to date has been jointly funded by the Economic Development Administration 
and the Permanent University Trust Fund, University of Minnesota. 

Clean, Highly Efficient and Low Cost Hydrogen Production from Biomass 
The Gas Technology Institute and NRRl will be collaborating to directly extract hydrogen from 
biomass by incorporating a highly selective hydrogen membrane with a downdraft biomass 
gasifier set up at the Coleraine Minerals Research Laboratory. The proposed membrane gasifier 
can potentially reduce hydrogen production costs by more than 40 percent over conventional 
biomass technologies. When the system is combined with a fuel cell, it will offer a highly 
efficient and low cost process for generating electricity from a biomass resource. The joint 
project is funded by an Xcel Energy grant. 

Proprietary NRRI Pellet Fines Removal System Technology Proven at Full Scale 
A full scale prototype NRRl Pellet Fines Removal System was constructed and tested 
at Northshore Mining Company in Silver Bay, Minnesota, this past fall. Excellent results were 
obtained in terms of fines removal efficiency and throughput rates. Many process engineers 
from all the Minnesota taconite operations viewed the unit in operation at Northshore Mining 
Company and confirmed the exceptional operating efficiency of the unit. 

A full U.S. patent was filed in August 2004 on the technology with the U.S. Patent Office. 
Worldwide patent coverage via the World Intellectual Property Organization and its Patent 
Cooperation Treaty (PCT) process is also being completed prior to filing patents in individual 
countries worldwide. 
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Sediment Remediation Testing at the Coleraine Minerals Research Laboratory 
Extensive testing of Electro-Petroleum, Inc.'s (EPI's) electrogeochemical oxidation technology 
is being completed on a variety of contaminated saltwater and freshwater sediments containing 
PCBs or P AHs. This work compliments test work being conducted on a larger scale basis using 
the EPI technology at the Erie Pier test facility located in the Duluth harbor area. 

CENTER FOR WATER AND THE ENVIRONMENT 

Research Results Indicates the Need to Think Outside the Buffer 
Forest buffers adjacent to water bodies are widely prescribed in management to protect 
ecological functions of riparian systems. To date, buffers have been applied on the landscape 
uniformly without quantifying effects they have on local or landscape scale characteristics. 
NRRI quantified landscape characteristics when buffers were applied to water bodies in northern 
Minnesota. A Landsat classified image in a geographic information system was used to apply a 
28.5 m and 57 m wide buffer to water bodies. The 28.5 rn buffer increased the amount of edge 
and interior forest. The 57 rn forest strip increased forest edge slightly from the current condition 
and this buffer width resulted in the largest amount of interior forest. The response of breeding 
bird communities to timber harvest in riparian areas was also examined using two harvest 
techniques and three levels of basal area retention along 1st to 3rd order streams in two northern 
Minnesota watersheds. Results from bird surveys completed one year before, and four years after 
harvest revealed a significant response of the bird community to timber harvest in the riparian 
area. More species and individuals, primarily those species associated with edge or early-
successional habitats colonized harvested sites after treatment. The number of birds that inhabit 
interior forests declined in the buffers. Instead of wholesale application of set width riparian 
buffers, these studies suggest that ecological conditions of riparian areas should be evaluated on 
a site level and that areas currently providing important riparian conditions be maintained on the 
landscape with appropriate management practices. This information will be valuable in setting 
new riparian harvest buffer guidelines in Minnesota. 

Research Oriented Web Database Developed 
NRRI has developed a web-based rapid-deployment data entry and retrieval system using open 
source tools. The system allows diverse research groups separated by large distances to enter 
research data into domain specific forms for storage on a centralized database server. This 
eliminates two problems commonly faced by large cooperative research projects, data-merging 
and update tracking. It also includes image storage and retrieval functions to assist with 
taxonomic and other identification tasks. A data structure map is used to generate the input forms 
and accelerate production of data retrieval tables. The server-based approach makes frequent 
automated data backup simple, and it facilitates export of whole project data sets and meta-data 
to funding agencies for long term storage. 
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NRRI Business Group 
CENTER FOR ECONOMIC DEVELOPMENT 

INTERNAL FOCUS 

The NRRI Business Group had a change in staff during the 2004 calendar year. Elaine 
Hansen, who was appointed the Director of the UMD Center for Economic Development 
(CED) in mid-December 2003, is providing new direction to the NRRI Business Group, 
emphasizing the utilization of the expertise of all of the 
Business Development Specialists at CED to assist scientists with analyzing the potential for 
commercialization of inventions. 

Additionally, Kathy Forslund, a long-time member of the CED staff, who worked very 
closely with NRRI scientists and the NRRI Business Group, retired. Currently, Pam Sarvela, 
a new member of the CED staff, is working with NRRI and the NRRI Business Group. 

In addition to providing assistance to clients of the NRRI, the Business Group puts focus on 
the staff ofNRRI as a client. Internal projects which the Business Group have been involved 
include the following: 

Coleraine Research Lab - the NRRI Business Group is working with scientists who have an 
invention that is nearest completion for the commercialization process. Business 
Development Specialists are gathering information to develop a high level business plan that . 
can be utilized in attracting/screening potential licensees of the intellectual property and 
patent. 

Forest Products - The NRRI Business Group is working with the principal investigators on a 
project that has received national attention and could be considered Disaster Relief Housing. 
The Business Group has assisted with the development of a grant for funding of a prototype 
from the Knight Foundation. Research is being conducted on: a) types of industries that 
would be involved with this initiative; b) which industries exist in a defined region of 
Minnesota and Wisconsin; c) industry norms and market potential; d) competition -
companies, locations, and pricing benchmarks; and, e) potential business partners/licensees. 

The Business Group also worked with a scientist to structure a grant proposal in which a 
private company would match funding to collaboratively develop products which will utilize 
primary pulp and paper mill residues to reduce and/or eliminate landfill issues. The end 
result was a high level strategy statement, defined objectives, and the outcomes anticipated 
from the research which supported the scientist's work plan and funding request. 

Intellectual Property- When scientists file for a patent with the University of Minnesota 
Patent & Technology Marketing ("PTM") group, the scientist needs to provide enough 
documentation for the PTM to qualify and quantify the invention as patentable. The 
Business Group is coordinating efforts between NRRI Management and the PTM to more 
clearly outline the roles of the scientists, the Business Group, and the PTM. By facilitating 
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the patent and licensing processes for NRRI research projects, commercialization of the 
research will become less complex and the income stream back to the University and NRRI 
can be maximized. 

NRRI Advisory Board Retreat - the NRRI Business Group actively participated in the 
Advisory Board Retreat in October, 2004. A significant amount of time was focused on the 
prioritization of projects which could provide a revenue stream back to the NRRI through 
licensing and commercialization of the invention. The NRRI Business Group has been 
focused on this initiative. 

EXTERNAL FOCUS 

The NRRI Business Group provides business consulting expertise to clients of NRRI who 
need assistance, primarily those in the seven-county Arrowhead Region of Northeastern 
Minnesota. The NRRI Business Group clients are those more closely aligned to the NRRI 
mission of utilizing natural resources in a manufacturing process. For July through 
December 2004, the Business Group has worked with 49 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 49 businesses mentioned above, the CED counseled another 393 businesses 
in the Arrowhead Region through the Small Business Development Center (SBDC) program 
and the 21st Century Arrowhead Technology Program during the last half of 2004. 

During 2004, the combination of the NRRI Business Group and the SBDC program, CED 
consultants facilitated over $39 Million in financing which contributed to the stabilization, 
retention and creation of more than 3,000 jobs in the region. 

STUDENT MARKETING ASSISTANCE 

Fourteen businesses were involved in student marketing projects during Fall Semester 2004. 
The students were enrolled in Advertising and Communication as well as Business to 
Business courses taught by John Kratz. Teams of students developed an integrated 
marketing plan, complete with creative concepts, ad campaigns, focus groups, a 
communication plan, brand imaging, positioning, and competitive analysis. Each team had a 
budget. Many of the businesses who participated in this project were clients of the Center for 
Economic Development and had a $200 obligation to cover the cost of printing and materials 
needed by the students. Approximately 65 students participated in this curriculum. At the 
end of the semester, each team presented its plan to its client. 

2.2 IN-RRI Semi-Annual Report /July-December 2004 



COMMUNITY FINANCIAL SUPPORT 

Communities in northeastern Minnesota were asked to provide financial support for the 
counseling program offered by the Center for Economic Development. The following 
entities contributed funds for 2004: the City of Chisholm, the City of Hibbing, Cook County, 
and the Community Economic Development Joint Powers Board (Cities of Ely and Winton, 
Town of Morse and ISD 696) and the Iron Range Resources (IRR) for the 21st Century 
Arrowhead technology support program. 

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 be referred through the Workforce Centers. The goal for 
GATE was to have 200 individuals enroll in the program. To-date, the CED has had 61 
individuals enrolled in the program. The pilot program ends on December 31, 2005, which 
makes it unlikely that the US Department of Labor will reach its goal in this region through 
its existing marketing efforts. 

WORKSHOPS 

The CED provides additional assistance to both NRRI and SBDC clients through business 
and technology related seminars. These seminars 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 offer 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. During 2004, 2259 individuals attended the 265 
workshops sponsored by CED. 

2.3 RRI Semi-Annual Report /July-December 2004 



This page intentionally left blank. 



Center for Applied Research and Technology Development 

Progress Report for July-December 2004 
Table of Contents 

HORTICULTURAL PEAT .... . ... . .......... . .. . . ... .... . ... . . . .. . . . . .... .. ..... ... . 3.1 
Wetland Banking - Fens Research Facility . . . . . . .. . . .. .... . . . .. . ... . . .... . ........ 3.1 
Michigan Peat - Closure and Reclamation Plan .. . . .. .... ..... . . . . . . ... ... ... . . ... .. 3.2 
Horticultural Peat Expansion - Premier Horticulture, Inc . . ... . . . ....... . .. . ... . . . . .. . . 3.3 

WASTEWATER TREATMENT ..... ... . . . . .... .... ...... . . .. . .... ... . . . . . .. ... . ... . . 3.4 
Managed Onsite Wastewater Treatment in the Lake Superior Basin: Outreach 

and Education ..... ... . .. . .. . ......... .. ... . . . ... . . . ....... . . . ... ... .. 3.4 
Implementation of a Perfomrnnce-based Code for Onsite Wastewater Treatment in Northern 

Minnesota .... . ... . . .. . . .. . . .. . .. .. . . . ....... .. .. ... . . .. .... . .... . ... 3.5 

CHEMICAL EXTRACTIVES . .... . .. .. ........ ..... .... .. . . ...... .. . .. . . ... . . .. . ... . 3.6 
Analysis of Alaskan Birch Bark . . ... ..... .. . .. . ... ......... . . ...... . ..... .... ... 3.6 
Processing of Birch Bark Products .. . . . . . ... .. . . . . .. .. ... . .. . ... . .... . . .. . .... . . . 3.7 

FOREST PRODUCTS .. . .. . . . . ....... . . .. .. ......... ... .. ... . .. . . . . .... . .. . . ...... .. 3.8 
Nondestructive Evaluation ofincipient Decay in Standing Hardwood Timber .. : ...... . ... 3.8 
Forest Products Research for Business Development .. ... ..... . . .... . . . .. ... ........ 3.9 
Great Lakes Wood Manufacturing Partnership .... .. . . . . . . . .. . . .... .. .... . . . .. .... 3 .10 
Minnesota Industries of the Future-Roadmap for Forest Products Industry .. .. . . . . .. . ... 3.11 
Condition Assessment of Wood Surfaces Using Near Infrared Spectroscopy . ... .. ... . .. . 3.12 
Standing Timber Quality Assessment- Alaska Trials .. ..... . . .. ... ............. .. . . 3.13 
Innovation in Wood Utilization Research ..... . . ... .. . . ...... .... . .. .. .... .. ..... 3 .14 
Forest Products Development for Commercialization . ........ .. . ... . .... . .. .. . .. ... 3.15 
Construct and Evaluate the Performance of Six Timber Bridges Using Local Species 

in Northern Michigan . ... .. . . ........... . . . .. .. . . ...... . .. . .... . ..... . 3 .16 
Stress Laminated Timber Bridge Vibration Testing .. . . ... ..... ...... . .. . .. ... .. . .. . 3.17 
Tongue and Groove Paneling from Dead Jack Pine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 .18 
Determination of Heat Sterilization Times of Five Hardwood Species .. . .. .. ....... . ... 3 .19 
Value-Added Forest Industry and Underutilized Species Feasibility . .... ... .. . .... ... .. 3.20 
Nondestructive Evaluation of Wood Materials . . . .. .. ...... .... .. .. .. .... . . . ...... 3 .21 
Wood Science for Economic Development ... .. . . . . . . . . . . . . . . . .. ... ... ... .. ..... . 3 .22 
Construction of Full-Scale House in a Box Prototype .. ..... .. . ..... . . . ....... .. .... 3.23 
Demonstration of an In-Place Transverse Vibration Technique to Assess Long-Term 
Performance of a New Timber Bridge . .. .. ..... . ....... ....... .. . . ..... . .. .. . ... 3.24 

FORESTRY ........ . ........ .. . . . . ....... . .. . ...... .. .. .. . .. .... ...... ...... ·. · .· 3.25 
Minnesota Forest Productivity Research Cooperative . . . . ... ..... . .. . ......... . ..... 3.25 
Breeding and Testing New Hybrid Poplar Clones . ..... .. . .... . . . ... .. ....... . .... . 3.26 
Regional Field Test Assessment-Coop. Agreement ..... .. . . .. . ... ... . ........ . . . ... 3.27 

FERROUS MINERALS ..... ...... . . . . . .. . . . . . .. .. ............ . . . ... .. .. ..... . .. . .. 3.28 
USS - Annual Research Contract - CY 2004 . . ... . . . . ... . .... .... ... .......... . ... 3.28 

... . 

.).1 ~ RRISemi-Annual Report/July-December 2004 



Geological Resources of Ox Tac 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 .. .. .... .. .. ..... .. .. . ... .. 3.29 

Development oflron Ore Metallization Concepts . .. . ...... .... . . . . .. . . . .... . . . . .. . 3.30 
Chemistry, Mineralogy, and Liberation Characteristics of Taconite Concentrator 

Unit Operation Products . . . . . . .. .. ... . . .. .. .. . ... . .. .. . . . . . ... ... .... .. 3.31 
Effect of Magnetic Field in the Filtration of Fine Magnetic Concentrates 

and Control of Di-valent Cations from Filter Cake by Spray Washing .. . . . . . ..... 3.32 
Re-Examination of the Relationship Between Davis Tube Data on Drill Core 

and Actual Plant Operation .......... . .. , . . ....... .. . .... . . . . .. .. . .. . ... 3.33 
Closing the Loop on Filter Cake Moisture Analysis and Control . . ..... . .. . ... . .. .. . .. 3.34 
Green Ball and Pellet Bed Characteristics ....... ........ .... . .... ... .. ... .. .. . . . . 3.35 
Effect of Temperature on Cyclone Performance .. ........ . . ... . .... . . . .. . . ... . .. . . 3.36 
The Influence of Porosity and Pore Size Distribution on the Physical 

and Metallurgical Properties oflron Ore Pellets .......... ... . . . .. . .. ... . .. . . 3 .3 7 
Testing of Roasted Lisakovsky Material . . .................. . .. ... .. .... ... . . . .. . 3 .3 8 
Development of a Mathematical Model of the High Pressure Rolls for Magnetic 

Taconite Comminution . ... . ... . . .. . . ... . ...... . .. .. . ...... . . .. ... . ... . 3.39 
Minnesota Industries of the Future Roadmap for Mining Industry . ... . ..... .... . . .... . 3 .40 
Medusa Modeling for Oxygen Injection into a Grate-Kiln Furnace - Part 2 . . .... ........ 3.41 
Iron Ore Green Ball Porosity Measurement ........ . .. .. .. . . . .. ...... . . .... . . ... . . 3 .42 
Green Ball Characterization ...... .. . ...... . ........ .. .. . . . . .. . .... ... .. .... . . . 3 .43 
Magnetically Enhanced Hydroseparator Study .. ............. . . ........ ... . . . ..... 3 .44 
Pellet Fines Removal System . ... . . . .. .. . . .. . .... ... .... . . ... .. .. .. . . . . . . . ..... 3.45 
Utilization of Hemicelluloses and Cellulose and By Products ... .... . . . . . . . .. ... ... . .. 3.46 
A Purpose Oriented 1\fagnetic Separator: Skimmer . . .... .... . . .. . . .. .. . ..... .. .. ... 3 .4 7 
Medusa Modeling for Oxygen Injection into a Grate-Kiln Furnace .... . .. . ... . .. . .... . 3.48 
Testing a Specific Gravity Capable Cyclone .. ... . .. ..... . . . .... .. . . . . . .. ........ . 3 .49 
The Effect of Fluorine and Chlorine on Fired Pellet Metallurgical Properties . ..... . . . . . . 3 .50 
Preclassification of the Final Stage of Magnetic Separation Feed ... . . .. .. . . . .... . ... . . 3 .51 
Taconite Concentrator Modeling . . . ......... . .. . . .. . . ..... .... .. .. . .. .. .. . . . ... 3.52 

NON-FERROUS MINERALS .... . . ....... .. .. ... .. ... .. . .... . .... . . .. . . .. ... . . . . .. . 3.53 
Regional Till Geochemical Sampling in the Western Vermilion Greenstone Belt, 

Minnesota .. . ......... . ......... . . . .. . ........... .. . . .......... . .... 3 .53 
Chemical and Mineralogical Classification of Potential Waste Rocks in the Eastern 

Mesabi Range and Beneath the Duluth Complex ....... . ..... ... . . .. .. .. .. . . 3.54 
Summary and History of Cu-Ni Bulk Samples Collected in the Duluth Complex ... . . . . ... 3.55 
Origin and Distribution of Chromium Mineralization in the Duluth Complex 

and Related Keweenawan Intrusives in Minnesota and its Relationship 
to PGE Mineralization . . .. . .. . . . .. .. .. ...... ...... .. . . ... . . . . . .... ..... 3 .56 

Partridge River Intrusion Three-Dimensional Modeling ...... . .. . .... .. ... . ......... 3.57 
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 .. . ....... 3.58 

INDUSTRIAL MINERALS . .. . .. ...... ... . . ... . ... ...... ... .. .. .. . .... . .. ... .. . . . . . 3.59 
Investigating the Alkali-Silica Reaction (ASR) Between Cement and Aggregate 

in Concrete Mixes and Testing the ASR Mitigative Potential of Calcined Kaolin .. . 3.59 

3.ii ErNRRISemi-Annual ReporVJuly-December 2004 



ENVIRONMENTAL REMEDIATION . .. .... . ....... . .. ... .. .. . ......... . . . .. .. ..... . 3.60 
Emerging Teclmology Demonstration at the Erie Pier Confined Disposal Facility . ..... .. . 3.60 
Mercury Removal Research and Demonstration Project ... . .... . . . . . ... ..... . .. ... .. 3.61 

NORTHERN LIGHTS TECHNOLOGY . . .. . ....... . ...... .... . ... .. . .... ... .. . . ... . . . 3.62 
Development of a Design and Prototype Research Center for Northeast Minnesota 

Based on Computer Controlled Solid State Imaging Techniques . .. . . .. . .. .. .... 3.62 

CARTD CONTRACTS AND GRANTS ....... . .. . . .. .. . .. . .. . .... . . .... . . .. .. . .. . ... . 3.63 
Active Grants .. .. .. . . .. ... . . .. .. .. . . . . . . . . ... . ... .... .... ... .. . . . ..... . .. .. 3.63 
Pending Grants . . .... .. . . .. .. ....... . . . ..... .. . ... ... . . . . . . .. .. .. . . ......... 3.68 

PERSONNEL .. .. ..... . . ... ... ... .. .. . ... ..... . .. . . .. ... . . . . . . . . . . .. .. . . . .. .... ... 3.70 

FACILITIES . . . ..... . . .... . ...... .. .. . .. . .. . . . ....... . .. .. . .... . . ............. . .. 3.70 

REPORTS/PAPERS/PRESENTATIONS . . . . .. . . . . . ... . ...... . .. .. .. .... . . ... . .. . ...... 3.71 

PROGRAM NOTES ..... .. .. .. ....... . . . ........... ..... . ... . . . . ........ .. .... .... 3.74 

OTHER . . ....... ... . . . . . .. . . . .. . . . .. .. . ... .... . .......... . . .... ..... .. ...... .. . . 3.77 

3.iii ilNRRISemi-Annual Report/July-December 2004 



This page left blank intentionally. 

3.iv lfN-RRISerni-Annual Report/July-December 2004 



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 approximately 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 NRRl about the possibility 
of establishing two state wetland banks at the Fens. After a lengthy 
review process, n-..-o 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 mitigation credits for 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 for spreading on the site. The donor 
material was spread and covered with straw mulch. In May 2004, 
monitoring wells were established and vegetation plots were laid 
out for monitoring. 

Principal Investigator(s) Thomas Malterer 

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

Amount 
Sl,531,760 
$809,600 

Start Date 7 /li02 End Date 9/30/10 

Pro"ect No 187-2426 
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Progress/Results 
Hydrologic and vegetative 
moaitoring of the BWSR bank 
beg:in in the summer and 
continued into mid-October. 
Control (herbicide spraying) of 
inYJ.sive species was carried out 
in :\.ugust. Monitoring confirms 
thar a wetland is being restored 
at the site. Brush was cleared on 
200 acres of the Fens in 
anticipation of establishing a 
werland bank for MnDOT. A 
proposal was prepared, 
submitted, and approved to 
MnDOT to fund a second 
werland bank. In December, 
design plans began on the 
191.4 7 acre MnDOT wetland 
bank. 

3.1 
~ RRlsemi-A~nual Reoort/Julv-December 2004 



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 NRRl 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 This is a new project. 

Principal Investigator(s) Kurt Johnson & Thomas Malterer 

Project Sponsor(s) 
Michigan Peat Company 

Start Date 10/10/04 

Pro'ect No 187-2428 

Amount 
$20,000 

End Date 12/31/05 

3.2 
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Progress/Results 
NRRl gathered together and 
critically reviewed the Michigan 
Peat Company's regulatory 
permits. Regarding the 
reclamation of their operation, 
NRRl brought together the 
principal agencies (USCOE, 
MnDNR, MnPCA, BWSR) 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. At this point, 
Michigan Peat Company asked 
NRRl to move forward with the 
closing plan. Plans are now 
being developed . 
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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 permitting 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 
IO 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 processing plant and harvesting site. Supplementary 
employment would also occur in spin-off industries such as 
trucking. NRRI will assist Premier Horticulture, Inc. by: (I) 
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 continued to work with Premier 
Horticulture, Inc. on acquiring the permits necessary to expand 
their Peatrex operation. NRRI has completed applications and 
provided information on behalf of Premier for the Federal 404 
permit, MPCA's National Pollutant Discharge Elimination System 
Permit, and the Minnesota DNR's Permit to Mine, Water 
Appropriation Permit, and peat lease. The DNR Permit to Mine 
was issued in May 2004. The remaining permits and leases are 
expected to be issued in July 2004 to allow the company to begin 
work on the expansion in August 2004. MTI funding for this 
project has come to an end. 

Principal lnvestigator(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 

Project No 187-6441/187-2428 

3.3 

Progress/Results 
NRRl's continued work with 
Premier on permit acquisition 
has progressed significantly. The 
MPCA's National Pollutant 
Discharge Elimination System 
(NPDES) Permit was issued in 
July 2004. MPCA also issued 
the 40 I Certification 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 
Hydrologic Monitoring Plan and 
Peat Depth Monitoring Plan for 
the project. The Army Corps is 
currently reviewing these plans. 
Actual field preparations on the 
site are expected to begin as 
soon as all permits have been 
finalized, tentatively expected in 
February 2005 . 
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WASTEWATER TREATMENT 1197 
Managed Onsite Wastewater Treatment in the Lake Superior Basin: 
Outreach and Education 

Objective The objective of this project is to monitor the overall 
performance, operation, and maintenance requirements of advanced onsite 
wastewater treatment systems at the NERCC research and demonstration 
faci lity. 

Background This project will build upon a coordinated, seven-year, 
multi-county effort to provide effective onsite wastewater treatment in 
Minnesota. Onsite treatment systems are not just temporary systems; they 
are sustainable, cost-effective treatment options. However, for onsite 
systems to be effective, they must be properly designed, constructed, 
operated, and maintained. This project will continue to operate at the 
NERCC test facility to determine how these systems function year-round. 
A $20,000 grant from NRRl is a match to this effort. A total of 10 
different types of onsite technologies have been treated. Replicated in-
ground peat filters and constructed wetlands were completed in the fall of 
1995 (5-1/2 years old). Replicated sand filters and conventional trenches 
were installed in 1996 ( 4-1/2 years old) and have been operated at various 
flow rates . Drip technology, at four depths in the soil, was installed in 
1996, but was upgraded with a winter-friendly hydraulic unit in 2000. 
Modular peat filters, using both Irish and Minnesota peat, were installed 
in 1998, while a textile filter (with polishing sand filter) and shallow 
"gravelless" trenches were installed in 1999. Long-term evaluation of 
systems is needed. 

Previous Activity/Results This is a new funding source for a project that 
began in 1995, but was shutdown November 2001 until November 2002 
due to a lack of funding. The NERCC research facility was re-activated in 
November 2002 following a one year shutdown. The systems were 
monitored at three-week intervals from January 2003 through Jurie 2003 
for the standard wastewater parameters: BOD, TSS, pathogens, nutrients, 
temperature, conductivity, and dissolved oxygen. The winter of2002-
2003 was severe due to a lack of snow cover and associated freezing to 
depths of 8 feet reported in northern Minnesota. At NERCC, frost levels 
were 5 feet deep in a heavily vegetated, undisturbed field. Although most 
of the systems did not freeze, both constructed wetlands and the drip 
system froze in January 2003 . The in-ground peat filters, modular peat 
filters, single pass sand filters, the textile filter, and standard drainfield 
trenches operated successfully all winter. Monitoring at NERCC was 
completed in December 2003. Principal Investigator B. McCarthy left 
NRRl in January 2004 following the termination of the Wastewater 
Program. 

Principal Investigator(s) Barbara McCarthy & Richard Axler 

Collaborator(s) 
Jerald Henneck & Steve Monson Geerts 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Start Date 10/28/02 End Date 6/30/05 

Pro'ect No 187-8001 

Amount 
$32,253 

3.4 

Progress/Results 
This project has now been 
completed and the Final 
Technical Report accepted by 
Minnesota's Lake Superior 
Coastal Program: NERCC 
Individual Alternative 
Wastewater Treatment Systems: 
Pollutant Removal in 2003 and 
Long-term Performance. NRRl 
Technical Report number 
NRRI/TR-2004/28. This report 
was written by Richard Axler, 
Barbara McCarthy (now at 
MPCA-Duluth), and Jerald 
Henneck. November 2004. This 
report goes beyond the original 
task and summarizes all 
available water quality 
performance data for the 
NERCC monitored systems 
since 1995-1996. It also 
provides operation, maintenance, 
and management information 
and a specific summary of 
comparative performance in 
regard to fecal coliform (a 
pathogen indicator) treatment 
efficiency. The report is 
downloadable from both the 
DuluthStreams website (What's 
New-
www.duluthstreams.org/general/ 
whatsnew.html and also in the 
On-sites section at 
www.duluthstreams .org/understa 
nding/on _ site.html#report); and 
in the U of MN Extension 
Service On-site Wastewater 
Treatment website at 
www.septic.coafes.umn.edu/Res 
earch/index.html 
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WASTEWATER TREATMENT 1179 
Implementation ofa Performance-based Code for Onsite Wastewater 
Treatment in Northern Minnesota 

Objective The objective of this project is to develop a true performance-based 
code for the management of individual onsite and cluster wastewater systems, and 
to demonstrate its implementation in northern Minnesota. We expect the process 
of local acceptance and code implementation to provide useful lessons and tools 
for development, adoption, and implementation of a performance-based code 
throughout the state and nation. 

Background Northern Minnesota is a popular vacation destination abundant with 
lakes. Resorts, cabins, and year-round homes surround many of the lakes. Cabins, 
once used as summer vacation spots, are commonly converted to year-round 
homes. Nearly all rely on onsite systems for wastewater treatmenL Onsite system 
construction is typically regulated through county ordinances, panemed after 
prescriptive standards. In 1994, the Minnesota Pollution Control A.gency (MPCA) 
promulgated new rules that established minimum statewide standards for 
individual wastewater treatment systems. Counties were required to adopt and 
enforce these rules, but the limited number of prescriptive options makes it 
difficult for owners in northeast Minnesota to comply because of restrictive site 
and soil conditions common in the region. Another approach, using a true 
performance approach, was needed. 

Previous Activity/Results Effort continued on Task 4: "Tool Prototypes." A web-
based permit tracking system was developed by subcontractor A:,.Tes Associates to 
provide a "cradle to gra,·e" system. The website will provide the homeowner, 
business, service provider, or regulatory authority, with complete information 
about the wastewater treatment system including its design, anticipated 
performance, management-operation-maintenance and monitoring requirements, 
plus site details, other relevant information and links to relevant websites and 
other sources of information. Review of the draft Code (Task 2) is ongoing by the 
Northern Counties Wastewater Technical Committee and from fo!dback at 
professional conferences and workshops. Task I (Action Plan) and Task 5 (Public 
Education) have been completed and elements of the Code are being incorporated 
into MPCA Rules modifications. Principal Investigator B. McCanhy left NRRI in 
January following the termination of the Wastewater Program bur continues to 
work on Code development and implementation through her duties at the MPCA. 
NRRI-CWE stafffocus..."-ed on Task 3: Develop procedures for establishing 
performance requirements to assist counties in setting appropriate standards for 
receiving waters and treatment system performance using nearby Grand Lake and 
its watershed as an example. 

Principal Investigator(s) Barbara McCarthy & Richard ruder 

Collaborator(s) 
Jerry Henneck & Elaine Ruzycki 

Project Sponsor(s) 
Iron Range Resource & 
Rehabilitation Agency (IRRRA) 

Start Date 2/27/02 

Project No 187-6204/ 187-6457 

Amount 
$215,000 

End Date 6/30/05 

3.5 

Progress/Results 
Final report in review. Products: 
( 1) Implementation of a 
Performance-based Code for 
Onsite Wastewater Treatment in 
Northern MN, R.Otis, R.Axler, 
B.McCarthy, & E.Ruzycki, Dec. 
2004, NRRl/TR-2004/30, 
(2)Performance Code 
Framework incl. action plan for 
implementation, (3) prototype 
software, SepticAssist, for 
regulatory agencies to inventory 
treatment systems, store & 
retrieve records, provide a 
planning tool, allow for public & 

, service provider access to on-
line applications & information, 
inspection and maintenance 
reports, permits, and other 
services/assistance such as on-
line site evaluation reports and 

I prescriptive design spreadsheets, 
( 4) prototype water resource tool 
to help counties classify and set 
water quality standards for 
incorporation into the Code (at 
duluthstreams.org/performancec 
ode), (5) educational program to 
promote code implementation. 
Report will be downloadable 
from: DuluthStreams 
(www.DuluthStreams.org), 
UMN- Ext.Serv. 
(www.septic.coafes.urnn.edu/Re 
search), St. Louis County Envir. 
Health (www.co.st-
louis.mn.us/publichealth). 
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CHEMICAL EXTRACTIVES 
Analysis of Alaskan Birch Bark 

Objective Total analyses of alaskan birch bark tree extracts are 
planned as the main goal of the project. The use of different 
methods of analyses (GC/MS, HPLC, and NMR) are planned. 

Background For a long time, paper birch in Alaska was 
considered to be Betula papyrifera which consisted of several 
subspecies (Viereck and Little 1972). Recently, B. papyrifera in 
Alaska was separated into three individual species: B. kenaica, B. 
neoalaskana, and B. papyrifera var. commutata. B. kenaica is found 
especially on the Kenai Peninsula and around the Cook Inlet 
westward on to the Alaska Peninsula, Kodiak Island, and at 
scattered locations throughout southcentral and interior Alaska. B. 
neoalaskana is found along the Cook Inlet, throughout southcentral 
and interior Alaska, and eastward across Canada to the Hudson 
Bay. B. papyrifera var. commutata is found locally in northern 
southeast Alaska, especially in the vicinity of Lynn Canal. 
Extractives of alaskan birch bark were never studied. This task has 
a very important fundamental and practical interest. 

Previous Activity/Results Experimental part of this project was 
started in July. 

Principal Investigator(s) Pavel Krasutsky 

Collaborator(s) 
University of Alaska-Fairbanks 

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

Amount 
$15,000 

Start Date 5/1/04 End Date 9/14/04 

Pro'ect No 187-6523 

3.6 
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Progress/Results 
Six samples of alaskan birch 
bark were obtained from the 
University of Alaska-Fairbanks. 
Extraction of the outer bark part 
of these samples was 
accomplished with chloroform 
and iso-propanol. Six extracts 
were analyzed with GC/MS, 
HPLC, and NMR. The unique 
content of alaskan birch bark 
was indicated in comparison 
with the extract of Betula 
papyrifera. These results were 
reported at a Technical 
Workshop sponsored by the 
Alaska Northern Forest 
Cooperative, at the University of 
Alaska-Fairbanks, October 12-
14, 2004, titled, Managing Small 
Trees in the Northern Forest. Dr. 
Pavel Krasutsky was a panelist 
in the workshop and presented a 
lecture on the Chemistry of 
Alaskan Birch Bark. Two 
inventions were disclosed to 
PTM, UMN, on the basis of this 
work. 
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CHEMICAL E)CIRACTIVES 
Processing of Birch Bark Products 

Objective The development of marketable chemicals from 
Minnesota's forests . 

Background Minnesota's forest products industries have large 
capital investments 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 first half of2004 research: 
( 1) final technology of birch bark extract purification and 
manufacturing of three birch bark products: betulin purity >96%, 
the content of betulinic acid 90% purity, and natural betulinic acid 
purity>96%. The provisional patent on "Birch Bark Extract 
Processing Utilizing Azeotropic Distillation (1339026PRV) was 
filed. (2) Procedure on synthesis and manufacturing of the 
following birch bark triterpenes were developed: (a) betulonic 
aldehyde, (b) betulonic acid, ( c) lupeol, ( d) allobetulin, and ( e) 
allobetulone. (3) A new one step procedure on betulinic aldehyde 
electrochemical synthesis was developed at the level of 100 g of 
starting betulin. ( 4) New procedures on synthesis and 
manufacturing of betulinic acid from betulinic aldehyde were 
developed. (5) A new way of betulinic acid absolute HPLC-
analyses was developed and transferred to toll manufacturer. (6) A 
new way of triterpenes modification by Vilsmeier reaction was 
developed. (7) New ways of betulin modification for 
manufacturing of biocides was developed. (8) The construction of 
the 2.0 liter apparatus for betulin oxidation into betulinic aldehyde 
was accomplished. This apparatus allows for oxidizing 100 g of 
betulin. (9) Two step technology of betulonic acid synthesis and 
manufacturing from betulin was developed. 

Principal Investigator(s) Pavel Krasutsky 

Project Sponsor(s) 
NaturNorth Technologies, LLC 
NaturNorth Technologies, LLC 

Amount 
$489,712 
$771,986 

Start Date 1/1/03 End Date 12/31/04 

Project No 187-6493/187-6520 
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Progress/Results 
Results of second half of 2004 
research and development program 
may be summarized as follows: (I) 
A library of birch bark triterpene 
samples for biological tests was 
created (nearly 400 samples) and 
transferred to NNT, LLC. (2) The 
technology of betulin purification 
was finalized and transferred to 
NNT, LLC. (3) A new technology 
of birch bark processing was 
designed. The yield ofbetulin was 
increased by 80% in accordance 
with this technology. (4) The 
technology ofbetulinic aldehyde 
synthesis was deve loped and 
transferred to NNT, LLC. (5) A new 
way of selective betulin-28-
derivatization was developed. This 
invention allows us to produce 
betulone and other C3-betulin 
derivatives. (6) Synthesis often 
platform birch bark triterpenes was 
designed on the basis ofbetulin, 
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%. (9) 
New methods (C30 and C29) of 
birch bark triterpene derivatization 
were developed. Synthesis of20 
new triterpene derivatives was 
accomplished in accordance with 
this new approach. (l 0) Five patent 
disclosures were applied to PTM, 
UMN on the basis of the above 
mentioned inventions. (11) Four 
patent applications were applied to 
USPTO on the basis of our research 
work in the year 2004. (12) The 
proposal on "Research and 
Development of Birch Bark 
Products" for year 2005 was 

re ared and a lied to NNT, LLC. 
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FOREST PRO DUCTS 1336 
Nondestructive Evaluation of Incipient Decay in Standing Hardwood 
Timber 

Objective The objective of this study is to determine the 
effectiveness of several existing nondestructive evaluation (NDE) 
technologies for locating incipient decay in standing hardwood 
timber. Results of this study will assist field foresters and managers 
on monitoring the health of the nation's standing hardwood timber 
and identifying decay infested trees in forests. 

Background Incipient decay can cause significant damage to high 
value hardwood timber in the U.S. There is an urgent need for new 
NDE technologies to effectively detect incipient decay in standing 
hardwood timber at the earliest possible stage. Currently, the 
primary means of inspecting timber relies on visual assessment 
criteria. While visual inspections are used extensively, they provide 
no indication of the extent of internal deterioration that may exist 
in timber. Ultrasonic, stress wave, and probing NDE methods have 
been investigated for locating incipient decay in wood (Wang et al. 
2004). No study has been conducted, however, to examine the 
relative effectiveness of all of these methods on standing timber. 
This study will benefit field foresters and managers in using NDE 
technologies to assess the health condition of hardwood timber in 
forests and potentially lead to significant economic savings. 

Previous Activity/Results Twelve sugar maple logs representing a 
range of discoloration and decay were hand selected by Michigan 
Technological University (MTU) for this study. The selection 
criterion included four classes of logs: three logs with no decay 
( control group), three logs with severe discoloration (light decay), 
three logs with small to medium levels of decay, and three logs 
with medium to severe levels of decay. All logs were shipped to 
the USDA Forest Service, FPL in Madison, Wisconsin. 

Principal Investigator(s) Brian Brashaw 

Collaborator(s) 
USDA Forest Service 
Forest Products Laboratory, Princeton, WV Station 

Project Sponsor(s) 
USDA Forest Service 

Start Date 4/15/04 

Project No 187-6526 

Amount 
$4,500 

End Date 12/31/04 

Progress/Results 
Incipient decay can cause significant 
damage to high value hardwood timber. 
Currently, the primary means of 
inspecting timber relies on visual 
assessment criteria. While visual 
inspections are used extensively, they 
provide no indication of the extent of 
internal deterioration that may exist in 
timber. In this study, time-of-flight, 
stress wave tomography, and micro-
resistance drilling methods have been 
investigated for locating incipient decay 
in sugar maple logs as noted in the 
previous activity section. It was found 
that the capability of single-path time-
of-flight method for decay detection is 
very limited and can only be used to 
identify logs and trees with moderate 
and severe decay. Resistance-based 
detection of decay, including early 
stages of decay, is effective if the 
resistance drilling device is oriented so 
that its path goes through the decay 
zone, however proper orientation is 
difficult to guarantee. A multi-sensor 
stress-wave device can overcome the 
path-dependent detection issue. Results 
from laboratory testing indicate that the 
eight-sensor 2D stress-wave device has 
good potential for assisting in the 
detection of incipient decay in 
roundwood like logs and standing 
timber. However, for better locating 
early stage decay within a hardwood 
timber, more sensors should be added 
into the measurement system in order to 
obtain a higher resolution 2D 
tomography image of a cross section. 
Field study should be conducted for 
further investigating the effectiveness of 
these methods in standing hardwood 
timber with improved systems and 
procedure. This research could benefit 
field foresters and managers in using 
NDE technologies to assess the health 
condition of hardwood timber in the 
forest and potentially lead to significant 
economic savings. 
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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 teclmical or 
business expertise. Work in the bioteclmology 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 This project builds on ideas used successfully since 1985. 
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 teclmologies, which will help them 
remain or become more competitive in the marketplace. 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 50 companies as clients and 
strategic partners. Most of these 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 teclmology and products, allowed several 
companies to enter new markets, and accomplished economic 
development in the Upper Midwest. 

Previous Activity/Results We 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 from waste papermill 
sludge from Minnesota mills, a major disposal problem for the paper 
industry. We assisted Aurora Building Systems of Auror~ Minnesota, in 
the startup of the wood frame housing pilot plant that we jointly 
developed with this new business. A disaster relief housing concept has 
been developed and the activities are continuing under NRRI project 
1344. 

Principal Investigator(s) Brian Brashaw, Neil Nelson & Donald 
Fosnacht 

Project Sponsor(s) 
USDA Cooperative Research Service 

Start Date 7/1/02 

Project No 187-6481 

Amount 
$250,207 

End Date 6 '30/05 

3.9 

1245 

Progress/Results 
A product development and 
performance testing project was 
completed with TrueRide to 
assess the impact of raw material 
changes on the performance of 
their ramp system. Specifically, 
TrueRide evaluated all of their 
raw materials to reduce the 
material cost component of their 
ramp systems. As a result of 
product team brainstorming 
including NRRI, several changes 
in construction materials and 
hardware were considered to 
help TrueRide maintain their 
competitive cost structure. 
Testing was completed to assess 
the impact on impact 
performance, durability, and 
strength of their product. The 
testing results showed that 
changes could be made in the 
materials and constuction 
techniques without impacting 
the performance. The cost 
reduction in material and labor 
are currently being estimated as 
a result of the project. It is 
estimated that these savings will 
top I 0% of the total raw material 
cost of the products. We also 
provided technical assistance to 
SunRamps, another Duluth 
skatepark manufacturer. Their 
primary manufacturing 
coordinator relocated during the 
summer of 2004. Our staff 
provided technical assistance 
and training in manufacturing 
and spray coating during the 
transition to a new staff member. 
SunRamps experienced good 
sales growth during 2005, and 
has now been manufacturing 

roducts for 6 ears. 
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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 products 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 will 
be established to complete company specific projects to enhance the 
competitive position of these manufacturers in the wood products industry 
and to provide economic stability and growth. Two types of projects will 
be completed: (I) Manufacturing process improvement projects will be 
performed using Kaizen techniques to implement lean manufacturing 
resulting in reduced costs and improved profitability. (2) Product 
development projects will be developed and structured to address 
technical, material, and market issues for new products, and to reduce the 
development cycle 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 lean 
philosophy in 1997 and has experienced tremendous productivity 
increases and waste reduction. Twenty individuals from our project 
cooperators completed a lean manufacturing IO I training. Significant lean 
implementation projects were completed with Ferche Millwork, Northern 
Contours, Industrial Hardwood Products, Crystal Cabinets, Smurfit Stone, 
Horner Flooring Company, and TrueR.ide. 

Principal Investigator(s) Brian Brashaw 

Collaborator(s) 
Minnesota, Wisconsin, and Michigan DNR, Northern Initiatives, MTU, 
USDA Forest Service 

Project Sponsor(s) 
National Science Foundation (NSF) 

Start Date 1/1/03 

Project No 187-6487 

Amount 
$599,550 

End Date 12/31/05 

1256 

Progress/Results 
A product development project 
was completed with FenTech, 
Inc. to develop performance data 
on a new exterior wood-plastic 
composite door frame. Materials 
testing was completed to assess 
the mechanical properties of the 
base material, and frames were 
tested in a door slamming 
machine to understand the affect 
of assembly hardware. A 
fabrication manual was then 
prepared and demonstrations of 
assembly were provided to 
several of their potential 
customers. It is expected that 
this product will significantly 
increase sales resulting in new 
jobs. Wood products 
manufacturers in Northwest 
Wisconsin were contacted and 
several site visits were 
completed to discuss lean 
manufacturing projects . Lean 
implementation advice was 
provided to New Morning 
Windows in Lakeville, 
Minnesota. They have scheduled 
lean training to include NRRJ 
staff and are planning a 2005 
lean project with the Partnership. 
A lean manufacturing workshop 
for wood products 
manufacturers was sponsored in 
cooperation with the Forest 
Products Society in Eau Claire, 
Wisconsin. A presentation was 
made by Ferche Millwork to 
outline their successful lean 
journey. The principal 
investigator also made a 
presentation on several success 
stories from the Partnership at 
the seminar, followed by invited 
presentations at Minnesota and 
national Wood Products 
Com etitiveness Conferences. 
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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 
extension of a larger national effort sponsored by the U.S. Department of 
Energy directed at improving energy efficiency and environmental 
performance and increas ing the productivity of materials and processes in 
the nation's most energy intensive industries. The program brings 
industry, academia, and state leaders together to address the important 
issues confronting indusrry in Minnesota. The goal of the IOF program is 
to develop and deliver advanced science and technology options that will: 
(I) 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: (I) 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 Due to changes in the Industries of the Future 
(IOF) program direction from the DOE, and two principal investigators, 
Neil Nelson and Rubin Shmulsky, talcing other positions outside the 
University, the IOF program is being reviewed and the project work plan 
will be modified to reflect these changes. William Berguson, UMD,and 
Tim Smith, UM-St. Paul will take over as project principal investigators. 
A meeting was held with staff from th,e Minnesota Department of 
Commerce and the Iron Range Resources & Rehabilitation Agency 
(project administrators) to review proj ect direction and suggest changes to 
the IOF effort. We are in the process of modifying the work plan to 
include evaluation of the potential of biomass energy in the state and 
issues related to economical use of biomass to replace fossil fuels in 
Minnesota. The Minnesota Department of Commerce is working on 
ex'tending this project. 

Principal Investigator(s) William 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 

Progress/Results 
The project has been extended to 
June 30, 2005. After discussions 
with project managers at the 
IRRRA, work was initiated by 
NRRl to identify biomass 
sources 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. This work 
will continue through the end of 
the project with tests of 
brushland harvesting being 
planned for the next quarter. In 
cooperation with the Minnesota 
Department of Natural 
Resources, we will evaluate on-
site productivity of forestry 
forwarders as a part of a 
harvesting system for 
shrub lands. 
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FOREST PRODUCTS 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 There has been significant progress in the use of FRP 
composites to enhance the performance of engineered wood 
composites. Although much of the work has been directed at 
improving the strength and ductility of new, structural components, 
opportunities also exist to use this technology to repair wood 
structures that are already in service. Considerable value would be 
gained from the availability of materials and methods to reinforce 
wood structures that have been weakened from years of exposure. 
One important element in achieving this objective is the accurate 
assessment of the condition of the aged wood surface. This 
information would make it possible to establish prescriptions for 
surface preparations to ensure bond quality. 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 Southern pine specimens with 
appropriate preservative treatments were selected from samples of 
previous studies that had been exposed to controlled weathering 
conditions. NIR spectroscopy equipment will be employed to 
collect spectrum information on the wood specimens. 

Principal Investigator(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 

Progress/Results 
The experimental work of this 
study has been completed. CCA 
preservative treated and DDAC 
fire-retardant treated Southern 
Yellow Pine (SYP) 2-by 4-in 
lumber. Wood specimens were 
prepared for near infrared 
(NIR)spectroscopy scanning. 
These specimens had been 
exposed to weathering 
conditions for different periods 
of time, ranging from 12 month 
to 60 months. A group of 
unweathered specimens were 
also included as control samples . 
Specifically, the 420 specimens 
were divided into three groups; 
Group 1 (untreated SYP with 
exposure times of 0, 12, 24, 36, 
48, and 60 months), Group 2 
(CCA treated SYP with 
exposure times of 0, 12, 24, 36, 
48, and 60 months), and Group 3 
(DDAC fire~retardant treated 
SYP with exposure times of 0, 
36, and 60 months and loading 
levels of0.15, 0.3 , and 0.6) 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. 
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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 calibrate 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 prior 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. Three 
hundred young-growth Sitka spruce and western hemlock trees 
were sampled and nondestructively tested at seven sites on Prince 
of Wales Island. A calibration procedure was carried out to obtain 
more data points for validating the acoustic wave measurement 
system. 

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 
The field testing work has been 
completed for this study. A total 
of 463 young-growth western 
hemlock and Sitka spruce trees 
were nondestructively tested 
using acoustic and resistance 
drilling techniques. A calibration 
model for adjusting acoustic tree 
measurements has been 
established by testing and 
cutting si:-..iy e:x.1:ra standing trees. 
Tree samples tested in phase 1 
and phase 2 (field study) are 
scheduled to be harvested in 
March 2005. Felled trees will 
then be processed into logs and 
dimension lumber for further 
nondestructive and destructive 
testing to determine the 
mechanical properties of wood. 
NRRl will lead further 
nondestructive testing work 
during the harvesting and 
sawmill process. Specific tasks 
to be completed are: (1) 
acoustically test all logs cut from 
felled trees using the Director 
HM200, and (2) provide 
guidance to the Alaskan Wood 
Technology Center (A WTC) to 
nondestructively test all lumber 
using a transverse vibration 
technique. This testing work is 
currently being planned. 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 

uali . 
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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 ofnew 
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. 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 50 companies as clients and strategic 
partners. Most of these companies are entrepreneurs or small and med-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 Invcstigator(s) Brian Brashaw & Donald Fosnacht 

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

Amount 
$246,407 

Start Date 8/15/03 End Date 8/14/05 

Project No 187-6501 

1303 

Progress/Results 
Following the fabrication of a new 
scratch and mar testing unit for 
membrane pressed products, a 
project was completed with 
Northern Contours and one of their 
vinyl suppliers to develop a 
consensus testing standard. It was 
found that the testing results varied 
based on the type of Hoffman 
scratch stylus purchased and the 
quality of the cutting surface. The 
new procedure calls for using a 
common type, polishing the end to a 
random polished surface, and using 
an automatic scratch testing 
machine. The impact of this 
standard will allow NRRI and 
companies like Northern Contours 
to be able to make informed choices 
on vinyl materials that will increase 
market share and cut material costs. 
Our scientists have been able to 
build an initiative for mineral 
bonded composites resulting in a 
new partnership between the U.S. 
Department of Energy, several 
Minnesota and Wisconsin state 
agencies, private companies, and 
the USDA Forest Products 
Laboratory. Proposals have been 
submitted during this reporting 
period and several have been 
funded allowing NRRI to focus 
efforts to create durable building 
materials from pulp and paper mill 
residues and a novel mineral 
bonding technology from the 
USDOE Argonne National 
Laboratory. A presentation was 
made on these product concepts at 
the International Inorganic Bonded 
Wood and Fiber Composites 
Conference held in Vancouver, B.C. 
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FOREST PRODUCTS 
Forest Products Development for Commercialization 

Objective The overall objective of this project is to continue a research 
and development program to help the sustainable development of private 
sector forest products opportunities in Minnesota and the Upper Midwest. 
Specific objectives include an emphasis on helping existing small and 
mid-size wood products companies remain or become competitive. Work 
in the biotechnology and chemical extractives portions of the project is 
directed at the formation of new industries in the region, benefiting 
farmers, small landowners, as well as large regional forest products 
companies. In addition, promising independent projects that may lead to 
new job creation are undertaken without having identified an industry 
partner. 

Background This project builds on ideas used successfully for over 15 
years . The funding will enhance our ongoing program to help forest 
products companies and associated industries in the Upper Midwest and 
rvlinnesota. We work with existing small and mid-size companies to 
develop, improve, and implement technologies, which will help them, 
remain or become more competitive in the marketplace. 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 serve more than 50 companies as clients and 
strategic partners. Approximately 60 percent of these companies are 
entrepreneurs or small or med-sized businesses. Using funding provided 
in previous Wood Utilization Special Grants we have worked with more 
than 120 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 We continued to facilitate business growth by 
local skatepark manufacturers TrueRide and SunRamps. A consortium of 
private and public sector participants was formed to research and develop 
new high value products from waste papermill sludge from Minnesota 
mills and several prototype products were produced. The Papennill 
Sludge Consortium completed further promising research on new 
products from this major industry waste stream. 

Principal Investigator(s) Brian Brashaw & Donald Fosnacht 

Project Sponsor(s) 
CSDA Cooperative Research Service 

Amount 
$255,345 

StartDate 9/15/01 End Date 9/30/04 

Project No 187-6464 

1168 

Progress/Results 
For progress in the area of 
chemical derivatives from birch 
bark, refer to report# 125 5. This 
project was completed on 
9/30/2004 and a final report was 
submitted to the funding agency. 
Specific accomplishments are 
listed below. (1) We provided 
product development and 
manufacturing improvement 
services to over 30 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. (2) 
Substantial progress in the 
development of commercial 
chemicals from birch bark have 
been made during the project. 
Over l O compounds have been 
successfully extracted and 
potential markets explored to 

, include medical, nutraceuticals, 
and industrial: (3) We have 
developed and implemented 
nondestructive testing systems to 
identify deterioration in standing 
timber and wood structures. 
These technologies have been 
documented in technical reports 
and inspection manuals for 
practicing engineers and 
inspectors. Initial efforts have 
been made to develop new high 
value products from waste 
papermill sludge from 
Minnesota mills. Several 
prototype products were 
produced to include products 
like fire-rated architectural door 

i core, exterior cladding products, 
I floor tiles, and ceiling tiles. 
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FOREST PRODUCTS 1324 
Construct and Evaluate the Performance of Six Timber Bridges Using 
Local Species in Northern Michigan 

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 of MTU. 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 lnvestigator(s) Brian Brashaw 

Project Sponsor(s) 
Michigan Technological University 

Amount 
$5,000 

Start Date 7 /1/03 End Date 6/30/05 

Pro"ect No 187-6512 

3.16 

Progress/Results 
Two additional bridges were cut 
and treated during the fall of 
2004. The timbers were assessed 
using longitudinal stress wave to 
determine the stiffness and 
strength properties. Visual 
grading of the timbers was also 
completed to verify the timbers 
met the required grade 
requirements. The bridges will 
be installed during the late 
spring 2005. 
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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 projec~ 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 and John Forsman 
Michigan Technological University 

Project Sponsor(s) 
Michigan Technological University 

Amount 
$4,000 

Start Date 9/1/04 End Date 10/31/06 

Pro·ect No 187-6539 

1361 

Progress/Res u I ts 
This is a new project and no 
activities have been initiated by 
NRRI. 
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FOREST PRODUCTS 
Tongue and Groove Paneling from Dead Jack Pine 

Objective To evaluate the teclmical 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 
approaching maturity and are among the highest risk of fire 
damage in northern forests. Insects and disease are attacking many 
of these stands, established by the CCC program of the 1930s. 
Once attacked by insects, the trees "brown out" in 2 to 3 years . 
Recently completed studies on the structural 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 Activity/Results Jack pine logs have been secured by 
Michigan Technological University (MTU) who is the primary 
project contractor. NRRI is serving as a subcontractor. Several 
grades and quality of logs have been obtained and were sawn into 
grade lumber. At this point in the project, the technical issues of 
drying and sawing appear easily addressed. The economic 
assessment has not yet been completed. 

Principal Investigator(s) Brian Brashaw 

Project Sponsor(s) 
USDA Forest Service 

Start Date 7/1 /03 

Pro"ect No 187-6524 

Amount 
$8,538 

End Date 12/31/04 

3.18 
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Progress/Results 
No new activity took place 
during the reporting period. The 
primary contractor, Michigan 
Technological University 
requested and was granted an 
extension from the funding 
agency. 
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FOREST PRODUCTS 1341 
Determination of Heat Sterilization Times of Five Hardwood Species 

Objective The overall objective of this project is to quantify the 
effect of wood species, cross-sectional dimens ion, and heating 
medium on the time required to heat the center of hardwood 
lumber and timbers to 133°F using a heating temperature of 160°F. 
A stress wave E-rating procedure will be used to determine if the 
stress wave properties of lumber and timbers can be useful in 
predicting the heating times for untested species in the future. 

Background Heat sterilization of lumber, timbers, and pallets is 
currently used to kill insects to prevent their transfer between 
countries in international trade. A typical requirement is that the 
center of any wood configuration be held at 133°F (56°C) for 30 
minutes. Howeve_r, the time required for the center to reach this 
temperature can vary widely depending on a number of factors 
such as wood species, physical properties, cross-sectional 
dimensions, heating medium, etc. 

Previous Activity/Results The experimental material was sawn 
from logs of five hardwood species - red oak, sugar maple, red 
maple, basswood, and aspen. The lumber and timber specimens of 
each species had six different sizes: lx6 inch, 1 Yz x 6 inch, 2x6 
inch, 3x3 inch, 4x4 inch, and 6x6 inch. 

Principal Investigator(s) Brian Brashaw 

Project Sponsor(s) 
Michigan Technological University 

Amount 
$8,002 

Start Date 6/1/03 End Date 9/30/04 

Project No 187-6525 

3.19 

Progress/Results 
· The stress wave properties and 
. the heating time of all hardwood 
. specimens were determined for 
: the species and sizes evaluated. 

We found that the heating times 
: increased from 12 minutes for a 
' I x6 inch piece of lumber to 294 
· minutes for a 6x6 inch timber. 
; The kiln schedule and associated 
i time will allow manufacturers to 
' better understand how long the 

wood must be treated to meet the 
export requirement for pallet 

· lumber. We found that there is 
no significant relationship found 
between heating time and stress 
wave speed for all five 
hardwood species. It is therefore 
concluded that stress wave 
measures are not suitable in 
predicting heating times for 
untested species. A final report 
has been prepared and submitted 
to Michigan Technological 
University and the prime 
funding source. 
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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 being increasing 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 teclmologies 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 value-added wood products. 

Previous Activity/Results This is a new project. 

Principal Investigator(s) Brian Brashaw 

Project Sponsor(s) 
Iron Range Resources & 
Rehabilitation Agency 

Start Date 4/27/04 

Project No 187-6528 

Amount 
$30,000 

End Date 12/31/05 

Progress/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. NRRl partnered 
with the Mi1mesota Wood 
Campaign to develop an exhibit 
demonstrating the use of 
northern Minnesota wood 
species in wood flooring, 
furniture, cabinet doors, and 
paneling. This exhibit was used 
at the Blandin Foundation 
Building the Capacity of 
Minnesota's Wood Products 
Industry to help secondary wood 
products manufacturer's better 
understand what our hardwood 
and softwood species look like 
when finished as final products. 
The focus was on our four 
undervalued species, including 
tamarack, black ash, basswood, 
and white birch. Several 
companies expressed interest in 
having additional samples 
provided to them. Several 
presentations on wood sorting 
yards were provided this fall 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 
sortin ards will be on oin . 
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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 NOE 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 
defects. 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 Recent advancements and refinements 
ofNDE techniques (acoustics, ultrasound, and density profiling) by 
NRRI and the USDA Forest Products Laboratory provide good 
assurance that these methods will be tools of choice in the future 
for predicting health and value of individual trees and stands. The 
precision of these methods have been improved to the point that 
tree quality and wood properties can be predicted and correlated to 
thinning levels in softwood forests . They have also been used 
successfully to predict the mechanical properties of logs and 
lumber for both softwood and hardwood species. Several units 
have been commmercialized by CHH fibre-gen based in Auckland, 
New Zealand. 

Principal Investigator(s) Brian Brashaw & Xiping Wang 

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

Start Date 6/24/2004 

Project No 187-6527/187-6533 

Amount 
$76,000 
$25,000 

End Date 6/1/2006 

1343 

Progress/Results 
Exploratory field testing has 
been made in Missouri to 
examine the effectiveness and 
capability of several types of 
NOE techniques (acoustics and 
density profiling) for identifying 
trees affected by oak decline. 
Trees from both healthy stands 
and infested stands were visually 
examined and selected for 
preliminary evaluation. 
Acoustic, ultrasound, and 
density profiling testing was 
performed on over 100 trees. 
The resulting NOE parameters 
obtained from field testing are 
being evaluated as possible 
predictors of wood borer 
infestation and damage. 
Preliminary results show that we 
are able to monitor the presence 
of oak decline by using stress 
wave timing tools. Harvested 
logs have also been evaluated 
using the fibre-gen Director 
HM2000 and have been sawn 
into lumber for drying. A 
relationship will then be 
investigated between log waYe 
velocity and grade yield. 
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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 manufacturing, (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. 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 50 
companies as clients and strategic partners. Most of these 
companies are entrepreneurs or small and med-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 grmvth of others, created new technology and r,,roducts, 
allowed several companies to enter new markets, and accomplished 
economic development in the Upper Midwest. Specifically 
research is untaken with wood products manufacturing, forest 
productivity, and development of chemical products from natural 
materials. 

Previous Activity/Results This is a new project. 

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 

Project No 187-6530 

3.22 
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Progress/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. 
Each of these businesses has been 
developed using an integration of 
information technology to assist the 
production and delivery of housing 
system components or 1finished 
products. Specifically, Aurora 
Building Systems, FlatPak Inc., 
Talor Building Systems and US 
CAN Precut are currently operating 
or will be during 2005. Several 
home packages have been cut and 
delivered by these businesses. 
Using similar concepts a disaster 
relief housing system has been 
developed and funding arranged to 
build the first prototype and deliver 
it to Florida for potential use in 
hurricane recovery efforts. 
Significant interest has also been 
generated by the Tsunami disaster 
of December 2004. A 
manufacturing simulation to teach 
lean concepts has been developed 
using cabinet drawer box assembly 
techniques. The simulation was 
developed as a 2 hour module for 
use in familiarizing hourly 
employees with lean concepts. In 
cooperation with the USDA FPL 
and CHH fibre-gen, nondestructive 
testing equipment has been 
developed for standing trees and 
logs. A I-day training session was 
completed for NRRI, USDA FPL, 
and Michigan Technological 
University staff to further enhance 
our ability to use these tools for 
understanding qood quality and the 
impact of silvicultural activities on 
wood quality. Several projects are 
planned for 2005 using this 
e ui ment. 
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FOREST PRO DUCTS 
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 development 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 base, 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 developing a 
new niche market for our resource based industries, which is 
beyond typical distribution logistics, will drive new job growth. 

Previous Activity/Results This is a new project. 

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 

3.23 
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Progress/Results 
Federal Emergency Management 
Adminstration (FEMA) has 
requested a demonstration unit 
to be built in Florida early in 
2005 . Plans are underway to 
carry out this task. 
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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 appears 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 

Start Date 7/1/2003 

Project No 187-6500 

Amount 
$25,000 

End Date 6/30/2005 

3.24 

Progress/Results 
The project team met at 
Michigan Technological 
University in Houghton, 
Michigan to review bridge 
vibration testing techniques and 
to specify testing equipment to 
include a DC drive motor, 
piezoelectric accelerometers, 
rpm sensors, and signal 
conditioners. These materials 
were then ordered and fabricated 
to complete the development of 
the permanent mount vibration 
tester. This equipment was then 
taken to several field bridges to 
evaluate how it could be 
mounted and the effect of the 
vibration on the mounting 
system. Modifications were 
identified and completed to the 
equipment. Further investigation 
showed that the accelerometers 
should be mounted to the 
bridges using a magnet system 
for portable installation and 
through an epoxy screw 
connection for permanent 
mounting. We are still looking 
for a permanent bridge to mount 
the system on in 2005 . The 
original girder style bridge will 
not be used because it will 
contain a lot of skew, where the 
bridge is angled to the shoreline, 
causing challenges in data 
interpretation. Candidate bridges 
are being sought in the National 
Forests. A final option is 
installation on a new timber 
bridge near Houghton, Michigan 
on a county road. This 
equipment will be tested on 
several existing bridges in St. 
Louis County, Minnesota, to 
verify performance and identify 
re uired modifications. 
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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 economically and 
environmentally 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 This is a new project. 

Principal Investigator(s) William Berguson 

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

Start Date 10/28/04 

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

End Date 6/30/05 

Project No 187-6538/187-6536/187-6535/187-6534 

1363 

Progress/Results 
A workplan was developed that 
serves as the guiding document 
for research being done in 2004 
and 2005 (through June 30th). 
This document was reviewed by 
all members in March of 2004 
and the cooperative was formed 
at that time. Through the 
cooperation of MFPRC 
members, we selected sites for 
measurement in April and May 
2004. Activity began in June to 
collect data from aspen and 
Norway Pine 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 
underway to prepare for the 
2005 breeding season. Plant 
materials are being collected and 
breeding efforts will be 
underway in late-January or 
early-February. All data 
collected to date will be 
summarized and an annual 
meeting will be held in March 
2005 to discuss project results 
and research plans for the 
remainder of 2005 and into 
2006. 
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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 This is a new project. 

Principal lnvestigator(s) William Berguson 

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

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

Start Date 6/17/04 

Pro"ect No 187-6529 

Amount 
$95,000 

End Date 5/1/07 

1340 

Progress/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. These 
seedlings will be grown for two 
years and material will be 
collected to allow propagation 
for field tests. Collection of 
female and male branches for 
2005 breeding activities is 
underway. Pollen sources are 
beginning to be recieved and 
forcing of male flowers for 
pollen collection is underway. 
Breeding activities are expected 
to begin in early February. 
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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 important 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 All data from field tests were collected, 
analyzed, and forwarded to the U.S . Forest Service. Dan:a on clone 
performai1ce and disease susceptibility were analyzed to identify 
the subset of clones that possess traits of high growth rate and 
disease resistance as well as resistance to winter injury. A subset of 
this plant material has been identified and these clones are being 
used as parents in new controlled-crosses in our breeding program. 

Principal Investigator(s) William Berguson 

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

Project Sponsor(s) Amount 
USDA Forest Service $31,980 
North Central Forest Experiment Station (NCFES) 

Start Date 6/21/00 End Date 4/30/05 

Pro"ectNo 187-6418 

950 

Progress/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. In 
general, the utility of these tests 
is limited to production of 
material of selected clones for 
breeding and updating disease 
ratings. We will continue to 
collect data on growth as well as 
flower production on this and 
other similar tests statewide. 
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FERROUS MINERALS 
USS - Annual Research Contract - CY 2004 

Objective NRRJ's Coleraine Minerals Research Laboratory (CMRL) will 
conduct research and development work for U.S. Steel's Minntac and 
Keewatin Taconite plants during 2004 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 The Minntac primary milling circuit project is 
now nearly complete, resulting in cyclone geometry improvement ideas 
that should proceed before the testing of a more efficient ball charge. 
These recommendations will soon be presented to Minn tac staff for their 
review, Technical assistance continues to be provided to both Minntac 
and Keewatin Taconite for the incorporation of the new screening 
technology. New full scale plant data from Keewatin Taconite has almost 
perfectly matched the performance predictions made from pilot scale 
tests. 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 
porosirnetry. 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 ofrecycling furnace roll feeder undersize back into 
the filter tubs. A trend for the effect ofbentonite 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 1/1/04 

Pro'ect No 187-6515 

Amount 
$300,000 

End Date 12/31/04 

3.28 
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Progress/Results 
Leaf filter tests were conducted 
to determine the influence of 
filter surfactants and flocculants 
on the production of filter cake 
and the moisture content 
Several manufacturer's and 
supplier's products were 
evaluated, each in a series of 
dosages to produce a 
performance trend, These curves 
will be used by Minntac to 
conduct an economic benefit 
analysis on the results, Finally, a 
series of mini-pot grate furnace 
tests were conducted to simulate 
the conditions that create 
moisture spalling and shell-core 
pellets. The spalling and shell-
core effect is the result of rapid 
heating and the diffusion of 
oxygen into the core of the pellet 
during the early stages of 
induration. A standard Minntac 
firing cycle was modified in the 
drying and pre-heat zones to 
determine the critical factors in 
producing these pellets. A 
formal report concerning options 
for optimizing their primary 
milling circuit was prepared and 
delivered. In addition, 
calculation assistance was 
provided to Minntac staff in the 
form of a spreadsheet that 
contained the statistical test, and 
a material balance of a single 
unit operation. 
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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, Hunner, 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 of 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 as 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 and 
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 aUow 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. 

Pre,ious Activity/Results Work was begun on extending the GIS map 
coverages from the previous two study areas into the OXT AC III study 
area, in preparation for the final round of data collection set to begin on or 
about July I. Metadata for the coverages was also prepared. 

Principal Investigator(s) Steven Hauck 

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

Project Sponsor(s) 
Permanent University Fund (PUF) 

Start Date 7/1/00 

Pro.ect No 783-1045 

Amount 
$60,000 

End Date 6/30/05 

Progress/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 Department 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. 

3.29 
~ RRiserni-Annual Reoort/Julv-Decernber 2004 



FERROUS MINERALS 
Development of Iron Ore Metallization Concepts 

Objective To evaluate the potential to produce metallic iron 
nodules (MIN), and potentially other direct reduced iron products, 
from Minnesota taconite concentrates. 

Background To improve the competitive position of the 
Minnesota taconite industry, a value added iron product based on 
Minnesota concentrates needs to be developed. MIN has the 
potential to be superior to conventional direct reduced iron (DRI) 
products in that the nodules will contain less gangue and sulfur, are 
not subject to reoxidation, cost less to produce, and can use the 
existing transportation and pellet handling systems without 
modification. MIN will be universally acceptable feedstock across 
the steel industry for electric arc furnaces, submerged arc furnaces, 
basic oxygen furnaces, and iron foundries , or as supplementary 
iron units to the blast furnace, and a coolant in basic oxygen 
furnaces. A critical part of the MIN process, as well as a number of 
other DRI processes, is the rotary hearth furnace. This program 
will construct a rotary hearth simulator that can be used to 
investigate a number of DRI processes on a semi-continuous basis. 

Previous Activity/Results The linear hearth simulator tests were 
continued and various parameters in forming metallic iron nuggets 
were explored. At optimum conditions, the formation of fully fused 
iron nuggets was demonstrated. A two-furnace induction system 
was commissioned and tested for melting of simulated iron 
nuggets. A final report to the U.S. Department of Commerce, 
Economic Development Administration (EDA), is under 
preparation. 

Principal Investigator(s) Rodney Bleifuss, Iwao Iwasaki, & 
Donald F osnacht 

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

Amount 
$332,146 
$300,000 
$326,722 
$267,854 

Start Date 3/1/01 End Date 12/31/04 

Pro·ect No 187-6453/783-1057/783-1058/187-6447 

3.30 
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Progress/Results 
A final report has been completed and 
submitted to the USDOC, EDA. 
Application has been made for 
additional funding for continuation of 
laboratory as well as linear hearth 
furnace tests. The report stated as 
follows: A project was undertaken with 
funding from the USDOC, EDA, and 
from the Univ. of Minnesota Permanent 
University Trust Fund for mining 
research. During the course of the 
project, three new facilities were added 
to the Coleraine Minerals Research 
Facility. These consisted of: (1) A 
laboratory scale two stage, electrically 
heated and atmosphere controlled box 
furnace, (2) A large linear furnace 
capable of simulating the conditions of 
a rotary hearth. This furnace possesses 
three heating zones, a cooling zone, and 
a walking beam mechanism to move 
experimental pallets through the 
furnace. Pallets containing mixtures of 
reducing agent and iron oxide 
containing materials can be moved 
through the various treatment zones in a 
controlled manner and, (3) A two 
furnace, induction melting system was 
installed to allow melting of the iron 
products formed in the large-scale 
reduction furnace. The combination of 
equipment was used advantageously to 
investigate a variety of compositional 
and time/temperature and atmospheric 
variables relating to the reduction and 
melting of iron oxide/reductant and 
additive mixtures. Specific conditions 
have been identified which allow 
routine production of high iron, low 
impurity iron nuggets (or nodules) 
under promising economic conditions. 
The tests show that it is feasible to vary 
product size and minimize yield losses 
through manipulation of the process 
variables. The technology is ready to be 
tested at pilot scale using a variety of 
test conditions. 
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FERROUS MINERALS 1141 
Chemistry, Mineralogy, and Liberation Characteristics of Taconite 
Concentrator Unit O eration Products 

Objective To provide chemistry, quantitatiYe mineralogy, and 
degree of magnetite liberation in feed, concentrate, and tailings of 
each taconite concentrator unit operation and to relate 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 providing 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. All tables and graphs are 
completed for all three taconite properties' samples and reports are 
being written. 

Principal Investigator(s) Harlan Niles 

Project Sponsor(s) 
Permanent University Fund (PUF) 

Amount 
$102,277 

Start Date 5/1/01 End Date 12/31/04 

Pro"ect No 783-1050 

Progress/Results 
Magnetic separations of "as is" 
samples showed magnetite 
liberation was better in the 
sample set received July 2, 2002, 
(Set 2) than in the set received 
August 3 0, 2001, (Set 1) as 
indicated by Si02 contents. 
However, the 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 2 material 
could affect the agglomerator 
heat balance and should be 
accounted for in producing 
partially fluxed pellets. The 
EVTAC (now UTAC) report 
will be completed by the end of 
the first quarter 2005. Two other 
reports for Minorca (now Ispat 
Inland/Mittal Steel) and NSPC 
(now KeeTac) will be 
forthcoming on this project. 
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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 moistures for fine magnetic concentrates, and to make 
pilot plant investigation of removing 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, and 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 be accomplished 
by classifying magnetic concentrates with a hydrocyclone, and the cyclone 
overflow fractions may be upgraded by 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 
volumes of percent moisture was required to restore the ball quality. 

Previous Activity/Results The project on the portion "Control ofDi-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. Preliminary 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. It became 
evident that spray washing with softened water had a markedly beneficial effect 
on ball quality, but apparently vacuum filtration in a pilot plant filter with softened 
water led to excess moisture in filter cakes. Therefore, some measure must be 
taken to control the moisture content. Partial displacement of the interstitial plant 
water with softented water, or the use of water containing 50- 100 ppm di-valent 
cations may be considered. In fact, according to experience at the CMRL, using 
Coleraine tap water gave no particular problem in balling. Alternatively, the use of 
heated softened water or an application of steam over filter cakes may provide a 
solution. 

Principal Investigator(s) Iwao Iwasaki 

Project Sponsor(s) 
Permanent University Fund (PUF) 

Start Date 5/1/01 

Pro·ect No 783-1054 

Amount 
$68,918 

End Date 12/31/04 

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. 
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FERROUS MINERALS 1158 
Re-Examination of the Relationship Between Davis Tube Data on Drill 
Core and Actual Plant Operation 

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 ex.plain some of the discrepancies 
between plant predicted silica and actual silica. 

Previous Activity/Results Previous work on relating drill core 
data to plant performance was recently re-discovered and is being 
compared with the test results. This study has indicated that stage 
grinding and magnetic separation ar the laboratory scale can 
produce significantly different Davis tube concentrate silica values 
compared to the standard liberation grind-Davis tube test on the 
same material. There is no apparent trend to the difference, i.e., in 
some cases the liberation tests produce a lower silica concentrate 
while in other cases it is higher. Init ial examination of the recently 
found data seems to indicate the same results. 

Principal Investigator(s) Blair Benner 

Project Spoiisor(s) 
Permanent University Fund (PUF) 

Amount 
$42,509 

Start Date 9/1/01 End Date 12/31/04 

Project No 783-1056 

3.33 

Progress/Res u I ts 
The test work has shown that the 
liberation-Davis tube tests are 
additive in that two ores tested 
separately and then 
mathematically combined to 
give a silica at an 85 percent 
passing 270 mesh grind will give 
approximately the same value as 
testing a 50-50 mixture of the 
ore. However, laboratory testing 
where the material is stage 
ground with magnetic separation 
between the stages (which more 
closely simulates plant 
operation) can produce 
significantly different results 
from the standard liberation 
grind-Davis tube test. Work is 
continuing, as time permits, on a 
final report. 
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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 Test work was completed to evaluate 
the optimum metal chemistry useful for the sample tray 
composition whereby previous samples would not be carried 
forward to new moisture measurements. Software was modified to 
separate out operating features of the system from running SPC 
type plots of actual moisture measurements completed. Design 
functions are being modified to allow for plant upgrade to 
continuous online analysis. Continuous filter cake moisture 
analysis having an accuracy of +/-0.10% 2 sigma continues to be 
highly sought after by all U.S. taconite operations. The NRRJ 
automated unit intends to fill this need and will be completed in 
2004. 

Principal Investigator(s) David Hendrickson & Richard Kiesel 

Project Sponsor(s) 
Permanent University Fund (PUF) 

Amount 
$88,800 

Start Date 2/1/02 End Date 12/31/04 

Pro"ect No 783-1060 

3.34 

Progress/Results 
The Automated Filter Cake 
Moisture Analysis System is 
being completed and prepared 
for on-site testing at Minnesota 
taconite operations in the spring 
of 2005. 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 of 
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 samples. 
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FERROT...S 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 penneability. 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 of results 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. 

Principal Investigator(s) Dave Englund 

Project Sponsor(s) 
Permanent University Fund (PUF) 

Amount 
$63,000 

Start Date 2/1/02 End Date 12/31/04 

Pro"ect No 783-1061 

1182 

Progress/Results 
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 of 
lower costs per test. 
Approximately 30 tests have 
been run and used to revise the 
magnetite oxidation and 
moisture evaporation 
subroutines in the simulation 
program. A final report is being 
written and should be completed 
by the end of February 2005. 
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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 between 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 is 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 in the pilot plant. Tests will be run at slurry 
temperatures ranging from 35°F to 115°F and percent solids from 
25 to 55 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 * (oF). These results 
indicate that increasing temperature will make a finer split in the 
cyclone; however, the affect of temperature is not as great as 
percent solids. Therefore in a circuit setting, increasing temperature 
will send more material to the underflow (finer split) which will in 
turn 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 Fund (PUF) 

Amount 
$85,000 

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

Pro"ect No 783-1063 

1184 

Progress/Results 
All test work has been 
completed and the major 
findings were previously 
reported (see previous activity). 
A final repo1t is being completed 
as investigator's workload 
allows. 

3.36 
~ RRisemi-Annual Reoort/Julv-December 2004 



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 in 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 and sent 
to Micromeritics in Norcross, Georgia, for analysis. The 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. The 
known variability in green ball porosity, created by the packing of varying 
sized particles, was confirmed by the analysis. The porosimeter was 
purchased from Quantachrome and training was conducted in March 
2004. 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. Pellet porosity was 
characterized using the porosimeter and compared to physical quality 
results. Pot grate pellets were also fired using concentrate prepared from 
various particle size distributions and consistent% passing 270 Mesh. 

Principal Investigator(s) Richard Kiesel 

Project Sponsor(s) 
Permanent University Fund (PUF) 

Start Date 2/1/02 

Pro·ect No 783-1066 

Amount 
S70,000 

End Date 12/31/04 

Progress/Results 
Fired pellets and green balls 
have been evaluated using 
mercury porosimetry techniques 
and the data compared to quality 
results. Data indicate that a 
relationship does exist between 
the porosity characteristics of 
fired pellets and the fired pellet 
after tumble index. Pellets 
prepared in the mini-pot have 
shO\\TI not to be sufficient for 
metallurgical analysis or 
comparison due to insufficient 
time at temperature for typical 
fired pellet metallurgical 
characteristics. Mini-pot firing 
cycles are being modified to fuse 
the grains on these pellets for 
metallurgical analysis. In 
addition, the influence on fired 
pellet metallurgical properties 
will also be investigated on full 
pot grate pellets prepared from 
green balls using similar 
techniques. 
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FERROUS MINERALS 
Testing of Roasted Lisakovsky Material 

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

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

Previous Activity/Results An additional $25,000 was added to the 
contract by Ispat and the contract was extended to 9/30/04. Several 
proposals for additional research have been submitted to Ispat. 

Principal Investigator(s) Blair Benner 

Project Sponsor(s) 
Ispat Inland Inc 

Start Date 9/1 /02 

Project No 187-6483 

Amount 
$50,000 

End Date 9/30/04 

1247 

Progress/Results 
Lisakovsky ore (total - approx. 
400 lbs) was leached using 
sulfuric acid to reduce 
phosphorus levels to approx. 
0.10%. The material was then 
ground in a standard ball mill for 
1 min, 3 min, and 8 min to 
produce several size 
distributions for briquette 
testing. Several series of 
briquettes were 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 qualities of the 
bench scale briquettes were 
determined by measuring 
moisture content, compression 
strength, and drop strength. 
Optimum conditions from the 
bench work were then used to 
conduct pilot scale briquetting. 
Approx. 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. An 
additional $25,000 has been 
requested to conduct follow-up 
testwork to further optimize the 
additives and briquetting 
ammeters. 
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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, ne,,· size reduction 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 appear 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 Fund (PUF) 

Amount 
$50,000 

Start Date 7/1/99 End Date 3/30/05 

Pro"ect No 783-1033 

Progress/Results 
Principal investigator is working 
on final report as workload 
allows. 
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FERROUS MINERALS 1284 
Minnesota Industries of the Future Roadmap for Mining Industry 

Objective This study will determine the vision and roadmap for 
assuring a viable taconite industry on a long-term basis. The work 
is being conducted under sponsorship of the State Energy Office of 
the Minnesota Department of Commerce, the Iron Range 
Resources & Rehabilitation Agency (IRRRA), and the U.S. 
Department of Energy. 

Background This effort was initiated as part of an overall state 
initiative to develop a specific roadmap for improving the 
competitive position of the taconite mining industry. The program 
is administered through the State Energy Office of the Minnesota 
Department of Commerce and through the IRRRA. The goal of the 
effort is to achieve a broad consensus from various stakeholders on 
the key steps that must be followed to enhance the future state 
success of this vital industry to our region. The role of the 
University is to coordinate that development of the roadmap and its 
associated vision document. The overall effort is funded by the 
U.S . Department of Energy as part of their Industries of the Future 
Initiative. 

Previous Activity/Results The work on this project was geared to 
providing background information to the Governor's Committee on 
Minnesota Mining's Future. The Principal Investigator for the 
project was appointed to this committee as U.S . Congressman 
James Oberstar's representative. As such, the investigator actively 
partipated on the committee and provided significant input to the 
committee in development of its final report to the Governor. The 
final report for the mining industry will be issued in August after a 
thorough committee review. The document outlines the issues and 
opportunities facing Minnesota mining and is a blueprint for 
tangible actions that would aid the taconite, non-ferrous, and 
industrial minerals industries. 

Principal Investigator(s) Donald Fosnacht 

Project Sponsor(s) Amount 
Iron Range Resources & $73,700 
Rehabilitation Agency (IRRRA) 

Start Date 2/10/03 End Date 1/1/05 

Project No 187-6491 

Progress/Results 
The basic tasks in the report 
have been completed and a final 
report has been submitted to the 
State Energy Office and Iron 
Range Resources for final 
review. During this project, a 
Vision document for what can 
be done for ensuring the future 
of the taconite iron mining 
industry was developed. In 
addition, various supporting 
documents that characterized the 
state of iron mining, by-product 
usage, non-ferrous mining, and 
aggregate use in the state were 
developed and presented to 
various parties including the 
Governor's Committee on 
Minnesota Mining's future. The 
work led to active cooperation 
with the Governor's committee 
and the final production of a 
report to the Governor that 
outlined specific action steps 
that should be considered to 
strengthen the future condition 
of the state's mining industry. 
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FERROUS MINERALS 1348 
Medusa Modeling for Oxygen Injection into a Grate-Kiln Furnace - Part 2 

Objective Simulation work will continue to investigate oxygen 
injection through a limited number 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 
is to determine the minimum number of ports in combination with 
flow, to achieve 95 percent oxidation 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 ported kiln, with 
a reduced number of ports, intended to keep the weight of port 
assembly within the bearing limits. 

Pre,ious Activity/Results This is a new project. 

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 

3.41 

Progress/Results 
Ox.-ygen 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 
cubic feet of oxygen per long ton 
of fired pellets. Plots are 
provided in the final report such 
that the reader can determine 
oxygen required based on a 
desired oxidation level in the 
kiln discharge stream. The report 
has been sent to the Dl\TR., and 
the next step is to determine an 
ox.-ygen cost per ton of pellets. 
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FERROUS MINERALS 
Iron Ore Green Ball Porosity Measurement 

Objective To evaluate mercury porosirnetry 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 green 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 relationship 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 and 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 at various early stages of induration (through the pre-heat zones) . 
Additional green balls were also fired to later stages of induration. The 
green balls and quenched pellet samples were characterized using the 
porosirneter and then compared to the physical quality. Cross section 
microphotographs were also taken to observe the transition of the green 
ball to the fired pellet. 

Principal Investigator(s) Richard Kiesel 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Amount 
$56,000 

Start Date 9/18/2003 End Date 6/30/2005 

Pro·ect No 187-6502 

1306 

Progress/Results 
Fired pellets and green balls 
have been evaluated using 
mercury porosimetry techniques 
and the data compared to quality 
results. The data indicate that a 
relationship exists between the 
porosity characteristics of the 
fired pellet and the fired pellet 
after tumble index. The 
influence on fired pellet 
metallurgical properties will be 
investigated at a later time with 
the production of pot grate 
pellets. Currently, green ball 
porosity data is being 
investigated for relationships 
and trends. Balling techniques 
such as residence time, seed 
green ball size distribution, and 
moisture addition rate are being 
used to alter green ball porosity 
and pore characteristics. Particle 
size distribution, moisture levels, 
and additives are also being 
tested. 
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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 regards to the green ball drop number, 
moisture content, wet strength, and dry strength. 

Principal Investigator(s) Richard Kiesel 

Project Sponsor(s) 
Minnesota Department of)J°atural Resources 

Amount 
$35,000 

Start Date 9/18/2003 End Date 6/30/2005 

Pro·ect No 187-6503 

1307 

Progress/Results 
A series of green ball samples 
were collected from rubber lined 
balling drums at Northshore 
Mining Co. 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. Data analysis is in 
progress and results are 
preliminary and inconclusive at 
this time. 
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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 allow a higher up-flow velocity 
without increased iron losses. The use of a higher up-flow velocity 
would permit greater desliming 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 plants 
with the same iron recovery. 

Previous Activity/Results A variable speed pump and interface 
have been purchased and are being installed on the test 
hydroseparator. 

Principal Investigator(s) Blair Benner 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Amount 
$94,500 

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

Project No 187-6504 
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Progress/Results 
The underflow pump with its 
variable frequency drive (VDF) 
has been installed on the test 
hydroseparator. The interface 
sensor has been 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. 
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FERROUS MINERALS 
Pellet Fines Removal System 

Objective To construct and test a larger scale of a prototype fines 
removal system in a pellet plant operation on 150-250 LTPH fired pellets. 
A prototype fines removal system was developed at the Coleraine 
tvlinerals Research Laboratory as an alternative method for the sizing of 
pellets, ores, agglomerates, or coarse materials . Selective screening of 
materials to remove fines is a relatively common practice. 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. In addition, screen cloths are _ 
commonly blinded, reducing the efficiency of the separation. 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 It is generally accepted that capital costs for screening plant 
installations are typically $1 ,000,000 per million tons pellets produced. 
Operational costs for these screening operations can be as high as 
$0.50/L T. 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% of the fines can be effectively removed while 
retaining 97-98% of the fired pellets in the product. Of the 2-3% fired 
pellets that were measured with the fines, approximately 70% of that was 
found to be -3/8"+ 1/4" and what appeared to be fired pellet "chips." Fired 
pellet fines (defined as the -1/4 inch pellets, chips and dust) are 
undesirable to blast furnace operators and cause decreased pellet value. 
The fines essentially decrease the blast furnace bed permeability, 
restricting the ability to move gases through the bed of pellets, which 
significantly decreases productivity. It has been reported that a l % 
reduction in pellet fines results in a 0.8 to 2.3% increase in productivity 

· and a 0.5 to 1.3% decrease in Coke rate. A high volume of pellet fines 
also increases the load on top gas dust collectors and results in total iron 
losses. 

Previous Activity/Results Iron Ore Cooperative Research funding was 
received on this project. The unit was sized to process I 00-200 LTPH of 
fired taconite pellets. The unit was built based on the design and 
development work done on the prototype fines removal system. The 
scaled-up Fines Removal System was designed and the unit was built by 
the Rapat Corporation. It was relocated to Northshore Mining in Silver 
Bay, Minnesota, and also to Keewatin Taconite, Keewatin, Minnesota, for 
testing. 

Principal Investigator(s) Richard Kiesel 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Amount 
$115,000 

Start Date 9/1 8/03 End Date 6/30/05 

Pro'ect No 187-6506 
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. Progress/Results 
The NRRl - Fines Removal 

i System was successfully 
! demonstrated at Northshore 
I 
: Mining from 8/27/04 to 9/10/04 

and at Keewatin Taconite from 
9/29/04 to 10/07 /04. During this 
period, an estimated 20,000 LT 

: of iron ore pellets were 
j processed. \\Tith an average feed 
/ of94.6% + l!/4" pellets, the feed 
! rate over this period was 
I estimated at 340 LTPH based on 
I an average product belt scale 
i reading of 3:25 LTPH. This is 

70% greater than the design 
capacity of200 LTPH. The test 
results show that the system was 
successful in achieving greater 

II than 99% + l/4" pellets with less 
than 2% pe!Jet carryover. The 

! duration of the test shows 
product quality varied from 97.2 
to 99.9% +114" based on the 

I 
feed quality and test conditions. 
Feed samples ranged from 79.8 
to 99.2% +l :14" during this 
period. This trial period shows 
that the new NRRI technology 
has great potential to replace 
conventional screening 
operations that are both costly 
and maintenance intensive. Data 
analysis and a final report are in 
progress. 
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FERROUS MINERALS 1310 
Utilization of Hemicelluloses 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 carboxymethylcellulose (sodium carboximethylcellulose) for 
use as a binding agent. The unique idea includes processing CMC formation from 
the initial cellulose or hemicellulose raw materials, straight through to the 
application. This can sufficiently decrease the costs ofCMC materials from one 
side, and optimize the necessary properties of CMC products for a particular 
application. This research will be based on the following high volume 
hemicellulose and cellulose materials: (1) paper mill sludge (PMS, byproduct of 
paper mill plants), (2) waste wood molasses (WWM, byproduct from the industry 
of hardboards), (3) sawdust and wood flour (SWF). The hemicellulose and 
cellulose structure of these materials unites them in one conunon group of 
polycarbohydrates, which may be modified chemically by similar process of 
carboxymethylation. The final water soluble polymeric materials are named as 
sodium ( or potassium) carboxymethylcellulose (CMC). These materials have been 
known to find applications in the binding of coal, iron ore, and magnetic taconite 
concentrates and for use as surfactants in flotation processes in 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. A successful application of an alternative iron ore 
pelletizing binder has the potential to improve pellet quality and reduce costs. The 
use of organic binders in mineral ore pelletizing operations is desirable over the 
use of bentonite because organic binders do not increase the silica content and 
they improve the reducibility of the pellets. Organic binders that have proven 
useful as iron ore pelletizing binders include poly(acrylamide), 
polymethacrylamide, carboxymethylcellulose, hydroxyethylcellulose, 
carboxyhydroxyethylcellulose, poly(ethylene oxide), guar gum, and others. 

Previous Activity/Results The CMC products will be tested as iron ore 
pelletizing binders and compared to current binders and bentonite using batch 
balling techniques and green ball quality. These balling studies will be conducted 
with each of the Minnesota taconite concentrates. Green ball quality will be 
judged on the basis of dry strength, wet strength, drop number, and green ball 
deformation using stress-strain relationships. A series of binders was developed at 
NRRI, using organic compounds from waste materials and used in conjunction 
with available clays. Approximately 15 binders were bench tested using batch 
balling tests. No binders tested to date show comparable green ball quality results 
to the typical bentonite baseline. 

Principal Investigator(s) Richard Kiesel 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Amount 
$57,800 

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

Pro"ect No 187-6507 

Progress/Results 
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. 
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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. This magnetic field model was incorporated into the CFD 
model of the separator, which would simulate the interactions 
between magnetic, gravity, and hydrodynamic forces. 

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 12/21/04 

Pro"ect No 187-6508/783-1089 
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Progress/Results 
CFO simulations were 
completed and 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. 
Tests were carried out using a 
hydrocyclone underflow sample 
from a taconite plant. 
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. Final tests are 
being carried out to define the 
effects of operating conditions 
on the separator performance. 
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FERROUS MINERALS 1313 
Medusa Modeling for Oxygen Injection into a Grate-Kiln Furnace 

Objective To complete an engineering preliminary feasibil ity 
study for injection of oxygen into a Grate-Kiln system at the 
transition between the grate and kiln to increase magnetite 
oxidation at the kiln entry point. CMRL's role is to use Medusa to 
simulate the effect on oxidation by the proposed injection system. 

Background Prior research projects funded by Iron Ore 
Cooperative Research concluded that oxygen is most effective for 
increasing oxidation at the discharge end of the grate, resulting in 
improved pellet physical strength by completing magnetite 
oxidation prior to kiln induration at increased temperature. If 
successful, this approach provides an alternative method to porting 
a kiln. 

Previous Activity/Results Thirty-one simulations were run, 
investigating the effects of oxygen injection in the transfer chute 
region between the furnace and the kiln for the Kee Tac Line 2 
Furnace. The simulations indicated that stoichiometric volumes of 
90% pure oxygen gas would not achieve oxidation levels 
equivalent to the ported kiln system. Oxidation could be increased 
by 5-15% from current levels, but in no case did the oxidation 
completed at the end of the kiln approach the 95% complete target. 
In an effort to validate the simulations, 16 mini pot tests were run 
with preheat zone over bed oxygen contents ranging from baseline 
at 16% to 29%, pellet bed samples confirmed that oxidation on the 
grate would not exceed 87% at the maximum injection rate, and at 
the stoichiometric volume average bed, oxidation did not exceed 
78%. 

Principal lnvestigator(s) Dave Englund 

Project Sponsor(s) 
Minnesota Department of Natural Resources 

Amount 
$5,000 

Start Date 7 /21/03 End Date 12/31/04 

Pro"ect No 187-6505 

3.48 

Progress/Results 
The project as defined is 
complete, and the final report 
was issued in July 2004. 
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FERROUS MINERALS 
Testing a Specific Gravity Capable Cyclone 

Objective To build and test a new, inexpensive hydrocyclone 
modification that has been designed and to determine if it will 
successfully re-direct fine magnetite to the cyclone overflow 
stream, preventing it from reporting to the underflow stream and 
then to the mill where it is unnecessarily reground . 

Background It is \veil known that the classification performance 
of a cyclone depends not only on particle size, but also on particle 
specific gravity and water drag forces. In the processing of taconite 
ores, the specific gravity difference between silica and magnetite 
results in an expensive amount of fine magnetite reporting to the 
cyclone underflow. If this fine magnetite can be forced to report to 
the overflow instead, then overall cost savings at the plant can be 
substantial. While previous work has shown that double 
classification circuits ( e.g., various combinations of cyclones and 
screens) can be designed to correct this problem, any double 
classification circuit requires additional capital for new pumps, 
pipes, sumps, and level controllers, and additional costs for 
installation. If a standard cyclone can be modified slightly to obtain 
a similar benefit, then the installation cost will consist of the cost 
for replacement of wear parts, plus a small piping cost to transport 
the magnetite away from the cyclone underflow and into the 
existing oversize launder. There will be no pumps, sumps, level 
controllers, or long material transfer pipelines required, other than 
hardware of this type that is already installed. 

Previous Activity/Results A standard 15" cyclone was delivered, 
and was physically modified to create the first prototype of the 
specific gravity cyclone. A sample offeed material was collected 
from a local mining company, and the system passed the leak tests 
using both water and slurry. A check sample collected during the 
slurry leak test has shown a very encouraging result. The 
performance evaluation tests will begin very soon, after minor 
modifications to the sample collection hardware are made. 

Principal Investigator(s) Thomas Larson 

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

Amount 
$35,000 

Start Date 6/1/03 End Date 9/5/04 

Pro·ect No 783-1074 
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Progress/Results 
The performance of the first 
specific gravity cyclone 
prototype was refreshingly 
successful. Just as hoped, the 
new design separates fine 
particles with high specific 
gravity away from the stream of 
coarse particles that ordinarily 
would return to a grinding mill. 
In other words, it successfully 
corrects the specific gravity 
problem with the standard 
cyclone design. It was also 
encouraging to discover the 
large size of the improvement, 
over IOo/o,eventhoughthe 
design parameters were chosen 
without the support of any data! 
Based on the encouraging 
performance measured on the 
first try, a proposal has been 
prepared to support additional 
tests . The new work will 
incorporate a few design 
adjustments that are now 
possible based on data from the 
first tests, and will expand the 
tests over additional feed 
streams. 

3.49 
IIF.rRRisemi-Annual Reoort/Julv-December 2004 



FERROUS MINERALS 1317 
The Effect of Fluorine and Chlorine on Fired Pellet Metallurgical 
Pro erties 

Objective To evaluate the effect of fluorine and chlorine on fired 
pellet metallurgical prope1iies, 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 
influenced 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. The test plan was carefully 
designed to ensure that chemical additives to modify halide content 
of process water and dust control water do not create false 
influences on fired pellet quality. 

Principal Investigator(s) Richard Kiesel 

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

Amount 
$30,000 

Start Date 6/1/2003 End Date 12/31/2004 

Pro"ect No 783-1075 

Progress/Results 
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 in 
the pot grate furnace . 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. Salt containing process 
water, used for dust control, will 
also be investigated for its 
influence on pellet quality. Fired 
pellets will also be obtained 
from several Minnesota taconite 
operations for study. 
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FERROUS MINERALS 1318 
Preclassification of the Final Stage of Magnetic Separation Feed 

Objective To investigate the utility ofpretreating 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 ofusually 
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 fine stream, which is low in non-
magnetic material/silica and, (2) the coarse stream, which is high in non-
magnetic material. Therefore, the fine 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 magnetic 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. Bulk 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 bulk 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) 

Amount 
$26,200 

Start Date 6/ 1/03 End Date 12/31/04 

Project No 783-1076 

Progress/Results 
The principal investigator has 
left the University but is writing 
a summary report on the test 
work. 

3.51 
~ RRisemi-Annual Reoort/Julv-December 2004 



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 fine screening. The Center is already involved 
in a DOE funded project for improving efficiency of the Ispat 
Inland concentrator by computer simulation. It has also provided 
simulation service to several other taconite plants . 

Previous Activity/Results The Center completed a performance 
analysis and simulation study 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 also provided 
simulation based service to the USX Minntac plant, and assistance 
to Cliffs Technology Services by the use ofUsim Pac for mass 
balancing and plant simulation. The Center successfully 
incorporated Wiegel ' s liberation model into Usim Pac. The model 
consists of two modules. The first model defines the liberation 
spectrum of a feed to a mill, while the second model calculates the 
same when ore is ground in a ball mill. 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. A proposal 
was submitted to the DOE to obtain funding to develop models for 
emerging technology products, as well as improved models for 
conventional pieces of separation equipment, including magnetic 
separators and hydroseparators. 

Principal Investigator(s) Salih Ersayin 

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

Amount 
$118,918 
$60,000 

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

Pro·ect No 187-6509/783-1053 

3.52 
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Progress/Results 
Further simulations were carried 
out to refine performance 
improvement ideas for the Ispat 
Inland plant. These included ball 
charge, increased critical speed, 
and larger diameter 
hydrocyclone simulations. These 
led to the plant ball mill charge 
increase and plans for 
replacement of existing 
hydrocyclones with larger 
diameter ones. The effect of 
reduced flotation retention time 
as a result of increased 
concentrate production was also 
simulated. 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 developed 
and incorporated into Usim Pac. 
A mathematical structure for 
constant speed pumps was also 
constructed. 
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NON-FERROUS MINERALS 1322 
Regional Till Geochemical Sampling in the Western Vermilion 
Greenstone Belt, Minnesota 

Objective The objectives of this study are: ( l) Complete a reconnaissance-scale 
till fine-fraction geochemical survey of the western Verrn.ilion Greenstone Belt 
and (2) Determine the magnitude of the nugget effect in ti ll fine-fraction gold 
assays. 

Background The Vermilion Greenstone Bdt (VGB) is O!De of the most 
prospective terrains in Minnesota for lode Au and VMS-:sryle base metal 
mineralization. However, bedrock exposure in the districi: is mostly poor. This is 
especially true for host rocks of VMS and lode gold mincralization, which are 
commonly sulfide-rich, hydrothermally altm:d, and strucmrally weakened. 
Therefore, they were sites of enhanced glacial erosion anJ now occur in 
topographic lows covered by lakes or wetlands. Till geodnemical surveys have 
potential to surmount these obstacles to mineral explorati,on. A preliminary fine-
fraction till geochemical survey over portions of the wesuem VGB has identified a 
number of significant anomalies associated with lode gold and VMS-type base 
metal mineralization. The glacial stratigraphy of this area is fairly simple, and 
transport directions of till material can be determined witfn confidence. Most of the 
anomalies can be correlated with areas of known lode Au and base metal 
mineralization. Studies on the bedrock geology provide excellent bedrock 
geological control, allowing robust interpretation of a till geochemical survey. 
Conversely, till geochemical data will augment these studies by providing 
information on bedrock otherwise inaccessible due to a co ver of glacial and 
modern overburden. 

Previous Acth•ity/Results Regional till sampling survey conducted during 2003 
augments a previous 200 l sampling program, and provides coverage for -1 
sample per 3 km2 for the area between Tower and Ely, l'vfumesota. The 
geochemistry of the till B- and C-horizon fine fraction was analyzed for Au-Pt-Pd 
by fire assay, and for other elements by ICP-MS and ICP-AES. Results of the 
survey provide background concentrations, as well as, th~ presence and location 
of anomalous gold and base metal concentrations. Also, observations on the 
character and distribution of glacial sediments overlying me VGB provides a 
glacial framework for interpreting the till chemical data. Sampling results indicate 
the till compgsition reflects a unique metals endowment o f the VGB. Compared to 
the similar Shebandowan Greenstone Belt, Ontario, the \·GB appears to have a 
greater endowment of Au and Zn, and a lesser endowmem in Cu, Ni, and PGEs. 
The survey identified several anomalous precious and ba...--:e metal areas, including 
a number of samples with >50-940 ppb Au, Cu >3 14 ppm, Zn >368 ppm, and Pt 
>8 ppb. A larg.:: Zn anomaly is down-ice of the Fivemile-Needleboy Lakes trend, 
suggesting undiscovered Zn mineralization. Very anomalkms Cu-Au-Zn occurs 
near Armstrong Lake, suggesting unexplored mineralizaoion. Anomalous Au 
values suggest new Au targets exist near the Mud Creek shear zone. Further 
higher density follow-up sampling could clearly define tbe significance of the 
anomalies, and find the location of potential source rock_, 

Principal lnvestigator(s) Steven Hauck & Phillip Larso,n 

Project Sponsor(s) 
Permanent Un.iversity Fund (PUF) 

Start Date 6 /1/03 

Pro"ect No 783-1079 

Amount 
$41,000 

End Date 12/3 n '04 

Progress/Results 
The project is complete with the 
release of the final report by 
Phillip Larson. The report is 
available on the Economic 
Geology Group website, and is 
titled "Regional Till 
Geochemical Survey of the 
Western Vermilion Greenstone 
Belt, Minnesota. The report 
demonstrates the usefulness of 
glacial till geochemistry in 
locating anomalous base and 
precious metal occurrences up 
ice from the till sample location. 
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NON-FERROUS MINERALS 1321 
Chemical and Mineralogical Classification of Potential Waste Rocks in 
the Eastern Mesabi Ran e and Beneath the Duluth Com lex 

Objective Conduct detailed whole rock geochemistry and petrographic 
descriptions for all potential waste rock types within the rocks of the 
eastern Mesabi Range, and for waste rocks associated with the Cu-Ni 
deposits of the Duluth Complex. Conduct microprobe analyses of specific 
silicate and metallic minerals, and compile all known geochemical data, 
to assist in determining the ' ' self-buffering' ' capacity of the various waste 
rock types and to establish potential levels of elements, including 
deleterious elements, associated with the various waste rock types. 

Background Waste rock characterization has become very important for 
permitting and operating a metallic mine in Minnesota. On several 
occasions, state regulatory agencies have contacted the NRRI with 
questions pertaining to the sulfide content, mineralogy, mineral chemistry, 
whole rock chemistry, and spatial distribution of specific waste rock units 
associated with either: (1) hanging-wall rocks that are to be stripped at 
taconite mines, or (2) footwall rocks uncovered during Cu-Ni mining. It is 
apparent that little research has been done to quantify the nature of waste 
rocks . This proposal will document the mineralogy, mineral chemistry, 
and whole rock chemistry for all kinds of waste rock present at the eastern 
end of the Mesabi Range and coincident with the Cu-Ni deposits of the 
Duluth Complex. Waste rocks to be studied include: Virginia Formation 
( argillite, graywacke, calc-silicates, graphitic argillite, and Bedded 
Pyrrhotite unit); Cr-sill at the base of the Virginia Formation; upper 
submembers (A through D) of the Biwabik Iron Formation; and Logan-
type sill near the top of the Biwabik Iron Formation. 

Previous Activity/Results Several maps were completed that show the 
distribution of the unique rock units within the Virginia Formation (VF) 
and Biwabik Iron Formation (BIF). These maps will help predict where 
specific waste rock types may be exposed by mining. One particular unit 
in the VF, the BDD PO unit with high graphite and sulfide contents, is an 
onerous rock that needs to be treated for acid production potential. The 
BDD PO can be traced in covered areas by geophysical surveys that 
measure rock conductivity. Maps that show where conductive units are 
can be used to avoid exposing the BDD PO Unit, and can save mining 
companies time and money in mitigation. 

Principal Investigator(s) Mark Severson & Steven Hauck 

Project Sponsor(s) 
Permanent University Fund (PUF) 

Start Date 6/1/03 

Project No 783-1078 

Amount 
$107,000 

End Date 12/31/04 

Progress/Results 
Two mineral chemistry 
(microprobe analyses) databases 
were compiled: (1) 1,342 sulfide 
analyses in the Duluth Complex 
and Virginia Formation (VF) 
and Biwabik Iron Formation 
(BIF), and (2) 307 non-sulfide 
analyses in the VF and BIF. 
These data will provide 
companies and other interested 
parties with useful data on 
mineral compositions that either 
contribute or mitigate acid mine 
drainage. 44 geochemical 
samples ( drill core) from a 
variety of rock types within the 
VF were collected and sent in 
for whole rock and multi-
element analyses. Results have 
been received. Even though 
attempts were made to avoid 
sampling sulfide-rich zones, 
many of the samples surprisingly 
had high sulfur contents (up to 
1.86%) due to extremely fine-
grained sulfides that are not 
visible to the naked eye. This 
indicates that much of the lower 
portion of the VF is sulfide-
bearing and would need to be 
carefully characterized ( on a 
more local basis than this study) 
and mediated if it is ever 
removed and stockpiled in a Cu-
Ni mining scenario. Polished 
thin sections ( 118) are ready for 
petrographic descriptions. These 
petrographic data will provide: 
( 1) estimated modal percentages 
of the various minerals in the VF 
and BIF, and (2) information on 
what samples and minerals will 
be sent out for microprobe 
anal sis. 
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NON-FERROUS MINERALS 1320 
Summary and History of Cu-Ni Bulk Samples Collected in the Duluth 
Com lex 

Objective Compile and summarize the results of all Cu-Ni bulk samples 
collected in the Duluth Complex. Many of these bulk samples fell short of 
their speculated Cu-Ni grade, and lessons could be learned from these 
earlier mistakes in future bulk sampling attempts . It may also be possible 
that the collective information regarding the bulk samples may reveal the 
nature of the mineralizing controls in the disseminated Cu-Ni material. 

Background At least eight bulk samples have been collected from four of 
the Cu-Ni deposits in the Duluth Complex (Spruce Road, Maturi, Babbitt 
(Mesaba), and Dunka Road (NorthMet) deposits) . However, details 
regarding where, when, and what type of material that was sampled are 
incomplete. Some of the details can be found in the public files at the 
Minnesota Department of Natural Resources (MDNR) in Hibbing; 
whereas, the remaining details may be stored in private corporate files or 
in an individual's memory. In many cases, the material sought in the bulk 
samples fell well below expectations and a much lower average Cu-Ni 
grade was actually obtained. In one instance, at the Babbitt deposit, the 
bulk sample collected by AMAX consisted of a mixture of lean and 
moderate Cu-Ni grade material that was blended on site in an attempt to 
"up" the average grade. More recently, personnel at NRRJ were remotely 
involved in three of the bulk samples collected at the Babbitt deposit, by 
Arimetco and Teck Cominco; however, the data regarding these attempts 
is only documented in NRRJ files . This project is intended to document 
the nature of these and all other bulk sampling attempts . Hopefully, a 
more detailed analysis of the history of all the bulk samples collected over 
the last 25 years may shed new insight on the controls and pitfalls that 
govern the disseminated nature of the Cu-Ni mineralization. 

Previous Activity/Results Work on the final report titled "History of Cu-
Ni Sulfide and Fe-Ti Oxide Test Pits in the Duluth Complex" continued. 
The report is largely done (as far as content), but will still require 
extensive work to arrange into a readable format. The report will be 
handed off to Mark Severson for completion. Mark has consulted all 
along on this work, he is very familiar with the content. The report will 
summarize the locations of the various test pits and summarize the 
available data that is and is not available for each location. 

Principal Investigator(s) Mark Severson & Steven Hauck 

Project Sponsor(s) 
Permanent University Fund (PUF) 

Start Date 6/ 1/03 

Pro·ect No 783-1077 

Amount 
$41,000 

End Date 12/31/04 

Progress/Results 
The final draft of the report is in 
its last proof-reading phase. Io 
summary, the material sought in 
almost all of the bulk samples 
fell well below expectations and 
a much lower average Cu-Ni 
grade was actually obtained. 
However from a metallurgical 
standpoint the samples were a 
success in that adequate material 
was obtained from which to 
draw conclusions on how to 
more economically process this 
rock ( optimal grinding size and 
percent recovery using various 
hydrometallurgical processes). 
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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 
Steams County. 

Previous Activity/Results Petrographic analyses, i.e., studying 
mineralogy and textures, in polished thin sections continued during the 
last six months. Twenty-seven polished thin sections have been described 
for silicate, iron-titanium oxide, and sulfide mineralogy and textures from 
drill holes SL-19a (Water Hen intrusion area - 15 sections) and W-1 
(Wyman Creek area - 13 sections). Polished thin sections from W-1, W-
12, Du-15, Du-9 or 9W, and two Cr-sills will be described during the next 
6 mos. Photomicrographs are being taken for each slide studied to 
facilitate the location of various minerals that will be analyzed by electron 
microprobe. The microprobe data will help constrain the origin ( or 
process of formation and emplacement) of the chromium and associated 
PGEs in these drill holes. Geochemistry was received on five samples 
from a mafic intrusion in Steams County that was previously identified to 
have chromium mineralization. Values greater than 2% Cr203 were 
detected in these samples. PGE analysis is ongoing. Geochemistry from 
two sulfide-rich Cr-sills has been received. PGE and rare earth element 
chemistry is ongoing. 

Principal Investigator(s) Mark Severson & Steven Hauck 

Project Sponsor(s) 
Permanent University Fund (PUF) 

Start Date 2/1/02 

Pro"ect No 783-1071 

Amount 
$76,000 

End Date 12/31/04 

3.56 

Progress/Results 
Petrography of 20 polished thin 
sections has been completed. 
The data recorded were mineral 
modal percentages, textures, 
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. 
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NON-FERROUS AflNERALS 
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 (3D) contouring of 
the basal surface of the Partridge River Intrusion (PRl) has been 
completed. The modeled area is approximately 35km x 20km x 2 
km in dimensions and includes the Skibo, Allen, Wyman Creek, 
Wetlegs, Dunka Road, and Babbitt deposits. Preliminary 
examination of the 3-D surface clearly shows that the Babbitt 
deposit is located in a bowl-shaped depression, and likely is 
associated with an early pulse of magma within the PRI. All data 
associated with this project will be published (maps and associated 
data) in the fall of 2004. 

Principal Investigator(s) Steven Hauck & Dean Peterson 

Project Sponsor(s) 
Permanent University Fund (PUF) 

Amount 
$41,000 

Start Date 2/1/02 End Date 12/31/04 

Pro·ect No 783-1069 

3.57 

1190 

Progress/Results 
No \\·ork was done on this 
project 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, l\finnesota. 
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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 Partridge River Intrusions and the 
South 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 collared 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) have been completed. These data 
will be modeled into Copper and Nickel grade maps ( on 50 foot 
levels above the basal contact) from the Skibo area in the south 
through to the Babbitt deposit in the n01th. These data will be 
integrated with the modeled 3-D surface of the PRI in order to 
visualize the magmatic processes that lead 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 Fund (PUF) 

Start Date 5/1/2001 

Pro"ect No 783-1047 

Amount 
$68,918 

End Date 12/31/2004 

Progress/Results 
No work was done on this 
project 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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IlvDUSTRIAL MINERALS 1170 
Investigating the Alkali-Silica Reaction (ASR) Between Cement and 
Aggregate in Concrete Mixes and Testing the 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 problematic 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. 
GiYen 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 and input 
from the Minnesota Department of Transportation and assistance from the 
clay. aggregate, and taconite industries. 

Pre,·ious Activity/Results The increasing interest in taconite-based 
aggregate products has led to more questions being asked about ASR and 
taconite. Therefore, plans are being made to incorporate the project into a 
larger, NRRl-led, investigation oftaconite aggregate usage within (and 
beyond) Minnesota. This expanded investigation will include more 
detailed laboratory testing, and would likely involve University of 
Minnesota Civil Engineering faculty. Until funding for the broader project 
is finalized, the project is on hold. 

Principal Investigator(s) Lawrence Zanko & Steven Hauck 

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

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

Start Date 12/4/2001 

Pro·ect No 186-6099 

Amount 
$55,000 

End Date 12/31/2004 

3.59 r~-

Progress/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 of taconite 
aggregate in concrete 
applications. 
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ENVIRONMENTAL REMEDIATION 1194 
Emerging Technology Demonstration at the Erie Pier Confined Disposal 
Facilit 

Objective To determine the effectiveness of an alternative 
treatment technology for decontaminating dredged material from 
the Minnesota Slip, Duluth-Superior Harbor, Duluth, Minnesota. 
The data collected during this study will be used to evaluate the 
efficacy of treatment with electrochemical-geooxidation (ECGO) 
technology. 

Background The ECGO process has been used to treat more than 
two million metric tons of contaminated soils and sediments in 
Europe, and this will be the first demonstration of the technology 
in the U.S. One of the reasons that the partners selected the ECGO 
process is that it could be used to treat sediments in-situ, thereby 
saving the cost of dredging, dredged material treatment, and 
dredged material disposal. The technology will be demonstrated on 
sediments dredged from the Minnesota Slip; however, it would 
likely be applicable at numerous sites throughout the Duluth-
Superior Harbor and the Great Lakes region. 

Previous Activity/Results During 2002 and 2003, the technology 
was applied for 250 days. The project's analytical results were 
statistically inconclusive, but it appears that the technology has had 
some effect on both PAHs and PCBs. A project extension was 
granted, and the final report will be submitted by June 30, 2004. 
Significant outcomes of the project include: (1) the technology 
developer, Electro-Petroleum, Inc., (EPI) has established a 
sediment treatment research facility at the CMRL for further 
evaluation of the ECGO process under more closely monitored and 
controlled conditions, (2) plans for continued application of the 
technology at the Erie Pier site in Duluth during the summer of 
2004 are under consideration. NRRI would again be involved, and 
(3) several sediment remediation project proposals have been 
submitted to state and federal sources. 

Principal Investigator(s) Lawrence Zanko & Steven Hauck 

Collaborator(s) 
U.S. Army Corps of Engineers; U.S. EPA- Great Lakes National 
Program Office; Electro-Petroleum, Inc. 

Project Sponsor(s) 
U.S. Army Corps of Engineers 

Start Date 6/1/02 

Pro"ect No 187-6480 

Amount 
$249,630 

End Date 12/31/04 

Progress/Results 
The project was completed and a 
final draft report was submitted 
to the U.S. Army Corps of 
Engineers (USACE) for review 
in June. We are awaiting 
feedback. Meanwhile, EPI was 
given permission to continue 
evaluation of its technology at 
the Erie Pier facility, and the 
system has been operating since 
July of 2004. Discussions with 
the USACE on future 
projects/collaborations have 
continued. 
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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 forms 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 induration 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 Mercury research work was delayed by 5 
months due to a rebuild of the generator section at Minnesota Power's 
Clay Boswell generating station. Our research thus had to be refocused to 
conducting test work back at our CMRL. Sorbent test work proceeded at 
CMRL utilizing a simulated flue gas stream to evaluate mercury sorption 
on various mineral sorbents developed by our staff. Sorbent materials 
were developed and tested to be able to remove up to 80% of the 
elemental form of vapor phase mercury passed through them, as well as 
over 70% of the oxidized form of vapor phase mercury passed through 
them. In addition to bench scale testing, pilot scale equipment was tested 
at our CMRL facility prior to installing the equipment at the power plant. 
Minerals based sorbents were successfully fed into a baghouse unit at a 
gas flow rate of 400-600 cfm. Meetings were held with Minnesota Power 
engineers concerning the installation location of our pilot scale baghouse 
system into their power plant near our bench scale test laboratory. The 
pilot scale equipment will be installed as soon as the generating line is 
repaired and brought back up to generation capacity. Bench scale testing 
will be conducted in flue gas streams containing fly ash. 

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

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

Amount 
$720,000 
$480,000 

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

Pro"ect No 187-6465/783-1059 

Progress/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 testwork to 
commence in February 2005. 
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NORTHERN LIGHTS TECHNOLOGY 1288 
Development of a Design and Prototyping Research Center for 
Northeast Minnesota Based on Computer Controlled Solid State 
Ima in Techni ues 

Objective This center has been created to serve the design and 
prototyping needs of University, industrial, and business clients, and to 
foster a more efficient design and development methodology for this 
client base. In addition, the center will aid in the education of future 
designers through bringing their concepts all the way from inception to 
prototype development. 

Background Northeast Minnesota has been adversely impacted by the 
downturn in the economy and its devastating impact on traditional jobs in 
the mining, paper, and forest products industries. In order to provide 
enhanced job possibilities for the citizens of the communities in this 
region, diversification of employment opportunities is critical for the 
future. Fortunately, in addition to its traditional resource-based industries, 
the area has a budding aerospace industry that manufactures advanced 
civilian aviation aircraft and a strong hospital and medical community on 
which to base future job growth. In order to strengthen the opportunities 
in these areas, there is a need to establish a high technology research, 
design and prototyping center that can be used by the University to aid · 
aerospace manufacturing and its attendant supplier base, by the medical 
community in advanced reconstruction and surgical procedures, and by 
traditional resource-based manufacturers. 

Previous Activity/Results The work of the center has continued and the 
center now has four fully functional prototyping machines. Over the last 
half year the center was awarded the 2nd runner-up trophy for its entry in 
the International SLA/SLS Users' group competition. The center has 
served a variety of clients during this period and is now routinely 
providing CAD development and physical prototypes to small and large 
clients. Our expertise in taking a concept from the idea stage to a full 
prototype has clearly been demonstrated. The focus for the next half year 
will be to develop new material offerings and to determine how to better 
integrate our design and casting capabilities to allow production of metal 
prototypes. 

Principal Investigator(s) Donald Fosnacht 

Collaborator(s) 
Keith Hedin, Steve Kossett, Steve Johnson, Bjorn Ojard, Brit Buerskin, 
Bob Beaudin 

Project Sponsor(s) 
U.S. Department of Commerce, EDA 

Amount 
$776,400 

Start Date 4/1/03 End Date 9/30/04 

Pro"ect No 187-6494 

3.62 

Progress/Results 
The project has now been 
completed with the final report 
given to the Economic 
Development Agency. The 
funding from the project allowed 
creation of a unique design and 
prototyping center that will now 
be marketed to university and 
private companies for use in 
furthering engineering, 
architectural, and artistic ideas. 
The project resulted in 4 state-
of-the-art pieces of prototyping 
equipment, the necessary 
software to support the 
equipment operation, and most 
importantly, the necessary 
training for our personnel so that 
the center can operate on its own 
without outside technical 
support. 
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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. 

WASTEWATER TREATMENT 

Iron Range Resources 
and Rehabilitation 
Agency (IRRRA) 

MN Department of 
Natural Resources (DNR) 

Implementation of a Performance-based Code for 
Onsite Wastewater Treatment in Northern Minnesota 

Managed Onsite Wastewater Treatment in the Lake 
Superior Basin: Outreach and Education 

CHEMICAL EXTRACTNES 

NaturNorth Technologies Processing of Birch Bark Products 

U.S. Department of Analysis of Alaskan Birch Bark 
Agriculture 

FOREST PRODUCTS 

Blandin Foundation 

Iron Range Resources & 
Rehabilitation Agency 
(IRRRA) 

Iron Range Resources & 
Rehabilitation Agency 
(IRRRA) 

Michigan Technological 
University 

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 

3.63 

Budget 

$20,000 

$2,341,360 

$129,982 

$215,000 

$32,253 

$1,261,698 

$15,000 

$10,000 

$49,000 

$30,000 

$5,000 
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Active Grants 
Sponsor Project Budget 

Michigan Technological Determination of Heat Sterilization Times of Five $8,002 
University Hardwood Species 

Michigan Technological Stress Laminated Timber Bridge Vibration Testing $4,000 
University 

National Science Great Lakes Wood Manufacturing Partnership $599,550 
Foundation (NSF) 

U.S . Department of Forest Products Development for Commercialization $255,345 
Agriculture 

U.S. Department of Forest Products Research for Business Development $250,207 
Agriculture 

U.S. Department of Innovation In Wood Utilization Research $246,407 
Agriculture 

U.S . Department of Wood Science for Economic Development $228,059 
Agriculture 

U.S. Department of Demonstration of an In-Place Transverse Vibration $25,000 
Agriculture FS Technique to Assess Long-Term Performance of a 

New Timber Bridge 

U.S . Department of Nondestructive Evaluation of Incipient Decay in $4,500 
Agriculture FS Standing Hardwood Timber 

U.S . Department of Tongue and Groove Paneling From Dead Jack Pine $8,538 
Agriculture FS 

U.S . Department of Condition Assessment of Wood Surfaces Using Near $20,000 
Agriculture FS - Forest Infrared Spectroscopy 
Products Lab 

U.S . Department of Nondestructive Evaluation of Wood Materials $101,000 
Agriculture FS - Forest 
Products Lab/University 
of Missouri Columbia 

U.S. Department of Standing Timber Quality Assessment - Alaska Trials $30,500 
Agriculture FS - Forest 
Products Lab 

FORESTRY 
Blandin Paper Company Minnesota Forest Productivity Research Cooperative $20,000 

Boise White Paper, LLC Minnesota Forest Productivity Research Cooperative $20,000 
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Active Grants (') 

Sponsor Project Budget ~ 
International Paper Minnesota Forest Productivity Research Cooperative $20,000 n1 

::0 
Potlatch Corporation Minnesota Forest Productivity Research Cooperative $20,000 "'Tl 

0 
U.S. Department of Breeding and Testing New Hybrid Poplar Clones $95,000 ::0 
Agriculture FS )). 

~ U.S. Department of Regional Field Test Assessment-Coop. Agreement $31,980 -Agriculture FS ~ 
::0 

FERROUS MINERALS m 
Iron Range Resources & Minnesota Industries of the Future Roadmap for $73,700 ~ Rehabilitation Agency Mining Industry ::0 
(IRRRA) (') :r: 
!spat Inland, Inc. Testing of Roasted Lisakovsky Material $50,000 )). 

MN Department of Green Ball Characterization $35,000 ~ 
Natural Resources (DNR) n1 

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

0 
MN Department of Magnetically Enhanced Hydroseparator Study $94,500 

r-
0 

Natural Resources (DNR) 

I Medusa Modeling for Oxygen Injection into a Grate-

Ci) 
"'< 

MN Department of l,5 ,000 t, 
Natural Resources (DNR) Kiln Furnace - Part 2 rn 

~ 
MN Department of Pellet Fines Removal System $115,000 r-

0 Natural Resources (DNR) 

I MN Department of Taconite Concentrator Modeling $178,918 
Natural Resources 
(DNR)/Permanent -t 
University Fund 

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

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

I Operation Products 

Permanent University I Closing the Loop on Filter Cake Moisture Analysis $88,800 
Fund (PUF) I and Control 

Permanent University $50,000 I Development of a Mathematical Model of the High 
Fund (PUF) Pressure Rolls for Magnetic Taconite Comminution 
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Active Grants 
Sponsor Project Budget 

Permanent University Effect of Magnetic Field in the Filtration of Fine $68,918 
Fund (PUF) Magnetic Concentrates and Control of Di-valent 

Cations from Filter Cake by Spray Washing 

Permanent University Effect of Temperature on Cyclone Performance $85,000 
Fund (PUF) 

Permanent University Geological Resources of Oxidized Taconite Ore in the $60,000 
Fund (PUF) Vicinity of the Canisteo, Bunner, King, Jennison, 

Buckeye, Jessie 1&2, and West Hill Mines: A 
Continuing Evaluation of Ox Tac Resources in Itasca 
County 

Permanent University Green Ball and Pellet Bed Characteristics $63,000 
Fund (PUF) 

Permanent University The Influence of Porosity and Pore Size Distribution $70,000 
Fund (PUF) on the Physical and Metallurgical Properties of Iron 

Ore Pellets 

Permanent University Preclassification of the Final Stage of Magnetic $26,200 
Fund (PUF) Separation Feed 

Permanent University Re-Examination of the Relationship Between Davis $42,509 
Fund (PUF) Tube Data on Drill Core and Actual Plant Operation 

Permanent University The Effect of Fluorine and Chlorine on Fired Pellet $30,000 
Fund (PUF) Metallurgical Properties 

Permanent University Testing a Specific Gravity Capable Cyclone $35,000 
Fund (PUF) 

U.S. Department of Development oflron Ore Metallization Concepts $1,226,722 
Commerce, EDA/ 
Permanent University 
Fund (PUF) 

U.S. Department of A Purpose Oriented Magnetic Separator: Skimmer $79,999 
Energy/Permanent 
University Fund (PUF) 

USS Corporation USS- Annual Research Contract - CY 2004 $300,000 

NON-FERROUS MINERALS 
MN Technology, Inc. 
(MTI)/Beaver Bay Joint 
Venture 

Compilation of All Drill Hole Related Data in the 
Birch Lake Area for Continuing Platinum-Group 
Element Exploration 

$19,250 
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Active Grants 
Sponsor 

Permanent University 
Fund (PUF) 

Permanent University 
Fund (PUF) 

Permanent University 
Fund (PUF) 

Permanent University 
Fund (PUF) 

Permanent Uni\·ersity 
Fund (PUF) 

Permanent University 
Fund (PUF) 

INDUSTRIAL MJNERALS 
MN Technology, Inc. 

Project 
Chemical and Mineralogical Classification of 
Potential Waste Rocks in the Eastern Mesabi Range 
and Beneath the Duluth Complex 

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 

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 

Regional Till Geochemical Sampling in the Western 
Vermilion Greenstone Belt, Minnesota 

Summary and History of Cu-Ni Bulk Samples 
Collected in the Duluth Complex 

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

ENVIRONMENTAL REMEDIATION 
U.S. Army Corps of 
Engineers (USACE) 

U.S. Department of 
Commerce, EDA/ 
Permanent Uniwrsity 
Fund PUF) 

MACHINE SHOP 
None 

Emerging Technology Demonstration at the Erie Pier 
Confined Disposal Facility 

Mercury Removal Research and Demonstration 
Project 

NORTHERN LIGHTS TECHNOLOGY 
U.S. Department of 
Commerce, EDA 

Total 

Development of a Design and Prototyping Research 
Center for Northeast Minnesota Based on Computer 
Controlled Solid State Ima ing Techni ues 

3.67 

Budget 
$107,000 

$68,918 

$76,000 

$41,000 

$41,000 

$41,000 

$55,000 

$249,630 

$1,200,000 

$776,400 

$11,766,922 
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CARTD CONTRACTS AND GRANTS 

Pending Grants 
Sponsor 

HORTICULTURAL PEAT 

None 

Project 

WASTEWATER TREATMENT 

None 

CHEMICAL EXTRACTIVES 

None 

FOREST PRODUCTS 

Knight Foundation 

U.S. Department of 
Energy 

U.S. EPA 

FORESTRY 

None 

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 

House In A Box: Diaster Relief Housing 

Phosphate Bonded Wood Composite Technology 

Gypsum Bonded Primary Pulp and Paper Residue 

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 

3.68 

Budget 

$42,550 

$336,000 

$13,844 

$75,000 

$39,197 

$490,000 

$245,000 
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Pending Grants
Sponsor Project Budget

U.S. Department of
Energy

Fines Removal System $761,392

U.S. Department of
Energy

Mineral Processing Simulation: Expanding Horizons $507,070

U.S. Department of
Energy

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

$186,500

NON-FERROUS MINERALS

None

INDUSTRIAL MINERALS

None

ENVIRONMENTAL REMEDIATION

National Science
Foundation

Innovative Sediment Remediation Technologies
Partnership

$600,000

U.S. Army Corps of
Engineers (USACE)

Emerging Technology Demonstration at the Erie Pier
Confined DisposalFacility(Continuation)

$15,000

U.S. Environmental
Protection Agency

Recycling of Discarded ElectronicEquipment $73,472

U.S. Environmental
Protection Agency

Microwave Treatment of Waste Plastics for Thermal
Energy Recovery

$74,822

University ofNew
Hampshire- Coastal
Response Research
Center

Separation Technology for Oil-Contaminated Ice $151,393

MACHINE SHOP

None

NORTHERN LIGHTS TECHNOLOGY

None

Estimated amount $3,611,240
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PERSONNEL

Steve Hauck attended the East Range Community Readiness Committee meeting in October as NRRI's
representative to this committee that is studying the potential economicand human impacton their
communities by PolyMet Mining Corporation, Teckcominco, Excelsior Energy, and the proposed
Soudan-DUSEL facility.

John Heine attended the Minnesota Groundwater Association Fall conference on the application of GIS
techniques in groundwater studies held in November.

Dean Peterson and Steve Hauck have attended several Soudan-DUSEL meetings in Minneapolis in
relation to the proposed Phase 2 NSF proposal. Dean Peterson is a co-PI on the Phase 2 Soudan-
DUSEL proposal being submitted in February.

Julie Oreskovich and Larry Zanko attended the MnDOT/Local Road Research Board (LRRB)
Research ImplementationCommitteemeetings (Implementation of LRRB Taconite Tailings Project) in
Minneapolis and in Albertville at the MnRoadtest facility. Purpose of the meetings was the generation
of a brochure on the use of taconite tailings in road construction.

Julie Oreskovich attended a Cook, Minnesota, clay testing demonstration at Midland Research Lab by
SME scholarship recipient Ms. Jill Jensen (project funded by SME and IRR); attending were Mr. Jerry
Kolstad, Range Minerals; Mr. Howard Hilshorstand Mr. DennisMurr, Barr Engineering.

Larry Zanko attendedthe MidwestRegional & Shortline RR Conference held in St. Paul in July.

Larry Zanko metwith SRF Consulting of Minneapolis to discuss implementation of coarse taconite
tailings research findings.

Larry Zanko met with USACEin Duluthand Coleraine to discuss sedimenttreatment projects,
potential beneficial re-use projects, and proposals in October.

LarryZanko andJohn Heine hada meeting withMankato-Kasota Stone, Mankato, Minnesota, to
discuss a confidentialproject, they attended the MinnesotaRiverValley Coalition of Kaolin meeting in
Fairfax, Minnesota, to advocate for an industry-sponsored research fund. They also met with Dale
Setterholmand Tony Runkel of the MinnesotaGeological Surveyto assess potential field trip stops in
the Minnesota River Valley for the North Central Geological Society of America meeting that will be
held in May in Minneapolis.

Larry Zanko attended the Eighth Annual Freight andLogistics Symposium in Minneapolis. The focus
was on trucking.

FACILITIES

Fens Research Facility

Wetland restoration is ongoing at the FensResearch Facility. Hydrology andvegetation monitoring
was done on the 101 acre Fens Research Facility Wetland Bank 1. Herbicide was sprayed on the
proposed Minnesota Department ofTransportation wetland bank site. Regular maintenance ofthe
facility continued throughthe summer and intothe fall.
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NRRI Greenhouse 

The controlled-climate facility and greenhouse at NRRJ are being prepared for the 2005 breeding 
activities as part of the Minnesota Forest Productivity Research Cooperative's hybrid poplar genetic 
improvement effort. We anticipate making approximately 80 controlled-crosses this year including 
interspecific hybrids of P. deltoides, maximowiczii , nigra, and trichocarpa. 

REPORTS/PAP ERSIP RESENTA TIO NS 

Reports/Papers 

Englund, D.J. 2004. Analysis of Oxygen Injection in the Keewatin Taconite Kiln Transfer Chute 
Using Medusa Heat and Mass Balance Simulation and Mini-pot Firing Tests. Sponsor: MN DNR Iron 
Ore Co-Op. Natural Resources Research Institute, University of Minnesota Duluth. Technical Report 
NRRI/TR-2004/21, aka CMRL/TR-04-09. 

Englund , D.J. 2004. Simulation of Oxygen Injection in the Keewatin Taconite Rotary Kiln - Phase 2. 
Sponsor: MN DNR Iron Ore Co-Op. Natural Resources Research Institute, University of Minnesota 
Duluth. Technical Report NRRI/TR-2004/31 aka CMRLffR-04-11. 

Ersayin, S. 2004. Pseudo Liberation Approach to Low Intensity Magnetic Separator Modeling. 
Accepted for publication in Transactions of the Institution of Mining and Metallurgy, Section C: 
Mineral Processing and Extractive Metallurgy, v.114, 2004. 

Ersayin, S., W.M. Bon~ J. Arola, and B. Kettunen. 2004. Simulation of Flotation Feed Pre-
classification, accepted for presentation at Centenary of Flotation 2005 Symposium, Brisbane, 
Australia. 

Fosnacht, D.R. 2004. Final Report entitled "Development of a Design and Prototyping Research 
Center for Northeast Minnesota Based on Computer Controlled Solid State Imaging Techniques." 
Prepared for the US EDA. Natural Resources Research Institute, University of Minnesota Duluth. 
Technical Report NRRI/TR-2004/34. 

Fosnacht, D.R. 2004. Final Report for Minnesota Industries of the Future for Mining prepared for the 
US Department of Energy and the Minnesota Department of Commerce. Natural Resources Research 
Institute, University of Minnesota Duluth. Technical Report NRRI/TR-2004/35. 

Larson, Phillip C. 2004. Regional Till Geochemical Survey of the Western Vermilion Greenstone 
Belt, Minnesota, Natural Resources Research Institute, University of Minnesota Duluth. Technical 
Report NRRI/TR-2004/23. 

Wang, X., B.K. Brasha\,·, and R.J. Ross. 2004. Influence of Size and Moisture on Stress Wave E-rating 
of Structural Lumber. Natural Resources Research Institute, University of Minnesota Duluth. 
Technical Report NRRirfR-2004/27. (Prepared for USDA Forest Products Lab.) 

Abstract contribution, "Redox Modification of Sediments, Testing of the ECGO Process at the 
Sediment Testing Facilities Coleraine, Minnesota" J. Kenneth Wittie, Falk Doering, and Lawrence 
Zanko, for consideration for presentation at The Association for Environmental Health and Sciences 
(AEHS): 15th Annual West Coast Conference on Soils, Sediments, and Water, March 14-17, 2005, San 
Diego, California. 

Coleraine Minerals Research Laboratory issued a confidential report to the U.S. Steel Minntac in July 
2004. 
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Coleraine Minerals Research Laboratory issued a confidential report to the U.S. EDA in July 2004. 

David M. Hopstock, Ph.D. and Lawrence M. Zanko completed a final report to UMD' s Northland 
Advanced Transportation Systems Research Laboratory (NATSRL), entitled "Minnesota Taconite as a 
Microwave-Absorbing Road Aggregate Material for Deicing and Pothole Patching Applications." This 
report was also published as Natural Resources Research Institute, University of Minnesota Duluth 
Technical Report NRRI/TR-2004/19. 

Dean Peterson and Wallbridge geologists published confidential maps on mapping in the Sudbury 
Igneous Complex. 

J. Kenneth Wittie, Falk Doering, and Lawrence Zanko contributed an abstract submitted for the 229th 
ACS National Meeting to be held in San Diego, California, on March 13-17, 2005, entitled 
"Treatment of PCB Contaminated Sediment From New Bedford Harbor Using the ElectroChemical 
GeoOxidation Process." 

Journal Papers/Book 

Brashaw, B.K., X. Wang, R.J. Ross, and R.F. Pellerin. 2004. Relationship Between Stress Wave 
Velocities of Green and Dry Veneer. Forest Prod. J. 54(6):85-89. 

Ross, R.J., B.K. Brashaw, X. Wang, R. White, and R.F. Pellerin. 2004. Wood and Timber Condition 
Assessment Manual. Forest Products Society, Madison, Wisconsin. 

Ross, R.J., J.R. Erickson, B.K. Brashaw, X. Wang, S.A. Verhey, J.W. Forsman, and C.L. Pilon. 2004. 
Yield and Ultrasonic Modulus of Elasticity of Red Maple Veneer. Forest Prod. J. 54(12):220-225. 

Simpson, W.T. and X. Wang. 2004. Estimating Air Drying Times of Small-Diameter Ponderosa Pine 
and Douglas-Fir Logs. Forest Prod. J. 54(12):24-28. 

Wang, X., RT Ross, B.K. Brashaw, J. Punches, J.R. Erickson, J.W. Forsman, and R.F. Pellerin. 2004. 
Diameter Effect on Stress-Wave Evaluation of Modulus of Elasticity of Small-Diameter Logs. Wood 
and Fiber Science. 36(3): 368-377. 

Presentations 

Matt Aro co-presented NRRI's research and proposed a project regarding the use of phosphate binders 
for the production of durable building materials at the 9th International Inorganic-Bonded Composite 
Materials Conference in Vancouver, British Columbia in October 2004. 

Bill Berguson gave a presentation of hybrid poplar breeding activity in the Lakes States at the Short 
Rotation Operations Working Group (SROWG) at Charleston, South Carolina, in November. 
Members of the SROWG are in_volved in various aspects of intensive plantation culture including 
countries in North America, South America, and Europe. 

Bill Berguson presented a poster on the topic of poplar breeding and field testing in Minnesota as part 
of the Initiative for Renewable Energy and the Environment. 

Brian Brashaw presented at the Lean Manufacturing in Wood Products Industry Fall Meeting co-
sponsored by the Great Lakes Wood Manufacturing Partnership. His presentation outlined the 
activities and results from the Great Lakes Wood Manufacturing Partnership. 
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Two posters were presented at the Forest Products Society 2004 Annual Meeting- Technical Forum, 
June 27-30, 2004, in Grand Rapids, Michigan. These posters are noted below: 

Wang, X., R.J. Ross, P. Carter, and N.J. Sharplin. 2004. Assessment Of Standing Tree Quality 
-From Baseline Research To Field Equipment. 

Carter, P., R.J. Ross, and X. Wang. 2004. Acoustic Testing To Meet Customer Wood Quality 
Needs. 

Brian Brashaw gave a presentation entitled "What Best Practices in the Industry Provide Models for 
Adaptation?" at the Blandin Foundation's Vital Forest Vital Communities - Building the Capacity of 
Minnesota's Wood Products Industry: Creating the Edge for Global Competition and Future 
Investment held in Cohasset, Minnesota, in October 2004. Pat Donahue was the moderator for this 
meeting. 

Brian Brashaw was invited to present a paper entitled Enhancing Competitiveness Through Lean 
Implementation: The Great Lakes Wood Manufacturing Partnership, at the Forest Products Society's 
Manufacturing Competitiveness of the Forest Products Industry: Competing in Today's Global 
Manufacturing and Consumer Marketplace Conference held at the Omni Royal Orleans Hotel, in New 
Orleans, Louisiana, on November 3-5, 2004. 

Pat Donahue gave a presentation on the "House in a Box" highlighting the need and the industrial 
development strategy at the Minnesota Rural Summit in Hibbing in October 2004. 

Salih Ersayin gave a presentation entitled "Simulation of Taconite Concentration Processes" at a 
meeting organized by Noramco Engineering, at the Park Inn Hotel in Hibbing, Minnesota, on 
November 15, 2004. 

Kurt Johnson gave a presentation entitled "Pine Island Bog Horticultural Peat Development" at the 
Area III Soil and Water Conservation District Annual Meeting held in International Falls on September 
22, 2004. 

Kurt Johnson gave a presentation entitled "Peat Permitting in the Era of No-Net-Loss" at the 
Minnesota Peat Association Annual Meeting held atNRRI on December 7, 2004. 

Tom Malterer gave a presentation entitled "Wetland Banking at the Fens Research Facility" at the 
Minnesota Peat Association Annual Meeting held at NRRI on December 7, 2004. 

Tom Malterer gave a one-day field trip to members of the International Peat Society, Commission VIII 
(Cultural Aspects of Peat and Peatlands) on August 2, 2004. The field trip was to the Schulz Bog near 
Duluth. 

Dean Peterson gave a presentation entitled "Soudan Mine DUSEL, Northeastern Minnesota" at the 
National Science Foundation, Deep Underground Science and Engineering Laboratory, Biosciences, 
Geosciences, and Engineering Workshop in Blacksburg, Virginia, November 12-14, 2004. 

Larry Zanko gave a presentation to the Twin Cities subsection of SME at MnROAD entitled "Taconite 
Byproducts as Aggregate: From the Mine to the Road- An Overview Of Research Efforts, Uses, And 
Potential" on October 15, 2004. 
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PROGRAM NOTES 

Proposals in Progress 

The following proposals were submitted to the Minerals Coordinating Committee: 

S. Hauck, R. Patelke (NRRI), and H. Thorleifson (MGS) submitted a proposal entitled 
"Further Evaluation of Diamond, Base Metal, and Precious Mineral Potential of Minnesota 
Using Various Glacial Till Sampling and Analytical Methods." $50,000 + equal PUTF match. 

Mark Severson and Julie Oreskovich (NRRI), and Dave Dahl (DNR) submitted a proposal 
entitled "Data Compilation of United States Steel (USS) Exploration Data in Minnesota." 
$30,000 + equal PUTF match. 

Mark Severson, Rich Patelke, and Steve Hauck submitted a proposal entitled "Finish Logging 
Duluth Complex Drill Core." $60,000 + equal PUTF match. 

Mark Severson, Larry Zanko, and Julie Oreskovich submitted a proposal entitled "Geologic 
and Stratigraphic Controls on the Aggregate Potential of the Biwabik Iron Formation: 
Identifying the Optimal Units." $50,000 + equal PUTF match. 

Lawrence M . Zanko and Julie A. Oreskovich submitted a proposal entitled "The Economics 
and Logistics of Transporting Taconite Mining and Processing Byproducts (Aggregate): 
Minnesota and Beyond." $50,000 + equal PUTF match. 

The following proposals have been submitted to the University of Minnesota Center for Transportation 
Studies (CTS) in November 2004. 

Lawrence M. Zanko (PI), in collaboration with David M. Hopstock, Ph.D., submitted a 
proposal entitled "Microwave and Radar-Absorbing Properties of Minnesota Taconite - De-
icing, Road Repair and Road Evaluation Potential." $110,000 + 20 percent NRRI match. 

Lawrence M . Zanko and Richard F. Kiesel, in collaboration with David M. Hopstock, Ph.D., 
submitted a proposal entitled "Innovative Procedures and Materials for Pothole Patching." 
$110,000 + 20 percent NRRI match. 

Pat Donahue submitted a grant proposal request to the University of Minnesota' s IREE Seed Grant 
Program, the grant proposal titled "Iron-Phosphate Bonded Fiber Composites" $30,000. 

Lawrence M. Zanko (PI), with co-project leaders Igor V. Kolomitsyn, Ph.D., and J. Kenneth Wittie, 
Ph.D., submitted a proposal entitled "Hydrogenation and Btu Enhancement of Biomass Feedstock 
Components by Electrochemistry: A Proof-Of-Concept Investigation." to the University of Minnesota 
Initiative for Renewable Energy and the Environment (IREE) for $40,000. · 

Marvin Marshak (PI), with co-project leaders Dean Peterson, Earl Peterson, Priscilla Cushman, and 
Tom Kieft, submitted a proposal entitled "Soudan DUSEL," to the National Science Foundation (NSF) 
for $500,000. 

Dean M. Peterson submitted the "Recommended Winter 2004/2005 Work Plan in Support of Soudan 
DUSEL Proposal Development" to the University of Minnesota, for $75,000 and it was accepted. 
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Technical Assistance 

Agricultural Utilization Research Institute, Mankato, Minnesota: NRRI Wood Materials and 
Engineering staff completed fire testing of a pig mat as part of product development efforts. 

Cirrus Design, Duluth, Minnesota: NRRI Wood Materials and Engineering staff completed resin flow 
quality assurance testing as part of Cirrus' inspection program. 

Crystal Cabinet Works, Princeton, Minnesota: NRRI Wood Materials and Engineering staff provided 
information on membrane pressing as Crystal Cabinet Works assessed purchasing a used membrane 
press for use in their manufacturing operations. Their decision is pending. Additional information was 
provided to their purchasing staff on regional lumber suppliers. 

CHH fibre-gen, Inc., Aukland, New Zealand: Following the completion of a cooperative research 
agreement, NRRI Wood Materials and Engineering staff has worked with Cllli fiber-gen, Inc. to 
improve the performance of a newly developed tree quality assessment tool (Director ST300). This 
commercial tool was developed based on the intellectual property jointly invented by NRRI, USDA 
Forest Products Laboratory, CHI-I fibre-gen, and InFact, Ltd. (Provisional Patent Application filed on 
January 22, 2004. Utility application filed in January 2005). 

CPI, Inc., West Concord, Minnesota: NRRI Wood Materials and Engineering staff provided 
substantial technical assistance and prototyping of oil absorbent corn board technology leading to the 
first commercial pressing. 

Charles Marcoux, CBC Canada, Quebec: Kurt Johnson provided inforn1ation on Minnesota peatland 
development regulations. 

Environments, Inc. Minnetonka, Minnesota: NRRI Wood Materials and Engineering staff provided 
information on exterior wood finishes and testing standards to assess the long-term performance of 
wood coatings on store fixture components. 

Logging Education Resource Center, Aurora, Minnesota: Pat Donahue provided technical assistance 
to the Logging Education Resource Center in developing two new applications to utilize logging and 

· forest waste stream. The two applications developed are using birch tops and branches as a composite 
fire starter and using tamarack tops and branches as landscape mulch. This work was funded by a 
service agreement. 

Logging Education Resource Center, Aurora, Minnesota and Aitkin County: Pat Donahue provided 
technical assistance to the Logging Education Resource Center in developing a new method of 
utilizing small diameter tamarack logs as structural round wood. · This application using existing 
technology in Northern Minnesota to machine small diameter logs into round poles that are then 
processed using a novel concept of machining the center cores out. This way the rounded material can 
be uniformly dried and potentially used in structural building applications such as a light weight log 
truss system. This work was funded by a service agreement. 

Minnesota Power, Duluth, Minnesota: Pat Donahue received a service agreement from Minnesota 
Power's key accounts department to provide technical assistance to regional paper mills to develop 
new applications for their primary pulp and paper mill residues. 

Stora Enso North America, Wisconsin Rapids, Wisconsin: Pat Donahue received a service agreement 
from Stora Enso North America to provide technical assistance in developing new applications for 
their primary pulp and paper mill residue. 
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Stora Enso Timber (Finland): Pat Donahue received a services agreement from Stora Enso Timber to 
provide technical assistance to develop No1th American testing and protocols to gain building code 
approval for Thermo Wood treated wood products . This new thermal treatment renders wood decay 
resistant and dimensionally stable with no chemical additives and has a great deal of potential to 
provide the window industry a new source industrial supply. 

SunRamps, Duluth, Minnesota: NRRI Wood Materials and Engineering staff provided assistance to 
SunRamps with manufacturing and shipping during the Christmas shopping period. Further technical 
and business assistance has been ongoing. 

Tom Tri, St. Louis County: Kurt Johnson provided information and assistance in establishing 
Sphagnum moss restoration plots in a local county gravel pit. 

Trueride, Inc., Duluth, Minnesota: Mechanical and physical property testing was completed to assess 
the performance of their value engineered ramp system. 

Tuffloats, Inc. , Hibbing, Minnesota: NRRI Wood Materials and Engineering staff provided portable 
load cells and testing equipment for Tuffloats, Inc. to complete performance testing of airplane floats . 

Wisconsin Business Innovation Corporation (WBIC), Spooner, Wisconsin: Pat Donahue provided 
technical assistance to the Wisconsin Business Innovation Corporation in the further development of 
new applications to use primary paper mill waste as durable building materials. This work included 
several demonstrations with paper mill partners throughout northern Wisconsin. This work was funded 
by a service agreement. 

Wisconsin Business Innovation Corporation, Spooner, Wisconsin: Pat Donahue provided technical 
assistance to two northern Wisconsin counties in developing long-term wood products development 
strategies. This work was funded by a service agreement as a subcontract from a USDA Rural Business 
Opportunity Grant. 

Wisconsin Business Innovation Corporation (WBIC), Spooner, Wisconsin: Pat Donahue received a 
service agreement from the WBIC to continue our combined efforts to develop new applications for 
primary pulp and paper mill residue. The service agreement was made possible by an award from the 
Wisconsin DNR to the WBIC. 

Cirrus Design, Duluth, Minnesota: Steve Hauck and John Heine assisted Cirrus Design with setting up 
a polishing laboratory. 

Matt Brummer, General Manager, Dakota Bulk Terminal, South St. Paul, Minnesota: In December 
Larry Zanko met with Mr. Brummer to: (1) visit their material handling operation, (2) discuss taconite 
aggregate material handling, and (3) drop off representative taconite aggregate samples . 

Ms. Diane Gobin of Stora Enso, Duluth, answered Larry Zanko's inquiry about paper residues. During 
the telephone conversation, Ms. Gobin mentioned that they annually generate about 1,500 cubic yards 
of washings ( dirt, bark, etc.) that are left over after pulpwood is cleaned before entering the plant. It is 
a disposal issue for them, and she wondered if there might be a use for it. Larry suggested she contact 
Hallett Dock because Hallett Dock manufactures soil for construction projects. Hallett Dock is fairly 
close to Stora Enso, so it would be a short haul from their mill. 

Steve Hauck met with John Glasscock and James Bond, III, to discuss their South Filson Creek project 
south of the Spruce Road Cu-Ni deposit. 
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John Heine has been in contact with Jim Broich, from the Minnesota River Valley Coalition of Kaolin 
(MRVCK), pertaining to the formation of a consortium of Kaolin producers, end-users, and related 
industries. The new group would be formed to lobby for and promote kaolin resource in Minnesota. 
Larry Zanko and John Heine attended a MRVCK meeting in November to aid with this undertaking. 

Julie Oreskovich hosted a meeting at NRRI in October for Bryan and Terry Sandas at the request of 
Representative Tom Rukavina. The Sandas' presented their concept and designs for a small business 
venture involving the production and sale of taconite jewelry. Assistance with the venture was 
requested from the University of Minnesota Duluth Business Group. Steve Hauck, Jim Skurla, and 
Don Fosnacht attended the meeting. 

Fafard Peat Company, Floodwood, Minnesota: Tom Malterer provided technical assistance to Fafard 
Peat Company regarding the use of peat as a binder for taconite pellets. 

Minnesota Board of Water and Soil Resources: Tom Malterer provided technical information to the 
Minnesota Board of Water and Soil Resources on the genesis and classification of peat soils and how 
effectively drained peat soils respond to wetland restoration. 

Tom Malterer organized and chaired the 2004 Annual Minnesota Peat Association Meeting held at 
NRRI on December 7, 2004. 

OTHER 

Brian Brashaw, Pat Donahue, Victor Krause, and Bob Vatalaro attended the International 
Woodworking Machinery and Furniture Supply Fair (IWF) in Atlanta, Georgia, in August 2004. 
Victor Krause also attended the Wood Finishing 2004 conference held in conjunction with the IWF. 

Xiping Wang attended the Workshop on Signal Processing for Nondestructive Methods in Ames, 
Iowa, in July 2004. 

Mark Severson has been conducting detailed mapping and sampling of the Deer Lake Complex 
(Archean in age, NE Itasca County) on a Minerals Coordinating Committee project through the 
Minnesota Geological Survey. The Deer Lake Complex consists of multiple sills of mafic-ultramafic 
intrusive rocks that may contain some PGE potential; although limited sampling to date suggests a low 
PGE potential, except for a gold-bearing sheared gabbro zone with 2.5 ppm gold that was sampled by 
the NRRI in 2002. Over 1,100 outcrops were mapped in detail and about 110 rock samples were 
collected from a multitude of rock types to aid in defining any PGE-bearing zones. Several new 
sulfide-bearing horizons were located in the course of mapping - they have been sampled and may 
prove to be PGE-enriched. Also, additional drill core of the gold-bearing sheared gab bro were 
sampled in more detail for this project. 
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ENVIRONMENTAL CHEMICAL - Bioavailability of Hazardous Chemicals 
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 
$288,543 

End Date 9/30/2008 

Progress/Results 
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ENVIRONMENTAL CHEMICAL - Bioavailability of Hazardous 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) 
Center for Disease 
Control and Prevention 

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 
modeling for predictive 
toxicology. 

4.4 
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ENVIRONMENTAL CHEMICAL - Bioavailability of Hazardous Chemical 548 
Use of Biodescriptors and Chemodescriptors in Predictive Toxicology: 
A Mathematical/com utational A roach 

Objective To develop novel methods of quantifying molecular 
similarity and use similarity techniques in selecting analogs of 
quadricyclane and fluorocarbon ethers for estimating toxicity and 
degradability of these chemicals. Limited experimental work will 
be carried out to test the validity of estimation methods. 

Background The U.S. Air Force has a large number of toxic waste 
sites which are contaminated by chemicals including quadricyclane 
and fluorocarbon ethers. Very limited or no experimental data 
necessary for hazard assessment is available for these chemicals. 
The NRRI group will be working on methods which help in the 
hazard estimation of chemicals in the presence of limited empirical 
data. 

Previous Activity/Results A hierarchical model using 
topostructural, topochemical, geometrical and quantum chemical 
(semiempirical and ab initio) has been developed to estimate 
cellular toxicity of halocarbons. Novel methods of tailored 
similarity have been developed. Two papers have been submitted 
in the area of the formulation of novel biodescriptors from 
proteomics maps. Eight papers have been submitted in the area of 
hierarchical QSAR. 

Principal Investigator(s) 
Subhash Basak 

Collaborator(s) 
Doug Hawkins 

Project Sponsor(s) 
United States Air Force 
United States Air Force 
United States Air Force 

Start Date 10/ 1/1997 

Project No 1613-189-6235 

Amount 
$899,679 
$518,514 
$179,999 

End Date 2/28/2005 

4.5 

Progress/Results 
A hierarchical QSAR model for 
predicting cellular toxicity of 
halocarbons has been developed 
and published using 
topostructural, topochemical, 
geometrical, and five levels of 
ab initio quantum chemical 
descriptors. Ab initio indices of 
yet higher levels are being 
calculated in collaboration with 
K. Balasubramanian for 
predictive toxicology of 
halocarbons. Three papers have 
been accepted in the area of 
prediction of blood:air partition 
coefficients of volatile organic 
toxicants from their calculated 
structural descriptors. In 
collaboration wtih Zeljko Bejzer 
(Mayo Clinic), Milan Randie, 
Dejan Plavsic (Rugjer Boskovis 
Institute, Croatia), and Marjan 
Vrakco (National Institute of 
Chemistry, Slovenia) 
biodescriptors for proteomics 
have been developed. Such 
descriptors have been used in the 
characterization of toxicity of 
peroxisome proliferators and 
toxic halocarbons. Five papers 
have been developed on the 
formulation and use of 
biodescriptors. In collaboration 
with Doug Hawkins, attempts 
have been made to use spots of 
proteomics maps in predicting 
toxicity of chemicals. 
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ECOSYSTEM STUDIES - Land Resources 
Minnesota Forest Data Analysis 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
George Host 

Project Sponsor(s) 
MN Center for 
Environmental Advocacy 

Amount 
$24,000 

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

Project No 189-6279 

4.6 
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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 to 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. 

Background There is little information available on the biology 
and ecology of various species of terrestrial snails that inhabit the 
Midwestern U.S. 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 This is a new project. 

Principal Investigator(s) 
Joseph Mayasich 

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

Start Date 9/24/2004 

Project No 189-6276 

Amount 
$28,436 

End Date 12/31/2005 

4.7 

Progress/Results 
Literature search efforts have 
been initiated. A state-specific 
technical contact network has 
been established. 
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ECOSYSTEM STUDIES - Land Resources 1345 
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 

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

Start Date 7/1/2004 

Project No 189-6270 

Amount 
$58,750 

End Date 12/30/2005 

4.8 

Progress/Results 
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ECOSYSTEM STUDIES-Land Resources 1338 
Analysis of Land Bird Monitoring Data for National Parks in the Great 
Lakes Network 

Objective Evaluate current breeding bird monitoring programs in 
western Great Lakes national parks and recommend standard 
protocols for future monitoring. 

Background Breeding landbird monitoring programs have been 
initiated on several of the national park units in the Great Lakes 
network. Methodologies and study design vary among the park 
units, and our objectives were to describe landbird monitoring 
programs in the Great Lakes network, conduct a power analysis of 
existing data, address the adequacy of each park's program and 
provide methodological suggestions to facilitate regional 
population assessments, and provide a written protocol, standard 
data sheets, Microsoft Access database for data entry, and metadata 
for the database. 

Previous Activity/Results 

Principal Investigator(s) 
JoAnn Hanowski, James Lind 

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

Start Date 4/30/2004 

Project No 189-6266 

Amount 
$8,280 

End Date 11/30/2004 

4.9 

Progress/Results 
For the power analysis, we used 
the program TRENDS to 
evaluate the number of years of 
monitoring required to detect a 
significant population trend for 
ten species in three abundance 
classes (high, moderate, and 
low). Species in the high 
abundance class required 8.9 
years of monitoring to detect a 
10% trend, while the medium 
and low abundance classes 
required 12.7 and 14.2 years, 
respectively. All six parks have 
sufficient power to detect a 10% 
annual change in abundance 
after 10 years, or a 5% change 
after 15 years for at least some 
species. Network-wide 
recommendations included using 
a standard protocol, data sheet, 
and database, clearly stating 
monitoring objectives, reporting 
results on an annual basis, 
describing site selection criteria, 
and other methodological 
suggestions. 
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ECOSYSTEM STUDIES-Land Resources 1314 
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 12/31/2004 
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ECOSYSTEM STUDIES -Land Resources 1298 
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 ofrisk 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 oflandscape 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 
Forest Service, North $35,000 
Central Forest Experiment Station 

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

Project No 189-6253 

4.11 

Progress/Results 
Work on this study began in fall 
of 2003. 
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ECOSYSTEM STUDIES - Land Resources 1295 
Ecology of Canada Lynx (Lynx canadensis) in Minnesota 

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 of locations. 

Background This project will increase understanding of Canada 
lynx 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 ESA. The only previous study on Canada lynx in 
the region was conducted by L. David Mech in the 1970s. 

Previous Activity/Results Two male lynx were captured and fitted 
with standard VHF radiotelemetry collars in the winter of 2002-
2003. These animals have been relocated on a weekly basis via 
either ground or aerial telemetry. One female lynx was captured 
and fitted with a standard VHF radiotelemetry collar in August 
2003 . This animal will be relocated on a weekly basis as well . 
Traps for lynx continue to be set and monitored in different parts of 
the Superior National Forest. Permanent plot hare pellet counts 
were conducted across the Superior National Forest in the spring of 
2003. Analysis will provide information on the density and 
distribution of snowshoe hares, a primary prey species of lynx. 
Density of red squirrels, an alternate prey species for lynx, is being 
evaluated via listening post counts and by analysis of trends in a 
long-term, previously existing data set. 

Principal Investigator(s) 
Gerald Niemi, Ronald Moen 

Project Sponsor(s) 
USDI Geological Survey 
USDI Geological Survey 

Start Date 6/9/2003 

Project No 189-6255 

Amount 
$56,242 
$199,582 

End Date 12/31/2006 

4.12 

Progress/Results 
To date 19 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. See the 
website www.nrri.urnn.edu/lynx 
for more details. 

RRI Semi-Annual Reoort/Julv-December 2004 



ECOSYSTEM STUDIES - Land Resources 
Canada Lynx Ecology Addendum 

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 of locations. 

Background See project titled: Ecology of Canada Lynx (Lynx 
canadensis) in Minnesota 

Previous Activity/Results See project titled: Ecology of Canada 
Lynx (Lynx canadensis) in Minnesota . 

Principal lnvestigator(s) 
Gerald Niemi, Ronald Moen 

Project Sponsor(s) 
USDA Forest Service 

Start Date 7 /16/2003 

Project No 189-6252 

Amount 
$108,710 

End Date 7 /16/2008 

4 .13 

1294 

Progress/Results 
See project titled: Ecology of 
Canada Lynx (Lynx canadensis) 
in Minnesota 
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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 
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. fucreases 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 1. Construction of microcosm facility. 
2. Establishment of experimental plant communities in 
microcosms. 3. Construction of rainout shelter to exclude ambient 
rainfall from the microcosm. 4. fustallation of soil moisture 
monitoring system. 5. Preliminary data collection on 
photosynthetic performance of the eight experimental plant 
species. 

Principal Investigator(s) 
Philip Fay 

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

Start Date 2/1/2003 

Project No 189-6246 

Amount 
$173,602 

End Date 8/31/2006 

4.14 

Progress/Results 
1. fuitiatated year one watering 
treatments. 2. fuitiated sampling 
program to assess plant canopy 
development, water status, 
photosynthetic performance, and 
tiller/ramet growth in selected 
species. 3. fuitiated nvo 
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). 
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ECOSYSTEM STUDIES - Land Resources 1246 
Wild Rice Population Dynamics and Nutrient Cycles 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
John Pastor 

Project Sponsor(s) Amount 
National Science Foundation $543,068 
National Science Foundation $10,000 

Start Date 9/15/2002 End Date 8/31/2006 

Project No 189-6241, 6264 

4.15 

Progress/Results 
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ECOSYSTEM STUDIES - Land Resources 945 
Testing the Efficiency of Buffers for Protecting Seasonal Ponds and 
Forest Son birds 

Objective Understand the habitat value of seasonal forest ponds to 
migratory songbirds and what impact forest management has on 
habitat use. Assess the use of seasonal ponds by breeding birds 
prior to harvest of the surrounding forest. 

Background Small wetlands and seasonal ponds are likely 
important landscape and/or habitat features for breeding and 
migrating birds, although little information exists that documents 
the use of these areas by birds. Most small wetlands and ponds, 
because of their size, do not provide sufficient habitat for obligate 
wetland breeding bird species. However, they are likely important 
for both breeding and migrating individuals that rely on the food 
(insects, berries, and seeds) associated with these features. The 
important questions that we will address are: 1) Do buffers left 
around seasonal wetlands and ponds protect the integrity of the 
food source for breeding and migrating birds? 2) Are these buffers 
utilized by breeding forest birds in the immediate years following 
harvest? 3) Will residual trees be adequate as a future source of 
snags? 

Previous Activity/Results Surveys were conducted during May, 
June, and July 2003 around 16 vernal ponds and their buffers on 
four sites in Aitkin and Cass counties. In the pond buffers on the 12 
treated plots, half of the individuals detected were forest edge 
species and half were forest interior species. On the four uncut 
control plots, 28% of the individuals detected were forest edge 
species and 72% were interior species. Four years after treatment, 
regenerating aspen surrounding pond buffers on the 12 treatment 
plots was an average of 10-12' tall and very dense on most plots. 

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

Project Sponsor(s) 
USDA Cooperative 
Research Service 

Start Date 5/26/2000 

Project No 189-6199 

Amount 
$45,000 

End Date 9/30/2004 

4.16 

Progress/Results 
The fourth year of post-harvest 
surveys was conducted during 
May, June, and July 2004. 
Within pond buffers on the 12 
treated plots, numbers of 
Chestnut-sided Warbler, 
American Redstart, Rose-
breasted Grosbeak, and Veery 
continue to increase post-
treatment (2001-2004). Each of 
these species uses early-
successional habitats. Least 
Flycatchers have declined within 
pond buffers on the treated plots, 
but increased on forested control 
plots. This semi-colonial species 
may be shifting from harvested 
areas to nearly forested areas. 
Ovenbirds, Scarlet Tanagers, 
and American Redstarts have 
also increased on control plots. 
Ovenbirds and Scarlet Tanagers 
are considered mature forest 
species, and the American 
Redstart can be found in mature 
forests and early-successional 
forests. 
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ECOSYSTEM STUDIES - Land Resources 7 40 
Distribution of Canada Lynx in the Upper Midwestern United States 

Objective Develop and test a sampling framework that is 
logistically feasible and optimizes the detection of lynx in the 
upper Midwestern United States. 

Background The Canada lynx is being proposed as a threatened 
species under the Endangered Species Act in the lower 48 United 
States. The Canada lynx is present in northern Minnesota and was 
trapped in the state into the mid 1980s. The status of the lynx 
population in Minnesota is unclear. A breeding population may 
exist, or lynx in Minnesota may have immigrated from Canada. We 
will develop a sampling protocol that can be used to describe the 
current distribution of the species in northern Minnesota, northern 
Wisconsin, and northern Michigan. The protocol includes a 
statistical sampling framework across a relatively large region, 
material to attract Canada lynx, and verification of Canada lynx via 
DNA analyses. 

· Previous Activity/Results Detection attempts with the hair snare 
survey protocol were established in the Ottawa, Nicolet, and 
Superior National Forests from 1999 to 2002. No lynx hair samples 
were obtained on hair snares. Lynx were seen visually at the end of 
the testing period. See project titled: Ecology of Canada Lynx 
(Lynx canadensis) in Minnesota. 

Principal Investigator(s) 
Gerald Niemi, Ronald Moen 

Collaborator(s) 
Chris Burdett 

Project Sponsor(s) 
FS, Superior National Forest 
FS, Superior National Forest 

Start Date 9/3/1999 

Project No 189-6202 

Amount 
$30,000 
$117,000 

End Date 9/30/2005 

4.17 

Progress/Results 
See project titled: Ecology of 
Canada Lynx (Lynx canadensis) 
in Minnesota. 
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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 We have calculated trends in forest bird 
populations between 1991 and 2003 from four study areas in the 
western Great Lakes region. Of the 68 species tested for trends, 
more species have declined than have increased. Most increasing 
species are habitat generalists, or occur in early successional 
habitats. Most nest in the shrub or subcanopy layers. J:'he majority 
of declining species are ground-nesters, regardless of preferred 
habitat or migration strategy. Recent studies in the region have 
implicated forest fragmentation in reduced nesting success of 
ground-nesting species. Changes in forest composition may be 
driving the increases of some species and declines in others. Many 
of the declining trends that we have detected have been consistent 
across the years and are not likely due to annual variation. 

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

Project Sponsor(s) 
Chequamegon I Nicolet NF 

Start Date 5/1/199 

Project No 189-6219 

Amount 
$648,637 

End Date 9/30/2005 

420 

Progress/Results 
A field crew of 4-5 people 
conducted 10 minute point 
counts on 1200+ points on the 
Superior, Chippewa, and 
Chequamegon National Forests 
(NF) during June-July of 2004. 
Sampling on state-owned lands 
in east-central Minnesota (171 
points) was discontinued after 
the 2003 field season due to a 
lack of funding. This was the 
fourteenth year of sampling on 
the NFs, 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 NF ( down from 22 in 
2003), and 24 which are 
declining ( down from 30 in 
2003). The prevalence of 
ground-nesters among the 
declining species is not as great 
as in past years, possibly due to 
not sampling in east-central 
Minnesota, where 8 of 12 
declining species in 2003 were 
ground-nesters. However, 
ground-nesting is still prevalent 
among species with declines in 
multiple NFs (5 of 7 species). 
Shrub-nesters accounted for 10 
of the 17 increasing species. 
Changes in forest composition 
may be driving the declines of 
some species and increases in 
others. 

4.18 
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ECOSYSTEM STUDIES -Land Resources 419 
Interacting Effects of Elevated Carbon Cioxide and Ozone on Aspen 
Forest Ecos stems 

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) 
FS, Northeastern Forest 
Experiment Station 

Start Date 3/21/1996 

Project No 189-6201 

Amount 
$178,500 

End Date 3/31/2005 

4.19 

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 
ev.aluation. Presentations were 
given at this summers all-
investigators meeting in 
Rhinelander, WI. 
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ECOSYSTEM STUDIES- Water Resources 1347 
Rainy River Basin TMDL Work Plan: SE Lake of the Woods lmpared Waters 
Project 

Objective 

Background Williams Creek, from its headwaters to Zippel Creel, 
was put on the TMDL list for low oxygen affecting aquatic life. 
Based on monitoring data from the Lake of the Woods Soil and 
Water Conservation District 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. 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 of low 
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 

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 6/30/2005 

4.20 

Progress/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. 
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ECOSYSTEM STUDIES - Water Resources 1335 · 
Development of a Northshore Conservation Design Toolkit 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
Richard Alcler 

Project Sponsor(s) Amount 
MN Pollution Control Agency $15,000 

Start Date 6/14/2004 End Date 6/30/2005 

Project No 189-6265 

4.21 

Progress/Results 
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ECOSYSTEM STUDIES - Water Resources 1334 
Monitoring and Predicting Lake Water Quality in Northern Minnesota: 
NRRI Modelin and Database Assistance to Itasca Count 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
Richard Axler 

Project Sponsor(s) 
Minnesota DNR 

Start Date 4/19/2004 

Project No 189-6261 

Amount 
$10,413 

End Date 6/30/2005 

4.22 

Progress/Results 
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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) 
Lucinda Johnson 

Project Sponsor(s) 
Minnesota DNR 

Start Date 5/28/2004 

Project No 189-6262 

Amount 
$50,000 

End Date 6/30/2005 

4.23 

Progress/Results 

1328 
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ECOSYSTEM STUDIES - Water Resources 1327 
North Shore Wetland Classification: Phase I and Phase II 

Objective 

Background 

Previous Activity/Results 

Principal Investigator(s) 
George Host 

Project Sponsor(s) 
MN DNR (NO.AA. Prime) 
MN DNR (NOAA Prime) 

Start Date 3/4/2004 

Project No 189-9011 , 9012 

Amount 
$34,999 
$39,999 

End Date 6/30/2005 

4.24 

Progress/Results 
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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 (NP) Service (NSP) GLKN 
consists of 9 NP units in 4 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. For example, 
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. They will 
conduct statistical analyses of certain data sets, assist in 
determining potential indicators for future monitoring, and write 
specific protocols when indicators have been selected. NRRI 
scientists will 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 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) 
George Host, Richard Axler, Joseph Mayasich 

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 

4.25 

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. Pis also met 
with park staff on two other 
occasions. Initial efforts have 
focused on: 1) compiling 
existing water quality data; 2) 
developing an 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 based Vital 
Signs indicators. 
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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, 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, UV-B radiation, and land use on 
amphibian organismal and community responses. 3. Quantify the 
effects of multiple stressors on the health and organismal responses 
ofR. 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 PPR in southeastern 
South Dakota, which contains a vast expanse of important aquatic 
habitat. 

Previous Activity/Results Physico-chemical and biological data 
was gathered from the subject wetlands throughout the 2003 
summer. Amphibian population composition was monitored, and 
larvae were periodically sampled to assess breeding success. In 
addition, frog larvae were raised in mesocosm tanks at the field 
station, where they were exposed to atrazine at several 
concentrations. The water level in these tanks will be manipulated 
to simulate the accelerated water loss that might accompany the 
climate changes expected to effect the upper Midwest over the next 
several years. Effects on growth and development will be 
monitored over the summer. 

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

Project Sponsor(s) 
U.S. EPA 

Start Date 4/7 /2003 

Project No 189-6245 

Amount 
$746,433 

End Date 4/6/2006 

4 .26 

1292 

Progress/Results 
Field surveys were conducted at 
103 wetlands across the PPR 
between April 1st and August 
31st, 2004. Thirty-six of these 
sites (located in the east-central 
South Dakota: Brookings, 
Deuel, and Grant Counties) were 
surveyed for an entire amphibian 
breeding and metamorphic 
season (intensive survey) . The 
remaining wetlands were part of 
the extensive, or landscape scale, 
survey, with day surveys, calling 
surveys, and water quality 
sampling conducted three times 
during the breeding season. In 
the extensive study area, sites 
were dispersed across the 5 
ecoregions in the U.S. portion of 
the PPR in a stratified random 
process, with the number of sites 
per ecoregion weighted by its 
area in the PPR. In total, eleven 
amphibian species were 
observed at a minimum of one 
site. Water levels and water 
quality were assessed in 
conjunction with amphibian 
surveys. Water samples were 
also collected three times at the 
intensive sites, with incident 
radiation and UV-B attenuation 
measured in conjunction once 
for most sites. Water was also 
collected three times at all sites 
for determination of atrazine 
content. All field data from 
2003-2004 have been entered 
into a database and QC checked; 
analyses of field and landscape 
data are ongoing. 

RRI Semi-Annual Reoort/Julv-December 2004 



ECOSYSTEM STUDIES - Water Resources 1160 
Development of Environmental Indicators for the U.S. Great Lakes 
Basin Usin Remote Sensin 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 Mapping land cover with high spatial 
resolution (2.44 m) satellite data began in early summer 2003 for 
15 sites (8x8 km each) across the Great Lakes. Submergent aquatic 
vegetation (SA V) and two species of invasive exotic vegetation 
were successfully mapped at three of the sites so far. Change 
detection for the entire U.S. portion of the Great Lakes basin using 
30-meter Landsat sensor data was begun in February 2004. When 
completed, these data will provide stressor/pressure variables on a 
landscape scale. Landscape variables will be used in concert with 
variables measured in-situ to develop indicators of environmental 
state for near-shore areas of the U.S. Great Lakes . 

Principal Investigator(s) 
Gerald Niemi, Peter Wolter 

Project Sponsor(s) 
NASA 

Start Date 9/1/2001 

Project No 189-6228 

Amount 
$525,000 

End Date 8/31/2005 

4 .27 

Progress/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 satellite 
data began in summer 2003 and 
is on-going for 15 sites across 
the Great Lakes. Native wetland 
vegetation and two species of 
invasive exotics have been 
successfully mapped at three of 
the sites. Change detection for 
the U.S. portion of the Great 
Lakes basin 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. 

RRI Semi-Annual Reoort/Julv-December 2004 



ECOSYSTEM STUDIES - Water Resources 1136 
Protocols for Selecting Classification Systems and Reference 
Conditions: A Com arisen 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 One of the most significant challenges 
we have faced with this project has been the development of a 
complete inventory of Great Lakes wetlands, and the delineation of 
unique topographic basins for each wetland and high energy 
segment. In 2002 and 2003, field crews sampled 50 unique sites on 
Lakes Erie, Ontario, Michigan, Huron, and Superior. Samples were 
taken at 23 protected wetlands, 38 high energy sites, 27 coastal 
wetlands, and 32 riverine wetlands. Low water in Lakes Michigan 
and Huron posed a significant challenge. Four field crews were 
deployed, two each from NRRI and University of Windsor, with an 
estimated 25 people taking part in the sampling program. Fish and 
habitat data have been completely entered and reviewed; 100% of 
the 2002 macroinvertebrate samples have been processed and 
identified to date. Presentations were made at the International 
Association of Great Lakes Research and the North American 
Benthological Society. One master's thesis is underway and will be 
defended in October. 

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

Collaborator(s) 
Dr. Jan Ciborowski, University of Windsor 

Project Sponsor(s) 
U.S. EPA 

Start Date 3/26/2001 

Project No 189-6221 

Amount 
$747,404 

End Date 3/25/2005 

4.28 

Progress/Results 
The 2004 field effort included 
return visits to six high energy 
sites that were not completed in 
2003 due to hazardous weather 
conditions. A total of 144 unique 
sites were sampled with 4 7 sites 
specifically for the Reference 
project. Activity on the 
GLEI/Reference project during 
2004 concentrated on processing 
2003 benthic macroinvertebrate 
samples. As of December 30, 
2004, - 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. 
Delineation of contributing areas 
for wetlands is nearing 
completion. Stressors that may 
be affecting these wetlands will 
be calculated for each 
contributing area. The fish and 
habitat data are being analyzed; 
first looks at the data indicate 
that reference area fish 
communities are different from 
fish communities in similar 
wetlands that are receiving more 
anthropogenic influence (GLEI 
project). 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. A 
paper has been accepted for 
publication: Host, G. et al. 
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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. 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 
wcology workshop. 

Principal Investigator(s) 
George Host, Gerry Sjerven 

Project Sponsor(s) 
Fond du Lac Com. College 

Start Date 9/15/2000 

Project No 189-6217 

Amount 
$72,000 

End Date 9/30/2004 

4.29 

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. 
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ECOSYSTEM STUDIES - Water Resources 1117 
Vegetative Indicators of Condition, Integrity, and Sustainability of Great 
Lakes Coastal Wetlands 

Objective The major question to be addressed by the master 
proposal that includes this subproposal is, "what environmental 
indicators can most efficiently, economically, and effectively 
measure and monitor the condition, integrity, and long-term 
sustainability of the Great Lakes coast?" Specific objectives of this 
subproposal are to: 1) identify vegetative indicators of condition of 
Great Lakes coastal wetlands that can be measured at a variety of 
scales, 2) develop relationships between environmental stressors 
and those vegetative indicators, and 3) make recommendations 
about the utility and reliability of vegetative indicators to guide 
managers toward long-term sustainable development. It is NOT an 
objective of this study to inventory Great Lakes coastal wetlands 
nor identify coastal wetlands worthy of preservation 

Background 

Previous Activity/Results Three groups were active, "Duluth" 
(from NRRI), "Green Bay" (from UW Madison and UW Green 
Bay), and "New York" (Cornell). Between them the three teams 
visited 29 sites. A site was defined as a mostly contiguous cluster 
of National Wetland Inventory ( or regional equivalent) units 
(polygons) classified as containing an emergent wetland type. 
Some reaches contained more than one site, but only one site per 
reach was surveyed. Duluth sites (Lake Superior between Duluth 
and Ashland) were generally smaller, Green Bay (western Lake 
Michigan) had some larger sites and New York ( eastern Lake 
Ontario) encountered cattail beds in the lake proper. 

Principal Investigator(s) 
Carol Johnston, Paul Meysembourg, Terry Brown 

Collaborator(s) 
Barbara Bedford, Cornell, and Joy Zedler, University of WI, 
Madison 

Project Sponsor(s) Amount 
U.S. EPA $386,385 

Start Date 1/10/2001 End Date 1/9/2005 

Project No 189-6212 

4.30 

Progress/Results 
Coordinating with other GLEI 
groups, the NRRI GLEI 
Vegetation group worked on site 
selection for the 2002-2003 field 
seasons, using wetland inventory 
maps to predict the presence of 
emergent wetlands. Field maps 
were prepared showing transect 
placement to aid field 
researchers in locating and 
sampling vegetation study sites. 
All hands from the three 
participating institutions, NRRI, 
UW-Madison, and Cornell, 
participated in the project's 
annual field camp in June which 
was hosted by co-PI Joy Zedler 
in Madison, WI, and is part of 
the project's QA/QC plan. 
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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 Planning with Terry Brown, GLEI 
database manager, both the UMD and JCU teams began Internet 
data entry. Kingston led the second GLEI diatom workshop at the 
University of Michigan in November, and Kireta and Peterson 
from the Ely Field Station also participated. Abstracts about the 
GLEI diatom WQ project were submitted for the ASLO and 
IAGLR research meetings in 2003. 

Principal Investigator(s) 
Richard Axler, Euan Reavie 

Project Sponsor(s) 
U.S. EPA 

Start Date 1/10/2001 

Project No 189-6211 

Amount 
$596,872 

End Date 1/9/2005 

1116 

Progress/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. Reavie, Sgro, and Kireta 
attended a GLEI data meeting in 
September to discuss results and 
collaborations with GLEI 
colleagues. Sgro and Kireta 
attended the all-EaGLes meeting 
at the end of September to 
present progress and results of 
the diatom subprogram. 
Associated chemistry data were 
compiled and formatted for 
model development. 
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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 During 2002 and 2003, field crews 
sampled 97 unique sites in Lakes Erie, Ontario, Michigan, Huron, 
and Superior. Samples were taken at 18 bays, 18 protected 
wetlands, 20 high energy sites, 20 coastal wetlands, and 21 riverine 
wetlands. Four field crews were deployed, with an estimated 25 
people taking part in the sampling program this year. Fish and 
habitat data have been completely entered and reviewed; 2002 
macroinvertebrate sample processing and identification is nearly 
complete. Sediment particle size analysis for 2002 samples is 
complete and data have been entered and checked. Presentations 
were made at the International Association of Great Lakes 
Research conference, and the North American Benthological 
Society meetings this year. One master's thesis is nearly completed 
and will be defended in October. 

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

Project Sponsor(s) 
U.S. EPA 

Start Date 1/10/200 

Project No 189-6210 

Amount 
$893,628 

End Date 1/9/2006 

4.32 

Progress/Results 
The 2004 field effort included 
return visits to six high energy 
sites that were not completed in 
2003 due to hazardous whether 
conditions. Activity on the 
GLEI/Reference project during 
2004 concentrated on processing 
2003 benthic macroinvertebrate 
samples. 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 1114 
Development and Assessment of Environmental Indicators Based on 
Birds and Amphibians in the Great Lakes Basin 

Objective Specific objectives 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; 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, 6) provide scientific recommendations for 
improving and monitoring the ecological health of the Great Lakes 
basin. 

Background We intend to quantify the extent to which bird and 
amphibian assemblages are related to environmental pressure 
indicators such as land use characteristics, water quality, presence 
of exotic species, and hydrological modifications. Results will be 
used to infer ecological conditions at local and regional scales and 
to establish or improve the baseline for environmental monitoring 
programs.Although our practical objective is to develop state 
indicators based on bird and amphibian assemblages, the ultimate 
goal or endpoint of our investigation is to provide a mechanism for 
assessing the broader ecological health of Great Lakes ecosystems. 

Previous Activity/Results Surveys for calling anurans and 
breeding birds were conducted in over 200 coastal wetlands 
throughout the Great Lakes basin in 2002 and 2003. In 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) 
U.S . EPA 

Start Date 1/10/200 

Project No 189-6209 

Amount 
$591,375 

End Date 1/9/2006 

Progress/Results 
We examined how geographic 
distribution of birds and their 
potential affinities to wetlands of 
three geomorphic types would 
affect the scale at which we 
developed indicators for this 
large region. Bird communities 
were also significantly different 
among the five lakes (Superior, 
Michigan, Huron, Erie, and 
Ontario) and three wetland types 
(lacustrine, riverine, and barrier-
protected). Indicator values 
illustrated species with high 
affinities for each group. Species 
with restricted geographic 
ranges, such as Alder and 
Willow Flycatchers (Empidonax 
alnorum and E. traillii) had 
significant affinities for 
ecoprovince. Ten bird species 
had significant affinities for 
lacustrine wetlands. Analyses on 
guild metrics showed that Lake 
Ontario had fewer long-distant 
migrants and warblers than the 
other lakes. Numbers of short-
distant migrants and individuals 
were higher in the Eastern 
BroadleafForest ecoprovince. 
Number of flycatchers and 
wetland obligate birds were not 
different among provinces, lakes 
or wetland type. Our results 
indicate that we need to develop 
separate indices for at least two 
geographic regions (the two 
ecoprovinces). 
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ECOSYSTEM STUDIES- Water Resources 1113 
Development of Environmental Indicators of Condition, Integrity, and 
Sustainabilit in the Great Lakes Basin 

Objective 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 During 2002 and 2003, subprojects 
sampled hundreds of coastal margin ecosystems. The bird and 
amphibian group sampled 487 sites; diatoms and water quality 
sampled 242 sites; fish and invertebrates sampled 128 sites; 
wetland vegetation sampled 91 sites; and contaminants sampled 45 
sites. In addition, our EPA collaborators sampled 49 wetlands and 
58 nearshore sites. 

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

Project Sponsor(s) 
U.S. EPA 

Start Date 1/10/2001 

Project No 189-6208 

Amount 
$2,919,425 

End Date 1/9/2006 

4.34 

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 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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CENTER ACTIVITIES 
Active Grants for Fiscal Year 2005 

Sponsor ID# CUF# Project Budget 
National Science 370 1638-189- LTREB: Long Term Dynamics of Moose Foraging, 53,009 
Foundation (NSF) 6268-00 Community Structure, and Ecosystem Properties 

National Science 370 1638-189- LTREB: Long Term Dynamics ofMoose Foraging, 12,164 
Foundation (NSF) 6167-00 Community Structure, and Ecosystem Properties 

USDA Forest 419 1637-189- Interacting Effects of Elevated Carbon Cioxide and 15,565 
Service, 6201-00 Ozone on Aspen Forest Ecosystems 
Northeastern Forest 
Experiment Station ( 

USDA Forest 420 1637-189- Monitoring Birds in Great Lakes National Forests 30,748 
Service, 6219-00 
Chequamegon I 
Nicolet National 
Forests 

United States Air 548 1613-189- Use ofBiodescriptors and Chemodescriptors in 199,655 
Force (USAF) 6235-00 Predictive Toxicology: A 

Mathematical/computational Approach 

USDA Forest 740 1636-189- Distribution of Canada Lynx in the Upper 22,984 
Service, Superior 6202-00 Midwestern United States 
National Forest 
(SNF) 

USDA Cooperative 945 1637-189- Testing the Efficiency of Buffers for Protecting 2,607 
Research Service 6199-00 Seasonal Ponds and Forest Songbirds 

U.S. Environmental 1113 1628-189- Development of Environmental Indicators of 583 ,885 
Protection Agency 6208-00 Condition, Integrity, and Sustainability in the Great 
(EPA) Lakes Basin 

U.S. Environmental 1114 1628-189- Development and Assessment of Environmental 118,275 
Protection Agency 6209-00 Indicators Based on Birds and Amphibians in the 
(EPA) Great Lakes Basin 

U.S. Environmental 1115 1628-189- Testing Indicators of Coastal Ecosystem Integrity 178,726 
Protection Agency 6210-00 Using Fish and Macroinvertebrates 
(EPA) 

U.S. Environmental 1116 1628-189- Great Lakes Diatom and Water Quality Indicators 119,374 
Protection Agency 6211 -00 
(EPA) 

U.S. Environmental 1117 1628-189- Vegetative Indicators of Condition, Integrity, and 77,277 
Protection Agency 6212-00 Sustainability of Great Lakes Coastal Wetlands 
(EPA) 

Fond du Lac 1128 1653-189- Aquatic and Wetland Ecosystem Study of a Restored 4,488 
Community College 6217-00 Wild Rice Lake System 
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Sponsor ID# CUF# Proiect Budget 
lJ.S. Environmental 1136 1628-189- Protocols for Selecting Classification Systems and 137,195 
Protection Agency 6221 -00 Reference Conditions: A Comparison of Methods 
(EPA) 
National 1160 1617-189- Development of Environmental Indicators for the 131,250 
Aeronautics and 6228-00 U.S. Great Lakes Basin Using Remote Sensing 
Space Technology 
Administration, 
NASA 

Itasca County Soil 1169 1676-189- Monitoring Diatom Algae in Northeastern Minnesota 22,876 
and Water 6230-00 

National Science 1172 1638-189- Collaborative Research: Training Water Science 40,342 
Foundation (NSF) 9008-00 Technicians for the Future 

National Science 1172 1638-189- Collaborative Research: Training Water Science 51,101 
Foundation (NSF) 9007-00 Technicians for the Future 

National Science 1246 1638-189- Wild Rice Population Dynamics and Nutrient Cycles 2,524 
Foundation (NSF) 6264-00 

National Science 1246 1638-189- Wild Rice Population Dynamics and Nutrient Cycles 137,081 
Foundation (NSF) 6241-00 

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

U.S. Environmental 1292 1628-189- Effects of Multiple Stressors on Aquatic 248,811 
Protection Agency 6245-00 Communities 
(EPA) 

Kansas State 1293 1653-189- Climatic Variability and Ecosystem Response: 48,481 
University (NSF 6246-00 Precipitation Patterns, Soil Moisture Dynamics, and 
Prime) Productivity in Tallgrass Prairie 

USDA Forest 1294 1636-189- Canada Lynx Ecology Addendum 21,718 
Service 6252-00 

USDI Geological 1295 1727-189- Ecology of Canada Lynx (Lynx canadensis) in 15,779 
Survey 6251 -00 Minnesota 

USDI Geological 1295 1648-1 89- Ecology of Canada Lynx (Lynx canadensis) in 53,961 
Survey 6255-00 Minnesota 

USDA Forest 1298 1637-189- Scenarios of Landscape Change Effects on 16,378 
Service, North 6253-00 Tropospheric Ozone Risk to Midwestern Forests in 
Central Forest the Midwest 
Experiment Station 
(NCFES) 

U.S. Department of 1314 1648-189- Development of Monitoring Protocols to Assess 25,182 
Interior 6256-00 Impacts of European Earthworm Invasions 

U.S. Department of 1315 1648-189- Assessment and Development of Water Quality 22,825 
Interior 6257-00 Monitoring for Parks in the National Parks Service 
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Sponsor ID# CUF# Project Budget 
Great Lakes Network 

MN Department of 1327 1662-189- North Shore Wetland Classification: Phase I and 26,449 
Natural R.esources 9012-00 Phase II 
(NOAA Prime) 

Minnesota 1328 1663-189- Evaluation ofDNR. Aquatic Vegetation Surveys 45,854 
Department of 6262-00 Data Summaries and Comparative Analysis 
NaturalR.esources 

USDAAGR.ES 1333 1634-189- Behavior Modifying Compounds for Disease Vector 66,615 
SVC (AR.S) 6263-00 Control 

Minnesota 1334 1663-189- Monitoring and Predicting Lake Water Quality in 8,697 
Department of 6261-00 Northern Minnesota: NR.R.I Modeling and Database 
NaturalR.esources Assistance to Itasca County 

Minnesota Pollution 1335 1662-189- Development of a Northshore Conservation Design 14,370 
Control Agency 6265-00 Toolkit 
(MPCA) 

U.S. Department of 1338 1648-189- Analysis of Land Bird Monitoring Data for National 5,920 
Interior 6266-00 Parks in the Great Lakes Network 

U.S. Department of 1345 1648-189- Development of Sampling Framework/key Protocols 39,202 
Interior 6270-00 for Monitoring Natural R.esources in the Great Lakes 

Network 

Lake of the Woods 1347 1676-189- R.ainy R.iver Basin TMDL Work Plan: SE Lake of 45, 176 
Soil and Water 6278-00 the Woods lmpared Waters Project 
Conservation 
District 

U.S. Department of 1359 1648-189- An Assessment of Terrestrial Snail Biology and 17,197 
Interior 6276-00 Ecology with Threats Analysis 

Estimated total 2,699,941 
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Pending Grants 

1. Axler. DuluthStreams.org: Regionalizing surfacewater education and outreach. City of Duluth 
(Minnesota's Lake Superior Coastal Program prime). 46, 580. Funded. 

2. Brown, Brady. An exchange network/CDX flow protocol (RDXP). U.S. Environmental Protection 
Agency. 100,847. Funded. 

3. Fay. Bridging the divide: linking genornics to ecosystem responses to climate change. Yale 
University, U.S. DOE prime. 57,236. Funded. 

4. Host, Axler. Sampling design and protocol for the Great Lakes inventory and monitoring network. 
National Park Service, CESU. 177,898. Funded. 

5. Host. LTSP vegetation sampling in Chippewa National Forest. U.S. Forest Service, Chippewa 
National Forest. 5,875. Funded. 

6. Johnson, Brady. Assessing the condition of Lake Superior rocky coastlines and lake trout spawning 
habitat. MN Sea Grant. 148,562. Funded. 

7. Johnson. Development of a risk assessment plan for Acadia National Park. U.S. Geological Survey, 
CESU. 60,000. Funded. 

8. Mayasich. A assessment of terrestrial snail biology and ecology with threats analysis. DOI, USGS, 
Biological Resources Division, MN Cooperative Fish and Wildlife Research Unit, 28,436. Funded. 

9. Moen. Habitat improvements for Canada lynx in northeastern Minnesota. National Wildlife 
Federation. 6,000. 

10.Axler, Host. DuluthStreams head north. making North Shore stream data make sense to citizens and 
local officials. MN DNR (NOAA prime). 95,619. 

11. Host, CoastalGIS: delivering spatial information for land use planning on Minnesota's North 
Shore. Minnesota's Lake Superior Coastal Program, NOAA prime. 28,123. 

12.Host, Aquatic ecosystem study of a wild rice lake system, phase 3. Fond du Lac Tribal Community 
College, USDA prime. 32,451 . 

13.Johnson, Axler. Climate change. Legislative Commission on MN Resources. 250,000. Funded. 
14.Johnson, Integrated habitat classification and map of the Lake Erie basin. Great Lakes Commission 

128,278. Funded. 

Scientific Meetings and Presentations 

Several CWE Pis along with the U.S. EPA Mid-Continental Ecology Division hosted the fourth 
Estuarine and Great Lakes Coastal Program (EaGLe) annual meeting in Canal Park at the Inn on Lake 
Superior in Duluth, September 30 and October 1, 2004. The conference was organized by Valerie 
Brady, EaGLe program coordinator. 

The Society of Wetland Scientists met in Seattle July 18-23 with JoAnn Hanowski and Tom 
Hollenhorst presenting. 

Tom Hollenhorst and Valerie Brady presented two GLEI posters at the 2004 Great Lakes Regional 
Data Exchange Conference in Detroit, Michigan October 25-28. 

Phil Fay presented 'Productivity, photosynthesis and soil respiration responses to rainfall and 
temperature manipulations in tallgrass prairie at the Ecological Society of America meeting in Portland 
Oregon August 1-6. 

JoAnn Hanowski presented 'How can we use bird species historic population ranges to set 
conservation priorities?' at the American Ornithologists ' Union meeting in Quebec City August 12. 
The paper was co-authored by Terry Brown, George Host, and Mark White. 

4.38 
RRI Semi-Annua.1 Reoort/Julv-December 2004 



George Host gave two invited presentations at the 'Future of open water observation technology for the Great 
Lakes' workshop, sponsored by the National Oceanic Atmospheric Administration and the International Joint 
Commission, and held in Ann Arbor, Michigan. The first talk was on 'Remote underwater sensing technology () 
and data visualization' and was coauthored by Rich Axler, Bruce Munson, Cynthia Hagley, and Carl Richards. ~ 
The second was on 'Multitemporal high-resolution satellite classification of submerged aquatic vegetation in :--t 
the Great Lakes,' coauthored by Peter Wolter, Jerry Niemi, and Carol Johnston. ~ 

Rich Axler was an invited participant and speaker at the National Science Foundation Environmental 
Engineering Directorate sponsored workshop, Sensors for Environmental Observatories, on November 30 -
December 2, 2004 held at the University of Washington in Seattle. The talk was entitled 'Using time-relevant, 
intensive lake and stream data for training technicians and educating citizens, students, resource agencies and 
decision..:makers.' Co-authors include: George Host, Norm Will, Elaine Ruzycki, Jane Reed, Jerry 
Henneck and Gerry Sjerven from NRRI; Cindy Hagley, Jesse Schomberg and Carl Richards from Sea Grant; 
Bruce Munson and Zandy Zwiebel from DMD-Education; Chris Owen from Apprise Technologies, Inc; 
Mamie Lonsdale, Todd Carlson, Jerry Walker and Al Odean from the City of Duluth; and John Barten, James 
Johnson and Brian Vlach from Three Rivers (Hennepin) Park District. 

~ 
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Lucinda Johnson attended an EPA STAR seminar in Chicago July 13-14; presented at the American Fisheries ~ 
Society meeting in Madison, along with Dan Breneman, August 23-26; and attended the EPA Bayesian I'll 
statistics expert meeting in Washington DC December 13-15. n, 

<: 
Gerald Sjerven attended the Minnesota GIS/LIS conference in Duluth October 5-6. 

Brian Gute presented at CHI Toxicity Biomarkers meeting in Philadelphia, PA November 14-17-

Subhash Basak gave an invited lecture entitled 'Mathematical chemodescriptors and biodescriptors in 
biological structure-activity relationships' at the Southwest Theoretical Chemistry Conference XXI, 
Galveston, TX, October 22-23, 2004. Basak and coworkers also made the following presentations at 
the conference: 
1) 'Mathematical chemodescriptors and biodescriptors in biological structure-activity relationships,' 
Basak. 
2) 'Intercorrelation pattern of major topological indices,' Basak and Brian D. Gute and Alexandro T. 
Balaban (Texas A&M University at Galveston). 
3) 'Prediction of blood: brain penetration of chemicals using computed molecular descriptors,' 
Christian T. Matson, Lester R. Drewes (UMD Department of Biochemistry and Molecular Biology) 
and Basak. 
4) 'Hierarchical Quantitative Structure-Activity Relationship (HiQSAR) studies of mosquito 
repellency of alicyclic carboxamides,' Basak, Ramanathan Natarajan and Denise Mills. 'Predicting 
antimycobacterial activity of quinolone derivatives using theoretical molecular descriptors,' Mills, 
Manish C. Bagchi and Bhim C. Maiti (both of the Indian Institute of Chemical Biology) and Basak. 
6) 'Estimation of tissue: air partition coefficients: a comparison of structure- and property-based 
methods,' Basak and Mills, Douglas M. Hawkins (U of M School of Statistics), Hi sham El-Masri 
(Agency for Toxic Substances and Disease Registry, Atlanta, GA). 
7) 'Estimation of blood: air partition coefficients of volatile organic chemicals using molecular 
descriptors,' Basak, Gute and Mills, Hisham El-Masri and Moiz M. Mumtaz (Agency for Toxic 
Substances and Disease Registry, Atlanta, GA) and Hawkins. 
8) 'Estimation of estrogen receptor binding affinity using theoretical molecular descriptors,' Basak and 
Mills, Hawkins. 
9) 'Use of topological indices in predicting aryl hydrocarbon (Ah) receptor binding affinity of 
dibenzofurans: A hierarchical QSAR approach,' Basak and Mills, Moiz M. Mumtaz (Agency for 
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Toxic Substances and Disease Registry, Atlanta, GA), Krishnan Balasubramanian (University of 
California Davis, Lawrence Livermore National Laboratory and Glenn T. Seaborg Center). 
10) 'Use of calculated chemodescriptors in toxicity prediction ofhalocarbons,' Gute and Basak, and 
Krishnan Balasubramanian. 
11) 'NMR spectral invariants as numerical descriptors for diastereomers,' Basak, Xiaofeng Guo and 
Fuji Zhang (both of Xiamen University, China) and Natarajan. 
12) 'Ordering the repellency of stereoisomers of topical mosquito repellents by molecular overlay,' 
Natarajan and Basak, Alexandro T. Balaban, Jerome A. Klun and Walter F. Schmidt (both of the U.S. 
Department of Agriculture). 
13) 'Stereochemical structure-activity relationship studies of insect repellents: A molecular mechanics 
approach,' Natarajan, Balaban, Klun, and Basak. 

Teaching 

The following taught classes at the University of Minnesota Duluth fall semester 2004: 
Pat Schoff, Joe Mayasich, Ecotoxicology 
Lucinda Johnson, George Host, Landscape ecology 
John Pastor, Biology illustration, Biology practioner, Ecosystems 

Outreach 

Pat Schoff is on the Great Lake's Aquarium's board of directors. 

Jennifer Olker gave a presentation on amphibians at the Boulder Lake Environmental Learning 
Center on Wednesday, November 10, 2004. Some of the topics discussed were: the importance of 
amphibians in our region, different ways to identify them, and the presence of amphibians in vernal 
pools in our area. 

JoAnn Hanowski is a member of: Minnesota All-bird Conservation Statewide Steering Committee, 
the Riparian Scientific Technical Committee, the Minnesota Comprehensive Wildlife Conservation 
Strategy Technical Committee and the Potlatch Citizen Advisory Committee. 
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PROGRAM NOTES 
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 the Apostles Islands National Lakeshore. 

The lab, directed by John Ameel and Elaine Ruzycki, 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. It is certified through the UM Radiation 
Protection Program for use of radioisotopes, carbon-14 and tritium, and lirnnological studies. Ameel, 
radiation protection officer for NRRl, is on the UMD Hazardous Materials Management Advisory 
Committee. 

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. Ruzycki is assisting with outreach through MN Sea Grant, 
and technical aspects of the project through NRRI. 

Ruzycki is involved in a collaboration with Itasca County SWCD and MN DNR to assist with 
development oflake protection tools for the county. This effort has involved 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. 

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). Water quality 
sampling continued in the Apostles Islands National Lakeshore. Both Ruzycki and Henneck, along 
with APIS staff, collected water quality and biological samples from the Apostle Islands in mid-August 
and early October and are now processing the data and completing final analyses. Both will also be 
assisting with a monitoring protocol development project that is closely related to this one. 

J. Henneck, Jane Reed, and E. Ruzycki continued their involvement in Duluth Streams, 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 of land 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 
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. 
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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 O 1 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 
Nierni/W olter/Brown 
Host 
Niemi 

Johnston 

Host/Axler 
Sjerven 
Niemi 

An additional machine has been added (mite). This machine's primary purpose is to host the ArcTh1S 
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, ArcTh1S 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-databases. 
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Publications 
Currently submitted, in press, or published 
Cumulative published totals from 1985 to present 
Publications-513 

Axler, R.P., J.R. Henneck, M.E. McDonald. 2001. Mine pit aquaculture in Minnesota: perspectives on 
the environmental and regulatory issues, 1988-1999. North American Journal of Aquaculture. 
Submitted. 

Bagchi, M. C., B.C. Maiti, D. Mills, S.C. Basak. 2003. Usefulness of graphical invariants in 
quantitative structure-activity correlations of tuberculostatic drugs of isonicotinic acid hydrazide 
type. Journal of Molecular Modeling. Submitted. 

Bajzer Z., S.C. Basak, M.V. Grobelsek, M. Randie. 2004. Use of proteomics based biodescriptors in 
the characterization of chemical toxicity. In Genomic and Proteomic Applications of Toxicity 
Testing, ed. MJ Cunningham, Humana. 

Basak, S. C., B. D. Gute. 2003. Ordering of molecules using topological indices: Comparison of 
arbitrary versus tailored structure spaces. Indian Journal of Chemistry. Submitted. 

Basak, S.C., B.D. Gute, D. Mills. 2002. A comparative study of similarity methods in analog selection, 
property estimation and clustering of diverse chemicals. In: Advances in Molecular Similarity. 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., Mills, D., Gute, B.D., Balaban, A.T., Basak, K., Grunwald, G.D. 2000. 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. 2002. Modeling of aryl hydrocarbon (ah) receptor binding affinity for 
dibenzofurans. In Kartsev,V, editor. Oxygen- and Sulfur-Containing Heterocycles in our Series 
Chemistry of Biologically Active Synthetic and Natural Compounds. In press. 

Berger, A.L., K.J. Puettmann, G.E. Host. 2004. Harvesting impacts on soil and understory vegetation: 
the influence of season of harvest and within-site disturbance patterns on clear-cut aspen stands in 
Minnesota. Canadian Journal of Forest Research 34:2159-2168. 

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. Environmentally stratified sampling 
design for the development of Great Lakes environmental indicators. Environmental Monitoring 
and Assessment. In press. 

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. 

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. Breeding bird response to varying amounts of overstory 
retention in riparian buffers. Journal of Wildlife Management. In press. 

Hanowski, J., N. Danz, J. Lind, G. Niemi. Does amount of tree basal area removed from riparian 
forests impact breeding bird communities? Submitted. 

Hawkins, D. M., S. C. Basak, D. Mills. 2003. Ridge regression fitting and diagnostics in quantitative 
structure-activity relationship modeling. Environmental Toxicology and Pharmacology. Accepted. 
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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. 

Jezierska, A., M. Vracko, S. Basak. 2004. Counter-propagation artificial neural network as a tool for 
independent variable selection: structure-mutagenicity study on aromatic amines. Molecular 
Diversity 8(4):371-377. 

Kingston, J.C. , D.R. Engstrom, A.R. Norton, M.R. Peterson, N.A. Griese, E.F. Stoermer, N.A. 
Andresen. Paleolimnological inference of nutrient loading in a eutrophic lake in north central 
Minnesota (USA) and periodic occurrence of abnormal Stephanodiscus niagarae. Proc. 1 ih 
International Diatom Symposium, Ottawa, Ontario. In press. 

Niemi, G.J. 2004. Book review: Essentials of Conservation, 3rd edition. Auk 121(3):980-982. 
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.H. McDowell, Pinay. Biogeochemical hot spots and hot 
moments at the interface of terrestrial and aquatic ecosystems. Submitted. 

Monson Geerts, S., B. McCarthy, R. Axler, J. Henneck, S. Heger, J.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. 

Olson, M.R., R.P. Axler, R.E. Hicks, J.R. Henneck, B.J. McCarthy. 2005. Seasonal virus removal by 
alternative wastewater treatment systems. Journal of Water and Health. In press. 

Olson, M.R. , R.P. Axler, R.E.Hicks.2004. Effects of freezing and storage temperature on MS2 
viability. Journal ofVirological Methods 122:147-152. 

Opitz, D.W., S.C. Basak, B.D . Gute. Creating hazard assessment models by filtering numerous 
theoretical descriptors of compound structure. Submitted. 

Pastor, J., K. Dannel. Moose-vegetation-soil interactions: a dynamic system. Akes. In press. 
Pastor, J. , Y. Cohen, R.A. Moen. Herbivore effects on landscape level processes. Ecosystems. In press. 
Price, S.J. , D.R. Marks, R.W. Howe, J. Hanowski, G.J. Niemi. The importance of spatial scale for 

conservation and assessment of anuran populations in coastal wetlands of the western Great Lakes. 
Landscape Ecology. In press. 

Pundsack, J.W ., R.E. Hicks, R.P. Axler. 2003. Effect of alternative on-site wastewater treatment on the 
culturability and viability of Salmonella choleraesuis. Journal of Water and Health. 

Randie, M., A. Nandy, S. C. Basak. 1999. On numerical characterization of DNA primary sequences. 
Journal of Computational Chemistry. Submitted. 

Randie, M., Balaban, A.T., Basak, S.C. 2000. On two-dimensional and three-dimensional molecular 
descriptors, Croatica Chemica Acta. Submitted. 

Randie, M., Basak, S.C. 2000. Variable molecular descriptors. 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. 

Randie, M., Basak, S.C. 2001. Characterization of DNA primary sequences based on the average 
distance between bases. Journal of Chemical Information and Computer Science41(3):561-568. 

Randie, M., D. Plavisc, S. C. Basak. 2004. Characterization of2-D proteornics maps based on spots 
nearest neighborhoods. Croatica Chernica Acta. 77(1-2) :345-351 . 

Randie, M., D. Plavisc, S. C. Basak. 2004. On invariants of a 2-D proteome map derived from 
neighborhood graphs. Journal of Proteome Research 3( 4): 778-785. 

4.44 
RRI Semi-Annual Reoort/Julv-December 2004 



Valkova, I., M. Vraeko, M ., SC Basak. 2004. Modeling of structure-mutagenicity relationships: 
counter propagation neural network approach using calculated structural descriptors. Analytica 
Chimica Acta. 

Vracko, M ., D. Mills, S. C. Basak. 2003. Structure-mutagenicity modeling using counter propagation 
neural networks. Environmental Toxicology and Pharmacology. Accepted. 

Vracko, M ., S.C. Basak, K. Geiss, F. Witzmann. 2003. Quantitative treatment of proteomics maps. 
Journal of Proteome Research. Submitted. 

Vracko, M., S.C. Basak. 2004 Similarity study of proteomic maps. Chemometrics and Intelligent 
Laboratory Systems 70:33-38. 

Wolter, P.T, C.A. Johnston, G.J. Niemi. 2005. Mapping submerged aquatic vegetation in the U.S. 
Great Lakes using Quickbird satellite data. International Journal of Remote Sensing. In press. 
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Library Activities 

ADMINISTRATION 

The NRRI Library Committee met in Nov. 2004. As Pam Wilson and Kathy Forslund have left NRRI, 
Trish Sodahl and Elaine Hansen have replaced them on the NRRI Library Committee. UMD Librarian 
Pam Enrici continues as the NRRI liaison. Pam Enrici came to NRRI in November and updated NRRI 
Staff on electronic databases that may be accessed from NRRI and home, as well as new information 
on the UMD Library. 

FACILITIES AND EQUIPMENT 

A new Dell computer was purchased to replace the library's online catalog computer. 

Research 

Online literature searches provided this quarter for the following: 

• Medicinal plants • Biochemistry powerpoint examples 
• Table of Contents (journals) • Chemoinformatics/QSAR 
• Wetland plants • Bioinformatics/QSAR 
• Gypsy moths • Biodiesel 
• Ecological Indicators • DDGS (Biodiesel) 
• Systems biology • Proteins 
• Proteomics • Biotechnology news 
• Toxicity (Biological Activity) • Birds 
• QSAR (Toxicity; Modeling) • Fertilizers 
• QSAR and Rats/Mice • Climate Change 
• Oil Spills .. Biosensors 
• Patents • Computational approach (Genomics) 
• State drainage ditches • Citations by authors 
• Clostridium botulinum toxin inhibitors • Betulinic acid 
• SAR • University Business Incubators 
• Proteomics Journals (Table of Contents) • Grants 
• QSAR and P-glycoproteins • Hydrologic, Water technicians information 
• QSAR/SAR and DDT (Insecticidal activity) • Global warming ( energy sources of) 
• QSAR and Insect repellency • Peroxisome proliferators 
• QSAR and mutagenicity • Hypolipidemic (QSAR) 
• QSAR and eye irritation • Carcinogens (QSAR) 
• QSAR and rat oral toxicity • Mechanism of action (QSAR) 
• QSAR and skin irritation • Thermodynamic values (Gibbs-free energy, Minerals) 
• Boiling point and QSAR • QSAR and Kovats Index 
• Vapor pressure and QSAR • QSAR and antibacterial/antiviral/anti-infective 
• Chromatography and QSAR • Geology of tungsten deposits (N. America) 
• QSAR and diffusion coefficients • Neural networks, Genetic Algorithms and QSAR 
• Copyright permissions queries • Permeability Coefficient values (antimicrobials) 
• ISSN number information • Skin penetration of anti-infective compounds 
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111:terlibrary Loans 

The following is a summary for the period of July 1, 2004 - Dec 31, 2004. 

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 27 new items to date. 

No. Of Documents 

350 
098 
078 
000 
526 

No. of Documents 

137 
387 
000 
002 

No. of Documents 

003 
001 
000 
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