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CENTER FOR APPLIED RESEARCH & TECHNOLOGY DEVELOPMENT

Wood Products and Forestry

NRRI Biomass Research Shows 25 Percent Improvement

Yield tests of new poplar clones developed by the Forestry group poplar program have demonstrated the
potential to produce five oven dry tons per acre per year on moderately-productive agricultural sites in
Minnesota. This represents a 25 percent improvement over the current commercially attainable poplar yield.

Wood Materials and Manufacturing Program and the College of Menominee Nation Receive Award
The Wood Materials and Manufacturing Program and the College of Menominee Nation (Keshena,
Wisconsin) were awarded a proposal from the USDA National Institute of Food and Agriculture (NIFA) to
understand the potential for using acoustic-based nondestructive testing technologies to sort Lake States
hardwood and softwood trees and logs based on wood quality. This project has potential implication to
develop important information on wood quality, carbon content and biomass quantity that can be used to
create economic models for utilizing these species to their highest and best value. Further, this new
partnership provides a new linkage for the University of Minnesota Duluth Natural Resources Research
Institute and the College of Menominee Nation researchers in forestry and forest products research,
implementation, and outreach.

NRRI Receives Funding to Establish Feasibility of Thermally-Modified Wood R&D Center in the
Region

The Market Oriented Wood Technology Program and partners received funding to identify the technical and
economic feasibility of creating a thermally-modified wood R&D center in the region. This center, should it
be established, would be an economic development tool that allows regional wood products manufacturers to
conduct R&D on new thermally-modified wood products. The center would also allow regional
manufacturers to manufacture small lots of thermally-modified wood for market development purposes.

NRRI Receives Funding to Begin Developing U.S. DOE Solar Decathlon Project Proposal

The Market Oriented Wood Technology Program received funding from UMD central administration to begin
developing a U.S. DOE Solar Decathlon project proposal in collaboration with the departments of Civil
Engineering, Mechanical Engineering, and Marketing for possible entry into the 2013 U.S. DOE Solar
Decathlon competition. This funding award led to many new ideas and has spurred a number of new
initiatives, including a Minnesota Office of Energy Security grant proposal, new collaboration with the
Lawrence Berkley National Laboratory, and collaboration with Rosenheim University of Applied Science
(Germany).

NRRI Participates in Large Grant Application

Due to the national visibility of the poplar research, the Forestry Program has been included in a large grant
application to the USDA-CAP Sustainable Biomass Energy program. Cooperating institutions include the
University of Missouri, lowa State, Mississippi State, Oak Ridge National Laboratory, and the University of
Alabama.

Direct Reduction and Iron Nodule Production

DOE/Nulron Project

A parametric set of simulations was completed, which helped to identify interactions on furnace temperature,
for varied coal types (volatile content) and oxygen concentration in combustion air. Coal volatiles ranged
from 5% to 35%, and oxygen concentration ranged from air (23% wt) to oxygen (95% O,). This information
can be used to correctly match fuel characteristics with the type of combustion system, i.e. air/oxygen-based.



Dust Reduction Project for Nucor, Trinidad Operations and Nucor’s Electric Arc Furnace Operations
NRRTI’s Coleraine Minerals Research Laboratory (CMRL) was chosen by Nucor to research methods to
reduce fines generation from direct reduced iron (DRI) pellets produced in Trinidad, as well as fines
generated at EAF operations in the U.S. Successful bench scale tests were run at CMRL to significantly
reduce fines generation from DRI during handling. These methods were scaled up at Trinidad and Nucor’s
EAF operations to prove that greater than 70% of fugitive fines emissions can be reduced through the use of
CMRL-developed DRI fines reduction technologies.

DOE Metallization Program

Since 2001, the Natural Resources Research Institute and its Coleraine Minerals Research Laboratory
(CMRL) have been actively developing a process to convert iron-bearing oxide materials to nodular reduced
iron. In contrast to other developers working in the field, the concept involves use of Linear Hearth Furnace
(LHF) technology using oxy-fuel and oxy-coal combustion technologies. Process parameters have been
investigated at both laboratory and pilot scale under a variety of reaction mix conditions. During the course of
the investigation, specific compositional and process conditions have been identified that allow routine
production of nodular reduced iron containing over 2.5% carbon and under 0.06% sulfur at very high
metallization levels. Pilot scale test results, coupled with the process and mass and energy balance models that
have been developed, point to a process technology that should be developed at the next scale. The basis for
routine use of carbothermic reduction of iron ores and iron-bearing waste products has been established with
the testing program, and the final report was issued at year’s end. Focus for the immediate future is to
determine the feasibility of using “bio coals” as reductant material and as a potential fuel for the oxy-solid
fuel combustion system already incorporated in our pilot plant facility.

DOE Solid Fuel - LHF Coleraine

This research proposes to use a solid fuel - oxygen fired combustion system for application to an iron making
process for production of nodular reduced iron (NRI). The solid pulverized fuels are identified as coals and
torrefied woody biomass char materials. Successful production of high quality NRI provides opportunities for
recycling steelmaking waste products, diversification of iron ore processing, and a new pure iron feedstock
for the electric arc furnace steelmaking industry. Use of oxy-fuel combustion in combination with the solid
fuels affords unique opportunities with respect to reducing greenhouse gas (GHG) emissions while providing
process advantages. In this application, opportunity exists to use torrefied woody biomass or agriculture by-
products as a low-cost carbon-neutral fuel for iron making. In addition to the benefits afforded by the
concentration of CO, gas, woody biomass products are also relatively free of sulfur oxides, creating more
opportunities for CO, capture technologies.

DOE Solid Fuel — Box Furnace

A series of box furnace tests has been initiated to utilize a range of carbon sources as reductants for
production of nodular reduced iron (NRI). This includes anthracite coal, both low- and high-volatile
bituminous coal, sub-bituminous coal, sub-bituminous char, and bio-char produced from woody biomass.
Carbon selection was designed to evaluate a spectrum of volatile content from each of the coal sources tested
and to compare them to a range of volatiles in the bio-char. In the present investigation, a comparison was
made between medium-volatile bituminous coal and high-volatile bituminous coal for their fusion behaviors.
Results indicated that fusion behavior using high-volatile bituminous coal was essentially identical to when
medium-volatile bituminous coal was used. In addition, techniques were developed that alter stoichiometry,
which subsequently resulted in decreasing fusion time by 30-60%. This technique also increased reductant
carbon, thereby increasing generation of micro NRI. Future tests include application of these techniques to
torrefied biomass for box furnace tests.



AISI PSH Furnace

The Coleraine Minerals Research Laboratory (CMRL) will conduct a study for the American Iron & Steel
Institute (AISI) Paired Straight Hearth (PSH) furnace project to evaluate and assess the quality of Direct
Reduced Iron (DRI) pellets achieved from deep bed roasting of green agglomerates in a specifically designed
furnace to simulate the PSH process. Objectives of these tests are to produce DRI pellets with characteristics
more closely related to a proposed commercial furnace, and to evaluate pellet volume and quality as it
transitions the bed. A deep bed (120mm) of green pellets, prepared with iron oxides and coals provided by
AISI, will be roasted in a two-(2)zone electrically heated furnace designed to provide top down heating of the
samples. Furnace design has been agreed upon and established, and furnace construction is in progress. The
frame and furnace shell are complete. Heating element layout and a slide gate separating the hot zone from
the cooler and the refractories will next be installed. The silicon carbide (SiC) heating elements and electrical
control panel are on site and awaiting installation.

Energy

Biomass Characterization

Biomass characterization has been performed on a number of samples with the I1KA calorimeter,
thermogravimetric analysis (TGA), ash chemistry, and Hardgrove Grindability device. Future testing will
depend on new biomass-related projects, funding, and interests from both internal and external sources.

Prairie Grass Characterization

CMRL researchers worked in collaboration with Carl Rosen at the University of Minnesota Twin Cities
campus, for basic biomass characterization of prairie grass. This characterization will be used as a baseline for
potential combustion and/or gasification testing at CMRL. Other research may arise from this characterization
and testing. Analyses include moisture content, thermogravimetric analysis (TGA), loss on ignition (LOI), ash
chemistry analysis, carbon-sulfur, and calorimetry.

IREE Solar Project

A prototype solar air heater was fabricated and tested. Initial data showed an air heating capability of 310
BTU/ft>-h. After reducing airflow through the unit, a temperature increase of 50°F was achieved. Even on
days with subzero outside air temperature, the surface of the taconite tiles was over 100°F. A poster about this
project was presented at the IREE E3 conference in November 2010.

Environmental Characterization Studies

Environmental Study of Airborne Particulates on the Mesabi Iron Range

During the last six months of 2010, community air sampling took place at Keewatin Elementary School (1
event), which is located on the Mesabi Iron Range. As well, air sampling took place at the Ely Fernberg site
(1 event) and the Duluth NRRI site (8 sampling events), which are sampling locations beyond the limits of the
Mesabi Iron Range. NRRI scientists participated in two science advisory board meetings in September 2010,
with the first meeting comprising the NRRI Environmental Study of Airborne Particulates science advisory
board, and the second meeting comprising both the NRRI and School of Public Health external science
advisory boards. Age dating of lake sediment samples continued, as did laboratory analysis of particulates
utilizing Transmission Electron Microscopy (TEM), Scanning Electron Microscopy (SEM), Proton-Induced
X-ray Emission (PIXE), Energy Dispersive Spectrometry (EDS), and Electron Back Scatter Diffraction
(EBSD).



Environmental Chemical

Successful Pilot Scale Testing for Processing DDGS into Value-Added Products

New technology for processing of Dried Distiller Grains & Solubles (DDGS) into biodiesel, additional
ethanol, and higher protein feed product zein was successfully tested and further optimized at the pilot-scale
level (1000 kg+) with the cooperation of Crown Iron Works.

Patent Filed on New Technology for Processing DDGS

New DDGS processing technology was disclosed to the University of Minnesota’s Office of Technology
Commercialization (OTC). The OTC Intellectual Property (IP) Committee decided to file a patent based on
disclosure of this new invention.

Betula, LLC, Launched on Basis of Chemical Derivatives Program Technology
This program will be focused on production, manufacturing, and marketing of natural products for cosmetics
and dietary supplements in cooperation with our program at NRRI.

Development of a Process for Separation of Value-Added Anti-Cancer Triterpenoid Acids for Use as
Dietary Supplements

These products will be commercialized through the Chemical Derivatives Program’s Chemistry, Analysis,
Synthesis, Extraction, & Optimization (CASEO) Center in cooperation with Betula, LLC. Disclosure of this
invention to OTC is in progress.

New Catalysts for Liquid Fuel Production

Since 2007, NRRI-UMD has been conducting regular research on development of catalysts for conversion of
syngas to liquid fuel products. A number of catalysts, suitable for processing of liquid hydrocarbons out of
syngas have been developed. These catalysts, chemically identified as complex polymetallic ferrotitanates, are
being produced on a base of ilmenite — a natural iron titanate mineral, widely used as titanium ore. These
ilmenite-based (ILM) catalysts demonstrate a complex of properties, especially important for operating with
the biomass-based syngas. The ILM catalysts can be produced via an inexpensive, labor-saving, and easy
scale-up procedure. The low price of ILM catalysts makes possible their use in a short life cycle schedule, or
as partly consumable reactants. This also makes possible facilitation of certain conjoined stages of the overall
Biomass-to-Fuel conversion sequence. CMRL has joined the University of California in a co-operative U.S.
Department of Energy (DOE) project submission for development of the pilot plant for processing biomass-
based liquid motor fuels using ILM catalysts.

Iron Ore Filtering, Agglomeration and Pelletization

Ermaden Filter and Pelletizing

The objective of this test program was to determine processing conditions necessary for filtering and
pelletizing iron ore concentrate produced from the Hasancelebi iron ore deposit in Turkey. Filter leaf tests
were conducted to define parameters required for filtering and dewatering concentrate slurry to filter cake.
Pelletizing testwork was initiated using bench-balling and mini-pot firing to define initial green ball
parameters and temperature profiles. Results were used in conjunction with MEDUSA grate kiln induration
modeling, to develop a firing cycle based on selected furnace design criteria. Pot grate tests were used to
confirm the models, and were modified as required to obtain pellet quality for subsequent testwork. Results of
the program provide Ermaden with a model simulation for a grate-kiln pelletizing process, mass and energy
balance, process airflow, firing temperature and a conceptual process flow diagram. A final project report will
be submitted to Ermaden detailing recommendations for pelletizing Hasancelebi ore that includes all the test
data and parameters required to develop a technical flowsheet and process flow diagram.



IOCR (Iron Ore Co-Operative Research) Intensive Mixing

Iron ore green ball quality is accepted by the Minnesota taconite industry as one of the key parameters
influencing fired pellet quality. As bentonite supply and quality decline and binder prices increase, alternative
methods and/or techniques for decreasing binder consumption or improving green ball quality become of
interest. The opportunity exists to use high-intensive mixing of binder and concentrate to reduce additive rates
and to enhance both fired physical and metallurgical quality. Bench scale mixing tests with green ball quality
and mini-pot firings are complete. Green balls prepared with blends produced from the Eirich intensive mixer
showed improved physical properties (drop and dry strength), which resulted in lower bentonite addition
rates. Mini-pot pelletizing tests also showed improved fired pellet quality with intensive mixing, as compared
to conventional mixing techniques. Pot grate testing is in progress to establish a baseline firing cycle for a
straight-grate pelletizing process producing fluxed pellets for measuring the influence of intensive mixing on
metallurgical properties of fired pellets. Subsequent work will focus on the effect of intensive mixing on the
metallurgical quality of acid grade pellets.

Minerals, Ferrous

Iron Ore Fines Removal from Pellets Produced at Minnesota Taconite Operations

The NRRI Pellet Fines Removal System (FRS) was configured with newly designed wear-resistant chevron
lifter plates, and the system was field-tested at a Minnesota taconite production facility in the fall of 2010.
The test was very successful, showing that our NRRI unit could remove greater than 95% of the minus 0.25-
inch chips and fines from taconite pellets fed to the system at a rate of 250 tons per hour. Further tests will be
run in the summer of 2011 to further verify the successful operation of the unit in removing minus 0.25-inch
fines from high taconite pellet feed rates. A Minnesota based commercialization partner is evaluating
producing and marketing the unit.

Ermaden Iron Ore Flowsheet Development Project in Turkey

CMRL was chosen by Hatch Engineering, Canada, to develop a full concentrator and pellet plant flowsheet
for a new magnetite ore body in Turkey. This new ore mine will be the largest metal mine in Turkey. A total
of 35 metric tons of various gallery samples of crude ore along with 45 drill-core samples were sent to
CMRL. After blending, sampling and analyzing the gallery samples, Ermaden selected about 25 metric tons
to be included in the final blend that would provide feed for the remaining test program. Dry cobbing of the
crude blend at minus 11 mm provided significant weight rejection with high magnetic iron recovery. The
entire 25 tons of crude blend was upgraded by dry cobbing, and the resultant dry cobbing concentrate was the
feed material for bench scale testing. Based on the bench scale testing, a pilot plant flowsheet was developed.
The bench scale test results and proposed flowsheet were presented to Ermaden and Hatch personnel at
meetings held at CMRL in November and December. After the final pilot plant flowsheet is approved by
Ermaden, the pilot plant will be assembled and operated at CMRL to produce sufficient concentrate for
pelletizing tests.

Plasma Stone from Taconite By-Products

Progress was made on casting three-dimensional shapes from molten taconite tailings. A number of different
mold types were trialed, but the most successful is a green-sand method. We have been able to cast a medium-
sized flower-pot (about 12” top opening) using this method. The annealing oven has been modified to
accommodate casting and annealing of these larger pieces.

Minerals, Non-Ferrous

Minerals Coordinating Committee Permanent University Trust Fund Gold

As part of the Minerals Coordinating Committee (MCC) Permanent University Trust Fund (PUTF) Gold
project, a review of exploration data indicates that significant gold assays were encountered in many of the
holes that were drilled in the 1980s and 1990s. The highest values are as follows: Western Vermilion District
with up to 28 ppm Au; Virginia Horn area with up to 15 ppm Au; Itasca County/Lost Lake area with up to 5.4
ppm Au; and the Ranier area with up to 8.0 ppm Au. While these high values are encouraging, they occur as



isolated highs in a sea of mediocre values. Clearly, more structural examination of these gold systems, and
more drilling, is needed in order to fully evaluate the gold potential of Minnesota.

Peat, Industrial Products

Fens/Wetland Banking/Fens Research Facility

The Fens Research Facility (Fens) near Zim, Minnesota, consists of 524 acres (378 acres in the North Fields
and 146 acres in the South Fields). It has been managed by NRRI since it was acquired from the Iron Range
Resources and Rehabilitation Board in 1986. In 2001, NRRI began a series of wetland restoration projects
with the goal of establishing several wetland banks, to be used for wetland mitigation credits. Establishing the
banks involves(d) planting of many wetland plants and restoring the natural hydrology. Also, as part of
establishing the banks, the bank areas are encumbered by conservation easements. Three wetland banks
(Banks I, Il and 111) have been established in the North Fields. The banks total 338 acres. Two additional
wetland banks (Banks IV and V) are being established in the South Fields. These banks total 146 acres. The
wetland credits have been sold to the Minnesota Board of Water and Soil Resources (BWSR). BWSR
administers the wetland banking program for the State of Minnesota, and it was involved in funding,
monitoring, and approval of the wetland banks. Other agencies involved in the approval process are the St.
Louis County Soil and Water Conservation District and the Army Corps of Engineers. It is expected that the
Fens wetland banking project will end in 2013 when Banks 1V and V are fully established.

Development of Peat-Based Media for Wastewater Treatment

Igor V. Kolomitsyn is leading an NRRI Industrial team, in cooperation with a local company, to develop
environmentally beneficial peat-based products that can replace chemical treatments for agricultural and
remediation purposes. The team was able to find a way to overcome the parent material contamination with
manganese and develop a laboratory-scale procedure for production of new modified peat granules. It was
also found that manganese was present in two forms in the parent peat material. Quality control tests to
measure the activity of new peat product and to control chemical reactions were developed as part of the
procedure development process. New funding has been secured to further develop the technology that will
lead to manufacture of peat-based products for purification of waste water.



CENTER FOR WATER AND THE ENVIRONMENT

Water Resources

CWE scientists created a comprehensive database of water quality data for 638 Minnesota lakes that had at 15
or more years of data for at least one parameter (usually Secchi depth clarity) and totaling 1.9 million data
records. Exploratory statistical analyses were performed to identify significant trends over time. To allow
other investigators to better visualize the data, we developed a Google-map based website for summarizing
and presenting the results. This Water Quality Trend Tool is a prototype for the Minnesota Pollution Control
Agency and Minnesota Department of Natural Resources to consider for improving public access and
understanding of lake water chemistry. Thus far, the analyses have shown that for lakes with significant time
trends during the period June—September, more than 90% showed surface water warming as compared to
cooling. This result was found for over 26% of those lakes with at least five years of data (247 of the 551
lakes examined), 65% of the 60 lakes with 18 years or more data, and 62% of 60 lakes with 18 or more years
of data. Unfortunately, all of these lakes are clustered around the Twin Cities region, thus no trend is available
for outstate lakes. Perhaps the most surprising result found in this study was that there was internal
consistency within the group of trophic status indictors (Secchi depth clarity, chlorophyll-a, phosphorus, and
nitrogen) that suggests an overall improvement in water quality in lakes largely from the metro area. These
trends were found for a large number of lakes- ~40% of the lakes in the Secchi data set had statistically
significant trends, and of these >80% were increasing (i.e., clearer water). This result was similar whether
there were 5, 8, 12, or 18 years of data so the trend is nearly two decades old. We corroborated this result
using an independent statistical analysis and also by cross-comparing our Secchi trend rates with MPCA’s
estimates for Citizen Lake Monitoring Program lakes with more than 15 years of data. In both cases, the
differences were negligible.

Ecological Design for the 40" Avenue Restoration Project

The lower 21 miles of the St. Louis River, the largest U.S. tributary to Lake Superior, form the 4,856 ha St.
Louis River estuary. Despite the effects of more than 100 years of industrialized and urban development as a
major Great Lakes port, the estuary remains the most significant source of biological productivity for western
Lake Superior, and provides important wetland, sand beach, forested, and aquatic habitat types for a wide
variety of fish and wildlife communities. The lower estuary, however, contains a number of former industrial
sites that, if restored, could greatly benefit fish and wildlife populations within the estuary. The “40th Avenue
West Habitat Complex” is one such site — it is adjacent to the Erie Pier dredge site, was a former disposal site
for wood waste, but offers considerable potential for restoration. NRRI scientists are working with the St.
Louis River Alliance Habitat Workgroup to develop an "Ecological Design" that will be used to develop
remediation and restoration plans for the 40th Ave site. The design will use geographic information system
(GIS) based models to predict how aquatic vegetation, and subsequently fish and bird habitat, will change
given changes in water depth and wind exposure. This model will allow public stakeholders to create
restoration scenarios, for example, constructing islands at various locations in the harbor to reduce wind
exposure, or filling in abandoned slips to provide substrates for aquatic vegetation. The model developed for
40™ Avenue West will be applicable to other sites in the estuary, and represents a state-of-the-art approach to
making decisions on how to best allocate funding for habitat restoration.
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Forest Products
Creation of Energy Efficient Inorganic-Bonded Structural Insulated Panels

Objective

Phase 1 objectives are to select suitable raw materials for the production of the inorganic binders that are compatible with
low-value and underutilized wood fibers, fabricate bench-scale structural insulated panel (SIP) samples, and optimize binder
composition and content. Phase 2 objectives are to further define material compatibility and processing requirements,
document environmental and economic benefits of the new SIPs, and conduct energy and cost audits for the new SIPs.

Background

This project will assess the technical and economic opportunity for developing new SIPs that contain not traditional oriented
strandboard (OSB) skins, but chemically- and inorganic-bonded wood fiber skins. The environmentally-friendly and energy-
efficient inorganic cements do not contain formaldehyde and are not petroleum-based, are manufactured from natural
minerals, and set at room temperature in the presence of moisture.

Previous Activity

Prototype panels were formed and they were equilibrated in the NRRI test lab and have undergone mechanical and
performance testing. The tests conducted include water absorption/thickness swell, screw withdrawal, internal bond, MOR
(bending strength), and MOE (stiffness). The testing data will be analyzed and compared directly to plywood and OSB.

We began the process of building a thermal resistance (R-value) testing unit. An undergraduate mechanical engineering
student assisted in the design and fabrication of this unit. Once the unit is complete, we will fabricate complete SIP samples
and test for their R-values.

Current Activity

We submitted a draft Intellectual Property Disclosure Form to the Office for Technology Commercialization (OTC). OTC
conducted a preliminary patent analysis and determined the technology may likely be patentable, however the full
technology assessment will not be conducted until we develop solid partnership with a company that is interested in bringing
the technology toward commercialization. The technology does have a docket number on file with OTC.

We contacted several large flooring companies to gauge their interest in using our product concept as a core/laminating
platform for engineered wood and/or laminate flooring. Three large flooring companies responded, and we are currently
developing relationships with them. Samples were sent to one company and they are currently conducting their own in-
house testing on the panels, another company is interested in assessing the feasibility of using our base technology in their
current manufacturing process.

Further development of these product concepts will continue using State and other internal funds. We will also pursue new
funding opportunities, including development of research agreements with the interested companies to continue with this
work. A final report has been submitted to the project sponsor.

Principal Investigator(s)
Matthew Aro
Patrick Donahue

Project Sponsor(s) Amount  Account Active
MN Dept of Commerce 52,650 3005-10414-00011018 06/01/2009  07/15/2010
Total $52,650

Start Date: 07/01/2009 End Date: 05/31/2011 Project ID: 1551
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Forest Products
Development of a Solar Decathlon

Objective
Work with multiple departments at UMD to formulate a proposal for the 2013 competition.

Background

The Solar Decathlon is a student driven collegiate engineering design competition sponsored by the US Department of
Energy’s National Renewable Energy Laboratory. This event is held every two years where teams from around the world
build a positive energy house that is temporary, commissioned in the Washington DC metro area. This is a juried
competition consisting of ten technical and industrial development focus areas. The vision is to bring a wide array of
colleges and departments within the colleges at UMD together to write a proposal for the 2013 competition.

Previous Activity
This is a new project. No previous activity to report.

Current Activity

A steering committee has been formed with department representatives from civil engineering, mechanical engineering,
graphic arts, marketing, facilities, and the Natural Resources Research Institute (NRRI).

NRRI hired two marketing students to begin developing market research that will help drive the message across campus and
into the business community. The business community support is essential for a successful proposal — without strong
industrial development support with in-kind and cash donations the project will not be feasible.

Principal Investigator(s)
Patrick Donahue

Project Sponsor(s) Amount  Account Active
35,000 1000-10414-20090-100000 09/23/2010  06/30/2011
Total $35,000

Start Date: 09/15/2010 End Date: 07/01/2011 Project ID: 1602
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Forest Products
Devil's Track General Store NRRI Product Development Fund

Objective
Assist entrepreneur, Brian Kizzek, refine and further develop a modular ice fishing shelter system.

Background

Brian Kizzek owns and operates the Devil's Track General Store in Grand Marais, Minnesota. Mr. Kizzek has extensive
experience in fabricating industrial sewn goods, he has invented a simple shelter system for sports recreation and other
leisure market applications. Mr. Kizzek was referred to NRRI by a Cook County Commissioner and has successfully
submitted a product development fund proposal. The goal of the proposal was to have NRRI scientists and engineers assist
him in the process of refining his invention and to provide him market ready prototypes.

Previous Activity

The shelter has four major elements: the sled, the box, the frame, and the fabric. The sled was redesigned to use a single
sheet of recycled high density polyethylene. The new design reduced the number of parts and eliminated steel framing. A
local plastic fabricator who builds customer geometric plastic window components developed a method to create a
monolithic sled design. The box was redesigned using thermally modified wood in place of untreated pine. The box design
was also reconfigured so it would collapse for ease of transportation and storage. The frame was redesigned with flexible
hubs reducing the number of parts and ease of erection. Mr. Kizzek invested in compact powder coating equipment to begin
production. The fabric was optimized to maximize the yield and a contract vendor selected. An event was executed that
demonstrated the improved product to a major sporting good distributor.

Current Activity

Mr. Kizzek provided a high degree of project direction throughout this project. Mr. Kizzek along with a NRRI Scientist and
UMD engineering student refined the original design to meet the project objective.

The project was complete and the prototypes were delivered to Mr. Kizzek who is pursuing business development
opportunities.

Principal Investigator(s)
Patrick Donahue

Project Sponsor(s) Amount  Account Active
NRRI Product Development 5,500 3001-10412-00015253 08/17/2009  04/01/2011
Total $5,500

Start Date: 08/17/2009 End Date: 04/01/2011 Project ID: 1584
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Forest Products
Epicurean Cutting Surfaces

Objective

The goal is to assist Epicurean to complete the business and technical assessment required to successfully enter the field of
resin saturated paper board production.

Background

Epicurean’s specialty products have found success in the cooking accessories niche as a food preparation and cutting board
surface for both residential and commercial kitchens. Epicurean has seen continued growth and desires to develop other
products both related to kitchen accessories and beyond. Vertically integrating composite board production as a core
manufacturing capacity and taking full advantage of a regional base material supplier will lower Epicurean’s cost of resin
saturated boards for increased profitability and a stronger competitive advantage. This added capacity would improve
Epicurean’s long-term added-value business development potential.

Previous Activity

A third trial to prototype resin-saturated paper was completed with marginal success. The concept of creating a new resin
board production facility was indefinitely tabled. Prototypes of acrylic-saturated natural wood cutting surfaces were created.
This is a variation from the original core concept. The prototypes have been undergoing laboratory testing and appears to
maintain their durability after multiple dishwasher cycles.

Further investigation on National Food Safety-grade certification is underway. The new product would be the first food- and
dishwasher-safe real wood cutting surface on the market.

Current Activity

The project has been completed with no new product introduction, however a breakthrough occurred that will likely drive
new development closely aligned with the original project goal. New biobased laminated technology was discovered, the
new material is a non-petrol alternative for high pressure laminates and is being developed by a Minnesota based company,
Biovation, LLC. This new material has a strong market position in the field of food preparation surfaces.

Principal Investigator(s)
Brian Brashaw
Patrick Donahue

Project Sponsor(s) Amount  Account Active
John S & James L. Knight Foundation 32,500 3001-10412-00009804 11/01/2008  11/30/2010
Total $32,500

Start Date: 11/01/2008 End Date: 11/30/2010 Project ID: 1554
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Forest Products

Evaluation and Demonstration of Nondestructive Assessment Technologies for
Sorting Eastern Hardwoods

Objective

To evaluate several technologies including vibration, acoustic, tomography, thermography, and laser technologies for
identifying critical material defects and for assessing potential product performance from hardwood materials prior to
manufacturing into guitars and baseball bats, to assess the potential for these technologies to be used for other high value
end products, and to identify commercial vendors that are capable of adapting equipment or developing new equipment.

Background

Recent advances in nondestructive assessment technologies offer opportunities to evaluate hardwood raw materials,
particularly the potential quality of material that is used in the manufacture of high value specialty products. This proposed
effort will focus on evaluation of several technologies for assessing the quality of material to be used in high value specialty
products, with an emphasis on raw materials for use in manufacturing guitars and baseball bats. The outputs from this
project would include an evaluation of these technologies and equipments, demonstration on these products, and the
suitability for use in other high-value products.

Previous Activity

A tour of both C.F. Martin Guitar (Nazareth, Pennsylvania) and Rawlings Adirondack (Dolgeville, New York) was
completed to understand the types of defects and opportunities for including nondestructive evaluation technologies in their
operations. The specific defects identified at C.F. Martin Guitar were identified as compression microcracking that
occurred from wind breaks during forest growth or harvest. Samples were obtained for conducting in-depth trials using
nondestructive evaluation technologies such as thermography or laser shearography. Preliminary testing was completed
with thermography, showing some potential for identifying cracks.

Current Activity

There was minimal activity during this reporting period. Additional in-depth trials will be conducted with NDT Solutions
and a separate trial conducted with a second equipment provider during the next reporting period.

Principal Investigator(s)
Brian Brashaw

Project Sponsor(s) Amount  Account Active
USDA Forest Service 50,000 3002-10414-00008448 07/01/2009  06/30/2011
Total $50,000

Start Date: 07/01/2009 End Date: 06/30/2011 Project ID: 1552
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Forest Products
Gypsum Residual Beneficial Use

Objective

Investigate beneficial reuse opportunities for precious metals mining residual gypsum
by-products as an alternative to building residual lagoons.

Background

PolyMet Mining controls 100 percent of the NorthMet copper-nickel precious metals project located in the established
mining district of the Mesabi Range in Northeastern Minnesota. PolyMet Mining plans to produce three products on-site:
high-grade copper cathode, nickel-cobalt hydroxide, and precious metals precipitate. As a byproduct, they will generate
large volumes of market-quality gypsum residuals. The Natural Resources Research Institute will assist PolyMet Mining in
assessing market opportunities for beneficial use of the gypsum residuals.

Previous Activity
This is a new project. No previous activity to report.

Current Activity

We explored four main opportunities: (1) commodity gypsum wallboard, (2) niche building panels, (3) blended/bagged
products, and (4) feedstock for cement manufacturing. For each of the four opportunities, we summarized the industry,
identified the key players, and developed relationships with key contacts. We also contacted several manufacturers from
each sector and attended two key trade events to identify possible leads and to develop relationships.

We developed a final report and gave a presentation at PolyMet Mining's facility in Aurora, Minnesota to the project
sponsor and other stakeholders to describe our findings. Our report lists key contacts (names, phone numbers, and email
addresses) at the target companies that we have discussed the opportunities with. We are working with PolyMet Mining to
procure gypsum samples to deliver to USG Gypsum Solutions to identify potential uses for USG products.

We believe we are positioned to work directly with Iron Range Resources and PolyMet Mining to take our project findings
and move forward to develop avenues to beneficially reuse PolyMet Mining's gypsum.

Principal Investigator(s)
Patrick Donahue

Project Sponsor(s) Amount  Account Active
Iron Range Resources (IRR) 38,400 3005-10414-00007281 02/08/2010  12/31/2010
Total $38,400

Start Date: 02/08/2010 End Date: 12/31/2010 Project ID: 1600
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Forest Products
House3: FEMA-Housing Assessment Tool Demonstration

Objective

To build two demonstration buildings that serve Coleraine Minerals Research Laboratory's expanding office needs and also
demonstrate ready to assemble housing technology for FEMA.

Background

The Natural Resources Research Institute has been creating an economic development initiative focused on wood-based
systems for transitional housing. The chief aim is maximizing the industrial development potential of added-value regional
forest resources that results in new manufacturing and technology employment opportunities. The current work is based on a
request by FEMA and will fulfill a need for additional temporary office space at the Coleraine Minerals Research
Laboratory.

Previous Activity

Unit #1 was installed at Coleraine. A FEMA site inspection took place in April 2010. The FEMA team from Washington
D.C. visited NRRI, the housing systems pilot plant in West Duluth, and the field test site in Coleraine. The opportunity to
have a regional solution to bid on FEMA needs of up to 1,000 units was discussed. FEMA discussed next step details
including a building site at their training facility in Virginia. Business development activities continued to progress. No
agreements have been reached; however, several opportunities have surfaced to create one or more new manufacturing pilot
plants that will move closer to a new regional industry.

Current Activity

Unit #2 has been completed at Coleraine Minerals Research Laboratory (CMRL). The business development efforts have
progressed and the University is pursuing a license with a national company who is specifically interested in temporary
housing. The company has expressed interest in building a factory in Minnesota.

There has been a surge of business development interest for NRRI housing technology for work forces housing needs in
North Dakota.

FEMA remains interested and recently provided a research referral to NRRI to further our work only with structural
insulated panel technology.

Principal Investigator(s)
Patrick Donahue

Project Sponsor(s) Amount  Account Active

Blandin Foundation 15,000 3001-10414-00006709 01/01/2009  01/01/2010

PUF Mineral Endowment 140,000 1750-10414-20090-100000 11/20/2008  06/30/2011
Total $155,000

Start Date: 11/20/2008 End Date: 12/30/2010 Project ID: 1536
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Forest Products

Integrated Acoustic Assessment Technologies for Optimal Wood Products and Wood
Biomass Utilization

Objective

The objectives are to: (1) Develop economic assessment models that incorporate wood quality, carbon and bioenergy values
along with end markets for use with acoustic-based nondestructive assessment technologies; (2) Identify implementation
strategies and guidelines for use with standing trees, stems, and logs for regional application across the varied forest cover
types; and (3) Develop a nondestructive approach to accurately determine wood density for individual species within a
localized forest stand.

Background

The University of Minnesota Duluth has been at the forefront in the development of robust nondestructive evaluation (NDE)
technologies capable of predicting the wood properties of trees, stems, and logs, and assessing the value of stands and
forests. In this project, the University of Minnesota Duluth will collaborate with the College of Menominee Nation and the
USDA Forest Products Laboratory to evaluate previous data sets and conduct an assessment of standing timber in
Wisconsin to provide advancements and refinements of acoustic assessment technology to ensure that these methods will be
successfully implemented for managing wood quality, assessing the forest value, and ensuring efficient use of woody
biomass.

Previous Activity
This is a new project. No previous activity to report.

Current Activity

A project team meeting was held at the College of Menominee in Keshena, Wisconsin including cooperators from the
College of Menominee, Menominee Tribal Enterprises (MTE), and the USDA Forest Products Laboratory. A technical
review of acoustic technologies and a hands-on demonstration of the log tool (Hitman 200), standing tree tool (STS 300),
and resistance microdrill was provided. This provided needed context to the use of these tools to assess standing trees and
logs during the project. A tour of the MTE forest lands and sawmill was completed to review logging technology and
sawmill equipment.

NRRI completed a thorough literature review on the use of nondestructive technology to predict density of standing trees.
This review was used to develop an experimental plan and standard operating procedures for using a stress wave timer and a
resistance microdrill on wood discs as a means to predict density for biomass mass estimation. Training was completed by
NRRI staff for the College of Menominee student intern.

The FPL completed a technical report outlining the historical information and literature for using acoustic wood quality
equipment. NRRI staff reviewed this report.

Principal Investigator(s)
Brian Brashaw

Project Sponsor(s) Amount  Account Active
College of Menominee Nation/(USDA) 69,858 3014-10414-00016414 10/01/2010  09/30/2012
Total $69,858

Start Date: 10/01/2010 End Date: 09/30/2012 Project ID: 1610
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Forest Products
Iron Phosphate Bonded OSB

Objective

The overall objective is to demonstrate technology to produce iron phosphate-bonded oriented strandboard (OSB) building
construction panels and thermally-conductive refractory board, both of which have the potential to outperform current
products and reduce overall production energy requirements.

Background

This project proposes to develop novel oriented strandboard (OSB) building construction panels and thermally-conductive
refractory board using innovative inorganic iron-phosphate ceramic binders. These iron-phosphate binders may be useful for
the treatment of a distinct and locally-available iron-rich feedstock magnetite (Fe304) concentrate produced from the
beneficiation of magnetic taconite.

Fe304 generated from iron ore mining operations in northern Minnesota's Iron Range will be combined with an activator
comprised of phosphoric acid (H3PO4) and/or other acids, phosphate salts, supplemental additives, and wood fibers with
specific geometries to produce bench-scale iron phosphate-bonded OSB panels and thermally-conductive refractory board.

Previous Activity

We have begun to experiment with methods to saturate the wood strands with phosphate salts prior to the addition of the
iron oxide materials. We believe this could create a new class of durable construction wood strand materials. The
experiments have been limited to hand samples. The optimum binder formulations are not fully defined and validity of
production processes has yet to be determined. This discovery project will be completed in the upcoming quarter and a
final report issued December 2010.

Current Activity

We shifted our efforts to spring boarding the development of strandboard panels manufactured from MgO minerals instead
of Fe304. This allows for better workability, desirable set times, and greatly improved product characteristics. We
developed strandboard prototypes manufactured from MgO-based binders. The products underwent performance testing
and the results were very favorable.

We contacted several large flooring companies to gauge their interest in using our product concept as a core/laminating
platform for engineered wood and/or laminate flooring. Three large flooring companies responded, and we are currently
developing relationships with them. Samples were sent to one company and they are currently conducting their own in-
house testing on the panels, and another company is interested in assessing the feasibility of using our base technology in
their current manufacturing process. Further development of these product concepts will continue using State and other
internal funds. We will also pursue new funding opportunities, including development of research agreements with
interested companies to continue with this work.

Principal Investigator(s)
Matthew Aro
Patrick Donahue

Project Sponsor(s) Amount  Account Active
PUF Mineral Endowment 47,000 08/27/2008  06/30/2011
Total $47,000

Start Date: 11/03/2008 End Date: 12/31/2010 Project ID: 1553
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Forest Products
Mat Inc. - NRRI Product Development Fund

Objective
To develop sustainable market outlets for reclaimed mattress cotton.

Background

Mattress recycling is a viable and sustainable pathway towards saving valuable air space in landfills. Partnerships with
Goodwill Industries, Inc., the NRRI, and a local non-woven manufacturer, have shown cotton materials recovered from
mattresses being used in filtering oil in diesel and locomotive engines. With the average mattress containing over 8 Ibs of
cotton and recent cotton prices hovering around $0.42/Ib, there are market forces contributing to the need and justification
for finding ways to reuse mattress cotton. Until recently, market outlets for this material were few and far between.
However, if the cotton batting is re-formed and processed with specially prepared wood fibers, it becomes a viable substrate
to use in oil filtering applications. In addition, if these fibers are blended with lofted fibers, high-flow stormwater filtration
textiles become possible. Mat Inc. operates a 60 inch non-woven line which it uses to air lay synthetic and natural fibers
such as wood, kenaf, jute, and flax into filtering and landscape fabrics. The NRRI has partnered Mat Inc. to develop product
applications for mattress cotton spanning from stormwater filtration and absorbent wipes to oil filtration mats.

Previous Activity

Mat Inc. has requested one of its clients to provide a rooftop oil water separator commonly used to remove oil from
ventilation systems at restaurants. These oil water separators commonly use peat as the absorbent placed inside a specific
contactor. Plans are in place to formulate a molded fiber composite into the contactor as a replacement for the peat
substrate. A base formulary was visually demonstrated for Mat Inc. by pouring an oil water emulsion through a capsule
containing intermixed cotton and polyester fibers. The emulsion went into the filter a dark brown and exited as clean water.
The result was so impressive that Mat Inc. wants to present the concept to their client and offer a molded fiber concept for
particularly hard to break oil/water emulsions.

Current Activity

Three annular filters were constructed and molded from a blend of 25% cotton, 25% Shoddy, and 50% high loft polyester
fiber. The fibers were opened and mixed with a lickrin opener by passing the fibers through several times. The high loft
blend of fibers were placed into an annular mold at target density of 1.7 pcf and heated at 315°F for 15 minutes. The filter
was then removed from the mold and provided to DripLoc Inc. for an initial assessment of the design configuration. Two
filters were provided and one retained for future testing pending DripLoc Incs initial response. DripLoc Inc. currently
utilizes an annular flow loose peat filter to remove oil and grease from grill exhaust vents housed upon restaurant rooftops
with center and outer fabrics to contain the loose peat. The annular fiber filter proposed here is more simplistic. It requires
no inner or outer fabric in its design.

Principal Investigator(s)
Brian Brashaw
Timothy Hagen

Project Sponsor(s) Amount  Account Active
Blandin Foundation (was Knight) 25,000 3001-10412-00012499 11/15/2008  04/01/2011
Total $25,000

Start Date: 07/17/2009 End Date: 11/30/2010 Project ID: 1548
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Forest Products
Nondestructive Assessment of Advanced Composite Material

Objective

The purpose of this research is to investigate the potential of using several emerging nondestructive evaluation technologies
to assess the performance of wood/nonwood based composite materials.

Background

As new wood/nonwood based composite materials are being developed and used in structural and nonstructural
applications, their performance and product quality need to be tested as part of product development and production quality
assurance. There is an urgent need from the manufacturers' perspective to develop effective nondestructive assessment
procedures to evaluate the performance of these new composite materials and detect internal defects that could cause failure
in-service.

Previous Activity

We have identified and reviewed several emerging nondestructive testing technologies by attending the 2008 American
Society of Nondestructive Testing Conference and a subsequent literature search. The techniques with potential to meet the
project's objectives include: (1) portable laser shearography - a vibration resistant imaging laser interferometer, designed for
the nondestructive inspection of aerospace composite repairs, structures, and components; (2) infrared thermography - a
widely used imaging technique for nondestructive inspection of different materials and structures; (3) ultrasonic phased
array system - incorporates an array of sensors to detect defects in different depths, provide B-, C-, and D-scans of the
materials; and (4) resonant acoustic inspection system. A number of different types of wood composite materials were
investigated using infrared thermography.

Current Activity

This project has been completed. The final report identified the potential use of thermography, laser shearography, and
ultrasonic phased array systems for potential use in nondestructive assessments of wood materials and components. It was
noted that the potential of thermography is the lowest cost option technology and most rapid inspection technique available
for wood materials. While both ultrasonic arrays and laser shearography can provide valuable information on defect type
and location, the expense does not provide for wide scale implementation in the wood products industry. They may be
appropriate for special high value products that contain fiberglass surface laminates as a means to assess for potential
delamination.

Principal Investigator(s)
Brian Brashaw

Project Sponsor(s) Amount  Account Active
USDA Forest Products Lab 20,000 07/14/2008  12/31/2010
Total $20,000

Start Date: 07/14/2008 End Date: 12/31/2010 Project ID: 1532
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Forest Products

Phosphate Bonded Fiber and Waste Residual Composites for Applied
Commercialization, Research into

Objective
To develop durable building materials from paper mill waste using novel phosphate ceramic binders.

Background

This project has been funded by the Wisconsin Business Innovation Corporation with resources they received from the U.S.
Environmental Protection Agency. There is over 3,000 tons of primary paper mill waste in Wisconsin daily. This waste
consists of 50 percent fiber and 50 percent clay. The goal is to use novel mineral based binder technology to create a series
of durable building materials using this waste stream as the primary manufacturing feedstock.

Previous Activity

We continue to receive strong interest in our technology from Marshfield Door Systems, we hope to negotiate a sponsored
research agreement with them to further develop the technology. The prototype panels are undergoing corrosion testing at
UMD's department of Civil Engineering. This work is led by Dr. Eric Musselman and one of his graduate students. The
objective of this work is to determine the corrosive effect (if any) our panels have on traditional metal fasteners (including
zinc-plated, stainless steel, brass, ceramic-coated, and others). The results of this work will be reported back to Marshfield
Door Systems. If results are satisfactory, the development of the technology will proceed.

Current Activity

The outcome of the corrosion testing was positive. UMD's Department of Civil Engineering, led by Dr. Eric Musselman,
completed the corrosion testing. We tested brass, zinc, bronze ceramic-coated, stainless, and hot-dipped galvanized
fasteners. As control samples, we tested the corrosion properties of the same fasteners in competitive on-the-market fire-
rated door core products. Dr. Musselman shared the results with his colleague, they both agreed that if corrosion were going
to occur it would have already been initiated during the test period.

The corrosion testing results were shared with Marshfield Door Systems and they were pleased. They inquired with a local
paper mill and determined that it would be economically feasible to transport the waste residue from the paper mill to their
manufacturing plant. We shared our product components with them (we have an active Confidentiality Agreement in
place), they are currently conducting an economic analysis to determine if our preliminary product costs could be
competitive with the products they currently use. We are awaiting the outcome of this economic analysis. Our goal is to
execute a research agreement with Marshfield Door Systems. If they decide not to pursue further development, we will
contact other interested companies. We developed a color brochure to market our technology - this will be used for all

Principal Investigator(s)
Matthew Aro
Patrick Donahue

Project Sponsor(s) Amount  Account Active
Wisconsin Bus Innov Corp-Prime EPA 136,407 1653-187-6609-00 11/01/2007  09/30/2010
Total $136,407

Start Date: 11/01/2007 End Date: 06/30/2011 Project ID: 1501
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Forest Products

Thermally-Modified Eastern Hardwoods as High-Tech Fenestration and Exterior
Shuttering

Objective
To assess thermally modified wood as a feed stock for the regional wood window and door industry.

Background

The project goal is to analyze ThermoWood® modified basswood and yellow poplar hardwood lumber with advanced
screening methods developed by the Window and Door Manufacturers Association to provide a direct comparison of their
performance properties with those of traditional softwood lumber used by the fenestration and exterior shuttering industry.
The outcome will provide an opportunity for these advanced materials to be thoroughly vetted by manufacturers, engineers,
and designers in the fenestration and exterior shuttering industries with a detailed technical baseline for new Eastern
hardwood applications.

Previous Activity

Work continued on the primary project objective: performance testing based on Window and Door Manufacturers
Association (WDMA) Industrial Standard 1S-10. WDMA 1S-10 consists of 21 ASTM/WDMA performance testing
protocols to understand the properties of modified and composite cellulosic fiber. The mechanical testing was completed.
We completed 17 of the 21 testing protocols. The industrial standard WDMA 1S-10 was developed for wood plastics
composites. Four of the testing protocols were not possible with solid wood materials. Results for decay resistance are still
pending. The research focus has yielded an additional industrial development award. The new associated project is in
collaboration with Lakehead University of Thunder Bay, Ontario, Canada. The focus is a planning grant to create a North
American performance standard for thermally-modified lumber and composites. Three other grant proposals directly
related to specific product and process development have been submitted and are pending. The mechanical testing results
are encouraging in terms of using regional hardwoods for traditional softwood applications.

Current Activity

NRRI has contracted with Michigan Technical University Wood Science Department to complete the biological decay
testing as a final step in completing the project. Business development interest continues to be strong. A new business was
created in Northwest Wisconsin based on in part the work, Wolf Wood, Inc. ThermoWood of Brainerd, a Minnesota
business who operates a thermally modified wood-oven, continues to be an active in-kind partner and continues to expand.

A new grant award and service contract has been received for continued work. The grant is for the development of thermally
modified panel products and the service agreement is to assist in the economic feasibility of a new oven sited in the region.
Two new grant proposals have been submitted, one a regional collaboration to build thermally modified windows and the
second to further develop work to create a North American thermally modified wood standard.

Principal Investigator(s)
Patrick Donahue

Project Sponsor(s) Amount  Account Active
USDA Forest Service 47,514 3002-10414-00008459 07/01/2009  06/30/2011
Total $47,514

Start Date: 07/01/2009 End Date: 06/30/2011 Project ID: 1550
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Forest Products
Total Productive Maintenance for the Wood Products Industry

Objective

Develop customized total productive maintenance programs for wood products manufacturers through development of short
courses and in-plant demonstration projects. A secondary objective is to use web-based video conferencing to conduct total
productive maintenance training for regional groups of manufacturers as a means of reducing travel costs for employees and
instructors.

Background

The project cooperators at Virginia Tech, lowa State University, and the University of Minnesota Duluth have worked to
help wood products manufacturers understand and implement lean manufacturing as a preferred continuous improvement
program to support their economic stability and growth. Through these efforts, these cooperators have identified the need
for wood products companies to strengthen their equipment reliability, minimize downtime, and improve productivity. Total
productive maintenance programs are widely accepted as a key strategy by world class manufacturers as a means to satisfy
these needs.

Previous Activity

During the first six months of the project, our team of cooperators attended training from Fuss & O’Neil and the Marshall
Institute and participated in total productive maintenance events at Andersen Windows, Merrilat, and Anchor Packaging. A
one day hands-on training course was developed and conducted for our wood products cooperators including Crystal
Cabinet Works, Epicurean Cutting Surfaces, Shell Lake Furniture, Birchwood's Best, and Ferche Millwork. A relationship
was established with ColdJet LLC, a manufacturer of dry ice blasting equipment used to clean equipment and other work
surfaces. A comprehensive total product maintenance project was completed with Shell Lake Furniture in their stain and
varnish spray booth, resulting in reduced time looking for materials and equipment, reduced downtime for their equipment,
and improvements in finish quality.

Current Activity

A unique total productive maintenance training was completed for this project using interactive television (ITV) capacity. In
this case, the ITV classroom at NRRI was used in cooperation with a similar unit at Virginia Tech University. The
classroom uses high speed internet to transmit both video and audio images to each location, providing for interactive
instruction and question/answer opportunities. In this demonstration of technology, we had one instructor in Duluth, one
instructor in Virginia, and two classrooms of participants. The instructors alternately lectured, and then each group of
students would conduct hands-on activities involving total productive maintenance separately. This approach was especially
successful in reducing travel costs, leveraging the expertise of the instructors, and for two groups of industry participants to
offer differing perspectives.

Training materials were compiled and used to develop a comprehensive and customized total productive maintenance for
wood products companies.

The final report is being prepared and final conclusions will be reported in the next report.

Principal Investigator(s)
Brian Brashaw

Project Sponsor(s) Amount  Account Active
USDA Forest Service 95,479 1637-187-6601-00 07/01/2007  12/31/2010
Total $95,479

Start Date: 07/01/2007 End Date: 12/31/2010 Project ID: 1467
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Forest Products

Use of Laser Scanning Technology to Obtain As-Built Records of Historic Covered
Bridges

Objective

To examine the technical feasibility of using laser scanning technologies for obtaining as-built records for historic covered
timber bridges.

Background

Covered bridges have been the fabric of American life. Today there are several hundred historic covered bridges remaining.
Although there is much effort to preserve these structures, often times high cost of restoration, neglect, and vandalism takes
its toll, and many are lost forever. One of the more famous bridges from the movie "Bridges of Madison County" was
burned down last year. The National Park Service’s Historic American Engineering Record (HAER) has efforts underway to
document historic structures and consists of measured and interpretive drawings, large-format photographs, and written
historical reports. In order to assist in this effort, new technologies need to be explored which can provide as-built records at
a faster rate with more accuracy. This research will explore the use of laser scanning technology to scan existing bridges for
purposes of obtaining as-built records.

Previous Activity

We identified Faro, Inc., a laser equipment manufacturer, as a strategic partner in this project. Kubit USA is also a key
partner as they have provided use of Point Cloud processing software for importing bridge scans into AutoCAD. A Faro,
Inc. scanner demonstration was held in July 2009 as a historic steel bridge was scanned on the grounds of Minnesota’s St.
Louis County Richard H. Hansen Public Works and Transportation Complex. Our scanning contractor, SightLine, LLC,
conducted scanning of The Red Bridge in Cedarburg, Wisconsin. Approximately 40 scans of the bridge were conducted
from both the interior and exterior of the bridge. The data was processed creating a Point Cloud of the bridge and its
surroundings. This data was further developed into 3D and 2D computer aided design images that contained accurate
dimensions of the bridge.

Current Activity

Five historic covered bridges were scanned in cooperation with our laser scanning cooperator, Sightline LLC. This included
four of the historic bridges of Madison County and the historic covered bridge in Zumbrota, Minnesota. This work took
five days to complete including travel. The resulting bridge scan data was then processed by NRRI staff. The procedure
includes merging the 30 scans that were conducted on each bridge into Point Cloud images. This data was then exported and
processed using Kubit USA software add-ins for AutoCAD 2011, resulting in the production of 2D and 3D images. As a
demonstration, the Zumbrota data was used to produce a 3D prototype in NRRI's Northern Lights Technology Center. This
prototype demonstrated the potential to use 3D scanning to develop as-built documentation that can ultimately be used to
produce replica models. Additional processing of the bridges from lowa are being conducted, resulting in a project
extension request from the USDA Forest Products Laboratory. The new end date for the project is June 30, 2011.

Principal Investigator(s)
Brian Brashaw

Project Sponsor(s) Amount  Account Active
USDA Forest Products Lab 50,000 3002-10414-00012627 07/28/2009  12/31/2010
Total $50,000

Start Date: 07/28/2009 End Date: 06/30/2011 Project ID: 1570
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Forest Products
Wood Utilization Options for Urban Trees Infested by Invasive Species

Objective

To develop web-based information archives and user-friendly guidelines for assessing wood utilization options for woody
materials obtained from trees infested by various invasive species.

Background

Invasive species have been identified as one of the four significant threats to our Nation’s forest and rangeland ecosystems,
characterized as a “catastrophic wildfire in slow motion.” Emerald ash borer (EAB), for example, was discovered in
southeastern Michigan in 2002 and has spread to many other states in the northeastern region of the U.S. including Illinois,
Wisconsin, and most recently Minnesota. As a result of infestation from invasive species, particularly EAB, tremendous
numbers of infested trees are being removed each year for control and ultimate eradication of the pests. Proper utilization
and safe disposal of woody biomass from these trees constitute challenges to many local communities and land owners.
Urban forestry professionals are faced with the task of selecting appropriate utilization options for the materials and locating
necessary technical information for making such decisions. As invasive species control efforts increase, a comprehensive
wood utilization guideline is needed by urban communities and forestry professionals to quickly assess utilization options
for wood obtained from infested trees.

Previous Activity

The book on wood utilization options was completed in draft form. The initial chapter focused on the material properties of
ash and other affected species. NRRI staff participated in listening sessions that were conducted in cooperation with the
Minnesota DNR. These listening sessions confirmed the direction of this project as it identified the greatest challenge for
ash utilization in Minnesota. The greatest challenge is the lack of information and education on ash markets including
access to existing markets (currently limited) and developing markets, utilization options, and wood properties. This
information will be used to guide the completion of the project.

Current Activity

Work continues by the project team to prepare the preface and introductory chapter along with the chapter on secondary
product options for utilization. Other chapters will focus on wood finishing, firewood products, and specialty products. The
proposed cooperator, the Forest Products Society, reduced staff during this project resulting in the need to find a new editor
and layout specialist. This search identified the former Forest Products Society editor and discussions resulted in a request
to the sponsor to change the budget to hire the former Forest Products Society editor as a specialist for the project. This
activity is now slotted for early 2011.

Principal Investigator(s)
Brian Brashaw

Project Sponsor(s) Amount  Account Active
USDA Forest Service 46,845 3002-10414-00008444 07/01/2009  06/30/2011
Total $46,845

Start Date: 07/01/2009 End Date: 06/30/2011 Project ID: 1573
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Forest Products
Wood Utilization Research

Objective

To help the forest products sector develop new products, new technologies, and new business systems to position Minnesota
as a continued leader in wood products manufacturing and renewable energy.

Background

The Wood Utilization Research is a special research grant from the USDA Cooperative State Research Education and
Extension Service. This program has been funded by Congress to provide needed research, education, and outreach to the
wood products industry to help enhance the competitiveness of the industry. These funds are leveraged with University state
special funds to conduct applied research in the areas of wood materials and manufacturing, market oriented wood
technology, applied forestry, and chemical derivatives, to facilitate economic growth and stability of Minnesota and other
Lake States wood product manufacturers.

Previous Activity

Subprojects focusing on total productive maintenance and thermal modification of wood were initiated. In the total
productive maintenance effort, a band saw rebuild was initiated. A 1960 Northfield (Minneapolis, Minnesota) band saw is
being used to return the equipment to original equipment condition. Dry ice blasting was successfully utilized to clean the
equipment. Damaged or defective parts were ordered from the manufacturer. A case study is being prepared to document
the potential for rebuilding equipment instead of purchasing new equipment. In the thermal modification project,
opportunities for using basswood for window applications are being assessed. A relationship is being developed with
Stellac, a European equipment manufacturer, for completing test runs for these materials so that samples can be developed.
The final project activities included the completion of thinning studies on lands managed by the Minnesota DNR. The
information is being compiled with other cooperative funding and will be reported later in 2011.

Current Activity

This project is completed. The subproject on total productive maintenance (TPM) allowed our staff to fully understand and
implement TPM training for industrial cooperators in Minnesota and Wisconsin. Four demonstration projects were
completed resulting in improvements in total operation efficiency, reduced downtime, improved visual appearance of
manufacturing operations, and improved product quality. A second project focused on the development of core information
on thermal treatment of wood products for a variety of end use markets. A cooperative relationship and sound research was
provided to Superior Thermowood in Palisade, Minnesota and several other potential manufacturers considering how they
might either purchase or produce thermal treated products.

Principal Investigator(s)
Brian Brashaw

Project Sponsor(s) Amount  Account Active
USDA Coop ST Res ED&Ext 163,130 3002-10414-00000-000027 09/01/2008  08/31/2010
Srvc(CSREES)

Total $163,130

Start Date: 09/01/2008 End Date: 08/31/2010 Project ID: 1538
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Forest Products
Wood Utilization Research 2009

Objective

To help the forest products sector develop new products, new technologies, and new business systems to position Minnesota
as a continued leader in wood products manufacturing and renewable energy.

Background

The overall objective of the project is to complement a program of the University of Minnesota Duluth Natural Resources
Research Institute. Major goals include: (1) helping existing small and mid-size wood products companies remain or
become competitive through research and development; (2) conducting forest productivity work in hybrid poplar, red pine,
and other Minnesota species to ensure the sustainability of the forest products industry and to help Minnesota meet their
2025 renewable energy mandate; and (3) formation of new regional industries based on forest products materials and
technologies. Specific subprojects include the following topics: (1) development of assessment models for woody biomass
utilization; (2) fenestration development using thermally modified wood; and (3) development of new silicone/cellulose
sealant/rubber materials.

Previous Activity

A literature review has been conducted on equipment options for assessing value of woody biomass through wood quality
assessments. In the thermal modified wood subproject, our staff is collaborating with LakeHead University in planning to
develop strategies for creating a North American thermally modified wood standard. They have also successfully produced
thermal modified strand composite panels and plywood panels that appear to have potential for door and window
applications.

Current Activity

Project meetings have been held in cooperation with the USDA Forest Products Laboratory and the College of Menominee
Nation to develop work plans for assessing the quality of standing trees and harvested logs. A presentation and
demonstration of equipment was conducted for the forestry and sawmill staff from Menominee Tribal Enterprises. The
secondary wood products research team has continued to assist in the creation of a new wood drying research and
development business in collaboration with the Wisconsin Business Innovation Corporation. They have continued to discuss
varied business structures to purchase prototype production and research capacity, allowing them to offer research and
prototyping services for heat treated wood pre-production prototype services.

Principal Investigator(s)
Brian Brashaw

Project Sponsor(s) Amount  Account Active
USDA Coop ST Res ED & Ext Srvc 147,372 3002-10414-00000-000115 09/01/2009  08/31/2011
(CSREES)

Total $147,372

Start Date: 09/01/2009 End Date: 08/31/2011 Project ID: 1572
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Minerals, Non-Ferrous

Origin and Distribution of Chromium Mineralization in the Duluth Complex and Related
Keweenawan Intrusives in Minnesota, and Its Relationship 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, analyzing the drill core, and collecting samples for polished thin sections;
(3) supporting one Ph.D. thesis on the Birch Lake area 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 further analysis of one chromium occurrence identified in a drill hole outside of the Duluth Complex.

Background

Chromium (Cr) 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. 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 Birch Lake area, not all of which are directly
associated with PGE mineralization. In addition, Heine et al. (1998) reported 1.64% Cr,O3 in saprolite in a drill hole

drilled into a Keweenawan ultramafic body in Stearns County.

Previous Activity

The microprobe identification of materials continues, but is still in preliminary stages due to more immediate
commitments. A new chromite deposit has been discovered in the James Bay Lowlands. Steve Hauck is still trying to get a
sample for comparison with the Duluth Complex chromites.

Current Activity
Several attempts to get samples of the new Ring of Fire chromite deposits have not yet borne fruit, but efforts will continue.
Locating chromite and/or Cr-magnetite grains continues as time allows.

Principal Investigator(s)
Mark Severson
Steven Hauck

Project Sponsor(s) Amount Account Active
PUTF Mineral Endowment 76,000 1750-10416-20090-1000004140 05/01/2002  06/30/2011
Total  $76,000

Start Date: 02/01/2002 End Date: 06/30/2011 Project ID: 1192

75



Minerals, Non-Ferrous
Precambrian Research Center

Objective

To provide training and support to the next generation of geoscientists in modern methods of geological mapping and
mapmaking. This training will focus on the unique attributes of mapping the ancient Precambrian rocks of the southern
Canadian Shield. The Canadian Shield and similar terranes on every continent are host to many of the world’s premier ore
deposits.

Background

The Precambrian Research Center (PRC) was created at the University of Minnesota Duluth (UMD)in 2006 to satisfy an
urgent, long-term demand for and critically low supply of geoscientists skilled in field mapping. The PRC seeks to reverse
the two-decades-long decline in the teaching of geologic mapping skills in U.S. colleges and to provide advanced training
to professional geologists.

Previous Activity

Field Camp: Promoted 2010 camp, distributing posters to US schools; 28 students applied; 22 students were accepted.
Workshops: Promoted/planned professional workshop on Precambrian Iron Formations to be held at UMD, October 2010.
Student Awards: UMD students Dan Foley and Michael Totenhagen received PRC GRA's for the 2010-11 academic year.
Research grants awarded to eight students in March (4 UMD, 1 U of W-Milwaukee, 1 Princeton, 1 Harvard, 1 Idaho State).
Fundraising: Solicitations were made by email, distribution of the annual report, and contacts made at conferences, SME
and Prospectors & Developers Assoc. of Canada (PDAC). Other Activities: 2009 PRC Annual Report published in March.
PRC Board of Advisors meeting held in March at PDAC meeting in Toronto was attended by 10 board members.

Current Activity

Field Camp: Field camp was run from July 4 — August 14, 2010. Twenty-two students from eighteen different colleges from
across the United States participated in the field camp. In addition to completing eight field camp exercises, the students
completed five capstone maps from various regions comprising Neoarchean and Mesoproterozoic rocks in northeastern
Minnesota. Workshops: The third and most successful professional workshop titled “Geology, Mineralogy, and Genesis of
Precambrian Iron Formations” was conducted in October. Sixteen international experts gave lectures, and four field trips
were conducted during the course, which was attended by 47 participants. Fundraising: Solicitations were made by email
correspondence and the distribution of the annual report. Other Activities: PRC directors are currently organizing the 2011
Minnesota Minerals Education Workshop. Also, PRC directors are on the national committee for organizing field trips for the
2011 Geological Society of America Meeting, which will take place in October 2011 in Minneapolis.

Principal Investigator(s)
Dean Peterson

Donald Fosnacht

George Hudak

Jim Miller
Project Sponsor(s) Amount  Account Active
PUTF Mineral Endowment 150,000  1750-10418-20283-1000004157 07/18/2006  06/30/2010

Total $150,000

Start Date: 07/18/2006 End Date: 06/30/2011 Project ID: 1432
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Minerals, Non-Ferrous
Reconnaissance Evaluation of the Volcanogenic Massive Sulfide (VMS) Potential in
Lake of the Woods, Koochiching & Beltrami Counties

Objective
To determine the volcanogenic massive sulfide potential of an area drilled between the late 1960s and middle 1980s using
new ideas about the generation and occurrence of base-metal sulfides.

Background

The main objective of this proposal is to make a first-pass evaluation of the volcanogenic massive sulfide potential, through
logging of selected drill holes, within a portion of a greenstone belt (80 mile strike-length) that was drilled by several
exploration companies from the late 1960s through the middle 1980s. Many of the holes drilled by the companies
intersected massive sulfide horizons associated with a variety of volcanic, chemical, and sedimentary rock packages.
However, the massive sulfides in the holes were mainly pyrite and pyrrhotite with limited amounts of base metal sulfides, a
fact that discouraged further exploration in the area. At the time, detailed alteration and volcanic facies studies were not
routinely conducted by the companies, nor was it recognized that volcanogenic massive sulfide districts typically contain
some amounts of base metal-deficient massive sulfides that are distally-located relative to volcanogenic massive sulfide vent
areas. In essence, the exploration companies never tried to put together a “big picture” in an attempt to further refine the
mineral potential of the area. The goal of this project is to begin to relog the holes, with emphasis on conducting alteration
studies and detailed volcanogenic facies mapping (as has been recently done in the Vermilion District by the NRRI and
UW-0Oshkosh) in order to fully assess and document the mineralization potential of this greenstone belt.

Previous Activity

Exploration company-related drill logs no longer exist for three holes in the study area. One of these holes (A-9-2) was
logged during the report period. Rocks intersected in this particular hole consist of highly metamorphosed and structurally-
deformed volcanic rocks. The hole intersected some weak sulfide mineralization, including disseminated copper
mineralization (chalcopyrite), in a 60-foot thick zone.

Current Activity

A review of all of the historical analytical results has been completed and has been entered into an abbreviated drill log
listing that will be included as an appendix in the final report. This review indicates that several of the most promising drill
holes with massive sulfide intersections are clustered in a thirty-mile long NNE-trending belt. Within this belt, fifteen
holes intersected massive sulfide that contain up to 4.9% Zn. One hole in particular (BD-N-1) intersected over 272 feet of
massive sulfide, and was terminated in massive sulfide, with a maximum of 0.73% Zn. These data indicate the increased
collectivity of this particular belt. Writing of the final report for this project was recently initiated.

Principal Investigator(s)
Mark Severson
Steven Hauck

Project Sponsor(s) Amount  Account Active
PUTF Mineral Endowment 10,000  1750-10416-20090-1000007534 09/01/2004  06/30/2011
Total  $10,000

Start Date: 09/01/2004 End Date: 06/30/2011 Project ID: 1356
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Peat, Horticultural
Peat Expansion Premier Horticulture, Inc.

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

Previous Activity
NRRI's involvement in the Wright Bog horticultural peat development remains on hold while Premier negotiates an easement
with a local landowner to allow construction of a drainage ditch from the site.

Current Activity
No progress to report for this period.

Principal Investigator(s)
Kurt Johnson
Steve Hauck

Project Sponsor(s) Amount Account Active
Minnesota Technolgy, Inc. 99,982 1673-187-6441-00 07/01/1999  12/31/2010
Total $99,982

Start Date: 07/01/1999 End Date: 12/31/2010 Project ID: 1074
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Peat, Horticultural
Wetland Banking Fens Research Facility

Objective
To restore most of the effectively drained Fens Research Facility (Fens) to a variety of wetland types so new wetland credits
can be deposited into a state wetland bank for future withdrawal as wetland mitigation credits.

Background

For about 100 years, the Fens has been used for agriculture, horticulture, fuel peat production, and peatland research. The
peat soils have been intensively drained. With recent demand for wetland mitigation credits, the Fens became a candidate for
peatland restoration. The Minnesota Board of Water and Soil Resources (BWSR) and the Minnesota Department of
Transportation (Mn/DOT) approached NRRI about establishing numerous wetland banks at the Fens. After lengthy review,
five banks are in the process of being established. A variety of wetland types are being established. New wetland credits
(NWC) are being deposited into BWSR wetland banks. NWC are used for wetland replacement mitigation following loss of
wetlands as a result of road construction in Northeast Minnesota.

Previous Activity

In 2002 and 2005, the University of Minnesota (UM) entered into agreements with BWSR and Mn/DOT to restore 333.2
acres of drained peatlands for NWC at the Fens. Under the 2002 and 2005 agreements, the land was cleared, vegetation
killed, and the soil rototilled. Subsequently, the ditches were filled, the land leveled and donor material (plant fragments)
from nearby bogs was gathered and spread at the Fens. Water wells and vegetation plots were monitored and herbicide was
sprayed on invasive species in August and September of each year since bank establishment. In 2008, UM entered into
another agreement with BWSR to restore 145.4 acres of drained peatlands for NWC at the Fens. The construction and
establishment of monitoring sites followed the same process as that for the 2002 and 2005 agreements.

Current Activity

Vegetation and well monitoring of the 2002, 2005, and 2008 BWSR and Mn/DOT banks were carried out throughout 2010.
In late-summer and early-fall, invasive species, in all banks, were controlled by herbicide applications. In November,
BWSR gave approval for final deposit of NWC for banks established in 2002 and 2005. NRRI has thus met all agreement
requirements for these banks, except for invasive species control in 2011. The U.S. Army Corps of Engineers (USACE) is
nearing approval of the banks established in 2002 and 2005. Wetland Bank IV (2008 agreement) is progressing well as a
functioning restored peatland. Annual reports for all banks are in various stages of preparation.

Principal Investigator(s)
Steven Hauck
Thomas Malterer

Project Sponsor(s) Amount  Account Active

MnDOT 1,344,258 1026-10415-20090-1000004086  05/01/2001 06/30/2011

MN Board of Water and Soil Resources 1,828,136 1026-10415-20090-1000004086  05/01/2001 06/30/2011
Total $3,172,394

Start Date: 07/01/2002 End Date: 09/30/2013 Project ID: 1367
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Peat, Industrial Products
Development Of Peat-Based Media For Waste Water Treatment

Objective
To develop environmentally beneficial peat-based products that can replace chemical treatments for agricultural and
remediation purposes.

Background

Peat is partially decayed vegetation that accumulates in wetland bogs. Approximately 15% of Minnesota is covered with
this valuable resource. Peat has been investigated by several researchers as a sorbent for the capture of dissolved metals from
waste streams. Utilization of peat and other biomass materials for treatment of waste water containing heavy metals is
gaining more attention as a simple, effective and economical means of pollution remediation. Besides being plentiful and
inexpensive, peat possesses several characteristics that make it an effective media for the removal of dissolved metal
pollutants. Drawbacks of using peat are its low mechanical strength, high affinity for water, poor chemical stability,
tendency to shrink and/or swell, and leaching of organic compounds. American Peat Technology, LLC, partnered with the
Natural Resources Research Institute to develop environmentally beneficial peat-based products that can be used for
purification of agricultural and industrial waste water. Developed peat products should overcome the major drawbacks of
parent peat material, and should also either inherit parent peat properties to absorb heavy metals or else have additional
chemical and physical properties that will be useful for agricultural and remediation purposes.

Previous Activity

Absorption of cadmium (Cd) on peat granules was investigated at pH=7. It was found that peat granules effectively absorb
Cd with capacity of Cd at equilibrium concentration 50 ppb (discharge limit) between 3-30 mg of Cd per 1 g of peat media.
The absorption isotherm of Cd using Langmuir and Freundlich models found the Freundlich isotherm to have the highest
regression correlation coefficient. It was shown that the mechanism of Cd absorption changed when concentrations of Cd
reached 1.5 mg per 1 gram of peat media.

Current Activity

The team was able to find a way to overcome the parent material contamination with manganese, and to develop a
laboratory-scale procedure for production of newly modified peat granules. It was also found that manganese was present in
two forms in the parent peat material.

Principal Investigator(s)
Igor Kolomitsyn

Project Sponsor(s) Amount  Account Active
American Peat Technology, LLC 93,008 3000-10419-00009400 11/13/2009  12/31/2011
Total $93,008

Start Date: 11/13/2009 End Date: 12/31/2011 Project ID: 1614
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Center for Applied Research and Technology — Program Notes

Forestry/Forest Products

Scientific Meetings/Presentations

Matt Aro presented a research poster entitled, "Efficient Inorganic-Bonded Wood Panels for
Construction Applications” at the E3 2010 Conference held at the Saint Paul River Centre in St. Paul,
Minnesota, in November 2010.

Bill Berguson was invited to give a presentation entitled, “Wood Biomass Potential in the United States”
at the EERC Biomass 2010 Conference held at the University of North Dakota’s Energy and
Environmental Research Center in Grand Forks, North Dakota, in July 2010.

Bill Berguson and Bernie McMahon presented scientific posters at the Fifth International Poplar
Symposium held in Orvieto, Italy, in September 2010. The posters presented the work of the NRRI
Forestry Populus Program. This symposium was attended by researchers worldwide.

Bill Berguson presented a paper entitled, “Commercial Development of Poplar in the United States” at
the Sustainable Feedstocks for Advanced Biofuels Workshop held in Atlanta, Georgia, in September
2010. The paper will be published in the proceedings. Other co-authors include: Jake Eaton and Brian
Stanton both from GreenWood Resources, a commercial poplar production company in Portland, Oregon.

Bill Berguson gave a presentation entitled, “Woody Biomass Energy Crops in the United States” at the
Midwest BioEnergy Conference held in Dubuque, lowa, in November 2010.

Donald Fosnacht gave a presentation entitled, “Investigating the Possibilities of Pump Hydro Energy
Storage on Minnesota’s Iron Ranges™ at the E3 2010 Conference held at the Saint Paul River Centre in St.
Paul, Minnesota, in November 2010.

Publications

X. Wang, R. Bergman, B. Brashaw, S. Myers and M. Joyal. 2010. Heat Treatment of Firewood Meeting
the Phytosanitary Requirements Final Report. Natural Resources Research Institute Technical Report
Number NRRI/TR-2010/16.

Tim Hagen and Kyle Bartholomew. 2010. A confidential report was issued to Duluth Steam. Natural
Resources Research Institute Technical Report Number NRRI/TR-2010/17.

Victor Krause. 2010. A confidential report was issued to Northern Contours, Inc. Natural Resources
Research Institute Technical Report Number NRRI/TR-2010/20.

Victor Krause. 2010. A confidential report was issued to Loll Designs. Natural Resources Research
Institute Technical Report Number NRRI/TR-2010/23.

Outreach
Attica Millwork, Attica, New York: Performed humid dry cycle testing of thermally treated ash and non
treated ash. Prepared report describing dimensional stability of flooring product.

Epicurean Cutting Surfaces, Duluth, Minnesota: Discussed aspects of outdoor exposure and how to best
test outdoor exposure in the Duluth region. Performed Taber (rotary) abrasion, accelerated fluorescent
UV exposure, and knife cut testing on printed cutting surfaces.

Grand Log Homes, Big Fork, Minnesota: Initial meeting and idea evaluation, project planning and
testing quotation. Assisted Grand Log Homes submit a proposal to the NRRI Product Development
Fund.
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Home Shield, Shawano, Wisconsin: Assisted with the outfitting of Home Shield lab for doing in-house
stability tests with equipment comparable to NRRI.

Loll Designs, Duluth, Minnesota: Tested materials for bending properties to assess impact of routing kerf
shape. Set up outdoor exposure testing rack and initiated testing of multiple colored samples for damage
due to exposure to weather.

Northern Contours, Fergus Falls, Minnesota: Performed panel stability of large membrane pressed panels
(varying thickness of laminates) and door corner strength testing.

Royal Cabinets, Pomona, California: Discussed options for finding assistance to solve delaminating
problems on vinyl clad particle board cabinet parts.

Sylva Corp., Princeton, Minnesota: Searched for viable options for pigments used to color wood mulch.

Verso Paper Company, Alexandria, Minnesota: The forestry staff attended and participated in meetings
discussing research results, yield analysis, and breeding plans for hybrid poplar genetic improvement for
Verso Paper Company.

Facilities

The NRRI greenhouse was preparing for the 2011 breeding season. We anticipate using the greenhouse
from January through June of 2011 to conduct controlled crosses and begin propagation of new seedlings
for eventual field testing.

In collaboration with UMD engineering students, the NRRI Market Oriented Wood Technology Program
designed and built an R-value testing chamber to evaluate the thermal insulation properties of building
materials. This will greatly improve our programs ability to screen new panel product technology for
energy efficiency.

Chemical Extractives

Scientific Meetings/Presentations

Pavel Krasutsky presented a poster “Development and commercialization of an integrated biorefinery
for processing DDGS into biofuels and value added products” at the Institute for Renewable Energy and
the Environment’s (IREE) University of Minnesota Twin Cities 2010 E3 conference. Also credited on the
poster from NRRI were Dr. Alexei Kacharov and Jonathan Lee, as well as Professor Douglas Tiffany
from the UMTC Department of Applied Economics (Agricultural Business Management).

Igor V. Kolomitsyn gave a presentation entitled, "Peat based products for wastewater remediation" held
at the Department of Chemistry, University of Minnesota Duluth, on November 5, 2010.
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Coleraine Minerals Research Lab & Economic Geology Group

Outreach

Concentrate Production for Essar Steel

CMRL was selected by Essar Steel to grind and magnetically separate a sample of crude ore to produce a
simulated plant concentrate for filtration and pelletizing tests. The concentrate was produced at grind and
grade and was sent to Finland and Canada for further testing.

UTAC Stack Moisture Testing
To support airflow surveys at United Taconite, CMRL staff measured stack moisture content in May and
November of 2010.

UTAC CEMS Check

Per United Taconite request, CMRL used our Continuous Emissions Monitoring System (CEMS) stack
gas analysis equipment to provide baseline information for NO, NO,, and SO, concentrations in a waste
gas stack.

Facilities

PUTF Sinter Deep Bed

A comparative series of sinter pots was fired using two bed depths (16 and 26 inches). The goal was to
refine our sinter test procedures and produce results for a basic comparison of bed depth effect on sinter
quality. This work was reported. The report is periodically distributed to potential sinter program clients,
to highlight CMRL's capability.

Pot Grate Furnace Upgrade

The CMRL pot grate furnace has recently been modernized and upgraded to a design that is state-of-the-
art for induration furnace design, furnace optimization, and quality improvement in the processing of iron
oxide pellets. It has complete capabilities to achieve the necessary control parameters required for
simulating modern induration furnace cycles. The updated design includes a new combustion system and
blower; PLC control (Programmable Logic Controller); PC-based data collection; flow
control/measurement for natural gas, airflow, and oxygen; digital pressure and oxygen measurement; and
full temperature recording capabilities by up to 10 thermocouples, including a full-bed temperature
profile.

Scientific Meetings/Presentations/Papers

Andriy Khotkevych and Donald Fosnacht gave a poster presentation entitled “The New Complex
Ferrotitanate Catalysis for Syngas Conversion” at theTCS 2010 Symposium on Thermal & Catalytic
Sciences for Biobased Products, in Ames, lowa, on September 22-24, 2010.

Kyle Bartholomew gave a poster presentation entitled “Converting Mining Waste Rock to Passive Solar
Tiles” at the IREE E3, The Midwest’s Premier Energy, Economic, and Environmental Conference in St.
Paul, Minnesota, on November 30, 2010.

Donald R. Fosnacht presented “Pumped Hydro Energy Storage (PHES) Using Abandoned Mine Pits on
the Mesabi Iron Range of Minnesota” at the Institute for Renewable Energy and the Environment’s
(IREE) University of Minnesota Twin Cities 2010 E3 conference on December 1, 2010. This event was
held at RiverCentre in St. Paul, Minnesota.

Maps
Patelke, M.M. and Hauck, S., 2010, Surface Ownership — Bedrock Geology Itasca County Minnesota:
Natural Resources Research Institute, University of Minnesota, Duluth, MN, NRRI/MAP-2010/01A.

Patelke, M.M. and Hauck, S., 2010, Controlled Mineral Lands — Bedrock Geology Itasca County,
Minnesota: Natural Resources Research Institute, University of Minnesota, Duluth, MN, NRRI/MAP-

2010/01B.
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Heine, J., Severson, M., Hauck, S., Gosnold, W., and Klenner, R., 2010, Location of Diamond Drill Holes
and Water Wells Used to Collect Downhole Temperature Readings in Minnesota: Natural Resources
Research Institute, University of Minnesota, Duluth, MN, NRRI/MAP-2010/02.

Heine, J., Severson, M., Hauck, S., Gosnold, W., and Klenner, R., 2010, Granitic Samples Collected to
Determine the Heat Flow in Minnesota Using Thermal Conductivity and Radionuclide Analyses: Natural
Resources Research Institute, University of Minnesota, Duluth, MN, NRRI/MAP-2010/03.

Heine, J., Severson, M., Hauck, S., Gosnold, W., and Klenner, R., 2010, Location of MnDNR
Observation Wells Greater than 300 Feet in Depth: Natural Resources Research Institute, University of
Minnesota, Duluth, MN, NRRI/MAP-2010/04.

Oreskovich, J.A., 2010, Pumped Hydro Energy Storage on the Mesabi Range — Location Map: Natural
Resources Research Institute, University of Minnesota, Duluth, MN, NRRI/MAP-2010/05.

Oreskovich, J.A., 2010, PHES Sites Studied by Barr Engineering: Natural Resources Research Institute,
University of Minnesota, Duluth, MN, NRRI/MAP-2010/06.

Coleraine Technical Reports
NRRI/TR-2010/18 — Shallow vs. Deep Bed Sintering — D. J. Englund — September 1, 2010 — 23 pgs.

NRRI/TR-2010/21 — Confidential Report issued to U S Steel Keewatin Taconite — K. M. Bartholomew —
September 22, 2010 — 18 pgs.

NRRI/TR-2010/22 — Confidential Report issued to U S Steel Minntac — K. M. Bartholomew — September
29, 2010 — 41 pgs.

NRRI/TR-2010/25 — Confidential report issued to Nulron — I. lwasaki — September 8, 2010 — 20 pgs.

NRRI/TR-2010/26 - Confidential report issued to Nulron — I. Iwasaki — November 22, 2010 — 15 pgs.
NRRI/TR-2010/27 — Confidential report issued to Nulron — I. lwasaki — November 22, 2010 — 11 pgs.
NRRI/TR-2010/28 — Confidential report issued to Nulron — I. lwasaki — November 22, 2010 — 11 pgs.
NRRI/TR-2010/29 — Confidential report issued to Nulron — I. lwasaki — November 23, 2010 — 10 pgs.

NRRI/TR-2011/10 — Confidential report issued to Mesabi Nugget — R. F. Kiesel — December 9, 2010 — 3
pgs.

Economic Geology Group Technical Reports

Severson, M.J., and Heine, J.J., 2010, Geology and Sulfide Content of Archean Rocks Along Two
Proposed Highway 169 Relocations to the North of Sixmile Lake, St. Louis County, Northeastern
Minnesota: University of Minnesota Duluth, Natural Resources Research Institute, Technical Report
NRRI/TR-2010/31, 46 p.

Fosnacht, D.R., Iwasaki, I., Kiesel, R.F., Englund, D.J., Hendrickson, D.W., and Bleifuss, R.L., 2010,
Next Generation Metallic Iron Nodule Technology in Electric Arc Steelmaking — Phase 11: Natural
Resources Research Institute, University of Minnesota, Duluth, MN, Technical Report NRRI/TR-
2010/32, 365 pp.

Economic Geology Group Technical Summary Reports
Zanko, L.M., Fosnacht, D.R., and Hauck, S.A., 2010, Final Compendium Report to the Economic

Development Administration — Research, Development, and Marketing of Minnesota’s Iron Range
84



Aggregate Materials for Midwest and National Transportation Applications, Natural Resources Research
Institute, University of Minnesota, Duluth, MN, Technical Summary Report NRRI/TSR-2010/01, 1,295
Pp.

Economic Geology Group Reports of Investigation

Patelke, M.M., and Zanko, L.M., 2010, Taconite Tailings And Water Quality - A Survey of Existing
Data: Natural Resources Research Institute, University of Minnesota, Duluth, MN, Report of
Investigation NRRI/RI-2010/01. In Press.

Economic Geology Group Posters
Hauck, S.A., and Patelke, M.M., 2010, Minnesota Geothermal Resources: Natural Resources Research
Institute, University of Minnesota, Duluth, MN, NRRI/POSTER-2010/04.

Fosnacht, D., 2010, Pumped Hydro Energy Storage (PHES) Using Abandoned Mine Pits on the Mesabi
Iron Range of Minnesota: Natural Resources Research Institute, University of Minnesota, Duluth, MN,
NRRI/POSTER-2010/05.
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ECOSYSTEM STUDIES - Land Resources
A Coastal Atlas for Lake Superior's North Shore

Objective

Background

Lake Superior's North Shore is becoming increasingly rich in data. There have been numerous concerted data compilation
efforts over the past several years, with the ultimate objective of providing data to inform land management decisions. Most
of these projects were designed to deliver spatial data as GIS shapefiles, the technical format used to incorporate spatial
layers into a geographic information system. The CoastalGIS project, funded by Minnesota’s Lake Superior’s Coastal
Program from 2001 to 2005, created a repository for hydrologic, administrative, natural resource, and other spatial data
sources.

While these data are extremely valuable to local and regional planning efforts, they are distributed across numerous
repositories, and often available only in technical GIS formats, which makes them less accessible to local units of
government without GIS expertise. We propose to create a coastal atlas that consolidates social, economic, and
environmental data for townships and municipalities within the MLSCP coastal boundary. The atlas will be a print-copy
resource comprising map plates of fundamental data for each individual township or municipality. The atlas will include
information relevant to land use permitting, including the distribution of wetlands, bluffs or steep slopes, impervious
surface, and streams and lakes. Data for each geographic entity will also include several state-of-the-art data sets, such as a
high-resolution watershed delineation (mean size 320 ac; recently funded through the EPA’s Great Lakes National Program
Office), summaries of point sources from the NPDES and Toxic Release Inventory, and a summary of non-point
environmental stressors (urban and agricultural land use, road density) by watershed.

Previous Activity
This is a new project.

Current Activity

We have selected a suite of geospatial data sets to include in the Coastal Atlas. This past quarter we used ESRI ArcGIS Map
Book tool to create the individual maps for the Communities of the Lake Superior Coastal Program Bounday. The Map
Book tool allows us to incorporate the data into a ArcMap session and build the basic cartographic template, including
colors, labeling, scale, legend, titles and sub-titles. Data sets incorporated to date include: streams, lakes, wetlands, high-res
watersheds, power lines, land use/cover, transportation infrastructure, state parks, state forests, trails, access points, boat
launches, and safe harbors.

We also developed a prototype interactive map display for the CoastalGIS. This allows the viewer to select a community
either from a map or a list - then loads a page with links to map PDFs. We are using an interactive form of PDFs created by
MapBook; a user can turn layers on and off from the PDF map, giving them the ability to edit the map to fit their needs. We
continue to work with Coastal Program staff on developing a list on what Coastal Program funded data would be added to
CoastalGIS.

Principal Investigator(s)
George Host

Project Sponsor(s) Amount  Account Active
MN's Lake Superior Coastal Program 33,759 3013-10424-00014997 08/16/2010  12/31/2011
Total $33,759

Start Date: 08/16/2010 End Date: 12/31/2011 Project ID: 1597
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ECOSYSTEM STUDIES - Land Resources

Acceleration of Inorganic Nutrient Release and Mineral Organic Matter Association by
Biophysical Soil Mixing along an Earthworm Invasion Chronosequence

Objective

Two major life sustaining processes of the terrestrial earth surface are the release of inorganic nutrients through mineral
weathering and carbon cycling, which are strongly influenced by soil organisms. We propose that vertical soil mixing by
earthworms will have far reaching impacts on the rates of mineral weathering and carbon cycling when viewed against the
steep vertical gradients in: 1) the concentrations, compositions and dynamics of minerals and organic matter, and 2) the
geochemical environment affecting mineral weathering that define soil types. Our goal is to understand how and to what
degree soil perturbation by earthworms affects the rates of chemical weathering and organic matter-mineral association in
soils. Although earthworms are widely perceived to have beneficial influences on soil structure and nutrient dynamics,
recent research has shown them to have negative impacts on soil structure, nutrient availability and water dynamics in cold-
temperate hardwood forests.

Background

Dr. Hale's research characterized earthworm invasion chronosequences in the Chippewa National Forests that could be used
to examine the effects non-native earthworms have on carbon and mineral weathering dynamics in cold-temperate hardwood
forests.

Previous Activity

Earthworm sampling was conducted using the mustard extraction technique at 30 plots along three transects along an
earthworm invasion chronosequence, midden counts were also conducted to estimate populations of deep dwelling species.

Soil sampling was conducted in 6 excavated soil pits with varying degrees of earthworm invasion. Detailed soil

morphologic description was made and two sets of samples by horizons were collected for analysis of bulk density,
elemental composition, C and N concentrations, stable isotope ratios, mineralogical compositions, and the activities of short-
lived isotopes. Another set of samples were collected specifically for 14C analysis.

At each excavated soil pit, three zero tension lysimeters were installed below the A and E1 horizons and at the depth of 45
cm; five piezometers were installed. The lysimeters and piezometers will be allowed to equilibrate with the surrounding
environments until the next snow melt when water sampling will begin.

Current Activity

Principal Investigator(s)

Cindy Hale
Project Sponsor(s) Amount  Account Active
Univ of Delaware (USDA Prime) 16,223 3014-10424-00002871 09/01/2008  08/31/2011

Total $16,223

Start Date: 09/01/2008 End Date: 08/31/2011 Project ID: 1565
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ECOSYSTEM STUDIES - Land Resources
Avian Migration within the Lake Superior Coastal Region

Objective

1) Assess the timing, distribution, and relative abundance of fall migrants along the North Shore of Lake Superior, 2)
Examine fine-scale stopover habitat selection of migrants, 3) Improve understanding of landscapes of migratory stopover
sites, and 4) Provide recommendations for conservation priorities to ensure protection of migratory bird populations along
the North Shore of Lake Superior.

Background

Over the past 50 years there has been increasing urban, exurban, and recreational development along the North Shore of
Lake Superior, while recently there has been strong interest and plans to develop wind energy along the North Shore ridges.
During bird migration periods, the Great Lakes are a migration barrier resulting in vast congregations of birds on or near
shorelines, especially on the North Shore of Lake Superior.

Previous Activity

Data have been gathered on the fall bird migration along the North Shore during the fall of 2008 and 2009 with other
funding sources.

Current Activity
Compiling and analyzing data.

Principal Investigator(s)
Anna Peterson

Gerald Niemi
Project Sponsor(s) Amount  Account Active
USDI Fish and Wildlife 38,110 3002-10429-00010606 10/01/2009  09/30/2011

Total $38,110

Start Date: 10/01/2009 End Date: 12/31/2011 Project ID: 1564
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ECOSYSTEM STUDIES - Land Resources
Bats and Wind Along the North Shore of Lake Superior

Objective
Acquire data on bat presence along the North Shore of Lake Superior.

Background

Wind power development is an emerging issue in northeastern Minnesota. A recent Coastal Zone Management Program
study showed strong potential for wind energy along the North Shore, even though wind speed maps indicate that
northeastern Minnesota has less wind potential than other parts of the state. There are seven bat species in Minnesota, and
all of them could be affected by wind power development. Baseline data on bat distribution and habitat use is essential for
bat conservation. Little information exists on bats in the southern boreal forests of the Midwest.

Previous Activity

We measured summer bat habitat use and foraging activity at aquatic, linear corridor, and interior forest sites with bat
detectors in deciduous, mixed-wood, and coniferous forests in northeastern Minnesota. We used three common acoustic bat
activity indices to quantify acoustic bat data and examined the indices to determine how differences among activity indices
influence statistical inferences of bat activity. We measured the effects of relative insect abundance and degree of vegetation
density on bat activity. Bat detectors recorded 7,666 identifiable bat calls during 1,440 detector hours in 2009 and 8,554 bat
calls during 930 detector hours in 2010. Bat activity was dominated by Myotis species. Activity was concentrated at aquatic
and linear corridor microsites, regardless of forest cover type. However, bats foraged at similar rates in each microsite type.
Bat activity and foraging activity occurred earlier at night at interior forest sites relative to aquatic and linear corridor sites,
suggesting that interior forest is used by bats to forage as they leave day roosts. The three acoustic activity indices we used
resulted in similar conclusions of habitat use by bats, despite different biases of each. Bats would generally be flying in low
wind conditions, especially when foraging. If wind turbines were deployed along the North Shore, we recommend
monitoring bat activity to document potential effects at the site(s). However, because all bat species were present along the
entire north shore of Lake Superior inland throughout the Coastal Zone area, wind turbines are unlikely to have a population
level effect on bats unless many are installed.

Current Activity
This project is completed and the final report has been submitted.

Principal Investigator(s)

Ronald Moen

Project Sponsor(s) Amount  Account Active

MN’s Lake Supr Costal Prog (prime 14,977 3013-10430-00007471 09/04/2009  12/31/2010
USDOC)

Total $14,977

Start Date: 09/24/2009 End Date: 12/31/2010 Project ID: 1559
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ECOSYSTEM STUDIES - Land Resources
Biomass Harvest Effect on Wildlife

Objective

Forest fuel reduction near houses and removing residual woody material for biomass energy plants (biomass harvest) seem
to be complementary solutions that would help save property, conserve energy, and reduce the risk of large forest fires. A
hidden cost to biomass harvest may be a negative effect on species that depend on down and decayed woody material for
survival. Acquiring data on mammal and amphibian responses to biomass harvest that will enable planning for appropriate
levels of biomass removal is the primary objective of this research.

Background

Previous Activity

We trapped beaver with Hancock live traps in the fall of 2008 following protocols and methods currently being used in an
ongoing study in Voyageurs National Park.

Current Activity
No results to report at this time.

Principal Investigator(s)

Ronald Moen
Project Sponsor(s) Amount  Account Active
National Fish & Wildlife Foundation 10,637 3011-10430-00001053 01/15/2009  09/30/2010

Total $10,637

Start Date: 01/15/2009 End Date: 09/30/2010 Project ID: 1541

91



ECOSYSTEM STUDIES - Land Resources
Data Management and GIS Analysis for the Ecosystem Tech

Objective

Background

Experts from NRRI and other institutions around the Great Lakes on both sides of the border have been working with the
Army Corps of Engineers to provide an ecosystem impact assessment tool for evaluation of proposed changes to the
management of the Ste. Saint Marie locks. The goal is a tool which presents managers with feedback for different outflow
timing and magnitude scenarios for Lake Superior. The impact of such management is small compared to overall annual
patterns, but still significant in terms of flooding and drying cycles which determine the health and vitality of coastal
wetland systems around the Great Lakes (specifically lakes Superior, Huron, and Michigan in this case).

This particular project is a sub-contract to the larger project to supply GIS and data management expertise to the ecosystems
subcommittee.

Previous Activity

Current Activity

A web application was built to capture site information from members of the ecosystems subcommittee around the lakes.
Multi-layer GIS data sets have been assembled for the sites identified, with topography data extending inland to a contour 2
meters above current lake level. Assessment of barriers to wetland relocation in response to rising water levels is underway.
The project overall focuses on water level decreases and fluctuations, but assessing the issue of water levels rising, even if
only temporarily, was a specific goal of this subproject. Ongoing participation in the umbrella project's Information
Management subcommittee is ensuring coordination between the ecosystems subcommittee and the larger project.

Principal Investigator(s)
Terry Brown

Project Sponsor(s) Amount  Account Active
USDOD Corp of Engineers 54,995 3002-11054-00013415 02/01/2010  09/30/2011
Total $54,995

Start Date: 02/01/2010 End Date: 09/30/2010 Project ID: 1575
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ECOSYSTEM STUDIES - Land Resources

Development of a Comprehensive Conservation Strategy for the North Shore
Highlands Region of Minnesota in the Context of Future Wind Power Development

Objective

To develop a migratory bird comprehensive conservation plan for the North Shore Highlands with recommendations for
future wind development. Recommendations will be based on models of migratory bird habitat and flyway characteristics
developed from data collected over three fall migration seasons (2008, 2009, and 2010) in the North Shore Highlands
region.

Background

There is considerable interest in the development of wind energy in the North Shore Highlands and high potential for
negative effects for migrating birds. The North Shore Highlands is the largest migratory route for birds of prey in Minnesota
and among the highest in the U.S. Large numbers of other migratory birds have also been counted in the North Shore
Highlands, including 22 non-raptors listed as species of greatest conservation need (Common Nighthawk, Golden-winged
Warbler, and Rusty Blackbird). We will provide a comprehensive conservation plan for these migratory birds highlighting
the potential risks of wind energy development within the North Shore Highlands region.

Previous Activity

The Sharp-shinned Hawk telemetry study that was potentially to be started in fall 2010 was delayed until the fall of 2011.
This was primarily due to the need to carefully plan out the study and avoid making hasty decisions. We have been
consulting with Dr. Laurie Goodrich of Hawk Mountain, Pennsylvania who completed a similar study on Sharp-shinned
Hawks in the Appalachians. The rugged landscape of North Shore of Lake Superior will present some challenges in terms of
tracking these birds once they are released. We are anticipating trapping and releasing 5 individual birds at a time and
conducting four trials from late-August to early-October 2011. This is the primary migratory season for Sharp-shinned
Hawks in this area.

Current Activity

Activities continue to be the primary responsibilities of Anna Peterson, a Ph.D. student in the Conservation Biology
program at the U of MN-TC, under the guidance of Dr. Gerald Niemi. Data entry and error-checking have primarily focused
on data gathered in the fall of 2010. Analyses of the data are continuing and will be a major focus for the next 6 months.

Preliminary analysis and model development of bird movement data is underway. Preliminary results indicate passerine
movements are correlated with date, time of day, and distance from the Lake Superior shoreline. Niemi has been working
with a previous graduate student who gathered data in fall 2008 and they will be submitting a peer-reviewed journal article
on the experimental design used to gather these data. This is pertinent and important because we are unaware of any
previous studies that have undertaken the sampling of such a large landscape for bird movements. The status of this peer
review and comments received in the peer-review process will be beneficial for the ultimate results of this project.

Principal Investigator(s)

Gerald Niemi
Project Sponsor(s) Amount  Account Active
USDI Fish and Wildlife 38,110 3002-10429-00010606 10/01/2009  09/30/2011

Total $38,110

Start Date: 07/16/2010 End Date: 12/31/2011 Project ID: 1596
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ECOSYSTEM STUDIES - Land Resources

Development of Sampling Framework/Key Protocols for Monitoring Natural Resources
in the Great Lakes Network

Objective
Coordinate development of field sampling protocols among five investigative groups.

Background

The National Park Service Great Lakes Inventory and Monitoring Network has developed a prioritized list of 46 indicators,
termed Vital Signs, for monitoring long-term ecosystem health for nine National Park Service units in the Great Lakes
region. Great Lakes Inventory and Monitoring Network must submit a draft final monitoring plan, the phase three report, to
their national inventory and monitoring office by December 15, 2005. This draft plan must describe how Great Lakes
Inventory and Monitoring Network intends to monitor Vital Signs across all nine parks. The plan must also include an
overall sampling framework, protocols for high priority Vital Signs, brief summaries for lower priority Vital Signs, and a
data management plan. This phase three report will be peer reviewed and approved by the National Park Service national
inventory and monitoring team before the network can proceed with monitoring.

This project coordinates the development of protocols for several suites of Vital Signs.

Previous Activity

We have completed a first draft of a manuscript that details the statistical design behind sampling across multiple biological
and physical variables (amphibians, toxicants, lake water quality, large river water quality, and several others. This draft is
now under internal review.

A project website was created and can be found at www.nrri.umn.edu/npsprotocol
Current Activity
Project completed and final report submitted.

Principal Investigator(s)
George Host

Richard Axler

Project Sponsor(s) Amount  Account Active

USDI National Park Service 25,850 1648-189-6272-00 07/01/2004 07/31/2010
USDI National Park Service 66,849 1648-189-6271-00 07/01/2004 07/31/2010
USDI National Park Service 75,346 1648-189-6270-00 07/01/2004 07/31/2010

Total $168,045

Start Date: 07/01/2004 End Date: 07/31/2010 Project ID: 1345
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ECOSYSTEM STUDIES - Land Resources
Effects of Herbivores on Ground Flora and Nturients

Objective

This award will be used to help fund the research of graduate student Elizabeth McGarry from the Integrated Biosciences
program at the University of Minnesota during the summer of 2010. Elizabeth will be collecting data to attempt to quantify
ground flora changes as a result of herbivore disturbance between control and deer-exclosure plots within the Encampment
Forest, near Two Harbors, MN. Measurements will include understory plant abundance and composition, shrub and sapling
densities, relative nitrogen (N) mineralization, and carbon (C) storage. Data collected within the Encampment Forest will
also be analyzed along with data taken from plots in several Minnesota State Parks to investigate herbivore-induced
understory composition changes across the north shore of Lake Superior.

Background

Previous Activity
This is a new project.

Current Activity

Principal Investigator(s)
George Host

Project Sponsor(s) Amount  Account Active
The Nature Conservancy 2,000 3006-10424-00018032 06/01/2010  09/30/2010
Total $2,000

Start Date: 06/01/2010 End Date: 09/30/2010 Project ID: 1585
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ECOSYSTEM STUDIES - Land Resources

Exotic Earthworm Invasions: Integrated Research and Education to Achieve Natural
Resource Protection

Objective

We will conduct surveys for earthworms in each of eight state parks in the Coastal Zone (Jay Cooke, Gooseberry Falls, Split
Rock, Tettegouche, George Crosby Manitou, Temperance River, Cascade River and Judge Magney). Walk through surveys
of each park will provide distributional data on earthworm presence and absence across each park. A minimum of 12 stands
in each park will be surveyed to access the relative abundance and diversity of earthworm populations and the level of
impact earthworm invasions are having on forest soils in a range of forest habitat and soil types in relation to human centers
of activity in the parks.

Public education and involvement in this project is also a key component. We will present public programs at each park on
the issues of exotic earthworms. Citizen volunteers and MN Conservation Corp crews will be trained and assist in the
detailed surveys at each park. Educational displays will be created for each state park highlighting the research and its
results. All aspects of the research and education activities will be incorporated into the Great Lakes Worm Watch citizen
science program.

Background

Non-native earthworms are altering the fundamental structure and function of previously earthworm-free hardwood forests

in North America. These forests developed over thousands of years in the absence of earthworms and historically had thick
layers of leaf litter that serve as rooting medium for herbaceous and woody species. Following invasion of a northern forest
by earthworms, a cascade of ecological effects occurs. Identification and protection of earthworm-free areas in the Coastal

Zone could substantially limit the impacts for generations to come.

Previous Activity

Summer walk-through surveys were completed in nine state parks and two waysides. A total of 1,328 samples points were
surveyed for visual indicators of earthworm invasion, wedge prism measurements, canopy composition and upper soil
horizon data. Fall quantitative surveys of earthworm populations were completed at 160 of the survey points.

Current Activity

Ryan Hueffmeier, a M.S. student, is taking lead on the analysis to create a "Rapid Assessment Visual Indicators Tool" for
land managers. Zach Bennett began a study in Tettegouche State Park to examine how the March 2009 ice storm, which
caused catastrophic canopy damage hardwood forests in the park, may interact with earthworm invasion status to alter the
successional trajectories of the understory plant communities in these forests; laying the groundwork for his M.S. thesis.

Educational displays illustrating the research conducted and the results of the study are being developed for public programs
at each park.

Nicole Vander Heiden conducted a study using a combination of bait shop surveys, bait disposal containers and bait
container labels to assess the effectiveness of educational efforts on anglers earthworm bait disposal practices.

Principal Investigator(s)

Cindy Hale
Project Sponsor(s) Amount  Account Active
MN Lake Superior Coastal Program 46,935 3013-10424-00000337 08/22/2008  12/31/2010

Total $46,935

Start Date: 08/22/2008 End Date: 12/31/2010 Project ID: 1525
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ECOSYSTEM STUDIES - Land Resources
Grand Portage National Monument-Baseline Earthworm Survey

Objective

A study was conduct to assess the presence, absence or relative abundance of invasive earthworms at up to 80 pre-approved
sample points in the Grand Portage National Monument. This data will be integrated with the data from the project “Exotic
Earthworm Invasions: Integrated Research and Education to Achieve Natural Resource Protection” funded by the
Minnesota Coastal Program.

Background

GIS data and metadata documenting the distribution of exotic earthworms, relative abundance and relative impacts in
relation to forest type, soil and/or landforms and distance from human centers of activity in Grand Portage National
Monument will be gathered through field surveys. In particular, we will identify areas that are earthworm-free or minimally
impacted by earthworms.

Previous Activity

Current Activity

Summer walk-through surveys were conducted in August 2009, including regularly stratified sample points (~every 50
meters) along designated routes. At each point, visual indicators of earthworm presence/absence or relative abundance were
collected (i.e. earthworms themselves, burrow entrances, cast material, middens, A horizon and forest floor thickness).

Fall quantitative sampling of earthworms in a randomly selected subset of the pre-approve sample points was conducted in
September and October 2009, using Minnesota Conservation Corps crews, trained volunteers, and NRRI field staff. Crews
will conduct earthworm sampling (liquid extraction) in a minimum of three randomly located plots within a minimum of 12
stands to provide species list and relative abundance of earthworms.

Principal Investigator(s)

Cindy Hale
Project Sponsor(s) Amount  Account Active
USDI National Park Srvc 2,875 3002-10424-00011181 05/29/2009  08/31/2010

Total $2,875

Start Date: 05/29/2009 End Date: 08/31/2010 Project ID: 1566
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ECOSYSTEM STUDIES - Land Resources
Identifying Critical Habitats for Moose in Northeastern Minnesota

Objective
Identify critical habitats for moose in northeastern Minnesota

Background

Previous Activity

Current Activity

Moose are one of Minnesota’s most prized wildlife species. In less than 20 years moose in northwestern Minnesota
declined from over 4,000 to fewer than 100. The northeastern Minnesota moose population, with over 7,000 moose, may be
beginning a similar decline. Higher mortality in radiocollared moose is correlated with warm temperatures. We will use
satellite collars to track moose in northeastern Minnesota and collect GPS locations day and night 365 days a year. Specific
habitats needed by moose will be identified using the satellite collars. Spatial distribution and availability of habitat types
will guide identification of specific sites for enhancement, protection, or acquisition. Development of habitat guidelines will
help private and public land managers provide the best possible habitat for moose.

The project is a coordinated effort to determine if it is possible to slow or prevent a decline in the northeastern MN moose
population. Public outreach and education will be accomplished with a website that provides information on moose in
Minnesota and allows the public to report moose sightings. The Minnesota Zoo in Apple Valley, will develop an on-site
informational kiosk about Minnesota moose and zoo educators will help develop a curriculum for teacher workshops to be
held both at the zoo and at the Boulder Lake Environmental Learning Center near Duluth. We will schedule at least 25
public moose presentations per year. The project combines research and education to increase public understanding of
Minnesota moose now and in the future.

Principal Investigator(s)

Ronald Moen
Project Sponsor(s) Amount  Account Active
LCMR 507,000 3015-10430-00010577 07/01/2010  06/30/2013

Total $507,000

Start Date: 07/01/2010 End Date: 06/30/2013 Project ID: 1586
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ECOSYSTEM STUDIES - Land Resources
Lake Superior Carnivore Monitoring

Objective
Summarize existing data on carnivore distribution in Lake Superior watershed.

Background

The Lake Superior Binational Program is a partnership of federal, state, provincial, and tribal/First Nation governments
working with citizens to ensure the protection of the Lake Superior watershed. Among the needs to meet this goal is
improved knowledge of plant and animal species within the watershed. An update on the status of reptiles and amphibians
has been completed, also needed is an update on the status of mammalian carnivores in the watershed.

Previous Activity
This is a new project.

Current Activity

The deliverable product for the work described below would be a similar report for mammalian carnivores. Content would
differ for several reasons, including historical management, cataloging of museum records, availability of furbearer records,
a shorter time frame, and technological developments over the past decade. The objective would be to review current
knowledge of distribution, habitat requirements, and agency monitoring practices of all mammalian carnivore species in the
watershed. Time does not allow examination of museum records for all species as was done for reptiles and amphibians.

Principal Investigator(s)

Ronald Moen
Project Sponsor(s) Amount  Account Active
Great Lakes Indian Fish & Wildlife Comm 5,000 3006-10430-00013286 08/01/2009  08/01/2010

Total $5,000

Start Date: 08/01/2009 End Date: 08/31/2011 Project ID: 1558
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ECOSYSTEM STUDIES - Land Resources
Long-term Soil Productivity: Vegetation Sampling - Chippewa National Forest

Objective

A long term experiment to assess long-term effects of soil compaction and organic matter removal on aspen forests of the
Great Lakes.

Background

The Long Term Soil Productivity (LTSP) study is a national effort to document the effects of soil compaction and organic
matter removal on forest productivity and biodiversity. As part of the Region 9 LTSP study, ground-flora has been sampled
periodically since the installation of treatments in the early 1990s. Treatments are in place on the Chippewa National Forest
in Minnesota, and the Ottawa and Huron-Manistee National Forests in Michigan.

Previous Activity

The Natural Resources Research Institute was responsible for sampling the Chippewa National Forest LTSP plots prior to
harvest and compaction in 1992, and again in 1994, 1995, 1998, and 2004. This sampling will provide the cooperator data
required to analyze and report on results from this study.

Current Activity

Year 2009 represents a 15-year interval from the first treatment record, and an important milestone in the project. This
sampling will provide the Forest Service information on how the floristic community has changed in response to soil
compaction and organic matter removal.

One of the three main replicates of the study was sampled in September 2009, and data entered. The remaining two
replicates are scheduled for sampling in summer 2010.

Principal Investigator(s)
George Host

Project Sponsor(s) Amount  Account Active
1635-186-6057-00
USDA Forest Service 15,631 3002-10424-00012648 07/28/2009  06/30/2011
Total $15,631

Start Date: 09/12/1991 End Date: 12/31/2010 Project ID: 811
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ECOSYSTEM STUDIES - Land Resources
Minnesota Breeding Bird Atlas

Objective

To complete a systematic count of breeding birds in all townships in the state of Minnesota as part of the Minnesota
Breeding Bird Atlas. The methodology will allow samples to be gathered in the future in a representative and repeatable
fashion.

Background

Minnesota is one of only six states in the U.S. that does not have a breeding bird atlas. An atlas is important to define the
distribution and abundance of breeding species throughout the state. It will be useful for conservation planning and
environmental impact assessment.

Previous Activity

Data are being double-entered for quality control. Field crews and logistics for sampling in the 2010 field season are being
completed.

Current Activity

CWE field staff recently completed the first two years of an anticipated six-year effort in the development of the Minnesota
Breeding Bird Atlas — the first-ever statewide survey of Minnesota’s breeding birds. Our objectives were to gain uniform
statewide coverage for all of Minnesota’s birds, estimate breeding bird populations by habitat type, and contribute to a
nationwide network of bird atlases in the United States. During the last two breeding seasons (2009 and 2010) we sampled
40% of Minnesota townships (>920). We observed over 200 species of birds and counted over 78,000 individual birds in
over 950 townships and in over 2,800 individual point counts. CWE bird censusers also contributed thousands of
observations to the Minnesota Atlas data base in the complementary study organized by Audubon Minnesota. This
represented over 4,000 probable or confirmed breeding records for Minnesota birds.

Principal Investigator(s)

Gerald Niemi

Project Sponsor(s) Amount  Account Active

LCCMR 101,000 3015-10429-00000576 07/01/2008  06/30/2010
LCMR 161,000 3015-10429-00019124 07/01/2010  06/30/2012

Total $262,000

Start Date: 07/01/2008 End Date: 06/30/2012 Project ID: 1529
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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 of
Neotropical migrant birds in the United States, several organizations have developed strategies to monitor abundance of
these species. We have established monitoring programs in three Great Lakes national forests: 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

The summer of 2009 marked the 18th year of sampling for the forest bird monitoring project. Over 70 species have been
tested for their trends over this period. In general, more species have been increasing compared with those decreasing.
Species that have been increasing include permanent residents and many species that nest in shrubs and trees. Species
declining have generally been those that nest on the ground such as the Winter Wren, Veery, Hermit Thrush, Ovenbird,
Mourning Warbler, and Song Sparrow.

Current Activity

Trend analysis through 2009 indicated that 16 species increased across all three national forests over the past 19 years,

while nine species declined. Increases in populations are still detected in permanent resident species such as Blue Jay, Black-
capped Chickadee, and Red-breasted Nuthatch. Ground nesting species continue to be the most prominent species that have
declined in population; they represent six of the nine species that are declining. Field crews and preparations are being
made for the 2010 field season (funding pending).

Principal Investigator(s)

Gerald Niemi

Project Sponsor(s) Amount  Account Active

US Dept of Agriculture 198,710 1635-186-6037-00 05/01/1991  12/31/1995
USDAV/Nicolet National Forest 30,000 1637-189-6129-00 01/01/1996  12/31/1996
USDAV/Nicolet National Forest 49,000 1637-189-6146-00 05/01/1997  04/30/1998
Chequamegon/National Forest 49,000 1637-189-6171-00 05/01/1998  10/31/1999
USDA/Chequamegon/Nicolet National Forest 98,000 1637-189-6187-00 05/01/1999  04/30/2001
USDAV/Forest Service 290,554 1637-189-6219-00 05/01/2001  12/31/2005
USDA Forest Service 61,148 1637-189-6294-00 05/19/2006  12/31/2006
USDA Forest Service 66,156 1637-189-6327-00 04/15/2008  12/31/2008
USDA Forest Service 66,156 3002-10429-00011308 05/15/2009  12/31/2009
USDA Forest Service 70,000 3002-10429-00018489 04/01/2010 12/31/2010

Total $978,725

Start Date: 05/01/1999 End Date: 12/31/2010 Project ID: 420
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ECOSYSTEM STUDIES - Land Resources
Prevention and Early Detection of Invasive Earthworms

Objective

Our goal is to use a multi-pronged approach to reduce the introduction and spread of invasive earthworms through rigorous
quantification of the relative importance of different vectors of introduction for earthworm species, develop and test the
effectiveness of management recommendations for resource managers to limit the spread and introduction of earthworms,
and to inform and actively engage diverse stakeholders in efforts to accumulate distributional data on invasive earthworm
and their relative impacts across the state/region and to identify earthworm-free and minimally impacted areas worthy of
protection.

Background

We propose to identify, describe, and quantify the potential vectors of in-state spread of established earthworm species and
of interstate transport and introduction of non-established earthworm species.

Management recommendations will be field tested to determine the cost-benefit and relative effectiveness of different
recommendations to actually limit the spread/introduction of different earthworm species. Project partners will collaborate
to identify, describe and prioritize a list of management recommendations they want to explicitly test. Sampling methods
and protocols will be developed for each and field testing/sampling will be conducted in 2010.

In cooperation with governmental agencies, a plan for regulatory responses will be developed to respond to early detection
of earthworm species not already established in the state.

Effort involving research and educational institutions, governmental agencies, non-governmental organizations and citizen
science will inform and involve diverse stakeholders to identify earthworm-free and minimally invaded areas of the
state/region in order to prioritize protection efforts and provide rapid detection and response for new species introductions.
Previous Activity

N/A

Current Activity

Protocol-based internet searches and KAP studies (knowledge, attitudes, and practices) of potential target audiences was
finished in 2010.

A KAP study has been developed and was delivered at five conferences this year.

Earthworm species profiles are being developed for all 16 species in the “Earthworms of the Great Lakes” book;
development and implementation of protocols for handling earthworm survey data and voucher specimens has been
finalized; workshops are now being scheduled; several hundred new citizen-based data points have been added to our
database across the Great lakes region.

Principal Investigator(s)

Cindy Hale
Project Sponsor(s) Amount  Account Active
Legislative Comm on MN Research 150,000 3015-10424-00007735 07/01/2009  06/30/2012

Total $150,000

Start Date: 07/01/2009 End Date: 06/30/2012 Project ID: 1545
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ECOSYSTEM STUDIES - Land Resources
Restoring Moose Foraging Habitat in Lake Superior Upland

Objective
Restore Moose Foraging Habitat in Lake Superior Upland

Background

Moose populations in the western portion of the Lake Superior Watershed may be declining. Annual mortality rates of adult
cows are much higher than in other moose populations. We will restore over 200 acres of moose foraging habitat. We will
also evaluate moose use of previously restored foraging habitat, and test how moose wearing GPS collars use restored sites,
and how far moose will move from thermal cover to forage. Funds will only be used for habitat restoration and measuring
moose use of restored habitat because the GPS collar project is funded by the Minnesota LCCMR.

Previous Activity

Current Activity

We did contracts to restore about 200 acres of moose foraging habitat and monitored browse intensity at several sites in
northeastern Minnesota.

Principal Investigator(s)

Ronald Moen
Project Sponsor(s) Amount  Account Active
Environmental Protection Agency 193,432 3002-10430-00015901 08/16/2010  09/30/2013

Total $193,432

Start Date: 08/16/2010 End Date: 09/30/2013 Project ID: 1608
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ECOSYSTEM STUDIES - Land Resources
Statewide Ecological Ranking of CRP Lands

Objective
Identify Minnesota lands with high habitat quality that may be taken out of the Conservation Reserve Program

Background

This project will identify and rank the ecological value of CRP and other critical lands throughout Minnesota using soil
productivity, landscape, water, wildlife, and other relevant natural resource factors.

Previous Activity

This is a new project.

Current Activity

We are acquiring and analyzing soil productivity data in light of the critical habitat information generated through
Minnesota's Statewide Conservation and Preservation Plan. Our collaborators have generated a crop productivity index that
will determine the probability of land being removed from the CRP program.

By intersecting critical habitat with the above data sets, we can identify individual land parcels that can be targeted for
acquisition, conservation easements, or other land preservation policies.

Principal Investigator(s)
George Host

Project Sponsor(s) Amount  Account Active

MN Board of Water & Soil Resources 4,000 3005-10424-00022632 03/19/2009  06/30/2011

MN Board of Water & Soil Resources 14,000 3005-10424-00022631 03/19/2009  06/30/2011

MN Bd of Water & Soil Res(prime LCMR) 46,000 3005-10424-00015205 07/01/2009  06/30/2011

MN Board of Water and Soil Resources 15,000 3005-10422-00009516 03/19/2009  06/30/2011

MN Board of Water and Soil Resources 14,000 3005-10422-00009514 03/19/2009  06/30/2011
Total $93,000

Start Date: 03/19/2009 End Date: 06/30/2011 Project ID: 1569
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ECOSYSTEM STUDIES - Land Resources
Survey of Beaver Ecology in Grand Portage National Monument

Objective
Improve knowledge of beaver in Grand Portage National Monument.

Background

Previous Activity

Current Activity

Beaver (Castor canadensis) are historically an important animal to the Grand Portage National Monument (GRPO). Home
ranges of beaver typically follow stream and river channels. Any beaver living on the GRPO would move across the
monument border and into the Grand Portage Indian Reservation (GPIR) because of the narrow width of the GRPO.
Baseline characteristics of the beaver population in Grand Portage were established in a 1987. Of 20 beaver ponds
identified in Grand Portage from aerial photographs 11 were occupied by beaver and 9 were inactive. Between 2006 and
2009 more than half of these ponds continued to hold water and some were occupied by beaver. We summarize the history
of these ponds from aerial photographs taken circa 1940 and then from 1974 to 2009.

Beaver were trapped and handled using Hancock Live Traps. Capture beaver were weighed, measured, and ear-tagged. We
also deployed trail cameras on areas used by beaver in fall 2008, 2009, and spring 2010. We recorded if beaver had ear-tags
in pictures, the activity of the beaver (e.qg., cutting tree, carrying logs or saplings, lodge repair, time of picture, number of
beaver in picture, and any other bird or animal species that triggered the camera. Beaver population size was estimated with
mark-recapture based on the ear tags. We also measured tree species composition in plots that ringed the Boardwalk beaver
pond, and measured availability of the small saplings that beaver tended to bring back to the food cache in areas where food
was being cut. Data collected at these sites included species, diameter, if a stem had been cut, and distance to water edge.

Four large adult beaver were captured during the study period from the system two upper ponds within the beaver marsh
complex. Weights of beaver caught were similar to weights previously obtained at GRPO and elsewhere. In total 9 beaver
were trapped, and the mark-recapture analysis indicated that at least 5 beaver were present in 2009, and 5 or more were
present each year.

We deployed cameras for 1,024 camera days from August 2008 to March 2010. There were 1,165 events with beaver
present and 194 events with other bird or mammal species. The maximum number of animal events recorded in a
deployment was 170 in 19 days. For all animal events, we had 2.5 £ 3.6 events per day, while for just beaver we had 2.3 +
3.6 events per day. Most activity by beaver was at night, and only 1 beaver was present in most pictures. More than 1 beaver
was present at lodges and when beaver were feeding on a downed tree in the fall. Beaver activity was episodic at all
terrestrial camera sites, with days to weeks between visits to a site. Aspen trees had been nearly completely removed from
pond perimeters. Beaver were cutting few large aspen because of the distance to these trees.

Principal Investigator(s)

Ronald Moen
Project Sponsor(s) Amount  Account Active
USDI National Park Service 18,985 3002-10430-00000804 06/05/2008  09/30/2010

Total $18,985

Start Date: 06/05/2008 End Date: 09/30/2010 Project ID: 1544
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ECOSYSTEM STUDIES - Land Resources

The North Shore Data Consortium: Acquiring and Distributing High-Resolution
Geospatial Information

Objective

To create the North Shore Data Consortium - a group of local and regional government and industry officials with the goal
of collaborating on the collection and use of high-resolution spatial data, including LiDAR.

Background

There are strong local and regional interests in the acquisition and distribution of high-resolution spatial data needed for
land use planning, natural resource management, and environmental assessment. Included among these data are LiDAR
imagery, which provides very high resolution (0.5 to 1 m) digital elevation models, high resolution digital aerial
photography products and derivative products such as hierarchically structure watersheds, topographic moisture indices, and
refined wetland classifications. We propose to create the North Shore Data Consortium (NSDC), with the purpose of
developing specific funding strategies and timelines for collecting LIDAR and contemporary high-resolution aerial
photography for the region. The Consortium will develop memoranda of understanding among local, state and federal
agencies and interested NGOs to provide for data sharing and leveraging of funds for contracting LiDAR acquisition. The
NSDC will also identify data gaps and future data needs. To ensure compatibility with statewide data standards, we will
work closely with the Ditigal Elevation Committee of the Governor's Council on Geographic Information Systems.

Previous Activity

NRRI scientists gave a presentation on the North Shore Data Consortium at the 19th annual MN GIS/LIS conference, held
Oct 21-23, 2009. This conference provided an opportunity to introduce the project and connect with many potential
members of the NSDC. We also had several internal project meetings and conversations with MN DNR and MN Sea Grant
to discuss the project.

Current Activity

We convened the first formal meeting of the North Shore Data Consortium in January 2010, with several meetings that
followed. The group, consisting of county, state, tribal, and university personnel, identified potential applications of LIiDAR
data for the north shore.

The NSDC collectively wrote a letter to the MN DNR providing a rationale for accelerating LiDAR data collection,
currently scheduled for 2012, to spring 2011. This request will be discussed at the state's Digital Elevation Committee
August 2010 meeting.

NRRI also provided support to NOAA, who was soliciting requests for segments of the Lake Superior shoreline to be flown
under a NOAA initiative. NRRI developed a Google Map application that allowed users to highlight segments of the Lake
Superior coast and annotate the reason for prioritizing these sites. The final map was subsequently delivered to NOAA.

Principal Investigator(s)
George Host
Lucinda Johnson

Project Sponsor(s) Amount  Account Active
MN’s Lake Superior Coastal Program 39,137 3013-10424-00007525 09/04/2009  12/31/2011
Total $39,137

Start Date: 09/04/2009 End Date: 12/31/2011 Project ID: 1568
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ECOSYSTEM STUDIES - Land Resources

Vegetation Characterization and Conifer Regeneration Strategies for the Grand
Portage National Monument

Objective

Identify sites on the Grand Portage National Monument where white pine is most likely to succeed, work with park staff to
develop and implement regeneration strategies

Background

The major natural resource management goal of the Grand Portage National Monument is to restore the trail corridor to
conditions that existed during the fur trade era, or approximately 200 years ago. At this time, white pine (Pinus strobus) was
a major species in the landscape, growing in concert with red pine or as supercanopy trees in mixed forest conditions. Due
to turn of the century logging, the advent of white pine blister rust, and the reduction in the occurrence of natural wildfires,
the numbers of white pine are now considerably reduced in the landscape.

This project will identify areas where restoration and enhancement actions are the most likely to succeed. These areas will
then receive site specific recommendations for conifer restoration.

Previous Activity

We spent several weeks in summer 2009 sampling plots in the Grand Portage National Monument. In each plot we recorded
overstory and ground flora information, along with coarse woody debris, soil profile information, and counts of white pine
seedlings. We also used the rapid worm assessment protocol to check for presence of invasive worm species.

Data were entered in fall '09 and analyzed over the winter.

Current Activity

Site-specific prescriptions for white pine restoration or enhancement of white pine regeneration or recruitment were
developed. The analyses consists of four interrelated steps: 1) A classification and ordination of the summer 2006 Great
Lakes Network vegetation sampling; 2) Spatial modeling to prioritize sites base on existing and newly derived spatial data
layers;3) Field sampling to quantify site-level attributes, including canopy, understory, forest floor, and soil characteristics;
and 4) Integration of the above factors to prioritize sites and recommend silvicultural treatments.

The ordination, spatial modeling and field evaluations were integrated to generate a matrix of silvicultural options for
restoring white pine on the Grand Portage National Monument. Information from the spatial analysis was used to rank sites
based on their need for pine reestablishment, regeneration or recruitment based on landscape factors. Other important
factors not present in spatial datasets were used to develop treatment guidelines for various phases of white pine restoration.
The map and the matrix can be used together to evaluate the suite of options available, from simple maintenance of existing
white pine stock to more complex and costly efforts to restore white pine under existing hardwood canopies.

The final report was submitted to Grand Portage in August 2010.

Principal Investigator(s)
George Host

Project Sponsor(s) Amount  Account Active
USDI National Park SRVC 35,646 1648-189-6321-00 06/01/2007  03/31/2011
Total $35,646

Start Date: 06/01/2007 End Date: 09/30/2010 Project ID: 1480
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ECOSYSTEM STUDIES - Land Resources

Weather and Water: Combining Broadcast Meteorology and Stream Data Animations
to Protect Superior

Objective
The intent of this proposal is to deliver information on stormwater and other Lake Superior issues through broadcast media.

Background

Coastal communities across the northern Great Lakes are increasingly facing ‘tipping points’ — points at which trout can no
longer live in a stream due to thermal stress, beaches become unswimmable due to fecal coliform violations, or streams
require development of TMDL remediation strategies because they have exceeded threshold turbidity levels. Lake Superior
is particularly sensitive to increased pressures related to development of primary and secondary homes and the associated
problems of stormwater management.

The intent of this proposal is to deliver information on stormwater and other Lake Superior issues through broadcast media.
Broadcast meteorologists typically have the broadest and most in-depth science backgrounds of news staff and are also
trained to communicate science to the general public. Since weather (rainfall amount and intensity; snowfall; air
temperature; wind in regard to lake mixing; et al.) is one of the strongest drivers of runoff amount, quality, and seasonal and
year-to-year variability, meteorologists have great potential to educate the public about water pollution in the context of
their routine forecasts and explanations.

Previous Activity

We held numerous meetings with Northland's NewsCenter staff in Duluth, Minnesota, and storyboarded several ideas for
upcoming feature stories. We recently worked with Northland's NewsCenter meteorologist Jeff Edmundson to produce a
two-part story on runoff, focusing on the Amity Creek restoration project. The story aired July 13 and 14, 2010.

Current Activity

Two addition stories aired in February 2011 that focused on proper use of winter deicing agents (salt) and abrasives (sand)
and how they act as pollutants to fish and other stream critters when washed into streams in high amounts.

A future story on potential impacts of climate change is under development.

Principal Investigator(s)
George Host

Richard Axler
Project Sponsor(s) Amount  Account Active
MN Sea Grant 37,000 1000-10424-20882-016438 04/08/2009  12/31/2011

Total $37,000

Start Date: 07/01/2009 End Date: 12/31/2011 Project ID: 1588
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ECOSYSTEM STUDIES - Land Resources
Western Lake Superior GLISTEN Collaborative Cluster

Objective

GLISTEN is the Great Lakes Innovative Stewardship through Education Network. It is a program funded through the Learn
and Serve Higher Education program of the National Corporation for National and Community Service that has been
designed to build capacity in STEM (science, technology, engineering, mathematics) faculty and curriculum, to train
students to act as environmental stewards, and to prepare students for green jobs.

Background

GLISTEN provides funds to create clusters of academic and community environmental groups in areas around the Great
Lakes. The Western Lake Superior GLISTEN Cluster has been organized by CWE personnel and also includes faculty,
staff, and students from Lake Superior College (Duluth), University of Wisconsin Superior, and Northland College
(Ashland, Wisconsin). Funding for our cluster started in February, and is anticipated to continue for three years.

The Western Lake Superior GLISTEN cluster has partnered with local and regional community environmental groups,
including the St. Louis River Alliance, Great Lakes Aquarium, Bad River Watershed Association, Hawk Ridge Observatory,
and Trout Unlimited. Students from GLISTEN courses will work on community-based projects designed by our non-profit
partners.

The bridge between the GLISTEN classroom and our community partners will be formed by a group of advanced
undergraduate students, called Stewardship Liaisons, who will be specially trained in leadership skills, service-learning, and
community engagement. These liaisons will receive training not only in the academic sphere, but also from leaders in our
community groups. The Stewardship Liaisons will assist in the design and implementation of GLISTEN service learning
curriculum, direct the undergraduate community projects, and critically assess both academic and community outcomes.
This position will provide invaluable experience for students interested in leadership positions in the emerging Green
Economy.

Previous Activity

Current Activity

Principal Investigator(s)

Pat Schoff
Project Sponsor(s) Amount  Account Active
Harrisburg Univ (Prime:; Corp Nat I&Comm 45,000 3014-10426-00014706 01/01/2010 02/28/2011

Total $45,000

Start Date: 01/01/2010 End Date: 12/31/2010 Project ID: 1587
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ECOSYSTEM STUDIES - Water Resources
A Whole-lake Assessment of Long-term Human Impacts to Lake Superior

Objective

This study will enable us to track pronounced local and global influences in the Lake Superior depositional basins and build
a tangible understanding and awareness of how human activity has and continues to change environmental quality. Our
analyses of depositional cores will better describe the effects of local and global stressors and the sensitivity of the lake to
these stressors. Analyses of historical trends will be performed in the context of past and current retrospective studies and
we will ensure that results are effectively communicated to the public and managing agencies. Our findings will provide
support for and encourage sustainable environmental practices and will demand progressive action from policy makers.
Better understanding will lead to more informed decision making, balancing potential short term economic benefit with long
term ecological degradation.

Background

Lake Superior is the least studied and understood of the Great Lakes in terms of water quality changes and human influence.
Lake Superior is uniqgue among the other Great Lakes in size, retention time, lower basin development, and consequently,
apparent preservation of water quality. It is the only Great Lake with an aquatic food web that is not considered severely
impaired. However, there is evidence that the quality of Lake Superior is changing and, unfortunately, little is known about
how human activity is affecting the lake as a whole. We aim to put contemporary data in a long-term context by
investigating the paleolimnology of Lake Superior.

Previous Activity

Current Activity

Sediment cores have been collected throughout the Lake Superior basin and these cores have been processed for sediment
dating and diatom analysis. Diatom, geochemical and pollen analyses on sediment samples are ongoing.

Principal Investigator(s)

Euan Reavie
Project Sponsor(s) Amount  Account Active
MN Sea Grant 93,201 1000-10425-20857-000169 02/01/2010  07/31/2011

Total $93,201

Start Date: 07/01/2010 End Date: 06/30/2012 Project ID: 1591
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ECOSYSTEM STUDIES - Water Resources
Assessing the Condition of Great Rivers using Benthic and Planktonic Algal Indicators

Objective

The U.S. Environmental Protection Agency Environmental Monitoring and Assessment Program has embarked on a
comprehensive survey of Great Rivers in order to provide tools the states need to better manage and protect these important
national resources. This survey will assess the health status of the Missouri, Mississippi, and Ohio Rivers using indicators of
water quality, sediments, algae, plants, insects, and fish. The Natural Resources Research Institute’s task in this project is to
develop indicator tools from the algae, collected from hundreds of sites throughout the Great Rivers system. A variety of
algal based tools will be developed for use by environmental managers and agencies.

Background

The Natural Resources Research Institute is developing indicator tools from algae, collected from hundreds of sites
throughout the Great Rivers system. Indicators will be available to track ecological quality using periphytic and
phytoplanktonic assemblages. These indicator approaches will support future monitoring and paleoecological programs, and
be used to identify and verify reference locations in rivers.

Previous Activity
We have nearly completed four years of the Great Rivers-algae project.

Four articles from this project have been published or are in review:

1. Reavie ED, Jicha TM, Angradi TR, Bolgrien DW, Hill BH. 2009. Algal assemblages for large river monitoring:
comparison among biovolume, absolute and relative abundance metrics. Ecological Indicators.

2. Sgro et al. Development of new rapid-assessment indicators using river algae, and comparing these indicators to
approximately 20 indicators currently in use worldwide.

2. Kireta et al. Development of a weighted-averaging model to infer environmental quality using periphytic and
phytoplanktonic algae from the Great Rivers.

3. Kireta et al. Determination of the appropriate data structure for Great Rivers algae indicators. For instance, should we be
using relative abundance of species? Biovolumes? Relative biovolumes? Density? Other considerations include comparison
of species- and genus-based indicators.

Current Activity
We have completed the Great Rivers-algae project.

Four articles from this project have been published or are in review:

1. Reavie ED, Jicha TM, Angradi TR, Bolgrien DW, Hill BH. 2009. Algal assemblages for large river monitoring:
comparison among biovolume, absolute and relative abundance metrics. Ecological Indicators.

2. Sgro GV, Reavie ED, Kireta AR, Angradi T, Jicha, TM, Bolgrien, DW, Hill BH. 2010. Comparison of diatom-based
indices of water quality for mid-continent (USA) Great Rivers. Environmental Bioindicators.

2. Kireta et al. Development of a weighted-averaging model to infer environmental quality using periphytic and
phytoplanktonic algae from the Great Rivers.

3. Kireta et al. Determination of the appropriate data structure for Great Rivers diatom indicators. Journal TBD.

Principal Investigator(s)

Euan Reavie
Project Sponsor(s) Amount  Account Active
Environmental Protection Agency 535,199 1628-189-6289-00 10/01/2005  09/30/2010

Total $535,199

Start Date: 10/01/2005 End Date: 09/30/2010 Project ID: 1397
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ECOSYSTEM STUDIES - Water Resources

Developing a Diagnhostic Tool for Assessing Excessive Sediment Harm to Stream
Communities

Objective
To create an indicator of harm to stream biotic communities due to excessive fine sediments.

Background

A number of north shore streams are on the MPCA impaired waters list because of erosion, sediment deposition, and
turbidity problems. Excess sediment deposits reduce habitat space for the aquatic macroinvertebrates upon which fish feed,
and make spawning more difficult for gravel-spawning fishes.

Our goal is to develop a suite of metrics using stream macroinvertebrate community condition specific to fine sediment
deposition. The end result will be a tool that allows water quality managers to determine if sediments are causing biological
impairments in streams. The diagnostic tool will help us determine the amount that excess sediment deposits are
contributing to any impairment found when macroinvertebrate communities are sampled, even if sediment amounts are not
high when samples are collected. Because this sediment-specific tool will be developed using standard invertebrate
sampling methods, it can be used to re-evaluate historic datasets for streams of interest. Including historic data will give us
an idea of how much sediment deposition contributed to past stream problems, and whether the severity of these effects has
changed over time.

Previous Activity

Sediment sampling was completed at all sites five times across a permanent transect at each riffle at each site to track how
sediment sizes and embeddedness changed over the course of the summer after various sizes of storm events. The data
collected included precipitation amount, current velocity, bankful width, turbidity, temperature, pH, conductivity and
dissolved oxygen. The stream bed grain size distribution was measured using a Wolman Pebble Count in conjunction with
percent composition in sediment size classes in 0.25 sg. m quadrats across the transect. Percent embeddedness was also
estimated within each quadrat. Additionally, a sediment sample was collected to determine the size composition of fine
sediments (sands, silts, and clays). We collected macroinvertebrate samples at all 22 stream sites between mid-August and
the end of September.

Current Activity

Much of the stream sediment sample data have been entered into spreadsheets. Streams covered a range of embeddedness,
from not at all embedded, to 25% embedded. The Wolman pebble count and quadrat size classification were compared and
used to find the median grain size. The size distribution is one of the sediment characteristics that will be linked to
macroinvertebrate traits. Unfortunately, the two different methods used to measure stream substrate size do not compare
well with each other, indicating that they cannot be used interchangeably.

Almost all invertebrate samples have been picked and most have been identified. Samples were picked and identified to
lowest taxonomic unit possible, usually genus (except for Chironomidae). Data are being entered into spreadsheets and then
moved into a database.

Principal Investigator(s)
Valerie Brady

Project Sponsor(s) Amount  Account Active
MN’s Lake Supr Coastal Prog (USDOC 47,997 3013-10426-00017075 08/16/2010  12/31/2011
NOAA)

Total $47,997

Start Date: 08/16/2010 End Date: 12/31/2011 Project ID: 1622
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ECOSYSTEM STUDIES - Water Resources
Duluth Residential Stormwater Reduction Demonstration

Objective

Determine whether property-owner-based stormwater reduction practices are effective in reducing peak stormwater runoff
in Duluth due to the cold climate, clay soils, and surficial bedrock.

Background

We propose to demonstrate the effectiveness of residential Best Management Practices (BMPS) at reducing stormwater
runoff problems for Lake Superior tributaries. We will install residential BMPs in a subwatershed in an older residential
neighborhood and compare the runoff to that of a similar control subwatershed without stormwater BMPs. The
neighborhoods identified for the program are located in the Lester-Amity stream system that is on the Minnesota 303(d) list
for turbidity. Tributaries receiving the runoff from the targeted neighborhoods/subwatersheds are being severely eroded by
high peak flows and deliver highly turbid water to Amity Creek. Water flow, temperature, and turbidity measurements will
be taken within storm sewers in both subwatersheds before and after BMP installation, requiring three full field seasons of
work. Flow, temperature, and turbidity data from storm sewer flow will be posted and interpreted on the educational Lake
Superior Streams website, as will final results. Resident knowledge of runoff issues, solutions, and responsibilities will be
evaluated at the beginning and end of the project. Results from this demonstration project should be applicable throughout
the Great Lakes.

Previous Activity

During summer 2009 stormwater BMPs were provided for about 22 properties in the area chosen for treatment. These
included planting (and protecting from deer) more than 250 trees and shrubs with wildflowers between to reduce yard space
for folks to mow; 5 rain gardens; 22 rain barrels; 6 rock-filled sumps; and aeration on 20 yards. Most of the work was done
by the Minnesota Conservation Corps youth and young adult crews, supervised by Center for Water and the Environment
scientists, Duluth utilities department, Barr Engineering, and South St. Louis Soil and Water Conservation District
personnel. MCC personnel also dug several long trenches, re-dug a stormwater ditch, and installed 5 ditch checks to
improve and clean up stormwater flow.

Current Activity

Monitoring equipment (flow, temperature, conductivity, and turbidity) was installed in the three neighborhood storm sewer
systems again for the ice-free season of 2010. These data will be compared to the pre-installation data from 2008 to
determine how much stormwater runoff has been reduced from the treatment street properties.

In addition, two rain garden workshops were taught during summer 2010, with the construction of one additional rain
garden for each workshop. There were approximately 15 participants in each workshop and they helped plant the rain
gardens.

Rain gardens constructed in 2009 look very good and appear to be functioning well.

Data analysis is continuing, and should be finished by the end of May, 2011.

Principal Investigator(s)
Jesse Schomberg

Richard Axler

Valerie Brady

Project Sponsor(s) Amount  Account Active
City of Duluth (MPCA Prime) 121,482 02/27/2008  06/01/2011
Total $121,482

Start Date: 02/27/2008 End Date: 06/01/2011 Project ID: 1528
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ECOSYSTEM STUDIES - Water Resources
Ecological Design for the St. Louis River Area of Concern

Objective
To develop an ecological design for restoring the Fish and Wildlife Service 40th Avenue West project area.

Background

The lower 21 miles of the St. Louis River, the largest U.S. tributary to Lake Superior, form the 4856 ha St. Louis River
estuary. Despite the effects of more than 100 years of industrialized and urban development as a major Great Lakes port, the
estuary remains the most significant source of biological productivity for western Lake Superior, and provides important
wetland, sand beach, forested, and aquatic habitat types for a wide variety of fish and wildlife communities.

The St. Louis River Alliance Habitat Plan identified several sites within the AOC with significant habitat limitations. One of
these sites, the “40th Avenue West Habitat Complex” was identified by a focus group within the SLRA Habitat Workgroup
as a priority for a “remediation-to-restoration” project.

NRRI scientists are working with the SLRA Habitat Workgroup to develop an "Ecological Design" that will be used to
develop remediation and restoration plans for the 40th Ave site.

Previous Activity

This is a new project.

Current Activity

In late summer and fall of 2010, CWE scientists conducted a comprehensive sampling of vegetation, macroinvertebrates,
and birds within and around the 40th Avenue project area. This work is summarized in NRRI Technical Report NRRI/TR-
2010/24.

The NRRI Geographic Systems Laboratory assembled a suite of spatial data relevant to the developing an ecological design,
these include bathymetry, substrate, wind fetch, as well as locations of all sample points.

The GIS data coupled with field information will be used to develop a statistical model predicting the occurrence of
submerged and emergent aquatic vegetation. This model will provide a guide toward identifying remediation efforts to
restore habitat within the 40th Ave project area.

Principal Investigator(s)
George Host
Lucinda Johnson

Project Sponsor(s) Amount  Account Active
USDI Fish and Wildlife Service 143,980 3002-10426-00019490 08/01/2010  09/30/2011
Total $143,980

Start Date: 08/01/2010 End Date: 09/30/2011 Project ID: 1620
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ECOSYSTEM STUDIES - Water Resources

Ecosystems Study Area Working Group: Investigating the Effects of Changes in Lake
Level on Coastal Ecosystems

Objective

To develop mathematical relationships between water levels and various coastal ecosystem indicators. These relationships
will be used in various water level scenarios run over 100 years to determine potential ecosystem effects of various
proposed regulation plans.

Background

The U.S. Army Corps of Engineers is evaluating changing the way Lake Superiors water level is regulated at the St. Mary's
River locks and dams. While there are many things to consider (shipping, tourism, lake homes, etc), coastal ecosystem
impacts are also possible. Our group of researchers has long-term datasets for many coastal areas on the Upper Great Lakes
(Superior, Michigan, and Huron), which we will use to determine potential effects of the various water level regulation
plans.

Previous Activity

Working with modelers at LimnoTech, Great Lakes coastal ecosystem researchers are developing mathematical
relationships between water level and various coastal habitats and species. These mathematical relationships will be used in
models that predict water levels on the Upper Great Lakes over the next 100 years for various water regulation scenarios.
Researchers spent summer 2010 sampling select areas, developing detailed bathymetry maps of representative vulnerable
areas, and developing relationships between various biotic and habitat metrics and water levels or water level changes.

Current Activity

Researchers met with LimnoTech modelers to finalize relationships between biotic indicators and water levels, water level
changes, and water level seasonality. Biological indicators include those related to wetland vegetation, wetland and shore
birds, aquatic invertebrates, and wetland fish. Models have now been made of all these indicators that allow comparison of a
variety of water level regulation scenarios. These scenarios will be reviewed by the International Joint Commission study
board and the committee charged with making recommendations on water level regulation. The researchers and Limno-Tech
are working on a final report on their findings, and on presentations and publications of their results.

Principal Investigator(s)
Valerie Brady

Project Sponsor(s) Amount  Account Active
USDOD Army Corps. Engineers 300,004 3002-10426-00014506 01/04/2010 12/31/2010
Total $300,004

Start Date: 11/13/2009 End Date: 09/30/2010 Project ID: 1560
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ECOSYSTEM STUDIES - Water Resources
GLEI Il - Indicator Testing and Refinement

Objective

Background

A comprehensive basin&#8208;scale suite of biological, chemical, and habitat indicators throughout the Great Lakes
ecosystems, along with monitoring plans for the long&#8208;term measurement, will provide valuable information on Great
Lakes. Better understanding the condition of this vast resource is vital to the parties charged with administering the
agreement (e.g., International Joint Commission, Great Lakes Water Quality Board, Great Lakes Science Advisory Board).
The GLEI&#8208;!1 project will focus on wetland near shore conditions of the Great Lakes, and consist of five tasks:

1) Refine coastal ecosystem indicators from previous monitoring programs through calibration against updated
landscape/land use information within the entire Great Lakes basin, 2) test the temporal and geographic integrity of existing
Great Lakes indicators. Determine scores for a suite of metrics from sites not sampled previously, and test the applicability
of metrics across the entire Great Lakes basin, including Canada, 3) test and compare analytical techniques to
cross&#8208;calibrate indicators from concurrent monitoring programs, 4) evaluate indicators for
cost&#8208;effectiveness, 5) implement a data collection, analysis, and reporting system (DMS) for recommended
indicators. Implement a web&#8208;based reporting system that integrates landscape/land use information systems, and 6)
Create a map of baseline conditions for the Great Lakes basin based on historical and current monitoring information.

Previous Activity
This is a new project.

Current Activity

The process for selecting Great Lakes coastal wetlands to obtain updated calculations on various human disturbance
variables was completed. From this effort, a prioritized set of sample locations were identified and submitted to various
state agencies for collection permit approval. Cooperative efforts with a Coastal Wetland Consortium effort has been
established. The project QAPP was approved by February 2011. Work progress appears to exceed project funding rate with
only 3% ($18,942.85 in salary expenditures from a total of $640,437.00 in Year 1 project costs) of the proposed budget
having been incurred since 17 January 2011.

During the next reporting period, approximately 40 Great Lakes coastal wetlands will have received overlap monitoring
efforts for birds, amphibians, fish, macroinvertebrates aquatic vegetation, habitat characterization, and water quality
sampling. Numerous other locations will also be monitored for birds, amphibians, and water quality due to less time
restriction per location. Analysis key to the refinement of indicators will commence as updated GIS coverages are
introduced, and further effort is realized on fish and invertebrate data from previous sampling efforts. During the next
reporting period, staff will have been trained and approved for field collection, various data will be immediately available
following site visits, and laboratory sample processing will be underway.

Principal Investigator(s)
Dan Breneman
Lucinda Johnson

Project Sponsor(s) Amount  Account Active
Environmental Protection Agency 640,437 3002-10426-00018842 08/01/2010  01/31/2014
Total $640,437

Start Date: 08/01/2010 End Date: 01/31/2014 Project ID: 1625
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ECOSYSTEM STUDIES - Water Resources
Great Lakes Biological Monitoring: Phytoplankton

Objective

The primary objectives of the Great Lakes phytoplankton program are to: 1) collect phytoplankton from the Great Lakes; 2)
identify and enumerate phytoplankton, maintaining quality assurance standards; 3) maintain a database of phytoplankton
data; 4) interpret phytoplankton data, including evaluation of long-term trends in phytoplankton and food web dynamics; 5)
dissemination of data and interpretations through reports, presentations, peer-reviewed journals and on the internet.

Background

Phytoplankton are known to respond to stressors such as nutrient loading and invasive species. We will take a
comprehensive approach to GLNPO’s Biological Monitoring program for the Great Lakes using proven sampling and
evaluation techniques. New and long-term phytoplankton data will be used to track shifts in the offshore biological
community related to natural and anthropogenic influences.

The research will characterize and evaluate phytoplankton communities throughout the Great Lakes. Analyses of these data
in concord with long-term sampling data, and other project data (e.g., zooplankton, water quality) will provide
interpretations of stressor influences on lake biology. A database of detailed, quality-assured phytoplankton data will be
provided for contemporary and future evaluations of Great Lakes condition.

Previous Activity

All 2007 through Spring 2010 samples have been prepared and 2007 and 2008 data have been submitted to EPA. Seven
month-long sampling cruises aboard the R/V Lake Guardian have been completed and we are currently planning for the
eighth. We have created a series of photographic plates for algal taxonomy in the Great Lakes, and a detailed database of
pelagic Great Lakes algae is under development. We have initiated development of a SOLEC indicator that will use algal
monitoring data to track pelagic condition in the lakes.

Several taxonomic workshops and QA/QC sessions were held to ensure taxonomic accuracy for the project.

Sample assessments show that significant changes have occurred in the Great Lakes food web over the last decade. These
shifts are being examined for causes and trophic linkages. Three articles from this study are in review.

Current Activity

All 2007 through 2010 pelagic Great Lakes samples have been collected, prepared and analyzed for phytoplankton. Spring
2011 sampling is currently under way. A detailed database of pelagic Great Lakes algae is under development and we have
initiated development of a SOLEC indicator that will use algal monitoring data to track pelagic condition in the lakes.

Sample assessments show that significant changes have occurred in the Great Lakes food web over the last decade in
response to establishment of non-native dreissenids and changing water quality. In particular, algal density and biomass are
decreasing basin-wide, with the exception of Lake Erie which shows significant blooms of diatoms in the spring. These
shifts are being examined for causes and trophic linkages. Three articles from this study are in review.

Principal Investigator(s)

Euan Reavie
Project Sponsor(s) Amount  Account Active
Environmental Protection Agency 1,000,000 1628-189-6315-00 03/01/2007  02/28/2012

Total $1,000,000

Start Date: 03/01/2007 End Date: 02/28/2012 Project ID: 1487
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ECOSYSTEM STUDIES - Water Resources
Great Lakes Coastal Wetland Monitoring

Objective
To assess the biotic condition of all the major coastal wetlands of the Great Lakes, US and Canadian shorelines.

Background

Building on the indicators developed by the Great Lakes Coastal Wetland Consortium and the Great Lakes Environmental
Indicators Project, this project will now assess the baseline biotic condition of all the major coastal wetland complexes
along the coasts of the Laurentian Great Lakes. Biotic communities to be assessed include birds, frogs, fish, aquatic
invertebrates, aquatic macrophytes, along with supporting water quality and habitat. This project will spend 5 years
sampling and assessing coastal wetlands around the Great Lakes using crews based in Duluth, Green Bay,
Michigan/Indiana, New York, Windsor, and eastern Ontario.

Previous Activity
This project just started in Dec. 2010, but is based on the work done in the GLEI | project.

Current Activity

The winter was spent carefully writing a Quality Assurance Project Plan (QAPP) for EPA GLNPO that included very
detailed information on how samples will be collected, processed, and handled, and how all project teams will ensure the
quality of the data they collect. Quality assurance will be ensured through rigorous training and oversight, and through a
number of data checks before the data are released and used. The QAPP was signed by EPA at the end of March.

The NRRI GIS lab created a site selection system that was used by all collaborators across the Great Lakes to virtually
review and select sites appropriate for sampling. 1039 sites were selected for the 5 years, with approximately 208 sites
selected for the first year of sampling. NRRI fish/bug/veg crews will be sampling about 35 sites, while bird/amphibian crews
will sample about 50 sites.

Field crews have been preparing for the field season, including preparing detailed standard operating procedures (SOPs) for
all work, creating field data forms, obtaining appropriate sampling permits, coordinating with neighboring crews, and
obtaining needed equipment and supplies.

Bird/amphibian sampling will begin in May.

Principal Investigator(s)
George Host

Gerald Niemi

Lucinda Johnson

Richard Axler

Valerie Brady

Project Sponsor(s) Amount  Account Active

Central Michigan University (EPA Prime) 179,353  3014-10429-00023385 09/10/2010  08/31/2015

Central Michigan University(EPA Prime) 139,643 3014-10426-00023387 09/10/2010  08/31/2015

Central Michigan University(EPA prime) 72,153 3014-10426-00018810 09/10/2010  08/31/2015

Central Michigan University(EPA prime) 79,421 3014-10424-00023381 09/10/2010  08/31/2015

Central Michigan University (EPA Prime) 25,596 3014-10423-00023390 09/10/2010  08/31/2015
Total $496,166

Start Date: 09/01/2010 End Date: 08/31/2015 Project ID: 1605
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ECOSYSTEM STUDIES - Water Resources
Lake Superior Beach Monitoring 2010

Objective

Assist the EPA funded, Minnesota Pollution Control Agency directed Lake Superior Beach Monitoring and Advisory
program for 2010.

Background

NRRI was contracted by the MPCA to carry out the Minnesota Lake Superior Beach Monitoring and Advisory Program for
2010.

Previous Activity

Unfortunately, administrative delays led to a truncated monitoring season of only ~ six weeks (August and September).
Samples were collected from previously designated beach sites and immediately delivered to the NTS, Inc Lab which
performed assays for fecal indicator bacteria (E. coli) in all water samples. Final, quality assured concentrations were then
immediately reported to MPCA and NRRI for posting on the www.mnbeaches.org website. Exceedances of the E.coli
criterion triggered notification of agencies, media, and other interested parties, and the physical placement of an Advisory
Warning Sign on the flagged beach.

Current Activity

Data were compiled and reported in an annual report submitted to the MPCA in Duluth for submission to EPA (also
published as an NRRI technical report). We compiled all of the historical data for each beach site along with graphs for
explanatory and exploratory statistical analyses.

Principal Investigator(s)

Richard Axler
Project Sponsor(s) Amount  Account Active
Minnesota Pollution Control Agency 67,299 3013-10423-00019684 08/16/2010  09/30/2010

Total $67,299

Start Date: 08/16/2010 End Date: 09/30/2010 Project ID: 1624
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ECOSYSTEM STUDIES - Water Resources
Lake Superior Streams Sediment Assessment

Objective

Background

This project will develop a TMDL process that links water quality standards used for TMDLs and aquatic health responses
in the water system, including links back to watershed landscape factors, such as soil and land use. This effort focuses on
turbidity and measurable surrogates, such as suspended sediments.

NRRI's portion of this work involves delineating of watershed boundaries, assembling relevant geospatial data, and
quantifying natural environmental and human disturbance gradients. These data will be used to identify reference condition
watersheds and support the design of a monitoring strategy to assess stream conditions along the north shore.

Previous Activity

This is a new project

Current Activity

An ArcHydro delination of watersheds was applied to north shore watersheds. Geospatial data layers assembled for this
project included slope, soils, geology, drainage area, stream length and order, land use and road density.

These factors were integrated into a anthropogenic/environmental stressor index. Relationships between the index and
stream water quality measurements are being evaluated.

Principal Investigator(s)
George Host

Project Sponsor(s) Amount  Account Active
MN Pollution Control Agency 75,000 3005-11032-00011331 06/18/2009  06/30/2011
Total $75,000

Start Date: 06/18/2009 End Date: 06/30/2011 Project ID: 1634
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ECOSYSTEM STUDIES - Water Resources
Landscape Metrics for Coastal Wetland Integrity Indices

Objective

To test existing landscape indicators of coastal marsh integrity that can be incorporated into a coastal wetland monitoring
program. Using the same set of coastal marshes selected for the USGS project we will:

1) Evaluate the ability of individual landscape indicators to discriminate between reference, disturbed, and managed sites.
2) Analyze redundancy among landscape indicators and between landscape and site specific indicators.

Because funds for monitoring are often tight, it is advantageous to maximize the amount of information relative sampling
costs in a monitoring program. For example, it would not be wise to monitor more than one variable that conveyed the same
information. Thus, one part of developing a multi-metric assessment is to evaluate redundancy among indicators. If there are
indicators that are highly redundant, then the variable that is more expensive to monitor or is less useful may be eliminated
from consideration.

Background

The National Wildlife Refuge System includes 161 coastal refuges on 1,045,925 acres of coastal marsh. The majority of
these marshes have experienced some form of anthropogenic alteration such as oil spills, chemical mosquito control,
drainage for mosquito control, salt hay farming, introduction of invasive species, restricted tidal flow, road construction, or
channelization. These alterations impact both the intrinsic value of coastal marshes as well as the quality of marsh habitat
for the unique wildlife they support.

Tools for the assessment of ecological condition remain underdeveloped for these ecosystems. Such tools are critically
needed to guide decisions regarding protection, management, and restoration. The most meaningful and useful assessments
of ecosystem condition are based on reliable indicators of ecosystem integrity that are integrative across several spatial
scales and levels of biological and environmental organization.

Neckles et al. (2008) listed >50 measurable attributes for coastal marshes that could serve as indicators for coastal marsh
condition. USGS is evaluating the response of candidate indicators within coastal marshes on 15 NWRs throughout the
Atlantic and Pacific coasts of the U.S. In conjunction with site specific indicators, there is a need to evaluate landscape
indicators for this same set of coastal marshes.

Previous Activity

Examples of wetland characteristics that can be used as landscape indicators: landscape position, wetland size, wetland
exposure, habitat heterogeneity, connectivity, surrounding land use, wetland morphology, and human use.

Current Activity

Wetland monitoring was conducted in 13 National Wildlife Refuges, with sampling in reference, disturbed and managed
areas. Landscape data and metrics were acquired across the regions. Derivation of additional landscape indicator metrics
and statistical analyses are underway.

Principal Investigator(s)
Jennifer Olker
Lucinda Johnson

Project Sponsor(s) Amount  Account Active
USDI US Geological Survey 64,330 3002-10426-00012660 08/01/2009  09/30/2011
Total $64,330

Start Date: 08/01/2009 End Date: 09/30/2010 Project ID: 1561
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ECOSYSTEM STUDIES - Water Resources
Low Impact Development on the North Shore: Lessons Learned

Objective

We propose to: 1) operate the LakeSuperiorStreams.org (LSS) sentinel stream network and its easy access web portal for
disseminating water resource information, interpretive materials, and Regional Stormwater Protection Team information to
the public to understand the environmental, public health and regulatory issues related to North Shore stream condition as
affected by land use management; 2) develop an enhanced LID toolkit for LSS to document what LID techniques have been
used, develop web- and print materials to explain local examples, hold a workshop with local/regional experts, and develop
a “virtual tour™ of LID projects in the area, with photos and videos including discussions with project designers, builders,
and owners about the practices.

Background

This project continues funding for the LakeSuperiorStreams.org project via the NOAA/MDNR funded Lake Superior
Coastal Program. Its goal is to improve environmental literacy and decision-making in regard to regional water resource
issues by providing online public access to real-time water quality data and other relevant data and interpretive information.
It also will update its Site Design Toolkit which provides comprehensive information for homeowners, business owners,
communities, contractors, and landscape/development associated businesses regarding low impact development associated
best management practices for reducing stormwater runoff and erosion. Major partners include: the city of Duluth, MPCA-
Duluth, WLSSD, the S. St Louis SWCD, and the Superior RSPT.

Previous Activity

Filming of the construction of residential rain gardens and other stormwater features by a film crew working with the St.
Louis County Planning dept began in July in the conjunction with the Lakeside Stormwater Retrofit Reduction project
(Project ID: 1528). We have also provided technical editing of a series of films developed by the county to educate
shoreland property owners.

Current Activity

We have maintained real-time automated stream water quality and flow gauging instrumentation at 4 Duluth area trout
streams. Data collected every 15 minutes are posted daily on the LSS website where they are available to the public in
various formats incl. an interactive plotting and animation tool. Also, the data collected since 2002 have been analyzed and
related to suspended sediment, mercury, and phosphorus levels through the years and seasons to both characterize stream
condition and their sediment, nutrient, and mercury loading to the near shore zone of Lake Superior and the St. Louis River
estuary (2 publications). Regional low impact design practices for stormwater control and erosion reduction have been
inventoried, and photographed for inclusion in a National LID Practices Atlas. The atlas is accessed via interactive on-line
maps. In addition, in Nov 2010, this project put on the Northland Innovative Stormwater Conference that presented
information about innovative stormwater management practices applicable to our region.

Principal Investigator(s)

Richard Axler

Project Sponsor(s) Amount Account Active

MN's Lake Sup Coastal Prog 89,987 3013-10423-00007522 09/04/2009 12/31/2011
(USDOCNOAA

Total $89,987

Start Date: 09/04/2009 End Date: 12/31/2011 Project ID: 1567
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ECOSYSTEM STUDIES - Water Resources
Managing the Nations Fish Habitat at Multiple Spatial Scales

Objective

Objective 1: To refine empirical and mechanistic models for predicting extent of cold water fish habitat under current land
use and climate regimes. Predict oxythermal habitat for coldwater fish species using an empirical model incorporating
existing land use, lake morphometry, and climate data. Test single lake mechanistic model (Stefan and Fang, ongoing)
predicting temperature and hypolimnetic oxygen concentrations using historic physical, water quality, and cisco abundance
data for a subset of Minnesota’s stratified lakes. Refine model to accommodate predictions of additional cold water fish
species habitat, beyond cisco.

Obijective 2: Predict future extents of cold water fish habitat in lakes of the Glacial Lakes region under future climate and
land use scenarios. Develop predictions of the potential to retain oxythermal habitat in lakes under changing land use for
distinct lake classes and/or geographic regions using an empirical model. Develop predictions of the potential to retain
oxythermal habitat in individual lakes under changing land use for distinct lake classes and/or geographic regions using a
mechanistic model.

Background

Coldwater fish communities are especially vulnerable to eutrophication and the effects of climate change. Climate warming
has the potential to reduce coldwater fish habitat by direct warming in unstratified lakes and increased hypolimnetic oxygen
depletion in stratified lakes from extended periods of stratification and thermocline deepening (Schindler et al. 1996; Stefan
et al. 1996; Magnuson et al. 1997; Fang et al. 2004).

Deep lakes with large, oxygenated hypolimnions may represent important sanctuaries for coldwater species such as cisco.
Projected range reductions for cisco would allow for the identification of high priority refuge lakes. Once identified, lake
watershed protection efforts could be directed at refuge lakes to prevent further anthropogenic impacts. Conservation efforts
could be enacted to prevent increased nutrient loading that would change the trophic state of these refuge lakes and thereby
threaten hypolimnetic oxygen levels.

Previous Activity

Project personnel, including L. Johnson and William Herb (research associate, St. Anthony Falls Hydrologic Laboratory,
Univ. MN) attended a project meeting in Bozeman, MT in July and met with project collaborators working on predictions
of fish habitat in streams of the Glacial Lakes Partnership region. Current efforts are focused on 1) developing empirical
models to predict the threat of increased nutrient loads to lakes, and 2) predicting responses of lakes to increased nutrient
loads under current climatic conditions.

Current Activity

Principal Investigator(s)
Lucinda Johnson

Project Sponsor(s) Amount  Account Active
USDI CESU Coop Ecosystem Study 177,727 3002-10426-00015141 01/19/2010 12/31/2010
Total $177,727

Start Date: 01/19/2010 End Date: 12/31/2011 Project ID: 1563
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ECOSYSTEM STUDIES - Water Resources

Near-Term Design for the Great Lakes Coastal System for Great Lakes Environmental
Research Lab, Ann Arbor, Ml

Objective

The Great Lakes Observatory System (GLOS) is an effort dedicated to providing wide internet access to real-time and
historic data on the hydrology, biology, chemistry, geology and cultural resources of the Great Lakes, its interconnecting
waterways and the St. Lawrence River. The near-term design effort will map the path forward for the next five years of
GLOS evolution. The GLOS architecture will clearly lay out the necessary steps for implementation of a completely
responsive and flexible system that also leverages existing investments in GLOS and partner sensors.

Background

Previous Activity
This is a new project.

Current Activity

NRRI's task in GLOS development has included: (1) characterization of "model regions" that represent the types of zones
that could be characterized by observational data; (2) compilation of a list of indicators or "sensors" that could be measured
and/or queried using the GLOS.

Principal Investigator(s)

Euan Reavie

Lucinda Johnson

Richard Axler

Project Sponsor(s) Amount  Account Active

Limnotech (Prime USDOC NOAA) 37,000 3010-10426-00020775 10/04/2010  06/13/2011

Total $37,000

Start Date: 10/04/2010 End Date: 06/13/2011 Project ID: 1626
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ECOSYSTEM STUDIES - Water Resources

Research Development Testing and Evaluation Facility for Ballast Treatment in the
Great Lakes Region

Objective
The Great Ships Initiative (GSI) is a innovative collaboration whose objective is to end the problem of ship-mediated

invasive species in the Great Lakes-St. Lawrence Seaway System, including through independent research and
demonstration of environmental technology, financial incentives and consistent basin-wide harbor monitoring.

Background

The near-term objective of the GSI is to significantly accelerate research, development and implementation of effective
ballast treatment systems for ships that visit the Great Lakes from overseas. To that end, the GSI has established research
capabilities at three scales—bench, land-based, and shipboard. Each scale is dedicated to addressing specific evaluation
objectives, with protocols as consistent with the International Maritime Organization (IMO) and federal requirements as
practicable.

NRRIs role in the GSI is to test candidate ballast water systems to ensure they are able to meet the IMO’s criteria for
mortality of the microorganisms carried in ballast water.

Previous Activity

Last summer we completed testing of the first candidate system, and the final report from that testing has been published
(http://www.nemw.org/GSI/GSI-LB-F-A-1.pdf). 2010 efforts are in progress, and preliminary testing of a candidate lye
(NaOH) treatment system is complete. Two additional treatment systems (developed by Alfa Wall) are in line for testing
this summer.

Efforts have been allocated to determining appropriate methods for assessing whether treatment systems are effectively
killing organisms. The first article establishing a new method for assessing phytoplankton mortality in ballast water has been
published in the Journal of Great Lakes Research (Reavie et al.).

Current Activity

Several candidate treatment systems have been tested and several reports to vendors and regulators have been provided
(www.greatshipsinitiative.org)

2011 efforts are just beginning. In addition to testing of candidate systems we are evaluating the contents of actual ships in
the Great Lakes to determine the continued potential for non-native species introductions.

Principal Investigator(s)

Euan Reavie

Project Sponsor(s) Amount  Account Active

University of Wisconsin Superior 30,000 1673-189-6311-00 01/22/2007  12/31/2007
University of Wisconsin Superior 17,497 1673-189-6323-00 12/01/2007  05/31/2008
Northeast Midwest Institute 249,932 06/01/2008  08/31/2011

Total $297,429

Start Date: 01/22/2007 End Date: 08/31/2011 Project ID: 1469
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ECOSYSTEM STUDIES - Water Resources

Restoring Impaired Lake Superior Tributaries: Stormwater BMP Evaluation, Education,
and Outreach

Objective

Our primary goal is to coordinate with local agency remediation/BMP projects and the existing Chester, Kingsbury, Tischer,
Amity and Poplar Creek/River automated water quality monitoring and public education effort carried out by the
LakeSuperiorStreams.org project to demonstrate their effectiveness at reducing stormwater runoff problems as indicated by
upstream-downstream and before-after water quality and biological monitoring.

Background

Urban Duluth streams are generally similar to the less developed watersheds of the North Shore with >70% forested, similar
geology and hydrology, and in the case of Amity in particular, the potential for increased development pressure. Therefore,
Duluth’s streams can serve as pilot-watersheds for evaluating restoration, mitigation and planning strategies for use in
protecting more pristine, but developing, North Shore streams.

Previous Activity

1) Graves Road Creek restoration -lower Amity Cr. We have worked with the city of Duluth to develop a project including
new culverts, flow rerouting, bank slope reductions, and sediment stabilization. Survey and design elements were outlined
by city engineers, with construction and implementation targeted for 2009. This ~400 ft project will replace and extend old
concrete culverts on the steepest, critical clay banks sections; to prevent further erosion; stabilize clay sloughing on other
creek sections; rip rap to prevent further scour; address side channel headcutting & erosion on a side creek just above
present culvert location. The engineering design was funded via Weber Stream Restoration Initiative funding and an
extensive baseline data set of upstream-downstream water quality, habitat and invertebrates was developed; 2)sampling
upstream and downstream of a sediment trap installed in Miller Cr. in 2004 behind Miller Hill Mall to evaluate its
performance. Sediment depth has also been determined throughout the trap and it will be re-surveyed if we can locate
original engineering drawings; 3) Upper Amity Cr bank stabilization. Engineering designs were developed to stabilize two
eroding bluffs with anticipated implementation in 2009. NRRI sampled for water quality, and bugs before the funding to
generate a year of intensive baseline water quality, suspended sediment levels and turbidity, and biological monitoring data
to assess project results and cost-effectiveness.

Current Activity

Water quality surveys were made during base and high flow periods above and below the Graves Rd Cr site and the East
Branch Amity site from 2007-2011; bug, fish, and habitat data were collected during mid-summer each year. These data will
establish a baseline for comparison with post-restoration data to determine the measurable benefits of the projects. We have
3 years of baseline data and one year of post-BMP data although re-vegetation activities will not happen until 2011. Data
are being analyzed for a Final Report. Additional data were collected at the Miller Cr. Sediment Trap from 2007-10 to
assess its efficiency.

Principal Investigator(s)
Dan Breneman

Richard Axler
Project Sponsor(s) Amount  Account Active
MN Pollution Control Agency 103,553 1662-189-9023-00 02/01/2007  06/30/2011

Total $103,553

Start Date: 02/01/2007 End Date: 06/30/2011 Project ID: 1511
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ECOSYSTEM STUDIES - Water Resources
St. Louis River Watershed Streams and Lakes: Water Quality Biological Monitoring

Objective

The overall project goal is to develop complementary (same year) physical, biological and chemical data sets for a range of
Minnesota Pollution Control Agency-prioritized streams and lakes in northeast Minnesota and to process and/or compile
historical, but modern, water quality and biological data into the overall state database.

Background

Water quality, biological, and habitat data are critical for identifying status and trends that may reflect short and long-term
water resource impairments in response to impacts at local, regional, and global scales such as urbanization, agriculture and
forestry practices, invasive species introductions, atmospheric deposition, and climate change. Ideally, since field
collections are costly, sampling designs and types of assessment data are best selected by considering multiple benefits and
efficiencies. NRRI is assisting the MPCA in assessing the condition of St. Louis River watershed lakes (14) and streams
(34) by collecting intensive water quality information and summer habitat, macroinvertebrate (bug) and fish data.

Previous Activity

Fourteen lakes were sampled five times each during the ice-free growing season of May through October (2009) for a suite
of core and advanced water quality parameters; 2) 22 MPCA-selected St. Louis River stream sites and 12 additional NRRI
stressor gradient selected SLR stream sites were sampled 10 times over the course of the 2009 ice-free season and a suite of
field and lab samples were analyzed and submitted to the MPCA; 3) the 34 streams were surveyed once in summer 2009 for
macroinvertebrates (bug), fish, and habitat assessment; 4) bug analysis are ongoing. The 12 stressor gradient selected sites
were chosen from across a G1S-based anthropogenic stressor gradient delineated from major sub-basin within the St. Louis
River watershed from a previous project. This will enable us to directly compare two different assessment processes and
sampling protocols across a range of conditions in the watershed.

Current Activity

All field sampling has been fished, quality assured, and submitted to MPCA for use in assessing the conditions in
subwatersheds of the St. Louis River watershed. We are now compiling water quality, habitat, macroinvertebrate (bug), and
fish data to determine (1) how well do the stressor gradient measures of condition correlate with the measured values for
biological organisms, water quality, and habitat condition. We are also conducting a study comparing bug data collected
using two different types of sampling methods that are both being used in the region.

Principal Investigator(s)
Dan Breneman

Lucinda Johnson

Richard Axler

Valerie Brady

Project Sponsor(s) Amount  Account Active
MN Pollution Control Agency 302,067 3005-10423-00009742 05/13/2009  06/30/2011
Total $302,067

Start Date: 05/13/2009 End Date: 06/30/2011 Project ID: 1542
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ECOSYSTEM STUDIES - Water Resources
Stressor Gradients and Spatial Narratives of the St. Louis River Estuary

Objective

Provide an assessment of reference and at-risk aquatic habitats in the St. Louis River watershed and estuary to guide future
monitoring, restoration, remediation, land use planning, along with community awareness and stewardship.

Background

The St. Louis River Estuary, simultaneously an EPA area of concern and soon to become Superior National Estuarine
Research Reserve, is a complex mosaic of high quality plant, animal, and aquatic habitat intermingled with areas of heavy
industrial use, contaminated sediments, and effluents from an urban landscape. Communities surrounding the estuary are
actively developing land use plans that will set the course for their future environmental and socioeconomic health, and it is
imperative that local decision makers have access to data, tools and technologies that allow them to make the best decisions
for their communities. Scientists and educators from University of Minnesota Duluth (NRRI and Sea Grant), Bemidji State
University, University of Wisconsin-Madison (Landscape Architecture, Sea Grant, Curiculum & Instruction, Local Games
Lab), and University of Wisconsin-Superior (Natural Sciences) are collaborating via both MN and W1 Sea Grant funding to
provide an assessment of reference and at-risk aquatic habitats in the St. Louis River watershed and estuary to guide future
monitoring, restoration, remediation, land use planning, along with community awareness and stewardship.

We will do this by systematically characterizing water quality, and plant and macroinvertebrate communities along a
watershed-based human stressor gradient, and using the results to map reference and at-risk sites within the estuary. This
gradient will be used to help build spatial narratives through multifaceted land, ship, and Internet-based outreach and
collaborative learning activities designed to communicate results to a wide variety of targeted end users, including youth,
teachers, citizens, managers, and local decision makers, as well as existing partnerships such as the Superior Regional
Stormwater Protection Team. Communication and education tools include an open geospatial archive, a ‘deep map’ that
incorporates vignettes of local communities, augmented reality games and geo-tours of the estuary, ship-based activities,
and a diverse array of complementary online resources. Results of this study are intended to help guide implementation of
the St. Louis River Habitat Plan, help prioritize monitoring, restoration, and remediation activities, and enhance public
awareness and understanding of estuaries in coordination with the development of the St. Louis River Estuary/Superior
National Estuarine Research Reserve.

Previous Activity
This is a new project.

Current Activity

Principal Investigator(s)
George Host

Richard Axler
Project Sponsor(s) Amount  Account Active
MN Sea Grant 110,311 1000-10424-20857-000169 02/01/2010  07/31/2011

Total $110,311

Start Date: 07/01/2010 End Date: 06/30/2012 Project ID: 1590
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Center for Water and the Environment — Program Notes

Scientific Presentations/Meetings

NRRI staff gave three presentations at the Minnesota GIS/LIS 2010 Conference held in Duluth, October

13-15.

- George Host and Terry Brown, “Spatial models for native plant community mapping at stand and
landscape scales.”

- Terry Brown, “GeoDjango: Python application server/geospatial database with web-based feature
editing.”

- Jennifer Olker and Lucinda Johnson, “Evaluating wetland connectivity in the Prairie Pothole
Region under climate change scenarios with graph theory and spatial pattern analysis.”

Valerie Brady gave the keynote address titled “Stormwater’s biotic impacts and human solutions” to the
Minnesota Wastewater Operators Association on July 28 in Grand Rapids, Minnesota.

Valerie Brady and Jesse Schomberg hosted two rain garden building workshops in June and August at
Minnesota Sea Grant as part of the Lakeside Stormwater Runoff Reduction Project.

Lucinda Johnson served as the academic research "sector" representative at the 2010 Climate Change
Adaptation Workshop, "Advancing the regional discussion on climate change adaptation by the Great
Lakes" in Buffalo, New York on Sept 22, 2010.

Subhash Basak participated in the 2010 Bio-Fuel and Energy Independence Symposium held at the
University of Wisconsin Superior on September 2. The symposium was sponsored by American Science
and Technology, UWS, South Dakota State University, Institute of Technology at West Virginia
University, and the Argonne National Laboratory.

Two NRRI staff members gave seminar talks at the 21st International Diatom Symposium in St. Paul,

Minnesota, held August 29 — September 3:

- Euan Reavie, “An experimental ‘State of the Lakes’ diatom indictor for the pelagic Great Lakes.”

- Amy Kireta, Euan Reavie, and Gerald Sgro (John Carroll University, Ohio) “Diatom indicators of
disturbance in U.S. Great Rivers.”

NRRI Scientist Euan Reavie attended the “Workshop on harmful phytoplankton that could potentially be
transported or introduced by ballast water,” held in Copenhagen, Denmark, October 14-15. This
workshop was mandated by the United Nations to derive a list of phytoplankton species that are or could
be of concern as potentially invasive ballast-borne organisms.

Subhash Basak, Jose Luis Villaveces (Universidad de los Andes, Colombia), and Guillermo Restrepo

(Universidad de Pamplona, Colombia) chaired an eight day, two-part mathematical chemistry workshop

titled, “The second mathematical chemistry workshop of the Americas,” held in Bogata and Pamplona,

Columbia August 19-27. Scientists and scholars from Asia, Europe, North America, and South America

participated in the workshop.

Basak gave the following presentations and lectures:

“Predicting bioactivity and toxicity of chemicals from mathematical descriptors.”

- “On the nature of mathematical chemistry” at a panel discussion titled “Chemomathematical core of
mathematical chemistry.”

- “Advancing frontiers and continuum of chemo-bioinformatics” at a panel discussion session titled
"Mathematical chemistry in touch with Omics."

- “Mathematical chemistry: a futuristic view.”

- “Insilico approach to drug discovery using mathematical descriptors.”
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Subhash Basak was invited to become an honorary editorial board member of the journal Research and
Reports in Biodiversity Studies.

Publications
Basak, S. C., D. Mills, R. Garg, B. Bhhatarai. 2010. A QSAR study of HIV protease inhibitors using
theoretical descriptors. Journal of Computer Aided Drug Design 6:269-282.

Basak, S. C. 2010. Chemo-bioinformatics based mathematical descriptors and their applications in
computational drug design. Current Computer Aided Drug Design. In press.

Basak, S. C., Q. Zhu, D. Mills. 2010. Prediction of anticancer activity of 2-phenylindoles: comparative
molecular field analysis versus ridge regression using mathematical molecular descriptors. Acta Chimica
Slovenica 57:541-550.

Basak, S. C., D. Mills, D. M. Hawkins, A. K. Bhattacharjee. 2010. Quantitative structure-activity
relationship studies of antimalarial compounds from their calculated mathematical descriptors. SAR and
QSAR in Environmental Research 21:103-125.

Basak, S. C. 2010. The role of mathematical chemodescriptors and proteomics based biodescriptors in
drug discovery. Drug Development Research. In press

Basak, S. C., D. Mills, B. Gute, A. T. Balaban, K. Basak, G. D. Grunwald. 2010. Use of mathematical
structural invariants in analyzing combinatorial libraries: a case study with psoralen derivatives. Journal
of Computer Aided Drug Design 6:240-251.

Dumke, J., T. Hrabik, V. Brady, K. Gran, R. Regal, M. Seider. 2010. Channel morphology response to
selective wood removals in a sand-laden Wisconsin trout stream. North American Journal of Fisheries
Management 30:776-790.

Johnson, L. B., G. E. Host. 2010. Recent developments in landscape approaches for the study of aquatic
ecosystems. Journal of the North American Benthological Society 29:41-66.

Lenz, K. E., G. E. Host, K. Roskoski, A. Noormets, A. Sober, D. F. Karnosky. 2010. Analysis of a
Farquhar-von Caemmerer-Berry leaf-level photosynthetic rate model for Populus tremuloides in the
context of modelling and measurement limitations. Environmental Pollution 158:1015-1022.

Moen, R., J. R. Rasmussen, C. L. Burdett, K. M. Pelican. 2010. Hematology, serum chemistry, and body
mass of free-ranging and captive Canada lynx in Minnesota. Journal of Wildlife Diseases 46:13-22.

Nandy, A., S. C. Basak. 2010. New approaches to drug-DNA interactions based on graphical
representation and numerical characterization of DNA sequences. Journal of Computer Aided Drug
Design 6:283-289.

Reavie, E. D., T. M. Jicha, T. R. Angradi, D. W. Bolgrien, and B. H. Hill 2010. Algal assemblages for
large river monitoring: comparison among biovolume, absolute and relative abundance metrics.
Ecological Indicators 10:167-177.

Reavie, E. D., A. A. Cangelosi, L. E. Alinger. 2010. Assessing ballast water treatments: Evaluation of
viability methods for ambient freshwater microplankton assemblages. Journal of Great Lakes Research
36:540-547.

Reavie, E. D., M. B. Edlund. 2010. Diatoms as indicators of environmental change in rivers, fluvial lakes
and impoundments. Pp. 86-97 in The diatoms: applications for the environmental and earth sciences (J. P.
Smol and E. F. Stoermer, Eds.). Cambridge University Press, New York.

Sgro, G. V., E. D. Reavie, A. R. Kireta, T. R. Angradi, T. M. Jicha, D. W. Bolgrien, B. H. Hill. 2010.
Comparison of diatom-based indices of water quality for mid-continent (USA) Great Rivers. Journal of
Environmental Bioindicators 5:48-67.
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Outreach

The Center for Water and the Environment hosted the following speakers at departmental Muffin

Meetings:

- Xianben Zhut, The beneficial uses of composts and technologies: the beautiful circle of waste -
composting -natural uses

- Grant Anderson, associate professor, Duluth Pharmacy Program, Thyroid hormone and brain
development

- Elizabeth Minor, associate professor, Chemistry and Biochemistry, Characterization of dissolved
organic matter in Lake Superior and its watershed: a study using ultrahigh resolution mass
spectrometry
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NRRI Business Development
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NRRI BUSINESS GROUP

NRRI has a mission to foster economic development of Minnesota’s natural resources in an
environmentally sound manner to promote private sector employment. As such, we have a range of
stakeholders, from the individual entrepreneur with an idea to very large industry, such as mining and
forestry. The NRRI Business Group focuses more on what can be referred to as NRRI’s niche, or
providing one-on-one entrepreneur/small business development, including the science behind taking an
idea to proof of concept and even to industrial scales. There are two areas that can limit NRRI’s ability to
assist the entrepreneur/small business. The first is their limited financial ability to pay for the services we
are capable of providing. But, if our scientists believe the idea has merit, preliminary market analysis
indicates the idea meets a national need and the economics appear to make sense, we do what we can to
help them out and even seek resources on their behalf (Product Development Fund and SBIR/STTR
reference below). The second area is the perception of how intellectual property is handled in the event
the research has patentable results. The University is a very large organization and has federal and state
considerations that are incorporated into standard research agreements. For instance, researchers must
have the right to publish their results. While this may be important to professors on a tenure track, the
scientists at NRRI focus on transferring the knowledge to entities that have the ability to commercialize
the technology (the entrepreneur) and do not have the same need to publish. The NRRI Business Group is
doing what it can to work with the various offices throughout the University to develop agreements which
capture the essence of what NRRI is about. Our work over the last five years has resulted in several
successful research agreements and we continue to explore ways in which NRRI shares in upfront risks as
well as shares in the rewards through a royalty structure in the event the client is successful with
commercialization (patentable or not). We only win when our client wins. We are proud of where we
have come and strive to make our process more entrepreneur/small business friendly. It is good for the
entrepreneur, our region, state, and the United States to collaboratively develop and transfer knowledge
and technology. The process takes time, but our experiences lead us to believe it is worth it.

The below activities encompass specific projects activities where the NRRI Business Group provided
assistance.

Intellectual Property Portfolio

> Biodiesel Technology — A patent was issued for this technology. The principal investigator is Pavel
Krasutsky. The base foundation for this technology is that an ethanol plant can improve its economics
by extracting additional oil from the Dry Distillers Grain and Solubles (DDGS), thus creating High
Protein DDGS and additional byproducts. NRRI was awarded $250,000 from IREE for one year of
additional research to advance to an industrial level. The budget was modified with additional
development work starting in the last half of 2010. A project manager was hired who has industry
experience and connections to help develop the markets for the technology as well as coordinate
bench scale and industrial pilot scale work with Crown Works.

» Systemic Plant Conditioning Composition (SPCC) — The patenting process continues on this
technology. The principle investigator is Tomas Levar, who has worked with collaborators from the
private industry for several years. An Exclusive License Agreement was executed on November 23,
2009. The Licensee filed for EPA registration in the spring/summer of 2010 and anticipates being
ready to market in spring 2011. The technology addresses plant protection through a systemic level
approach. Active ingredients are assimilated into tissue and dispersed through the plant. It may have
applications for pesticides, insecticides, and fungicides for non-agricultural plants.
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» Road Patch — NRRI continues to refine the formulation of the road patch to create the optimum
composition for what is called a “cold patch” with the ability to manufacture consistently with the
same performance. A focus group meeting was facilitated on the licensee’s behalf at NRRI.
Participants included local and state departments of transportation and CNN railroad. The focus group
meeting included a demonstration of the product, which was favorably received. NRRI and licensee
are working together to produce enough material for the various groups to conduct their own
demonstrations.

» Chemical Derivatives Laboratory — NRRI continues to work with the OTC to sort through birch bark
related technologies that it can continue to work with to advance its research. Part of the Nature North
intellectual property portfolio (LLC ownership included Minnesota Power, Potlatch Corporation and
UMN) was sold to Myriad. Of particular interest is a provisional patent that was filed and captured
technologies that were owned by NRRI and thus should not have been included in the sale. Based on
Myriad’s focus and the issues around this particular patent, the provisional was dropped. NRRI
continues to work with various companies across the U.S. to advance the research as well as find a
potential licensee/business model for the technology.

NRRI Product Development Fund

The Knight Foundation and Blandin Foundation granted NRRI a total of $350,000 for product
development initiatives. NRRI applied for the Blandin Foundation and Knight Foundation grant to be able
to support the economic development efforts of entrepreneurs and/or small businesses in creating or
retaining jobs with product development. NRRI has built an infrastructure over the last 25+ years which
can support applied research efforts; however, NRRI is only able to provide a limited amount of technical
support without payment for services. NRRI anticipated that entrepreneurs and/or small businesses would
be willing to match any contributions from the Product Development Fund with cash and/or in-kind
services and materials. A key outcome of the grant is to work with up to 30 businesses that will fully
understand their proposed product’s market which gives them the ability to evaluate and make a “go/no
go” decision based on the on whether the economics of the product support a commercialization effort.

NRRI is on task with the major activities identified in the proposal. At 48 months into the grant period,
direct results include private investment by the businesses who have received assistance, new products
developed, jobs created and manufacturing efficiencies which have increased sales, payroll, and net profit
for our clients, even during the economic downturn of late 2008 and 2009. The Product Development
Fund has eleven completed projects, one closed project prior to completion due to scheduling conflicts for
the client, and three applications in the pipeline for approval.

In addition to the investment by Blandin and Knight, each project required a cash and in-kind match. For
the $241,116 awarded through the Product Development Fund, $777,345 private sector investment has
been committed, plus $70,299 in-kind from UMD Natural Resources Research Institute.

For 2010, there is a balance of $108,884 for additional projects. NRRI received an extension from Knight
Foundation (11/30/2011) to develop the additional projects that are in the application process.
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Small Business Innovation Research/Small Business Technology Transfer Program
The NRRI Business Group continues to initiate conversation around the Small Business Innovation
Research/Small Business Technology Transfer (SBIR/STTR) program and what can be done to increase
Minnesota’s participation in the program, with special emphasis on developing a rural innovation
infrastructure. The SBIR/STTR program was created through the Small Business Innovation
Development in 1982. The program was developed because the nation’s small, high-tech, innovative
businesses are recognized as being a significant part of the federal government’s research and
development efforts. Up to eleven federal agencies participate in the SBIR and/or the STTR program by
setting aside a portion of their research and development budgets for SBIR contracts with small
businesses. In 2010, the estimated budget is $2.4 billion. The SBIR program has four principal objectives:

1. To stimulate technological innovation by small business;

2. To increase small business participation in meeting federal Research and Development needs;

3. To increase the commercialization of technology developed through federal R&D;

4. To enhance outreach efforts to ensure that all qualified small businesses are aware the SBIR

program and the many benefits it provides.

The SBIR program is a competitive process. Each year, the 11 agencies identify various research and
development topics for pursuit by small businesses under the SBIR/STTR program. The topics are then
released in a pre-solicitation, allowing small business to discuss topics with experts. The second release is
the final solicitation. Contract winners are chosen on competitive merit by an agency's technical and
scientific experts (www.shir.gov). There are the three phases of the SBIR/STTR Program — each agency
has slightly different parameters but in general, the following is true:

o Phase | is a feasibility study to evaluate the scientific and technical merit of an idea and up to
$150,000.

o Phase Il is to expand on the results of and further pursue the development of Phase I. Phase Il
awards are for periods of up to two (2) years in amounts up to $1 million.

e Phase Il is for the commercialization of the results of Phase Il and requires the use of private
sector or non-SBIR federal funding. Receiving Phase Il funding is now more dependent on
demonstrating a commercialization plan which will result in Phase III or what’s considered a
“use-condition” of the technology.

It is not what the SBIR/STTR program is, but what is does that NRRI is interested in. Companies
successful in receiving an award not only have funding to advance their research, but the award also
builds credibility among potential investors and business partners. Results of a qualitative research study
will be available in the next semi-annual report.

Strategic Planning

The NRRI Business Group participates as part of the management team for strategic planning at NRRI. It
was time to step back as an organization to intentionally and deliberately set our direction during this time
of transition. This transition is multi-layered, from a large percentage of our seasoned management and
staff approaching retirement age and a need for succession planning to the University of Minnesota
Duluth (UMD) transitioning with a new Chancellor and organizational changes, where the University of
Minnesota has a new President, and the federal and state governments whirling from difficult economic
times puts additional strains on availability of funding through research grants. As such, we have been
meeting to discuss our Strengths, Weaknesses, Opportunities, and Threats (SWOT) and have engaged the
entire staff to participate in focus groups as well. As the strategic plan takes shape, the NRRI Business
Group will take the lead on developing a marketing plan.
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Small Business Development Assistance

The NRRI supports the UMD Center for Economic Development (CED) for small business development
assistance to those businesses focusing on the commercialization or conservation of natural resources.
The assistance is related to business planning, financial planning, financing plans, marketing plans,
ecommerce, etc, which complements the research and development activities at NRRI.

From July through December of 2010, 19 businesses with a base in natural resources or energy
conservation were provided one-on-one consulting, of those, 8 deal with alternative energy production,
particularly in the use of biomass or wood pellet production. Three of the businesses are involved with the
commercialization and use of by-product stone from the regional mining operations, and one of them has
secured contracts from throughout the Midwest.

Between July and December 2010, CED continued to assist businesses that would be considered “green,”
with the total in the last half of 2010 totaling 37. The industries included alternative energy using solar,
wind or alternative fuels, energy saving initiatives, environmentally sustainable products and geo-thermal
processes. Some of the current businesses involve the development of bio-fuels, financing and marketing
assistance for a sprinkler system that has been successfully used in the preservation of buildings during
wild-fires, a plasma gasification project, the bottling of natural, pure water in bottles made of corn, and a
bio-butanol project.

CED continued to advise participants in the student and alternative fuel categories of the Minnesota Cup
Business Plan Competition sponsored by the University of Minnesota, Wells Fargo and the State of
Minnesota.

One of the NRRI Product Development Fund recipients is also participating in the CED Business
Incubator Program and has been working on numerous business and financial projections with CED staff
members. This business was also selected as a semi-finalist in the MN Cup competition and received
assistance through CED. With the new investors and financing, this business has continued to explore
market opportunities, including product licensing agreements in 2010.

CED continues to assist several of the regional businesses that are part of the aviation sector with business
planning, marketing and financial support.

CED continues to work with one of the regional communities on a solution to a biomass project, and its
partnership with the Minnesota Logger Education Program.
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NRRI Public Relations
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PUBLIC RELATIONS ACTIVITIES

Media Progress/Results

NRRI media coverage for the second half of 2010 (July - December) amounted to an official commercial
advertising equivalent of $189,406.47, down from the first half of 2010 by $141,132.32. Also during this
period the lowa Associated Press office and other media picked up a PR pitch about a NRRI project of laser
scanning the historical Bridges of Madison County. This is not included in our tracking, but we know that it
was widely broadcast in lowa. In this second half of the year, NRRI was represented in 50 Minnesota print
newspaper stories, 23 web stories, and 3 different commercial television news stories. Locally during those
six months, the Duluth News Tribune printed 6 stories related to NRRI, which are simultaneously posted on
their website (web audience = 53,132). In the metro area, Minnesota Business ran 3 stories related to NRRI,
the Star Tribune ran 3 stories and the St. Paul Pioneer Press ran one story. Rural and small town newspapers
ran a total of 41 stories related to NRRI, appearing on their websites when available. Minnesota Public Radio
also produced a 4+ minute story titled “North Shore attracts wind power, migrating birds.”

New Media: The electronic version of the NRRI Now continues to grow subscribers. We now have 336
contacts (up from 243 at last count) generating a few compliments on the content. Meanwhile, we have
reduced printing of the paper version of the NRRI Now by 400 copies.

The NRRI website receives an average of 9,013 successful page requests per day (down from 10,000 in the
previous report) and 14,219 distinct file requests. The Economic Geology Group continues to be the most
active area on our website generating 40% of the activity. The Canada lynx site is second (8.94%), followed
by Great Lakes Worm Watch (7.91%), Minnesota Moose (7.41%) and The Center for Applied Research and
Technology Development (CARTD) (4.98%).

Visibility/Other PR Projects
Public Relations staff gave tours to a total of 10 people in the last half of 2010.

Other Public Relations efforts to promote NRRI research and programs included:
e PR staff coordinated NRRI speakers and activities for 30 STEM Camp students from the Mesabi
Range College.
¢ NRRI received recognition for the Weber Stream Restoration Initiative with a Lake Superior Bi-
National Forum Award on July 16 with other Initiative partners.
e PR staff assisted with a tour for DFL gubnatorial candidate Margaret Kelliher.
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