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DuluthStreams.org: DuluthStreams heads north: Making North Shore stream data make 
sense to citizens and local officials 

I. Background: 

Duluth, Minnesota has 43 named streams, 12 trout streams, and borders both pristine Lake 
Superior and the Duluth-Superior-Harbor Area of Concern. Duluth's storm water infrastructure 
includes 93 miles of streams and wetlands, and urbanization and rural development impact these 
waters by increasing runoff and velocity, temperature, turbidity and sediment, road salt, organic 
matter and nutrients (Duluth 2000; MPCA 2000) . [n 2002, an EPA (Environmental Monitoring 
for Public Access & Community Tracking) grant established a Partnership called DuluthStreams 
between the City of Duluth, University of Minnesota-Duluth professionals at the Natural 
Resources Research Institute and Sea Grant Program, and the Minnesota Pollution Control 
Agency and Western Lake Superior Sanitary District. Their goal was to enhance public 
understanding of streams and their connections to watershed land use by using real-time data and 
interpretive materials to illustrate the nature and consequences of degraded stormwater and its 
real costs to society (Axler et al. 2006, 2003 ; Lonsdale et al. 2006). 

The project has included issues associated with too much runoff such as flooding, with a key 
issue in the region being sanitary sewer overflows from infiltration and inflow (I&I). These 
events have imposed risks to public health and environmental risks to the coastal zone of Lake 
Superior and the Duluth-Superior Harbor, and required costly programs to reduce stormwater 
flows from key neighborhoods and construct storage tanks for temporary storage of stormwater 
enhanced sanitary sewer flows. The consequences of excess water and peak flows have also 
included excess sediment and turbidity, and potentially excess nutrients and pathogens. High salt 
concentrations for significant periods in late winter and early spring runoff from winter road and 
parking lot de-icing can present additional stress to trout and their prey. Increasing impervious 
surface and direct and indirect removal of riparian vegetation increases peak temperatures, 
especially during base flow periods creating additional periods of stress to cold water species 
with the additional potential stress of lowered dissolved oxygen. 

In 2003, sixteen governments and groups in the North Shore Region joined to form the Superior 
Regional Stormwater Protection Team (RSPT)(Granley and Lonsdale 2007; 2005). The Team ' s 
mission is to protect and enhance the region ' s shared water resources through stormwater 
pollution prevention by providing coordinated educational programs and technical assistance. 
One of the vehicles that the RSPT has harnessed for its storm water education campaign is the 
DuluthStreams website as part of a regional effort to provide water pollution information to the 
public. The project has now expanded to now include 23 communities, agencies and 
organizations who, along with a variety of extension, education and research staff from agencies 
and the U. of Minnesota-Duluth, meet approximately monthly as a group. In 2005 the website 
was re-named lakesuperiorstreams.org to reflect the broader geographic region that it represents 
in terms of climate, soils, quality of life, natural resources, the Lake Superior watershed, and 
culture. Additional information is best found by examining http://lakesuperiorstreams.org. 
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Expansion from City of Duluth boundary 
The Duluth Streams website initially focused primarily within City of Duluth boundaries, but 
some of the streams that intersect Duluth originate in the surrounding communities of 
Hermantown and Proctor. In addition, Duluth and Superior share the St. Louis River watershed. 
The current project enabled us to fully expand the DuluthStreams website into a regional entity. 
It was built on a previous, but limited, Lake Superior Coastal Program Enhancement Fund effort 
to Minnesota Sea Grant at the University of Minnesota and paitners that created web links to 
Proctor, Hermantown and Superior on the DuluthStreams website. This made these communities 
ideal as the first cand idates for a regional expansion. As the project continued to evolve it 
became clear from discussions w ithin the RSPT and with state agencies that there was a need to 
expand the focus area of the website to include the "greater Western Lake Superior" region and 
more specifically the Minnesota North Shore and Wisconsin South Shore in order to better 
manage Superior Basin water resources by supporting the mission of the RSPT regarding 
developing regional technical cooperation and collaboration, common educational materials, and 
presentation of case studies of successful stormwater designs. 

Minnesota streams draining into the Lake Superior coastal zone and St. Louis River Estuary are 
typically sensitive, low productivity, high-quality trout streams. Some (Miller, Amity, Lester, 
Talmadge, French, Poplar, Brule) are currently listed on the MN Clean Water Act (303d) List of 
Impaired Waters - most commonly for turbidity and Fish-Hg (MPCA 2006). Steep topography 
and thin, erodible soils make these streams particularly sensitive to development. Effective 
management and remediation of these streams requires an understanding of their physical, 
chemical, and biological characteristics, which can only be obtained by monitoring, particularly 
during storm and snowmelt runoff events, when the most dramatic impacts occur. These data are 
critical for developing and assessing BMPs, particularly in the face of increased development in 
the high growth watersheds along the North Shore of Lake Superior (e.g. Anderson et al. 2003; 
MPCA 2000; IJC 1999). MPCA initiated long-term monitoring of 6 critical streams along the 
North Shore in 2002. However, MPCA has lacked the resources to install automated water 
quality sensors, which are needed to capture critical pollutant loading events during high flows -
important for developing cost-effective remediation and mitigation strategies . 

II. Objectives (Tasks) 
1. Install and operate a set of automated water quality sensors (temperature, turbidity, and 
specific conductivity) at the MPCA flow gauging station on the lower Poplar River in Cook 
County. This will provide intensive, event-based suspended sediment and salt concentrations 
that can be combined with the pre-existing flow data to estimate seasonal, event and annual 
pollutant loadings. The Poplar River is one of 6 North Shore streams (Amity, Talmadge, Sucker, 
French, Poplar (upper and lower sites) and Brule that comprise MPCA's long-term Notth Shore 
stream monitoring network since 2002. To date, these have all been sampled manually for a suite 
of water quality parameters by the MPCA. See Task 3 description below for further information 
regarding the need for these data. 

2. Develop a North Shore Streams, Watersheds and Communities section on the 
DuluthStreams.org web site (now being converted to LakeSuperiorStreams.org). Key elements 
will be: (1) watershed sections for MPCA's 7 long-term monitoring network streams (Amity 
already done; will do Talmadge, Sucker, French, Poplar upper and lower, and the Brule). These 
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would would include long-term monitoring data in downloadable spreadsheets, GIS watershed 
maps with direct links to the new Coastal GIS website (www.nrri.umn.edu/coastalGIS), and a 
library/index of historical reports. Specific Frequently Asked Questions and case study examples 
of BMPs (as they become available) will also be included. As part of this Task, the RSPT will 
invite participation in RSPT by appropriate North Shore agencies and organizations. 

3. Maintain the existing four-stream network of automated intensive stream monitors (stage 
height-flow, temperature, turbidity, specific electrical conductivity) in collaboration with the 
DuluthStreams partners (City of Duluth Stormwater Utility, WLSSD and MPCA). These include 
3 of Duluth's 12 (unofficially 13) urban trout streams, Tischer, Chester and Kingsbury, and the 
St. Louis River at its discharge point to Lake Superior (under the aerial lift bridge) . These data 
are critical for assessing the current condition of the streams, long-term trends in pollutant 
concentrations, and loads to the St. Louis River Estuary AOC and Lake Superior. In addition to 
suspendity sediment and nutrinets, mercury concentrations are of particular interest. Mercury is 
associated with suspended sediment which can be estimated from turbidity levels, a parameter 
measured by Duluth Streams. These intensive data sets are also needed to evaluate the success of 
restoration and conservation efforts and to determine the effects of land use changes and land use 
management decisions on water quality and habitat in the streams and their downstream 
receiving waters. The topography, precipitation, runoff patterns, and fragile soils in the basin 
make Lake Superior watersheds extremely sensitive to disturbance. Further, the climate is quite 
variable on seasonal and inter-annual time scales which necessitates multi-year sampling to be 
able to make scientifically sound managment recommendations to decision makers. 

All of these data then become available for use in developing data stories (" vignettes") that can 
be featured on the website, or be downloadable as slideshows to illustrate how individual and 
group activities on the land can impact the streams and Lake Superior (Axler et al. 2006). 

III. Approach 
The project has been built on pre-existing partnerships - DuluthStreams.org (DS), the Regional 
Stormwater Protection Team (RSPT), WaterontheWeb.org (WOW), and LakeAccess.org. Additional 
oppo1tunities for continued relevant discussions and collaborations, as well as additional expertise, have 
resulted from the Weber Stream Restoration Initiative (WSRI; 
http://www.duluthstreams.org/weber/index.html) that began in 2005 with an endowment to restore and 
protect degraded and threatened Lake Superior Basin trout streams. Additional contributions to the overall 
LakeSuperiorStreams.org project have been the inclusion of a Conservation Design Toolkit, funded by 
the MPCA but complementary to, and dependent upon, this MN LSCP project; and the development of 
the www.MNBeaches. org website for the MPCA to disseminate the results of fecal indicator bacteria 
monitoring from the Lake Superior Beach Monitoring to the general public and the development of a 
GIS-Mapping utility and an interactive, data animation and visualization tool for these data. LSS is now a 
central component of the RSPT for disseminating data and educational information. Ultimately, it would 
be useful for the region for LSS to grow to encompass stormwater and other water resource issues in the 
entire western Lake Superior because of the ecological , physiographic, climatic and cultural similarities 
within this region. 

IV. Task Results 
This section summarizes major elements of the proposed tasks that were completed over the 
period of the grant. Supporting screen captures from the LakeSuperiorStreams.org website are 
included in the Appendices. 
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Task 1: Install and operate a set of automated water quality sensors (temperature, 
turbidity, and specific conductivity) at the MPCA flow gauging station on the lower Poplar 
River in Cook County. 

Stream water quality data is at the heart of 
the project. It is collected intensively in real-
time via automated data logging sensors, 
transmitted via cell phone to the home base, 
filtered, and then displayed on the website in 
multiple formats including a unique data 
animation and visualization tool (Axler et al. 
2006; Host et al. 1999, 2000) . 

Funding was quite limited for this project 
and could not cover an extensive field 
component. Grant funds from the MN LSCP 
were used to cover the costs and installation 
of the water quality sensors and sonde, the associated telecommunication instrumentation to 
enable automated "uploading" of 30 minute data once a day to the LakeSuperiorStreams.org 
website, debugging of the system for display on the website, and development of a customized 
web section and data utility for animating the data stream from the lower Poplar site. Routine 
field maintenance, cleaning, sensor calibration, and quality assurance of the data stream for this 
site in particular, is (and will be in the future) dependent upon local agency or organization 
partnerships with the project. At present, there is no funding to continue data collection beyond 
Fall 2007. 

Appendix 1 includes an unpublished report summarizing 2006 real-time water quality data 
collected at this station.(Axler et al. 2007) . It was prepared to assist the MPCA, Cook County 
SWCD, EPA Region V, and their subciontracted consultants in the TMDL study. 

Site location: 
The decision of where to place the sonde within the stream came down to deciding whether or 
not the data was to be automatically transmitted in near real-time or not - i.e. collected and 
logged at short (30 minute intervals) but transmitted back to the website server only once a day. 
We decided that the real-time data transmission was critical as we converted the DuluthStreams 
website and project to the broader geographic scope that was renamed LakeSuperiorStreams.org. 
Funds were only available to enable us to "piggyback" onto the existing stage height/flow 
gauging station being used by the MPCA in cooperation with the USGS (Anderson et al. 2003). 
There may have been a more ideal site in the general vicinity to monitor turbidity but funds were 
not available to set up a second datalogging station that would have required purchasing a second 
datalogger, solar panel , battery, hard line phone modem, and a costly extension of the phone line. 
Cellular phone coverage is intermittent in this region and as such is incompatible with consistent 
data transmission. Therefore, the sonde needed to be deployed in close proximity to the MPCA 
datalogging station, where the MPCA had installed a hard-wired telephone line (landline). 
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Placing the sonde near the site of the flow measurement also would reduce some of the 
complications associated with correlating water quality parameters with flow measured at a 
different location. 

Sample collection 
Automated sensors, measuring temperature, EC25, turbidity, depth (for flow estimation) on the 
stream mopnitoring units (SMUs), are checked - weekly for cleaning and/or re-calibration by 
comparison to a YSI 85 , YSI 556, or Hydrolab Minisonde MS5 multi-probe water quality 
analyzer and as per manufacturer's recommendations. Manual measurements include daily 
calibrations. The SMU control modules (CRl0X and sensors) are programmed to collect 
temperature, EC25, turbidity, and stream elevation data at 30 minute intervals, which is relevant 
to the time-scale of storms. The sensor sonde used at Amity is a Hydro lab MS5 sonde with self 
cleaning turbidity sensor. Stage height is measured by the MPCA via an ultrasonic distance 
sensor and flow calculated from USGS derived rating curve. Maual sample collections were 
performed largely by MPCA-Duluth staff (see below) but on occasion by NRRI-UMD or Cook 
County SWCD staff. Technical details were discussed prior to and during the study to minimize 
sampling or analytical inconsistencies (see also Axler et al. 2007, Appendix 1). NRRI also had a 
number of discussions with the Poplar River Management Board, Lutsen Ski Mountain Reso1t, 
Cook County and the MPCA regarding implementation of the proposed TMDL for the Poplar 
River and potential monitoring strategies and collaborations. This included training the new 
Cook County Water Plan Coordinator in stream sampling techniques consistent with ongoing 
programs, and collaborating with Cook County and the PRMB to collect spring runoff samples 
from the Caribou River in Spring/Summer 2006 and potentially additional sites on the Poplar 
River. Caribou River sampling was discontinued for 2007 since it was determined that it would 
be considered an appropriate reference watershed for comparison with the Poplar without further 
study (for which funding was not available). 

QA/QC: 
The primary QA/QC objective for all of these studies is to assure accurate and representative 
measurements of the biological, physical and chemical parameters that are monitored. The 
historical and current manual monitoring data, plus the intensive data collected by the stream 
monitoring units (SMUs) are intended for both public education and for inclusion in the City of 
Duluth (City), Western Lake Superior Sanitary District (WLSSD), Minnesota Pollution Control 
Agency (MPCA/STORET), and Minnesota Department of Natural Resources (MDNR) 
databases. Measurements comply with EPA QA guidelines (EPA 1998) and follow previously 
established and documented QA/QC plans developed by NRRI, certified by the MN Dept of 
Health and the MPCA (Amee) et al. 1998; APHA 2003), and used for previous EMPACT 
projects performed by our group. EPA used our Lake Access EMPACT project as the national 
model for technology transfer to other aquatic EMPACT projects (Peterson et al. 2000). Details 
are at http ://duluthstreams.org/streams/aboutdata.html. Stage height monitoring, maintenance 
and calibration are performed by staff at the MPCA-Duluth in cooperation with USGS (see 
Anderson et al. 2003 for details) 
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GIS and Other Information 
GIS data and maps created by this project, the 
MN LSCP funded CoastalGIS project and state 
and federal agencies are made available in the 
GIS/Maps section of the Poplar River section. 

Mapping utllltle5 
Impgrvious Su1fac~s - Monitoring Minnesota's ChanQing l andscape 

- make your own maps from MN DNR data. Includes access to historical aeri·a1 
photography. 

- puts a planet's worth of imaoery and other oeographic information right on 
your desktop. 

GIS Data/Information 
CoastalGJS - Study and explore Lake Superior's North Shore using interactive GIS images 
developed by the Natural Resources Research Institute. 
MN ONR Data Deli - an internet-based spatia l data acquisition site that allows users to 
download raw computer-readable data for use in their Geographic Information System 
(GlS), image processing system, or traditional database environment. 
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Task 2. Develop a North Shore Streams, Watersheds and Communities section on the 
DuluthStreams.org / LakeSuperiorStreams.org website. 

NOTE: Appendix 2 includes additional screen captures and website content from the website 
that are illustrative and exemplary of the discussion below. 

Streams & Watersheds 
New Northshore Stream sections were created for (1) streams monitored intensively by MPCA 
stations (Amity, Poplar River, Talmadge, Sucker, French, and the Brule); (2) streams that are 
listed as Impaired (and not monitored by MPCA such as the Beaver R. and Knife); and (3) others 
with some flow gaging (Pidgeon R). We also developed sections for for several additional 
streams in State Parks with exceptional recreational use (Gooseberry, Split Rock, Caribou, 
Cascade) although limited funding prohibited including all streams in state parks. The Cascade 
websection was initially created because of its potential use in the TMDL study design for the 
Poplar River. At the request of the Cook County Water Plan Coordinator we developed a 
websection for the Flute Reed River because of the active citizen volunteer monitoring program 
that are developing there. 

The website was renamed LakeSuperiorStreams.org (although the DuluthStreams.org URL will 
be maintained even though borth URLs open to the same website) to reflect its broader 
geographical extent. All pre-existing sections were reviewed and revised as needed (i.e. , 
available water quality and biological data, GIS maps, watershed characteristics, historical data 
and reports , and interpretive materials) to include the entire North Shore. 

Links to real-time stream gaging data for the Knife and Brule Rivers were installed via the new 
MPCA/DNR Cooperative Stream Gaging website (www.dnr.state.mn.us/waters/csg/index.htrnl). 
This site provides access to near real-time preliminary and historical stream level and/or quantity 
data from around the state. Users can select gage sites in several ways and a variety of 
information is available, including hydrographs, cross sections, maps, river condition photos and 
downloadable data. All of the MPCA' s North Shore long-term monitoring streams should be 
accessible via this website within the next year. 
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North Sho ;·c Strcom;;. I Duluth Aicu Str.:urn:; I Sc uth Shor:: S:reum:; 

Individual sections for all North shore 
(and a few South shore) streams and their 
watersheds were created with emphasis 
on trout streams. These sections are 
intended to serve as data repositories for 
historical and current water quality, 
habitat, and watershed data. For all of the 
intensively monitored streams, the 
website features Internet Map Server, a 
technology designed to allow users to 
access and manipulate on-line GIS data, 
including the ability to query across data 
layers (e.g. , calculate the area of forested 
wetlands within a 100 m riparian buffer 

of 2nd and higher order streams) and to create tabular and mapped summaries of the results. 
Spatial data analyses performed for this project in cooperation with other projects in the region 
included hydrography, transportation, landuse/landcover, geology and soils, ownership and 
administrative boundaries (see www.nrri.umn.edu/coastalgis ). The DATA INDEX link opens a 
main index for water quality and other information about all of the streams covered by the 
LakeSuperiorStreams project. It provides a map divided in Duluth, No1th Shore and South Shore 
subregions that allows the user to link to a paiticular stream section via mouse-rollover and or 
via a comprehensive table that summarizes all information available for each stream, with 
appropriate links (http://duluthstreams.org/streams/stream _ selector.html). 

Communities 
Initial discussions led us to condense existing townships into a single section with drop down 
menu in which the four major northshore cities, Grand Marais, Beaver Bay, Silver Bay, and Two 
Harbors, would be highlighted along with the three north shore counties (Cook, Lake and St. 
Louis County). Portals were created for the counties since each will be updated on their own. 
However, smaller communities have varying degrees of website resources and expe1tise. 
Therefore, we created comprehensive sections for the entire No1th Shore region and for the four 
larger miunicipalities with overview/background information and then specific material or links 
to materials and information releated to environmental resources. Our intent was to provide users 
ranging from individuals to specific agencies or businesses with a guide to how to find out more 
about rules and regulations, infrastructure, and pollution prevention/environmental resource 
management in their locale. 

In regard to our overall focus on stormwater and surface water issues, the NPDES permit and 
relevant agency contact information for these communities has been added to the site and/or 
linked through existing community or county sites. An extensive revised section explains the 
permit requirements and provides examples of activities in the communities that address permit 
requirements. The STORMWATER section for the website provides a central compendium of 
information relevant to all regional communities regarding the 6 Minimum Measures required by 
their NPDES permits. Each measure now provides examples and links to internal and external 
sources of information. 
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GlS/Maps additions 
All of the necessary GIS maps and calculations of watershed characteristics for the MPCA 
monitored north shore streams were completed and this information has been largely adapted to 
graphic designs for the website and installed (see Poplar River GIS/Maps graphic above). Users 
can now access the entire Duluth-North Shore coastal watersheds (including the St. Louis River) 
via a single IMS tool. This enables the viewer to jump directly to the watershed of interest from 
the individual GIS Maps page on www.lakesuperiorstreams.org or when visiting any other 
watershed (view www.gisdata.nrri.umn.edu/website/northshorestreams/viewer.htm ). High 
resolution aerial images in color (2003) or black & white (1990) in addition to the USGS 
topographic maps are available and continuously scrollable. This new Map Viewer includes 
many of the options available from a number of other MN Lake Superior Coastal Program 
funded projects, in particular NRRI's CoastalGIS website - www.nrri.umn.edu/coastalgis. A 
number of specific GIS Maps were also created for each watershed and placed on the 'GIS Maps' 
page for each stream, in particular Amity Creek as part of the Weber Stream Restoration 
Initiative. 

Website navigation & structure improvements: 
The LakeSuperiorStreams website has also continued to be revised and upgraded for technical 
improvements in user navigation as well as internal navigation and data processing during the 
past six months. An organizational redesign provides greater ease in managing individual 
webpages, and each stream now has its own page with common links on each page. An example 
can viewed at www.duluthstreams.org/northshore/maps/poplarMaps.html . 

There are now nearly 2000 HTML files in the website, of which more than 75% have been 
modified since September 2006 (this is somewhat misleading since a large number of these file 
changes are simply updates to the navigational structure on the borders of the web pages). As 
web browsers and computer hardware evolve, these sorts of upgrades are an essential, but 
significant hidden cost, to the LakeSuperiorStreams project that contributes to website 
maintenance costs. 

Summary of additional "new" informational and educational materials: 
(among the new or heavily edited pages or sections since 1/1/07): 

• LAKE SUPERIOR COMMUNITIES 
: Completed links and materials for north shore stream sections 
- Improved interactive Map-based Table of Contents 
- Greatly improved and expanded information for citizens from Twin Ports area, north and 
south shore communities (www.duluthstreams.org/communities/index.html ) 
- Lake Superior information - from MPCA and WDNR. Future plans include creating a 
comprehensive new section on the Lake itself with links to appropriate research and 
management agencies and initiatives. 
- Climate - We are collecting information for a regional climate section with extensive 
discussion of climate change issues pertinent to the region should future funding be acquired. 
- Lake Superior regional Information section reorganized and expanded as indicated above 
(see Appnedix 2 and www.duluthstreams.org/communities/regional/regional.html 
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- Fisheries Information: Because of the importance of trout fishing to the Northshore 
economy, a new subsection to the Fisheries Information section with agency information was 
developed that would provide links to regional and national organizations (e.g. Trout 
Unlimited, Lake Superior Steelheaders Association, flyfishing organizations, etc) at 
www.lakesuperiorstreams.org/communities/regional/lakeSupFish.html (see Appendix 2). Other 
recreational resource links are expanded or modified as information becomes available, such 
as for the Lake Superior Hiking Trail Association and other tourism related activities (go to 
www.duluthstreams.org/communities/regional/lakeSupRec.html ) 

• UNDERSTANDING 
- Additional bacteria information via USGS research and demonstration projects in Ohio 
- Watersheds section revised to include Wisconsin DNR information as well as new MPCA 

materials 
- Impairments & TMDLs (also in Poplar River Web section) greatly expanded. In particular, 

a major section was created for the Poplar River TMDL that is now linked to all other 
regional streams that are in the process of either conducting or developing TMDL studies 
(go to www.duluthstreams.org/northshore/poplar/TMDL/index.html ). 
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What is a TMDL? 
A TMDL or Total Maximum Daily Load is a calculation of the maximum amount of 
a pollutant that a waterbody can receive and still meet water quality standards, 
and an allocation of that amount to the pollutant's sources. 
Water quality standards are set by States, Territories, and Tribes. They identify 
the uses for each waterbody, for example, drinking water supply, contact 
recreation (swimming), and aquatic life support (fishing), and the scientific criteria 
to support that use. 
A TMDL is the sum of the allowable loads of a single pollutant from all contributing 
point and nonpoint sources. The calculation must include a margin of safety to 
ensure that the waterbody can be used for the purposes the State has 
designated. The calculation must also account for seasonal variation in water 
quality. 
The Clean Water Act, section 303, establishes the water quality standards and 
TMDL programs. 
Source: US EPA http:/iwww ,epa.gov/owow/tmdll intro.html 

- Improved fish section, with more information and data; more fishing organization material; 
articles posted about Weber Initiative and NRRI Great Lakes Environmental Indicators 
Project (GLEI) from Angler magazine. 

- New link to UM volunteer oriented aquatic bug ID website 
- A variety of data sequences (vignettes) using real-time data collected from Tischer, Chester, 

Kingsbury, Amity and Poplar Creeks from 2002 - 2007 have formed a unique part of the 
LSS project to illustrate how regional streams "behave" and in particular, how watershed 
activities and land uses can affect the transport of dissolved and particulate pollutants into 
these streams. These vignettes have been developed and formatted similarly to those 
developed as part of the Water on the Web (WOW) water science curriculum 
(www.waterontheweb.org ) and will be available for viewing on the website or as 
downloadable slide shows for teachers or agency staff to use or modify as needed. 
Modules or website sections of this kind have been developed for: flow, temperature, 
suspended solids/turbidity and conductivity (salt). Not all have yet been installed on the 
website but we hope to have this completed by December 31 , 2007. This is an ongoing 
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process dependent upon staff funding as we develop materials for presentations at 
conferences and workshops 

• CITIZENS & SCHOOLS 
- Added Wisconsin citizen scientist information as part of a continuing effo11 to help develop 
a "unified" citizen volunteer stream monitoring program for the western Lake Superior basin 
(both MN and WI) 
- The Home and Garden section has been greatly expanded to include information about 
pharmaceutical, waste fe11ilizer and waste electronics disposal/recycling. 

• STORMW ATER 
- Urban Hydrology section -
www.lakesuperiorstreams.org/understanding/stonnwater hydrology.html 
- Stream-deicing Creek Note added to Housekeeping subsection 
- Site Design Toolkit additions (www.lakesuperiorstreams.org/stormwater/toolkit/index.html ) : 
Assessment of Stormwater Best Management Practices link added to inform users of 
progress made by the U. of Minnesota campus study (2005-2007). 
-The WHAT'S NEW section that is linked at the bottom of every page in the website 
provides a steady stream of new information gleaned from various state and federal agencies. 
The most relevant are added to appropriate major sections of the website. 
- "Urban hydrology" and infrastructure specifics were revised and expanded with particular 
attention to the Inflow & Infiltration issue in Duluth, but also with reference to the combined 
sewer issue in Superior, WI. This information follows the basic theme of the website in that it 
links to real data from the streams and from the Western Lake Superior Sanitary District 
inflow data for explanation. WLSSD inflow is measured every 5 minutes along with 
precipitation from a network of stations around the City. We automated our use of these data 
(and ancillary precipitation data from WLSSD sites around the city) and these data are now 
automatically updated , posted and processed through the data animation and visualization 
tool on the website. 

• STREAMS 
Poplar River stream and watershed data are described in detail above (Task l). In addition: 

- Work has continued on an updated version of the Data-Visualization Tools, with new 
features that will include: 

0 Data-smoothing (3-point moving average); 
0 More time-scale options - the current version stops at 6 months, the new version will 
allow plots to cover at least one year. 
0 More startup parameters - allowing complete control over the original plot when the 
applets are launched - making it easier to use the DVTs to illustrate specific events. This 
will facilitate developing data vignettes to easily make use of the most recent data as well 
as having the potential to instruct outreach and education professionals and agency to 
develop their own materials that are best suited to their specific needs. 
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- The "left-side" navigational links on the web pages for each stream were standardized in 
Fall 2006 and now it is necessary to have the information to "flesh out" the Photographs, 
Issues, and History sections. This will presumably have to be done by the County Water 
Plan Coordinators and other local or state agencies. 

- A new Internet Map Server (IMS) was also created for the Weber Stream Restoration 
Initiative (WSRI: www.duluthstreams.org/streams/maps/weberMaps.html ) along with a 
number of other static maps of the area. 

- Additional project detail for the Amity stream bank and channel erosion survey and road 
crossing surveys were finalized in January 2007 or nearly finalized for inclusion in the 
WSRI section that lists more than a dozen projects 
(www.duluthstreams.org/weber/projects.html ). In particular, we revised and updated: 

- WSRI Project #4 Photo walk of Amity Creek (2005 and 2006) which describes the 
results of several dates when NRRI, Sea Grant and City Staff walked large sections of 
Amity Creek and photographed potential problem areas that appeared likely to generate 
excessive suspended sediments and turbidity. 

- WSRI Project #5 Survey of road crossings for Amity Creek (2005): Maps have been 
generated showing all the road-stream intersections in the watershed. These are sites where 
roadway water carrying sediment and other pollutants is often dumped directly into 
streams. There are enough of these that non-conventional techniques to disperse the runoff 
might yield significant improvement. Since it is generally recognized that forest roads 
stream crossing are potentially major sources of sediment, turbidity and nutrients, it is 
important to generate similar maps for all of the north shore trout streams that are impaired 
or threatened. 

- Data index tables for North and South Shore streams updated with additional data repo1is 
and links were installed. MPCA water chemistry spreadsheets since 2002 now installed for 
all MPCA long-term monitored northshore streams except the Talmadge and Brule Rivers 
( data from MPCA is currently being reformatted). 

Task 3 - Maintain the existing 4 stream network of automated intensive stream monitors 
(stage height-flow, temperature, turbidity, specific electrical conductivity-EC25) in 
collaboration with with the DuluthStreams Partners (City of Duluth Stormwater Utility, 
WLSSD and MPCA). 

Intensive water quality and flow data collections continued at Kingsbury, Tischer, Chester and 
Amity sites through early February 2007 when ice conditions required them to be removed for 2 
months. All units were reinstalled between Mrach 29-31 , 2007. Data continue to be posted on the 
website in several formats that are easily downloaded as tables or graphs in addition to being 
interactively graphed and animated via the DATA VIEWER tool. The St. Louis River site at the 
Duluth Entry to Lake Superior was operated in 2004 and 2005 but was discontinued due to a lack 
of adequate funding in 2006. 
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In addition to basic data collection, coordinated support from Minnesota Sea Grant and WLSSD 
has enabled us to continue to sample the streams for mercury concentrations during high flow 
periods in particular. The intent is to use the relationships between various pollutants of interest, 
such as Hg, to turbidity to be able to estimate seasonal and annual loadings to Lake Superior 
when the station is near the mouth of the creeks, and areal discharge for the other site (see 
Appendix 3). Regression models have been developed relating continuous turbidity data to spot 
values for mercury, suspended sediments and nutrients during differing flow regimes. Total 
mercury values ranged from I to 28 ng/L throughout the 2004-2005 open water season and 
showed a close relationship with TSS (r2 = 0.82, n = 23) for all four streams. This relationship 
was used to estimate mercury loads from these 4 watersheds. Comparisons are also being made 
between estimates made using manually collected water samples for TSS analysis and intensive 
estimates made using turbidity data as a surrogate for TSS. AN interim analysis of these 
relationships was disseminated in the Poplar River 2006 data report (Axler et al. 2007; see 
Appendix 1 ). Additional analyses are in progress via funding from Minnesota Sea Grant to 
Principal Investigators George Host, Richard Axler and Elaine Ruzycki and via a MN LSCP 
grant to the same Pls for 2006-2007. 

NRRI and SeaGrant staff continue to participate as members of the Regional Stormwater 
Protection Team and the U. of MN-Duluth Stormwater Steering Committee and collaborate on 
new projects and initiatives. LakeSuperiorStreams.org is a major tool for disseminating data and 
educational materials to help protect regional water resources and Lake Superior. 

Additional elements of this task included (through June 2007): 

- Continued "mining" of the real time data set to use throughout the site to illustrate 
educational concepts. 
- A cooperative project initiated with U. of Wisconsin Extension staff at University of 
Wisconsin-Superior is being developed to create a "common denominator" of water quality 
and biological volunteer stream monitoring protocols for western Lake Superior Basin 
tributaries from both the MN and WI programs. Several monitoring sites have already been 
established including one on the lower Lester River above the Amity confluence which will 
provide event-based data where none is routinely collected. 
- Via additional funding from an MLSCP STAR grant to NRRI-UMD through the MPCA, 
we collaborated with MPCA ' s Lake Superior Beach Monitoring Program staff to create a 
specialized website (http://minnesotabeaches.org and http://mnbeaches.org) that focuses 
on beach pathogens and human health risks and to develop and implement interactive 
online tools for viewing lake and estuary indicator bacteria data with a new perspective 
(Will et al. 2006). This data visualization tool was installed on the Lakesuperiorstreams.org 
website with appropriate links from the Lake Superior Beach Monitoring website 
(www.mnbeaches .org ) to allow users to visualize changes in bacteria counts over time 
compared to temperature, precipitation, wave height and wind direction. The tool enhances 
the use of ambient surface water data by professionals at resource agencies, consulting 
firms, NGOs and universities; by teachers and students, and by the general public. It assists 
the Lake Superior Beach Monitoring Program in achieving its goal of providing data and 
education to the water recreating public. We are currently pursuing funding to more fully 
develop this tool to display the long-term data set available for St. Louis River stations and 
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for other streams where there are historical data or from more recent monitoring programs. 
The webs ite is currently generalizeable to all State of Minnesota beaches with links to the 
complementary Wisconsin program. 

Monitoring "impacts" (in terms of drainage area and stream miles): 

Summary of total watershed areas and associated total stream lengths per watershed for sites 
with automated water quality monitoring stations. Data from Fitzpatrick et al. 2006, Anderson 
et al. 2003) and www.LakeSuperiorStreams.org. Note that the watershed areas upstream of the in 
stream sensors represented 97-99% of total area for each mon itored watershed. 

Kingsbury Chester Tischer Amity Poplar Total 
Area 23.3 17.4 18.9 43.3 83 .1 186.0 km2 (km2) 
Area 5755 4298 4668 10,695 20,545 45 ,961 acres (acres) 

Stream 
Length 18.8 18.4 18.1 53 .1 40.6 149.0 km 
(km) 

Stream 
Length 11.7 11.4 11.3 33.0 25 .2 92.6 mi les 

(mi) 

Awards: 

The project won a number of awards in the past three years that it has received funding from 
Minnesota' s Lake Superior Coastal program including: 

o 2004 APEX Award of Excellence - Communications Concepts, Inc - award to the related 
DuluthStreams website - special purpose video and electronic publications category 

o 2005 Environmental Leadership Award at the 4th Annual Road Salt Symposium in St. Cloud 
Minnesota for the feature "How much salt is a problem". 

o 2005 Technical Excellence Award in recognition of "Outstanding Research in Stream and 
Lake Restoration, Protection and Management" from the North American Lake Management 
Society (NALMS) 

o Website of the month in December 2005 by the Great Lakes Information Network (OLIN) 
o 2005 Media award from the St. Lou is River Citizens Action Committee 
o Nominated: 2006 Great Lakes State of the Lakes (SOLEC) Success Story Award 
o Nominated : 2006 National Association of Flood and Stormwater Management Agencies 

(NAFSMA) "Excellence in Communication" Award 
o 2007 Environmental Stewardship Award to LakeSuperiorStreams.org in the 

Community/Organization category for the United States from the Lake Superior Binational 
Forum. (award was presented on Ju ly 15, 2007 - Lake Superior Day) 

o LakeSuperiorStreams.org and the RSPT were jointly a Finalist for the Minnesota 
Environmental Initiative 2007 Education Award awarded May 17, 2007. 

13 



Website usage and additional project evaluation measures: 

Website usage is tracked at ~ 6 month intervals and as of June 30, 2007 had achieved more than 
450,000 "hits"/month (~230,000 when the current MN LSCP grant proposal was written) and 
>85,000" a e re uests"/mo Ma /June 2007; ~ 36,000 when the current proposal was written) 

Website requests/month (June 2007) with a regional and national target 
audience that includes: the general 
public; students and teachers; 
contractors, consultants and 
developers; decision makers ; and 
agencies (local, state, and federal). 
There may be some additional useful 
measures from new website tracking 
software that we recently acquired and 
we are in the process of obtaining 
direct survey evaluation by 
interviewing targeted user groups. 
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Seasonal peaks probably related to student and teacher use 

Activity closely linked to our WaterontheWeb. 01g on-line Water 
Science Curriculum that is generating ~·1 .6 million "h its"/month 

Presentations 
A running list of presentations, 
reports, journal manuscripts, articles, 
and awards is maintained on the 
LakeSuperiorStreams.org website in 
the ABOUT US section linked from 
the bottom of every page 
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V. Conclusions and Summary Evaluation 

LSS relies heavily on information provided by members of the Western Lake Superior Regional 
Stormwater Protection Team (RSPT) which evolved from the original DuluthStreams.org 
project, with a mission of developing a common set of educational materials for the region and 
promoting joint activities to achieve its goals. This group now includes >23 member 
organizations including Minnesota and Wisconsin agencies, local governments, and 
organizations (including NEMO, Sea Grant-UMD, NRRJ-UMD, OW-Superior Extension, 
townships, cities, transportation , nonprofits, Soil and Water Conservation Districts, and others) 
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which serve a continued role in the evolution of the website and its materials. The RSPT uses the 
website as a vehicle for disseminating information to its wide audience, makes use of 
presentation materials using real-time water quality and GIS data developed by the academic 
team, and in turn provides technical expertise on stormwater engineering and construction, 
regulatory, and planning issues. RSPT partners in turn provide information for i) developing 
local case studies, ii) estimating realistic costs for BMPs, and restoration projects, iii) 
collaborating to offer training workshops for contractors, consultants, and agency staff and iv) 
providing a critical link between academic scientists and educators and decision makers. 
Enhancing this synergy was a continuing goal of this proposal. 

The project has generated water quality data needed to assess, model and manage threatened 
trout streams as well as the coastal zone of Lake Superior. It provides the data needed to allow 
resource agencies to better estimate seasonal, year-to-year and stream-to-stream variability in 
water quality and contribute to regulatory work plans for addressing impairments. The project 
built on pre-existing pa11nerships - LakeSuperiorStreams, the RSPT, and the Weber Stream 
Restoration Initiative with significant in-kind effort and funding from MPCA, WLSSD, City of 
Duluth Stormwater Utility, and the University of Minnesota-Duluth. Additional collaborators 
included Lutsen Mountain Ski Area, South St Louis/Cook/Lake County SWCDs, and the Poplar 
River Management Board. Objectives evolved from discussions between LSS, RSPT and WSRI 
partners, and between NRRI, Sea Grant, MPCA, MDNR and EPA-MED (Duluth) aquatic 
scientists studying Superior Basin watersheds, surface waters, and biological communities and 
collaborating on numerous applied research and water science education projects for > 15 yrs. 
Effective monitoring of seasonal pollutant levels and loading rates are also important elements of 
the Superior Basin Plan and are essential to track trends, estimate background, and evaluate the 
efficacy of BMPs for mitigation and restoration projects. LakeSuperiorStreams staff also created 
MPCA' s MNBeaches.org website and interactive data visualization tools, a websection for St. 
Louis River Watch, and have discussed with various agencies how to make complex data sets 
interesting and interpretable to the public. 

The use of real-time, intensive stream data allows us to more accurately measure water quality 
changes across entire annual and event stream hydrographs- prohibitively expensive using 
manually collected data. This real-time monitoring will provide a better understanding of how 
landuse changes and potentially, restoration efforts, affect stream water quality and habitat. The 
LakeSuperiorStreams website has received regional , state and national awards for its science-
based, creative linking of environmental education to real-time data to inform citizens, teachers, 
students, contractors, development interests, agencies and scientists about the connections 
between land activities and the condition of surface waters. It has strived to provide positive 
messages about personal actions to mitigate nonpoint source pollution. Future innovative 
elements will involve applying our data visualization utilities to additional agency bacteria, water 
quality, thermal, and climate data and piloting QA' ed citizen monitoring data for assessment and 
trend evaluation. 

We do not yet have quantitative survey data from a number of user groups such as contractors 
but a survey instrument has been developed for use this winter. It was designed by Sea Grant 
and NRRI with review by several RSPT members. The LakeSuperiorStreams Principal 
Investigators have struggled with the issue of quantitative evaluation and obtaining funding for it 
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for several years. It recognized by the EPA and MPCA as being an extremely difficult 
measurement problem where actual environmental data trends will take years to become 
apparent. Most recently, (Summer 2007), a related NRRI-Sea Grant-City of Duluth EPA 3 I 9 
stormwater runoff reduction project beginning Fall 2007 has been selected as a demonstration 
project for testing evaluation tools as part of an EPA Region V Social Indicators project that is a 
pilot for EPA-funded nonpoint source (NPS) projects nationwide. 

Appendix 4 includes a letter from the PI (R. Axler) to Minnesota' s Lake Superior Coastal 
Program from February 2007 responding to a request for further evidence of the beneficial 
impacts of the LakeSuperiorStreams project on Lake Superior and its tributaries. The 
attachments to this letter included detailed letters of support from a number of partners and 
various outreach and subproject descriptions which are not included in this report. Most of these 
materials may be found in the website's STORMWATER/RSPT section with additional 
references in the WHA T's NEW archives. 
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Poplar River, MN (Cook County) 
2006 Automated, in situ, Water Quality Data: Preliminary Analysis 

Background narrative: 
This rep01t was prepared by Natural Resources Research Institute, University of Minnesota-
Duluth (NRRI) staff for use in the Poplar River Turbidity TMDL study by a number of groups 
that will be analyzing, interpreting, or using NRRI water quality data collected as pait of its 
www.LakeSuperiorStreams.org project, including: 

• Minnesota Pollution Control Agency 
• Cook County, MN Soil & Water Conservation District 
• Poplar River Management Board 
• Minnesota's Lake Superior Coastal Program (MN Dept. of Natural Resources) 
• U.S. EPA TMDL consultant(s) 
• Other interested groups including Lutsen Ski Mountain Reso1t consultants 

The Poplar River was listed as Impaired for Aquatic Life due to Turbidity on Minnesota's 303(d) 
pursuant to Clean Water Act Section 303(d) in 2004 and remained on the List in 2006. Funding 
was appropriated for the development of a TMDL study in fall 2006. One component of this 
effo1t will involve compiling, analyzing and interpreting existing historical data. This rep01t 
describes various aspects of the automated water quality data set collected by NRRI in 
collaboration with the MPCA and USGS for the LakeSuperiorStreams project, the basis for 
sampling locations, field and lab methods, and quality assurance protocols. It also describes the 
rationale used for editing the data set, a summary of the in situ sensor turbidity data for 2006 
averaged over different time scales in comparison to state regulato1y standards, and 
recommendations for data collection in 2007. 

Funding was ve1y limited for this project and could not cover an extensive field component. 
Grant funds were used to cover the costs and installation of the water quality sensors and sonde, 
the associated telecommunication instrwnentation to enable automated "uploading" of 30 minute 
data once a day to the LakeSuperiorStreams.org website, debugging of the system for display on 
the website, and development of a customized web section and data utility for animating the data 
stream from the lower Poplar site. Routine field maintenance, cleaning, sensor calibration, and 
quality assurance of the data stream for this site in particular, is (and will be in the near-tenn at 
least) dependent upon local agency or organization partnerships with the project. 
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Site location: 

The decision of where to place the sonde within the stream came down to deciding whether or 
not the data was to be automatically transmitted in near real-time or not - i.e. collected and 
logged at sho1i (30 minute intervals) but transmitted back to the website server only once a day. 
We decided that the real-time data transmission was critical as we conve1ied the DuluthStreams 
website and project to the broader geographic scope that was renamed LakeSuperiorStreams.org. 
Funds were only available to enable us to "piggyback" onto the existing stage height/flow 
gauging station being used by the MPCA. There may have been a more ideal site in the general 
vicinity to monitor turbidity but funds were not available to set up a second datalogging station 
that would have required purchasing a second datalogger, solar panel, battery, hard line phone 
modem, and a costly extension of the phone line. Cellular phone coverage is inte1mittent in this 
region and as such is incompatible with consistent data transmission. Therefore, the sonde 
needed to be deployed in close proximity to the MPCA datalogging station, where the MPCA 
had installed a hard-wired telephone line (landline). Placing the sonde near the site of the flow 
measurement also would reduce some of the complications associated with conelating water 
quality parameters with flow measured at a different location. 

In-situ sonde mount(s): 
Once the general location was decided upon, the exact location and method of securing the sonde 
in the stream was to be determined. After consulting with Jesse Anderson, MPCA-Duluth and a 
nwnber of USGS scientists in several states, it became evident that sondes are not generally 
placed in streams with the high velocity that the Poplar River could experience. The MPCA 
typically uses a large diameter (~12") heavy wall PVC pipe with fittings on the end and eyebolts 
for securing with steel cables which they call a "keg" in some of their larger stream monitoring 
set-ups. After considering a number of alternatives it was decided to put the sonde in a modified 
"keg". The sonde stays suspended inside the keg and out of the bottom sediment, not really an 
issue at this location on this stream as the bed consists of primarily bedrock, large boulders and 
large cobble, some of which moves downstream annually. However, the issues with securing the 
keg are numerous. The MPCA uses a keg in the larger rivers (such as the Mississippi) typically 
securing it with one cable attached to an instream bridge abutment which reduces the potential 
for debris snagging the cables and the abutment itself provides some physical protection to the 
sonde. Unfo1iunately, there isn't a bridge abutment on the Poplar to secure the keg. To keep the 
keg in a relatively stable location on the Poplar we needed to cable the keg perpendicular to the 
cun-ent. The concern with this method was the increased potential for debris flowing downstream 
to snag the securing cables and the data transmission cable. 
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The system shown in Figure 1 was put in place in the fall of 2005 and appeared to be a viable 
anchoring system though no high flows events occurred. The sonde was removed from the river 
in October but the keg remained in place for the winter season. Sonde data was not logged at 
Poplar in the fall of 2005 due to technical problems with the datalogger/ program/ sonde/battery. 
These problems were resolved during the winter by NRRI staff working with MPCA-Brainerd 
staff that had extensive experience operating this type of system. 

The Poplar sonde was redeployed March 28, 2006 prior to major snow melt runoff. An ice free 
channel of open water down the middle of the stream and some ice chopping allowed us to free 
the keg and cables. The sonde was connected to the datalogger, communication was established 
and the system worked well for more than a month. Snow melt proceeded relatively slowly and 
flows stayed below 700 cfs for much of the snowmelt period in April. 

A more typical spring results in peak flows of > 1000 cfs during the snowmelt/spring rain period 
(Anderson et al. 2003; J. Anderson, MPCA-Duluth, pers. Comm.). A rain of 1.5" on May 1, 
2006 on top of snow and still frozen ground caused a rapid increase in flow and at about 850 cfs 
we lost contact with the sonde. It turned out that the sonde was no longer connected to the 
datalogger because two of the three securing cables broke and the data cable was pulled from the 
sonde as it was beaten against the rocks. Pieces of the keg and the sonde were recovered several 
weeks after the incident but the sonde was irreparable. 

We contacted a number ofresearchers, and searched for alternative suggestions for securing the 
sonde. The USGS Montana staff has extensive experience using in-stream data loggers, and 
thought that high gradient streams like the Poplar River are seldom monitored because of the 
difficulty of keeping sondes secure in the streams. They have had some success with a steel pipe 
secured perpendicular to the stream flow (although they can drive a post in the stream bed) and 
so after conferring with MPCA-Duluth, Cook County, and Lutsen Mountain staff about the 
logistical difficulties, cost-risk, and data needs for the TMDL process we decided to try a 
modification of the USGS method. Pipe brackets were custom fashioned after a pattern sent by 
the USGS and lag bolted to two large boulders. A new sonde was purchased and deployed 
August 24, 2006. 

Flows were ve1y low during late summer and fall and the Poplar watershed was in the drought 
category according to the National Weather Service (NWS) and Minnesota DNR. This led to 
some additional problems although the sonde survived. Several periods of extremely low flow 
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resulted in the conductivity sensor being out of the water and the bridge-mounted (sonar) stage 
height-flow sensor monitoring the dry shoreline of the stream bed. The sonde was removed 
November 2i11 after what appears to be several freezing episodes that affected the quality of the 
data and could potentially have damaged the sensors and/or sonde. 

Monitoring protocol "explanations" for the Poplar River site in 2006 with 
recommendations for 2007: 
1. The stream will be monitored continuously (readings recorded every 30 minutes) with a 

water quality sonde connected to the MPCA datalogger and phone modem during the ice free 
season. 

a. The water quality sonde will be outfitted at a minimum with temperature, 
conductivity and turbidity sensors. 

b. The sonde holder was "cabled", i.e. affixed with cables to the stream bottom in 2006 
which didn't allow for retrieval and calibration until the flows were low enough to 
pennit physical access to the river. This resulted in extended periods where the sonde 
calibration could not be maintained due to the high river level and flow. 

c. Being cabled in the stream allowed the sonde to bounce somewhat with the cmrent 
potentially resulting in e1rnneous data due to either electronic noise or from turbulent 
bubbles. 

d. The sonde was lost after 3 7 days, presumably from debris snagging the cables at what 
was a moderately high flow (850 cfs). This led to water quality data gap of almost 4 
months. 

e. The sonde was replaced in the fall using a method that should allow the sonde to be 
removed for cleaning and calibration in any flow. 

f. The sonde orientation/rotation within the holder may influence the readings and 
should be marked so it can be replaced in the same orientation. 

2. Flow and precipitation will be logged by the MPCA at the datalogger site in conjunction with 
the sonde data. 

a. Flow is measured by relating the distance to the water smface measured by an 
ultrasonic sensor to the rating cmve for this stream developed by the USGS using 
measurements of in-stream velocity and cross sectional area. 

b. Precipitation is measured using a tipping bucket rain gauge located on the golf course 
bridge (MPCA/NRRJ datalogger site) and connected to the datalogger except during 
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freezing weather when the precipitation data from the NWS at the Grand Marais 
airpo1t is used. 

c. This MPCA owned and managed system worked well except for the extremely low 
flow situations when the river was not flowing beneath the ultrasonic sensor. This low 
flow can be estimated fairly accurately and constitutes only a very small fraction of 
the annual flow, and presumably annual pollutant loads as well. 

3. The data will continue to be made available to the public on the 
www.LakeSuperiorStreams.org website labeled as provisional and updated daily. More 
frequent updating may be possible if desired and if additional funding is available to cover its 
costs. We recently updated our QA section on the website to include info1mation regarding 
the specific Poplar River instrnment (http://www.duluthstreams.org/streams/QA QC.html ) 
and will soon (Spring 2007) be updating it fu1ther to include reference to the new turbidity 
unit nomenclature base upon the measurement system (sensor/instrnment) being adopted by 
the MPCA as per recent USGS studies (MPCA 2006, USGS 2005). 

4. The stream will be sampled for chemical/physical parameters by MPCA-Duluth (Jesse 
Anderson and Tom Estabrooks have been the lead investigators since 2002) and Cook 
County staff (presumably Dave Stark, the "new" County Water Plan Coordinator) during the 
high flow events and follow the MPCA stream monitoring protocol for North Shore streams 
that emphasizes high flow grab sampling during spring rnnoff and summer-fall rainsto1ms 
(cf. Anderson et al. 2003). NRRI staff (Jeny Henneck and Elaine Ruzycki) will make 
periodic "as-needed" trips to service the sonde and they will collect grab samples and 
ancillary data on these trips (temperature, EC25, DO, transparency tube clarity, turbidity, 
TSS, Cl, and nutrients) . 

a. The summer of 2006 was ve1y dry and therefore, fewer samples than expected were 
collected. 

b. There were also some inadve1tent miscommunications between the MPCA, NRRI 
and Cook County staff that also contributed to reduced summer sampling- a 
consequence of the typical coordination difficulties that happen in field programs 
involving multiple organizations with inadequate funding, and a variable sampling 
schedule dependent on weather events. This can and should be improved in 2007. 
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5. The QA/QC procedures outlined on the LakeSuperiorStreams web page will be followed for 
the sensor sonde. 

a. The QA/QC protocol was not strictly followed during the 2006 ice free season due to 
a variety of causes. Having the sonde cabled into the stream did not allow it to be 
calibrated biweekly as it should have been because of safety risks to field staff. Grab 
samples were to be taken in coordination with the MPCA north shore stream 
sampling effmt but the communication and coordination issues noted above led to too 
few samples being collected to resolve some of the QA and data interpretation 
questions posed below. 

b. We had also assumed that MPCA would be collecting grab samples above the 
Highway 61 bridge, just downstream from the stage-height and water quality sensors 
and that the turbidity values from them would provide an additional QA check-
essentially an in situ Quality Assurance Check Standard (QCCS). In fact, their grab 
samples were collected about 500 meters downstream of the sensors near the mouth 
of the creek. 

c. Unfo1tunately, we were not able to conduct a "planned" variability study in the 
vicinity of the sonde by taking many different grab samples for turbidity across the 
stream over a 50 meter reach to estimate short-term spatial variability. We will work 
with Cook County SWCD to tly and accomplish this in 2007 - probably during 
moderately high flows when turbidity values are relatively high. 

Preliminary data analysis: 
Despite losing the sonde after a month and not getting it replaced until the end of August, 11 700 
data points were logged at 30 minute intervals. Manual samples were collected on thi1teen dates 
for a ratio of 900 sonde samples per manual sample. The sonde was outfitted with temperature, 
specific conductivity, and turbidity sensors. The MPCA collected flow and precipitation data 
throughout the summer at the same location and with the same frequency. The sonde recorded 
data at the lower golf course bridge (Figure 2) at the same location as the MPCA stage-height 
and precipitation gauges. The manual samples collected by the MPCA were collected near the 
mouth of the stream, approximately 0.5 km downstream of the sonde, and downstream of 
Highway 61. Only two grab samples were collected at the sonde site, both by NRRI. 

Turbidity values 
A linear regression of the sonde turbidity against the grab sample turbidity yielded a good fit (r2 

= 0.83 after the removal of one outlier point) even though the samples were taken at different 
locations and turbidity was measured with different insn·uments (Figure 3). The sonde turbidity 
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used for the regression was the average of the three data points closest to the time that the grab 
sample was taken, and therefore over a one hour interval. Although the sample size was small 
(n=l 1) this provides some assurance that the sonde was measuring what would be measured with 
a grab sample, only at a greater frequency with the sonde. The slope of the line (3.65) is skewed 
in the direction of the sonde turbidity indicating: 

1. turbidity values were uniformly more than 3X higher at the datalogger site (sonde) than 
downstream (lab turbidimeter), or 

2. there was a calibration error for one of the instrnments, or 
3. the field and laboratory nephelometric turbidimeters were measuring different properties 

because of different internal sensors and/or different paiiicle size sensitivities (see discussion 
below and Table 2; see USGS 2005 and MPCA 2006), and/or 

4. different locations within the stream ( depth and distance from shore) might account for large 
differences in the in situ versus grab samples, and/or 

5. the in-stream sensor is responding to turbulent bubbles in addition to actual suspended 
sediment; and/or 

6. other factors are causing the "upstream" sonde to produce higher values. 

Figure 4 depicts the relationship between lab measured turbidity and in situ values measured 
with YS/6820, YSI 6920 and Hydro/ab SA Minisonde sensor sondes for three trout streams in 
Duluth (Tischer, Kingsbury and Chester; www.lakesuperiorstreams.org/streams; Axler et al. 
2006 during the pe1iod 2003-2006, for Amity Creek on the outskiiis of Duluth in 2005-2006 and 
for the Poplar River. The regression coefficients and statistical significance for these regressions 
are smmnarized in Table 3. At this point in time we only note that all regressions were highly 
significant but that the slopes of the sonde vs lab turbidimeters regressions for the entire range of 
data since 2003 ranged from 0.50 for Tischer Creek to 1.30 for Amity Creek in Duluth - much 
lower than the value of 3 .65 for the Poplar River. The MPCA (2006) guidance protocol 
distinguishes data values <40 "NTU" from those > 40 "NTU". Separating the data set into these 
two classes, based on the Lab turbidimeters values, improved the c01Tespondence between the 
two measurements for the lower class ( <40 "NTU") with individual stream-regression slopes 
ranging from 0.83 to 1.25. Note that a value of 1.0 would indicate a 1: 1 con-espondence between 
the different measurement systems. There was insufficient data from Poplar in 2006 to wan-ant 
partitioning its data. 

We have no reason to suspect that field and lab values would differ by a factor of more than 
three. MPCA grab samples were measured by the MN Depariment of Health Lab in St. Paul, 
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MN following identical state and federal ce1iified QA/QC procedures, although the turbidimeters 
could have been different in regard to the USGS categories listed in Table 2. For the present, we 
will continue to rep01i all turbidity units as NTUs to avoid even more confusion, especially in 
regard to our websites general audience. However, as per Figure 4, we will attempt to use the 
new units whenever possible in technical repo1is and publications. 

Therefore, we hypothesize that either: 
I . turbidity was in fact higher at the datalogger site than at the mouth of the stream even though 

the mouth was downstream of the Highway 61 bridge which would typically be assumed to 
generate additional sediment and turbidity. Assuming that total flow must be at least 
somewhat higher at the downstream site, this means this "extra" water must have been 
considerably less turbid at least during lower flows when the samples were all taken (see 
Figure 5), or 

2. there was a systematic measurement error that will have to be addressed, perhaps due to 
differing measurement systems. In any case it will be important to determine if such 
systematic errors exist (see Recommendations section below) 

The sonde turbidity data is "noisy" in that it has high variability from sample to sample (Figure 
5). This is more prevalent in the spring than in the summer/fall period and may be the result of 
location of the sonde in the spring (Figure 2). The spring was also a period of greater flows and 
the sonde was placed nearer to the bottom of the river which may have contributed to the greater 
noise. Entrained air bubbles or heterogeneous particles may also have contributed to the 
variability, as well as to the higher values noted above. When the sonde was replaced in the 
summer it was inserted into a pipe bolted to the rocks, which thus far has yielded less noise 
although the flows were very low due to the drought conditions ofN01ihern MN and never 
reached the levels seen in the spring. 

An effort was made to determine the best time step to use in the analysis of the data. Data is 
logged every thiliy minutes which provides a short enough time interval to capture most rapid 
changes but this also increases noise. Averaging the data over a four hour or daily period 
dampens the noise but may result in missing or minimizing important changes in the stream. 
Figure 5 overlays raw 30 minute values with a running 9 point mean (the same as 4 hour means), 
and mean daily (based on 24 data points) turbidity. Qualitatively, it appears that the 4 hour 
running mean captured sufficient detail to be useful for visualizing the data - see for example the 
events on Mach 31- April 1, April 12-13, May 1, and November 3, 2006. The 24 hour mean 
misses the higher frequency spikes, although it could be used with mean daily flow to calculate 
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mean daily loading if the turbidity values are well coITelated with TSS, TP, etc (not yet 
analyzed). 

Percent exceedances of turbidity (at both the 10 and 25 NTU level) were calculated for the three 
time steps separated into spring (37 days) and summer/fall (90 days) periods as well as for the 
complete data set (Table 1 ). Our initial observations are that nearly all exceedances were during 
the spring period as there were few rain events and no high flow events in the fall/summer 
period. Using turbidity as a surrogate for load at the three time steps resulted in a difference of 
less than 5% between the three time steps for the spring, the summer/fall or the complete data 
set. This suggests that the time step used in the determination of annual load would have little 
effect on the annual load for this year. 

Lessons learned and recommendations for next year: 
1. Repositioning and further securing the sonde in August 2006 will hopefully prevent the 

complete loss of the sonde this season (2007); 
2. The new sonde housing will allow for cleaning and calibration on a two week interval 

consistent with the QA/QC protocol; 
3. A surface grab sample will be taken at the time of calibration at both the sonde location and 

the MPCA location and identical sampling procedures will be used; 
4. Better communication and coordination of efforts between the NRRI, MPCA, and Cook 

county is an essential part of an effective overall QA/QC plan. We suggest that Cook 
County staff, because of travel constraints for MPCA and NRRI staff, take the lead for the 
purpose of maintaining and calibrating the in situ sonde (with associated grab sampling for 
turbidity); 

5. Increased sampling is needed with an emphasis on sampling at both the sonde/data logger 
location and at the MPCA sampling location to ensure that the relationship between these 
two sites can be determined; 

6. Consistency in regard to use and reporting of the use of specific lab turbidimeters and in 
situ sensors will be needed as per USGS (2005) and MPCA (2006) recommendations; 

7. A joint decision between interested parties must be made as to how to integrate manual (i.e. 
Lab) and in situ sonde turbidity data sets. (underlined for emphasis) 

8. The bulk sample grabs should also be checked for specific electrical conductivity (EC25) in 
the field using a handheld portable conductivity p en. NRRI has used these relatively 
inexpensive ($50-80) instruments since 2002 in Duluth Area streams and shown excellent 
agreement (Axler et al. 2006; Axler et al. 2004; website 
http://lakesuperiorstreams. orglcitizen/washburn. html: Axler, unpubl.) 

- 9 -



9. Two or three time-intensive sampling series (10-15 samples) focused on characterizing a 
storm (or high flow event) are needed. These samples would be part of the comparison 
study between the two different locations. 

"Exceedances" 
1. There was almost no difference in the % exceedances rate for a 10 NTU criterion between 

the raw (30 minute), 4 hour mean, or 24 hour (daily) mean data. All were >99% during the 
37 day period of high flow spring rnnoff and 4.7-5.5% during smm11er-fall base flow 
which was virtually ston11-free for our period of record. 

2. For a 25 NTU criterion, the 30 minute raw data yields a 78% exceedances rate as compared 
to 86% for 4 hour mean data and 95% for 24 hour mean data. Therefore, smoothing 
increased the exceedances rate during the high flow period. We have no hypothesis as to 
the reason for this. Rates were only 1, 4, 1.1 , and 2.2%, respectively during base flow and 
there is no apparent pattern. 

3. The limited amount of grab sampling data showed only one "high" value greater than 10 
NTU (and also >25 NTU) out of the 14 values generated in 2006, 11 during snowmelt 
when the high value occmTed and three low values during baseflow (Table 1 and Figure 5). 
Therefore, the snowmelt rates were 7% for both > 10 and >25 NTU and 0% for baseflow. 

Appendices 
Nine figures are included showing various views of the 2006 NRRI/MPCA/USGS Poplar River 
water quality data set as viewed via the LakeSuperiorStreams.org dataviewer utility. 
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Table 1. Poplar R iver 2006 % turbidity exceedances for criteria of 10 NTU or 25 NTU for 
different methods of averaging the raw data. 

30 minutes (raw) 4 hour mean 24 hour mean Grab sample 
#>2 

# >10 #>25 # > 10 #>25 # >10 #>25 #>10 
5 

Complete 1306/59 
1897/5967 240/747 191/747 42/127 37/127 1/14 1/14 

data set 67 
32% 32% 26% 33% 29% 7% 7% 

2006 22% 

Spring 849/856 67 1/856 214/215 184/2 15 37/37 35/37 1/11 1 /11 

Mar-May 99% 78% 99.5% 86% 100% 95% 9% 9% 

Summer 105/2129 31/2129 25/533 6/533 5/90 2/90 0/3 0/3 
Aug-Nov 4.9% 1.4% 4.7% 1.1% 5.5% 2.2% 0% 0% 



Tabl·e 2, TURBIDITY PAIRAiMETER AND METHOD CODES 

pdated 9/ 9./05 

Instn.unent Ty:12e: Description: 

'iJ/hite or Broadband ( 00-680 
NTU {Nepheloruetric u ictii:y Unitr.) nanometers) Light Source, 90-degree 

detecti.on an2;te, one dete,etor. 
\"Vhite or Brnadba:n<l ( 400-680 

NTRU (Kephelometric: Turbidity Ratio Units) nanometers) Light Source, 90-degree 
dete-ction angle, multiple detector:. 
,li.,ith rati!:'I c,ompensat.ion . 
'i.Vh ite 0 1 Brnadba:nd ( 400·-68 0 

BU (Backscatter L"nit:..) nanc,metern: Light Source 30- (pfo:.. ,or 
mi.nu_:;. 15) clegre,e dete::tion angle 
(bii,ckc-.caitte1·). 
\Vhite or Brnadband ( 401)-680 

Ar (Attenuation l nitr.) nanmneters) Light Source, 180-degree 
dete-ction ,m:de (.attenuation)_ 
·•,Vhite or Broadband ( 400-680 

NTIVIU (~ ephelometric- T urb . dity M lltibeam nanometers) Light Sou.tee, Muhp,.!e 

"nits) light r..ouroes. Detectcn, at 90 degree;, 
and por.i.,!ihly other angle to eacl 
beam. 
Near Infra-Red (780-900 nanometer,;.) 

FNLl (Fom1:1zin Nephelometric Uni.ts) 01· :tv onochrnme light source. 90-
degree <letecti,on .angle. one. detector. 
Near Infra-Red (780-900 u..mcmete.r.a;) 

FNR (Formazin Nephel-ometi-ic P-..atio l:rut:..) or 1'fonoch:rome light source. 90-
degree detection angle, multiple 
dete-ctor:,,. ratio cc-,mpensation. 
Near fufra-Red ('80-900 mmometer.=:,) 

FBU (Formazin Bacbcatter U1 .ts) or~ onochrome light sonrc-e. 30- (p lus 
of mi1 li<.; 1 s: deg,.·ee detection angle. 
(ba,ck;catter). 
Near Infra-Red or 11101J1od u:om.e- Ligh 

FAL"" ,i' o~mazin Attenuation -nits) Source, 80~degree d.-c•ection ang e 
(.:.ttenuatiou'l<. 
Near Infi:a-Red (780-900 nanometer,=:.) 

F).:"lvID (F otmazin Nephel.ometric Multibeam or Monochrome hght source, ),fuhiple 

nits) light &ouroe«. Detector;, at 90 degree;, 
ruid pos&ibly c,ther angl.es to each 
be.aim. 

Table 2. Turbidity units based on measurement instrument as 
per USGS (2005). Table taken from MPCA. 2006. Turbidity 
TMDL Protocols and Submittal Requirements. Minnesota 
Pollution Control Agency, St. Paul MN, December 2006. 1 00p. 
www.pca.state.mn.us/publications/wq-iw1-07.pdf 



rrable 3 DRAFT. Regression coefficients for comparisons of field measured (in situ via sondes) and lab 
measured grab samples. "Values < 40 NTU were based on lab measured values and therefore are actually 
<40 NTRU using unit nomenclature as defined in Table 2. n= # of values 

Stream-station slope intercept r2 (n) p Comments/sonde 

ALL TURBIDITY DATA 

Kingsbury - LSS 
YSI 6820 sonde 

0.54 9.1 0.85 (87) <0.001 YSI 6136 turbidity 2003-2006 
wiper removed 

Tischer - LSS 
YSI 6920 sonde 

2003-2006 0.50 12.3 0.70 (70) <0.001 YSI 6136 turbidity 
wiper removed 

Chester -LSS 
YSI 6920 sonde 

2003-2006 0.76 3.6 0.64 (66) <0.001 YSI 6136 turbidity 
wiper removed 

Amity-LSS Hydrolab MS5 sonde 

2005-2006 
1.20 10.4 0.73 (11) <0.001 self cleaning turbidity 

Amity - LSS 
1.30 2.0 0.80 (10) <0.001 Omit 1 outlier 

2005-2006 

Poplar- LSS 
3.65 -1.40 0.83 (11) <0.01 Omit 1 outlier 2006 

All streams pooled 
0.54 10.8 0.75 (234) <0.001 All inclusive 

(include outliers) 

TURBIDITY < 40 NTRU (but calibrated in NTU) 

Kingsbury -LSS 
YSI 6820 sonde 

2003-2006 0.90 0.40 0.60 (29) <0.001 YSI 6136 turbidity 
wiper removed 

Tischer -LSS 
YSI 6920 sonde 

2003-2006 0.83 1.71 0.43 (31) <0.001 YSI 6136 turbidity 
wiper removed 

Chester -LSS 
YSI 6920 sonde 

2003-2006 0.88 1.46 0.69 (54) <0.001 YSI 6136 turbidity 
wiper removed 

Amity-LSS 
0.96 13.8 0.10 (6) 

Hydrolab MS5 sonde 
2005-2006 n.s. 

self cleaning turbidity 
Amity-LSS 

1.25 1.93 0.90 (5) 0.003 Omit 1 outlier 2005-2006 
All streams pooled 

0.87 2.1 0.42 (120) <0.001 All inclusive (include outliers) 

- 12 -



Table 4. USGS (2005) categories for lab and field instrumentation used by LakeSuperiotStreams.org 
project since 2002. All sensors were calibrated using identical forrnazin solutions and shown to be linear 
over the range of 0-~ 1 00 NTU's. Samples were not diluted unless > 1000 NT Us. 

NTRU tNephelom.etcic Turbidify Ratro Units} lnstruments--White or Broadban(I (400-680 .na_nometers) Ught Source, 90-
degree detec.ti:on angJe, mutHple detector;s with ratio compensation. 

63676 HACH, sensor model 2100 AN (Ratio EPA 180.1 A NTRU Static Flowthrough accessory provides more 
ON) dynamic measurement, stable readings 

63676 HACH, sensor model 2100 N (Ratio EPA 180.1 B I\ITRU Static Flowt hrough accessory provides more 
ON) dynamic measurement, stable readings 

63676 HACH, sensor model 2100 P EPA 180.1 C NTRU Static (Portable} 

FNU A93) Instruments-Near Infra-Red (780-900 nanometers) or Monochrome light s:ource. 90-degree detection rangte, 
one detector. 

63680 Hydro lab, sensor model ISO 7027 N FNU Dynamic Uses Analite NEP9500 Series 
Datason de 4 and for MS5 (self- turbidity probe POPLA.R, AMITY 
cleaning) 

63680 YSI Environmental, sensor model ISO 7027 5 FNU Dynamic NNGSBURY,TISCHER , CHESTER 
6136 



Figure 1. The initial (failed) sonde holder and location. The three cables secured the "keg", one 
downstream of the big rock, one perpendicular tot he current and the third angled upstream. 

Figure 2. Poplar River sampling sites also showing the golf course and the ski runs. 
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Figure 3. Comparison of the sonde turbidity and the grab sample lab turbidity. Sonde 
turbidity is the average of three points surrounding the time that the grab sample was 
taken in order to reduce variability . I really don ' t have a strong justification for removing 
this data point. The r2 nearly doubles and the origin comes very close to zero without it. 
With this point included the r2 is 0.42 and the equation is: 
sonde turbidity= 3.07*1ab turb + 9.01. 
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Figure 4. Comparison of turbidity values measured for grab samples analyzed in the 
Lab versus in-stream values measured with a Hydrolab MS5 Minisonde (Poplar & 
Amity), or YSI 6820/6920 (Kingsbury, Chester,Tischer; details at 
www. /akesuperiorstreams. orglstreams/QA QC. html). All instruments calibrated using 
formazin but units are expressed per current USGS protocols. Data in right-side plots 
is for values <40 NTU as per USGS (2005) and MPCA (2006) recommendations. 
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Figure 4 (continued). Comparison of turbidity values measured for grab samples 
analyzed in the Lab versus in-stream values measured with a Hydrolab MS5 
Minisonde (Poplar & Amity) , or YSI 6820/6920 (Kingsbury, Chester,Tischer Creeks). 
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the different degrees of "noise" smoothing and also show the grab sample turbidity 
values in relation to the sonde turbidity values. 



Appendix: Poplar River real-time data access and dataviewer 
(animation) via www.lakesuperiorstreams.org 

Launch ;a Java applet to plot the data from these sites: 
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2. Weekly data summaries and QA/QC information 
http:l/duluthstreams.orglnorthshoreldata/poplar/weekly/htmll index.html 
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5. Fall 2007: ~93 day period . Sensors removed for the winter in 
late November. Note turbidity scale change from full-scale 250 
NTU-FNU) to 100 NTU-FNU relative to spring data (above). 
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7. One week detail of base-flow period in Fall 2006 when water quality 
sensors are presumed to be no longer completely underwater. Note that 
turbidity sensor reads zero most of the time and conductivity sensor is 
"chattering" with many zeros. Temperature likely accurate based on 
examining diel patterns before and after this "dry" period. 



8. Final week of 2006 data set showing presumed sensor freezing 
episodes where EC25 decreases (ice is a poorer electrical conductor 
than water) and temperature decreases to zero. Turbidity values 
apparently also decrease to 0-1 NTU-FNU when the sensor ices up. 
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• 

9. Fifteen (15) day plots of Poplar R. intensive data for Spring and 30 day 
plots for Summer-Fall 2007. May-Aug data set is missing water quality data 
due to lost sensors but there is continuous flow data from MPCA sensor that 
records water level ultrasonically from a bridge. Green bars show 
precipitation events for 24 hr periods; all water quality scales set identically . 
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Appendix 2. North Shore Lake Superior 
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• Lake Superior Communities - North Shore 
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lake superi 
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Minnesota's North Shore represents 150 miles (240 kilometers) of shoreline belonging to the world's largest (by surfa 
area) freshwater lake - Lake Superior. To the Ojibwa (Chippewa), it was called Gitche Gumi: Great Lake or Great W, 
Three states (Wisconsin, Michigan and Minnesota) and one Canadian province (Ontario) share the lake's shoreline . 

Lake Superior covers about 31,700 square miles (82,100 square kilometers), about the same size as Maine or the 
combined provinces of New Brunswick and Prince Edward Island. It is the greatest Great Lake--the largest freshwater 
in the world by surface area, and the third largest by volume. Only Lake Baikal in Siberia and Lake Tanganyika in Eas 
Africa contain a greater volume of fresh water. Superior is the deepest of the Great Lakes and along much of the Nort 
Shore is as much as 700 feet deep (213 meters) only 3 miles ( 4.8 kilometers) out from shore. The deepest spot, 1,3: 
feet (406 meters), is 40 miles (64 kilometers) off Munising, Michigan. One of the world's tallest buildings, Chicago's S 
Tower, could fit in that hole with only a few floors sticking above the water. See how it compares to the world's large! 
buildings and lakes. 

If you drive the 350 miles (563 kilometers) from Ottawa to Niagara Falls, you 
have traveled the length of Lake Superior. To appreciate its width, drive the 
160 miles (257 kilometers) from Duluth to Minneapolis . If Superior's 
shoreline were unraveled into a highway, it would extend 1,826 miles (2,938 
kilometers), the distance from Duluth to Miami. Lake Superior's watershed 
covers 49,300 square miles (127,700 square kilometers) but is a small basin 
for the size of the lake it contains . The lake is 380 miles long (east to west) 
and as much as 160 miles wide, with a surface area of 31,700 square miles 
(82,100 square kilometers), 2900 miles of shoreline. These statistics speak 
to the magnificence of this lake. A personal v iew of the lake also helps put 
perspective to this giant body of water that stretches glimmering to the 
horizon. Storms can produce huge waves that pound against imposing cliffs 
with spray plumes that reach hundreds of feet in the air, indeed waves as 
large as 31 feet have been recorded on Lake Superior. During winter dramatic ice structures can be seen piled high a 
the shore. 

Lake Superior could hold the water from all of the other Great Lakes, along with three more Lake Eries. Because of it! 
great size, Superior has a retention time of about 191 years. This is a measure of how long water stays in the lake, b 
on volume and the mean rate of outflow and provides a general sense of how long it can take to flush pollutants out c 
the system. 

Here in Minnesota, Lake Superior's shoreline offers up rugged rocky cliffs, pebbly beaches, mini mountains forested b 
pines, birch and poplars along with plunging streams and numerous sensational waterfalls heading down to Lake 
Superior. All meld together to form a spectacular wilderness rich in wildlife, fish and other natural resources. Indeed c 
of nature's greatest resources found along the North Shore is its numerous streams. Between the eastern edge of Du 
and the Minnesota/Canadian border there are 27 major streams draining 2184 square miles of the North Shore into L 
Superior. These seasonally flashy streams are short in length, steep and swift, cutting through bedrock, over rapids a 
careening down spectacular waterfalls. 

Dotted along the shoreline are a number of small communities that share in the wilderness legacy. Most owe their ori 
to the harvest of the areas abundant natural resources. First (1650-1850) there were voyagers and the fur trade. ThE 
the last third of the 1800s natural resources based industries began to flourish such as commercial fishing for Lake 
Superior Whitefish and Lake Trout, lumbering and shipping of Minnesota's Northern Superior Upland Forests and the 
shipping of iron ore from Minnesota's nearby Iron Range to more southern industrial areas. 

Since the late 1800s tourism has played an ever increasing role of importance in lakeshore community development. 
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Since 1945 the tourism industry has intensified and evolved from short term visits with rustic accommodations to the 
building of resorts and up-scale summer cottages that potentially will be retirement homes for those besotted by the 
area's beauty. Today's harvest of the wilderness is mostly a visual experience for the countless tourists and part-time 
residents. However, while physical extraction of natural resources has diminished, burgeoning lakeshore communities 
struggle with managing a variety of environmental impacts, a consequence of development pressures. The resulting 
impacts are neither entirely defined nor fully understood. 

To better understand Minnesota's North Shore communities and their surrounding environment, links are provided to 
selection of web sites that cover natural history, environmental concerns and recreation within the area. 

Minnesota North Shore Natural History and Environment 
1. Lake Superior Coastal Program Final Environmental Impact Statement (Part III) - 1999 

A slightly dated but very good and complete review of the environment associated with Minnesota's North Shor 
Document addresses climate, geology, soils, physical structure of coastline, watersheds, wetlands, water and 
habitat quality, other natural resources, pollutants, demographics, commerce and industry, recreational and ot 
developmental issues. Also has a good pre-1999 reference section. 

o Minnesota Coastal Nonpoint Source (NPS) Program - perspective on non point pollution (NPS) related to 
coastal Lake Superior. 

o The complete Environmental Impact Statement 

2. History of Minnesota's Lake Superior 
Provides maritime historical details for recognized periods of development along Minnesota's North Shore and 
includes periods for the voyagers and their fur trade, European settlement and fishing, establishment of the ire 
ore industry, the development and collapse of the big tree lumber industry, railroads and agricultural developrr 
(a transportation story) and the more recent development of a North Shore tourism and recreation industry. Tl 
document is long but interesting. 

3. The Impacts of Tourism (3.7 MB pdf) 
Delineates the good and bad impacts of tourism. Environmental (including cultural, social and crowding impact 
and economic impacts are examined from a cost- benefit approach. A useful and informational document for 
community leaders and planners developing North Shore communities into the future. 

4. History Of Lake Superior : A Timeline 
Provides a comprehensive outline of historical happenings around the shores of Lake Superior from the 1600s 
through the 1900s including historic photographs, climate data and land use maps. 

5. The Nationwide Rivers Survey of the National Parks Service 
Provides information on notable rivers and streams in Minnesota, many of these flowing into Lake Superior alo1 
the North Shore. Includes a brief description of each stream, its length, its location of origin and mouth. 

To discover and explore the information provided on North Shore streams, scroll down the County column an 
investigate entries listed under St. Louis, Cook and Lake Counties. To decipher the shorthand script notations, 
following is offered: 

ORV-Outstanding Recreational Value S-Scenery R-Recreation G-Geology 
F-Fish W-Wildlife P-Prehistory H-History C- Cultural 0- Other 

Classifications: S-Scenic R- Recreation W- Wild River 

6. Real Time River Heights and Discharge Rates from the USGS are available at: 

o Knife River (near Two Harbors) 

o Pigeon Rive r (near Grand Portage) 

o MPCA mon itored North Shore streams 

7. Minnesota Landview 
An easy to use interactive mapping tool provided by MNDNR. Users can view Minnesota geographical features i 
variety of mapping formats. Use of the zooming tool allows user to pinpoint selected areas. 

8. Lake Superior Basin Plan (2004) (warning: 11.9 MB pdf) 
The Minnesota Pollution Control Agency (MPCA) report documents and summarizes the water management 
activities for the Lake Superior Basin for a five year period to protect NE Minnesota's valuable natural resource: 
and resulting quality of life. Recognition of the interrelationship of lakes, streams, and rivers as an important f, 
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in quality of life issues is discussed in terms of natural limits . These waters are already besieged by an 
unprecedented number of pressures and pollution sources . The Basin Plan is long -342 pages- but contains a 
wealth of information. 

9. Minnesota Lake Superior Beach Monitoring Program 
Provides water quality information based on indicator bacteria (fecal coliform and E. coli) concentrations for 
Minnesota's public Lake Superior beaches. Tabs at top of home page provide additional information on the 
monitoring program, the science behind the program, and advice on how to help prevent beach contamination . 
Includes a novel mapping utility to "see" the sites and their current data and a unique data animation tool for 
viewing the data over time or comparing it to other sites and other measurements. 

10. Lake Superior Weather Forecasts 

o North shore weather 

o Open waters of Lake Superior 

o Surface water temperature, currents, ice coverage, etc. 

o Great Lakes water level 

11. Minnesota's Coastal Program 

12. List of Impaired Waters in Minnesota (328 KB pdf) 
MN Pollution Control Agency (MPCA) list reported to the US EPA of surface water resources found to be "Impair 
and the pollutants causing the impairment. Listed water resources require Total Maximum Daily Load (TMDL) 
reporting. The listing is by geographic area e.g. Lake Superior Basin and includes data as recent as 2004. 

13. Historic (1998) MPCA data on river impairment for rivers located in the Lake Superior Basin is presented in an 
easy-to-use chart. Provides individual river lengths, river uses, indicators of impairments and suspected polluti 
sources. (215 KB pdf, pages 8 - 10) 

14. An Assessment of Representative Lake Superior Basin Tributaries 2002 (1.4 MB pdf) 
A study by MPCA assessing a number of North Shore streams between Duluth and Canadian border. Technical 
information on Amity Creek, Talmadge River, French River, Sucker River, Poplar River and Brule River is provid 

15. North Shore Scenic Drive All American Road- Corridor Management Plan 2003 (860 KB pdf) 
A development and long term management plan for the North Shore scenic road (Highway 61). The report pro• 
a vision, goals, and management recommendations for protecting and enhancing the 154 mile drive. Identified 
many of the features, qualities and attractions that encourage both tourists and long-time residents to travel ti 
route. 

16. History and Development of Great Lakes Water Craft 
An interesting article on early ships found on the Great Lakes. Of particular interest is the section entitled Sma 
Craft which describes the development of the smaller 'Mackinaw' boats that were popular at Minnesota's North 
Shore. 

17. Swimming in the Great Lakes-2005 (440 KB pdf) 
Prepared by the NATURAL RESOURCES DEFENSE COUNCIL (NRDC), this is a guide to water quality at vacation 
beaches . Provides a list of all Great Lakes Beaches and water quality status in 2004, also an evaluation and 
recommendations for improvement of each of the Great Lake's states sewage overflow Right-to-Know program 
However, for up-to-date information on Lake Superior Beaches, visit MNBeaches.org . 

Outdoor Guides for Exploring Minnesota's North Shore 
1. General Information Guides 

o Lake Superior Drive 
Provides nicely summarized information on attractions, lodging, dining and shopping. Each entry is 
accompanied by mile marker information from Duluth and from Sault Ste Marie. A nice feature is the m, 
found on the home page which can be enlarged by clicking to reveal a very clear and simple map that 
locates the features described in the narrative, this includes all the North Shore streams. 

o Minnesota North Shore Visitor Guide 
Provides an easily navigable page for finding information on State Parks, Lake Superior shipwrecks, outc 
activities, fall color tours, weather and all the usual lodging-dining-attractions information. This site also 
includes a page that highlights outdoor recreational opportunities along the North Shore. 

o Explore Minnesota 
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Includes brief notes on Lake Superior facts, geology and attraction's information; links to State Park wel 
sites, but also to numerous other Lake Superior related sites like Duluth Shipping News. 

o Highway 61 North 
An outdoor adventurer's guide to activities found along Minnesota's North Shore. Covers hiking, bicyclinc 
snowmobiling horseback riding dog sledding, golf and more. Many links provided to service suppliers anc 
outfitters. 

2. Driving 

o America's Byways 
Driving guide to scenic drive sites along Lake Superiors Minnesota's shoreline 

o Superior Byways 
Summarizes the driving experience along the North Shore . An interactive panel and map allows users to 
explore communities and locate information centers, historic and natural attractions, recreational 
opportunities and scenic views. Includes a Communities link, although some are non-operational at this 
time. 

3. Parks 
The State Park system along Minnesota's North Shore is the highlight that memorializes Lake Superior's ruggec 
shoreline landscape. The MNDNR website includes park highlights, natural history, maps with trails, seasonal 
updates, camping and lodging availability, reservation instructions, trail conditions and recreational facilities fo 
each park. 

o Gooseberry Falls State Park. 

o Split Rock State Park 

o Tettegouche State Park 

o George Crosby Manitou State Park 

o Temperance River State Park 

o Cascade River State Park 

o Judge C.R. Magney State Park 

o Grand Portage State Park 

4. Fall Colors 
Lists a number of Fall Color tour opportunities along the Lake Superior shoreline and venturing inland to the 
geological feature known as the Sawtooths and deep into the Superior National Forest. Each suggested trail is 
categorized as an early or late season, driving or walking tour and a downloadable map is available for each 
suggested trail. 

5. Geology and Rock Hounding 

o Superior Trails 
A two part guide to identifying rocks and minerals found along the Lake Superior shoreline of Minnesota . 
Each rock or mineral is described with an adjoining image. Part one features igneous and metamorphic 
rocks. Part two focuses on minerals, agates and mystery rocks. 

o DNR Geology 
I 

A story on Lake Superior agates that covers their history, their formation and clues to finding them. / 

o Lake Superior agate information 

o Iron Mining 
A simple description of the mining and production of Taconite pellets, much of which is shipped out of Ne 
Shore communities . 

o Basic geology 
Summary of past geological events that shaped Minnesota's North Shore landscape. 

6. Snowmobiling 

o Comprehensive coverage of snowmobiling trails along Minnesota's North Shore. Provides trail maps, trai 
conditions, snowmobile rental, groomer schedule, code of ethics and more. 

o Detailed snowmobile trail entry points provides a short description of popular trails from Duluth to the 
Gunflint Trail. 

7. Bicycling 

o The Gitchi-Gami State Trail 
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will be an 86 mile non-motorized, paved trail between Two Harbors and Grand Marais, MN . Various 
segments of the Trail are complete with up to date information on completed segments. 

o DNR Gitchi-Gami trail information 

o North Shore Trail (snowmobile in winter) 
MNDNR website section about the natural surfaced North Shore Trail used mainly for wintertime 
snowmobiling, but also mountain biking and hiking during summer. 

o Trail conditions and maps with trail descriptions for the Lutsen - Tofte - Cascade area 

8. Hiking 

o The Superior Hiking Trai l is one of the nation's premier trails. Explorers of this trail 
system are routed along the highlands and down to the shoreline of Lake Superior and 
up to the highlands again for over 200 miles. There are a number of access points along 
the trail that allow for shorter loops and 1 - 3 mile scenic hikes. 

Some of you may be interested in this user group : http://groups.yahoo.com/group/hiker/. It is a casual 
conversation about trail conditions, backpacking trips, day hiking, hooking up for new hiking partners, sl 
show announcements and so on -- anything related to the Superior Hiking Trail. 

o North Shore and State Park hikes 
Clicking on a trail pulls-up information on location, permits needed, length of trail, level of difficulty, trai 
highlights, amenities and maps. 

o North Shore waterfalls guide ilncludes descriptions, locations and good imagery. Further navigation thro 
this web site will lead to interesting features to be found around Lake Superior. 

o The North Country Trail 
"Minnesota may not have the longest mileage of trail of the NCNST states, but it will have some of the fi 
and most memorable, especially if and when the Arrowhead reroute takes place." 

9. Paddling and more 

o Lake Superior Water Trail 
Information for paddlers; includes safety tips, camping sites, facilities and maps. 

o Description and location of access po ints for Lake Superiors Water Trail. 

o A report entitled Survey of Sea Kayak Owners in Minnesota ( 446 KB pdf) 
Examines the interest and barriers to kayaking the waters of Lake Superior. 

o Surfing on Lake Superior 
Features several sites along Minnesota's North Shore. 

10. Birding 

o North Shore Birds 
Summary of seasonal distribution of common and conspicuous bird types found in State Parks adjoining 
Superior Shoreline. 

o North Shore Birds check list 

o Birding events 
Grand Marais hosts two birding events, one in the spring and another in the fa ll. 

11. Fishing 

o LakeSuperiorStreams 
Links to organizations that provide educational information on fishing La ke Superior and its rivers and 
streams. 

o MN DNR Fishing Reports 
Provides up- to- date fishing reports for North Shore streams. Fishing pressure, types of fish being caug 
and what lures/ baits are being successful comprise the bulk of these almost daily reports . 

o State Fishing Regulations 
Also available as downloadable PDF file 

o A guide to identify ing Lake Superior Fish 
Leads to a variety of pages on natural history and shipwreck information on Lake Superior and other Gn 
Lakes. 

o MNDNR Area Fisheries Offices and contact information for area managers 
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o Fisheries Management 
MN DNR site that supplies numerous North Shore recreational fishing related reports downloadable as Pl 
files. Includes Lake Superior's Fisheries Management Plan, Rainbow Trout Management summaries, cree 
survey reports, trap reports from French River and Knife River. 

o Economic impacts 
An interesting but dated report on the economic impact of recreational fishing along Minnesota's North 
Shore. 

o North Shore Fishing Guide (2005) (590 KB pdf) 
Locating streams along Minnesota's North Shore, information and diagrams of the various species of tro1 
species found in North Shore streams and access and streamside ownership. 

HOME ABOUT US CONTACT US DATA VIEWER SEARCH GLOSSARY SITE MAP DATA INDEX WHAT'S 
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• North Shore 

• Duluth Area 

• SJ,J__Qerior Area 

• South Shore 

Lake Superior Regional Information 

Learn about what is happening in this photo of Lake Superior. 

Explore the Lake Superior Region 

• Understanding NE Minnesota Waters (exit) 

• Lake Superior Recreational Resources 

• Fisheries Information 

Lake Superior and Superior Basin Information 

• Minnesota Sea Grant - La ke Superior (exit) 

• Minnesota Pollution Control Agency - Lake Superior Basin (exit) 

• Minnesota Pollution Control Agency - Lake Superior (exit) 

• Minnesota Department of Natural Resources - Coastal Program (exit) 

• Wisconsin Department of Natural Resources - Superior Basin (exit) 

• Wisconsin Superior Basin Partnersh ip (exit) 

• Great Lakes Information Network (GUN) (exit) 

• Lake Superior Binational Forum (exit) 
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Lake Superior Regional Info1mation 

• Great Lakes Environmenta l Indicators (GLEI) (exit) 

o GLEI art icle in Lake Superior Angler (2.0 MB pdf) 

• Minnesota Basin Map (exit) 

• Wisconsin Basin Map (exit) 

See also: Resources in the Citizen/Schools section 

Stormwater and Wastewater Information 

ffl 
W:ittt 

Northshore MN Communities 

• Grand Marais MN (exit) 

• Silver Bay MN (exit) 

• Two Harbors MN (exit) 

Coastal Zone Counties 

Du luth Area Townships 

Hermantown MN 

Proctor MN 

Cloquet MN 

Contact Local Decision Makers 

• Elected Officials 

• Agencies 

Understanding 

D.I _ ... • Water-borne diseases - streams 

• Water-borne diseases - beaches (exit) 

• The Natural Landscape 

o Geology 

o Geomorphology 

o Waterfalls 

o Foam 

o Rip Currents 

o Lake Superior Turb idity 

o Lake Effect Snow 

o ICE! 

o Ice Term inology 

o Danger! Thin Ice! 

o Ice Ridges 

o Anchor Ice 

o Beach Ice 

o Superior Ice & Volcanoes 

Du luth MN Stormwater 

• Cit y website ( exit) 

Superior WI Stormwater 

Duluth/Superior Wastewater 

• Duluth MN Wastewater 

• Superior WI Wastewater (exit) 

Southshore WI Communities 

• Ashland WI (exit) 
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Beaver Bay, Minnesota 
Beaver Bay is a small community (population ~204) situated at the mouth of the 
Beaver River. It is the oldest community on the North Shore. A nineteenth centu 
grist mill was located at the falls of the Beaver River, and for years it has been a 
summer colony . The river has good trout fishing, and a community smelt fry is h 
every spring . Located near many recreational amenities including two state park: 
the community has a number of resorts and is a popular visitor stop (source: Be. 
Bay: Community Design & Trailhead -- link below). 

The Ojibwa name of this bay is "Ga-gijikensikag, the place of little cedars." (SOUi 
redfox-imagery.com) 

Beaver Bay Environment 

II A brief but interesting history of the city and things to do 

Beaver Bay Regional Development and the Environment 

Photos 

Stormwater Information 

• A Landowners Guide to Conservation Management (1.8 MB pdf, new window) 

• NEMO - Nonpoint Source Education for Municipal Officials (exit site) 

• Stormwater Program for Construction Activity 
MPCA site that provides links to permitting requirements, fact or guidance sheets, special waters and 
impaired waters, ordinance examples and training opportunities. 

• MPCAs Stormwater ComQliance Assistance Toolkit for Small Construction OQerators (2004) (10 MB p1 
Begins with a summary of the requirements of Minnesota 's federally mandated NPDES/SDS General 
Stormwater permit for Construction. A helpful information brochure aimed at controlling sediment en 
during construction, follows. 

Contact Local Decision Makers 
l;l~i;;tg_?, .. .offi~.i.21~ 

ral Stormwater Protection Team 

Public Health and other Environmental Information 

Publ ic and Environmental Health 
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Grand Marais, Minnesota 
The harbor village of Grand Marais, Minnesota is set on a landscape etched 
the oldest exposed rock on the earth by glacial ice and the water in its two 
natural harbors and the inland sea of Lake Superior beyond. The lake is as 
captivating as it is dramatic - crashing waves one day; stunning silence the 
next. An ever-changing play of light and color between the water and the sl 
has drawn visitors and artists to this rugged shore again and again in every 
season of the year. 

Yet the lake is only one side of the story. Grand Marais sits nestled against 
dramatic backdrop of the Sawtooth Mountains on the edge of the Boundary Waters Canoe Area Wilderness and the 
Superior National Forest. Visitors and locals alike enjoy some of the finest hiking, canoeing and skiing in the nation. I" 
surrounded by millions of acres of lush forests graced with rocky cliffs, serene inland lakes, streams and thundering 
waterfalls that empty into Lake Superior. Wildlife abounds in the fo rest; the lakes and streams are alive with fish. Be~ 
The these year-round recreational activities, the city offers access to scenic drives, cultural events and festivals, quai1 
shops and art galleries, and fine dining. (Sources: www .grandmarais .com and www.grandmaraismn.com) 

The Official city website includes city contacts and links for Information on the library, golf course and Parks and 
Recreation Department; also links to city related organizations and tourist information 

Grand Marais Environment 

II Grand Marais Regional Development and the Environment 

Photos 

Stormwater Information 

Ii re• a• 

• Cook County Statement of Need and Reasonableness Proposed Stormwater Management Ordina nce 
(2005) (0.4 MB pdf) 
This document, a Statement of Need and Reasonableness (or SONAR), summarizes the proposed Coe 
County stormwater management ordinance, and the reasoning behind the proposed ordinance. The 
SONAR discusses the problems the ordinance seeks to address, the causes of the problems, and why 
ordinance is the best method for addressing the problems and their causes. The County developed tr 
SONAR volunta rily so that people interested in the ordinance would have a better understanding of ti 
purpose of the ordinance . 

• A Landowners Guide to Conservation Management (1.8 MB pdf) 

• NEMO - Nonpoint Source Education for Municipal Officials 

• Stormwater Program for Construct ion Activity 
MPCA site that provides links to permitting requirements, fact or guidance sheets, special waters and 
impaired waters, ordinance examples and training opportunities. 

• MPCAs Stormwater Compliance Assistance Toolkit for Smalt Construction Operators (2004) (10 MB pc 
Begins with a summary of the requirements of Minnesota's federally mandated NPDES/SDS General 
Stormwater permit for Construction. A helpful information brochure aimed at controlling sediment en 
during construction, follows. 

http://duluthstreams.org/conununities/grandmarais.html 9/24/2007 



• 

Lake Superior Communities - Grand Marais Page 2 of 2 

Contact Local Decision Makers 
Elected Officjc;1Js. 
Agencies 
Regional Stormwater Protection Team 

Public Health and other Environmental Information 

II -iillll 

Public and Environmental Health 

Maps, Demography, Climate 

HOM E ABOUT US CONTACT US DATA VIEWER SEARCH GLOSSARY SITE MAP DATA INDEX WHAT'S 
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Two Harbors, Minnesota 

Two Harbors (pop. 3565 in 2004), on the north shore of Lake Superior, is 
small, friendly town with big city conveniences. Located 20 miles northeas 
Duluth, the scenic community has an active port with Great Lakes freighte 
taking on iron ore and taconite pellets bound for eastern steel mills. 

Major industries include the five "Ts"-timber, taconite, tourism, transporta 
and technology- but there are many economic opportunities for companies 
all sorts. A great school system, modern hospital and clinic, easy highway 
rail access and a municipal airport help make Two Harbors a competitive 
location. It also offers 15 acres of tax- free JOBZ commercial industrial 

property to entice new and expanding businesses. 

To find more about Two Harbors with regards to area business, recreation, housing/lodging, dining and events see th 
Chamber of Commerce site. 

Additional limited information exists on the web on City Government, work force, industries. rea l estate. infrastructur, 
development incentives and quality of life . 

Northeast Sustainable Development Partnership's Tourism Resource Team Report Two Harbors, 2005. 
(2.4 MB pdf) A document that investigates sustainable development in Two Harbors based on tourism. Includes ideas 
greening areas and making the diverted Skunk Creek into a park and to have enhanced stormwater treatment throug 
infiltration improvements along the creek. 

Two Harbors Environment 

II • History 

• Two Harbors Regional Development and the Environment 

• Photos 

Stormwater Information 

m Mtitoe 

• A Landowners Guide to Conservation Management (1.8 MB pdf, new window) 

• NEMO - Nonpoint Source Education for Municipal Officials (ex it site) 

• Stormwater Program for Construction Activity 
MPCA site that provides links to permitting requirements, fact or guidance sheets, special waters and 
impaired waters, ordinance examples and training opportunities . 

• MPCAs Stormwater Compliance Ass istance Toolkit for Sma ll Construction Operators (2004) (10 MB p< 
Begins with a summary of the requirements of Minnesota's federally mandated NPDES/SDS General 
Stormwater permit for Construction. A helpful information brochure aimed at controlling sediment en 
during construction, follows. 
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Contact Local Decision Makers 
Elected Officia ls 
Agencies 
Regional Stormwater Protection Team 

Public Health and other Environmental Information 

• Public and Environmental Health 

• Maps, Demography, Climate 

HOME ABOUT US CONTACT US DATA VIEWER SEARCH GLOSSARY SITE MAP DATA INDEX WHAT'S 
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Silver Bay, Minnesota 
The City of Silver Bay is located in Lake County, Minnesota, on the scenic North 
Shore of Lake Superior approximately 56 miles northeast of Duluth, MN on US 
Highway 61. 

The community, which was originally built by Reserve Mining Company for the 
employees in its taconite processing plant, was incorporated in 1956 and has 
approximately 2000 residents. Silver Bay, the newest community on the North 
Shore, lies three miles northeast of Beaver Bay, the oldest community on the No 
Shore . 

Silver Bay Environment 

II • MPCA Fact Sheet (49 KB pdf) 
reviewing North Shore Mining-Silver Bay permit requirements based on proposal to reactivate idle 
equipment at its taconite plant. 

• Silver Bay Regional Development and the Environment 

Stormwater Information 

iii ft:ii $ , 

• A Landowners Guide to Conservation Management (1.8 MB pdf, new window) 

• NEMO - Nonpoint Source Education for Municipal Officials (exit site) 

• Stormwater Program for Construction Activity 
MPCA site that provides links to permitting requirements, fact or guidance sheets, special waters and 
impaired waters, ordinance examples and training opportunities . 

• MPCAs Stormwater Compliance Ass istance Toolkit for Small Construction Operato rs (2004) (10 MB p, 
Begins with a summary of the requirements of Minnesota 's federally mandated NPDES/SDS General 
Stormwater permit for Construction . A helpful information brochure aimed at controlling sediment en 
during construction, follows . 

Contact Local Decision Makers 
Elected Officia ls 
Age ncies 
Regional Stormwater Protection Team 

Public Health and other Environmental Information 

rn _ ... • Public and Environmental Health 

• Maps, Demography, Climate 
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I k l(llce superior commun ities 
0 8 5Up8fi0F unders t arnd ing 

duluth. streoms.org streams 
stormwater 
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Volunteer Activities School Resources Home and Garden FAQ's Resources 

Environmental Decision- Makers Contact Information 

lump ahead to --
City: Cloguet 

TownshiQ: 
Cou_nty : 
State: 
Federal: 

Duluth 

Bayfie ld, WI 

Minnesota 

United Stat es 

_Dul1!..tb. 
Lakewood 

Carlton. 

Wisconsin 

Hermantown Proctor 

Midwa'i Normanna 

Cook Qouqlas, WJ 

SUQ..~[IQ[ 

Rice Lake 

Lake 

Here are some t ips to make contacting your decision-maker easier. 

Go he.re for additional information about the North Shore and South Shore regions. 

City 

City of Cloquet 

Unofficial W ebsite 

City Administ ration 

City Counci l 

City of Duluth 

Official Websit e 

City Administrator 

City Council 

City Directory 

Precinct Maps 

City of Hermantown 

Officia l Website 

City Administ rator 

City Council 

City Di rectory 

City of Proctor 

Official Website 

http://duluthstreams.org/citizen/contactinfo.html 

St. ____ Louis 

9/24/2007 



LakeSuperiorStreams - Citizen Involvement - Contact Decision Makers 

City Administrator 

City Council 

City of Superior 

Official Website 

Common Council 

Township 

Duluth Township 

Official Website 

Town Hall 

Planning & Zoning Commission 

Town Board 

Lakewood Township 

Official Website 

Elected Officials 

Board of Supervisors 

Midway Township 

Midway Town Hall 
3230 Midway Rd 
Duluth, MN 55810 
Telephone: (218) 624-7081 

Normanna Township 

Official Website 

Township Info 

Rice Lake Township 

Official Website 

Contact 

Town Board 

County 

Bayfield County, WI 

Official Website 

Elected Officials 

County Departments 

Carlton County, MN 

http://duluthstreams.org/citizen/contactinfo.html 

Page 2 of 4 

9/24/2007 
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Official Website 

County Board 

Cook County, MN 

Official Website 

Elected Officials 

County Departments 

Douglas County, WI 

Official Website 

County Board 

County Departments 

Lake County, MN 

Official Website 

County Board 

County Departments 

St. Louis County, MN 

Official Website 

County Board 

County Departments 

State 

Minnesota 

Official Website 

Governor 

State Legislature 

Who are my legislators? 

Wisconsin 

Official Website 

Governor 

State Legislature 

Who are my legislators? 

Federal 

President 

Vice President 

US Senate 

Contact your senators 

http: //duluthstreams.org/citizen/contactinfo.html 9/24/2007 
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US House of Representatives 

Contact your representative 

HOME ABOUT US CONTACT US DATA VIEWER SEARCH GLOSSARY SITE MAP DATA INDEX WHAT'S 

http://duluthstreams.org/citizen/contactinfo.html 9/24/2007 



• 
Lake Superior Communities - South Shore 

understanding 
the streams 

Page 1 of 1 

citizens and schools 
lake superi 
communiti stormwater 

• Regional Info 
• North Shore 
• Duluth Area 
• Superior Area 
• South Shore 

Wisconsin South Shore Communities 
Local communities share water resources: 

• Wisconsin Department of Natural Resources Lake Superior Basin 
• Ashland, Bayfield, Douglas and Iron Counties Land Conservation 

Department 

Bayfield County 

Bayfield County Land Records 

Apostle Island National Lakeshore 

Douglas County 

Brule River State Forest 

Image by Dave Hansen from Visualizing I 

Great Lakes 

HOME ABOUT US CONTACT US DATA VIEWER SEARCH GLOSSARY SITE MAP DATA INDEX WHAT'S 

http://duluthstreams.org/c01m11unities/southshore.html 9/24/2007 
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North Shore County Web Sections -2006-07 
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South Shore (WI) County Web Sections -2007 
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Appendix 3 

Slides illustrating major "results" from the LakeSuperiorSteams.org project (from R. Axler 
presentation to the Governors Coastal Council of Minnesota's Lake Superior Coastal Program on 
September 21, 2007 at the U. of Minnesota Cloquet Forestiy Research Center). 

Interactive web-based data visualization for discovery 
and decision-making: VVl/1/W.LakeSuperiorStreams.org 

Rich ard Axler, George Host, Cynthia Hagley, Norm Wil l, Jesse Schomberg, r,,'1amie onsdale, Jane Reed, 
Jerry Henneck. Todd Carlson, Elaine Ruzycki, Gerry Sjerven. U. of Minnesota-Dututh & City of Duluth 

Minnesota's Lake Superior Coastal 
Program: Governor's Coastal Council 

9/21/07 Cloquet Forestry Center, U. of MN 
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Interactive mapping tool for the coastal region 
plus links to other GIS map resources 



Weber Strean1 Restoration lnrtiative 
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Data visualization and animation tools: 
September - October 2005 gully washers 
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DataViewer Vignettes 

Data Viewer showing how a big rainstorm can create 
excessive inputs of water to the Western Lake 
Superior Sanitar)' District wastewater treatment plant 

LINK hmrowww d11b1th1treom~ occtritrcgmr:twl:z~d :vnml brml 

DataViewer sho,:,,ing how a summer rainstorn can 
a.ctually raise a stream's water temperature high 
enough to stress trout LINK 
http :i/www.d lu hs reams.oro/understanding11 moac1 remp.htm 

Data\/iewer showing how storms affect stream 
turbidity (muddiness) LINK 
h,10 ·//w•,w, ou!rnhstream, .o r3 1stream&.'tischernmm 1tion hln I 

OataViewer showing how quickly roadsalt and other 
chemicals. can be ·washed 'ro.rn roads and lots into streams 
UNI< 
http ilwww t1uIuttistrM rn~- orq/unders tand1ng/garam ec.hm I'1-reeldata 



Tuesday-\Ned Storms Sep 18-19, 2007 
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When it rains hard in Duluth - 2002 

June 20, 2002 - drizzle I I June 23, 2002 - 3" rain 
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2006 and 2007 sure were pleasant 

summers for sunbathing and swimming 

But what if you were a brook trout ? How do they 
respond to an unusually warm summer? 

• Brook trout need very cool water, cooler even than most other trout species 
• They prefer temperatures between about 52° F (1 1 ° C) and 61 ° F (1 6° C) 
• They can't live for long when temperature exceeds~ 75° F (24" C) 
• The cooler water is needed for spawning and embryo survival 
• Further south in Minnesota, streams are generally too warm for trout unless 
spring fed 
• Warm water also creates 02 problems (warm water holds less gas than cold 
when saturated; warm beer goes flat ). 

Middle of the night spikes of 3-6°C 
from stormwater road/lot runoff 

50 

Tischer Crnek, Duluth, Mil 

tubppi:ig: \lll3ter Temperature <: F) 

60 70 

\JVat~r TE<mperatur~ (• F) 

80 

Stream temperature is a 
major stressor of Duluth 
trout. See how roads and 
lots warm the water b >5 °F 

I 80 2 .0 • rn . Lesson - even moderate rain 
can cause a 5-11 °F jump as 
water moves across warm 
asphalt. 
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• 75 1.e I 
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Trout in more developed 
watersheds are already near 
the upper range of their 
temperature tolerance in the 
summer. 
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Brook trout stress: Kingsbury 2003 

• 15 days continuously over the optimal temperature 
range for brook trout; exceeding upper limit 10 times 
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Stream data visualization tool : Salt loading, 
October, 2002 
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Spring runoff 2004 - 3 weeks of salt exceeding 
chronic adult brook trout criterion 
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Appendix 4. Impacts of LakeSuperiorStreams.org 

UNIVERSITY OF I\!hNNESOTA 

Dulutli CG.mp us· 

Febrnary 25, 2007 

Pat Collins, Executive Director 
Minnesota's Lake Superior Coastal Program 
DNR Waters 
1568 Highway 2 
Two Harbors, MN 55616 

}til 3 ... !,fi)'J.~r.I.~t-!.t)~.l:ftginr~:-;· 
Dui1.udt J1LJ1ns's::i.t:J iiEll •1~42 

1 lE- -:Ci -42~-/ 
F:-:ix: .J 15' - ~lU -.J] J:.-; 

Re: Data for Discovery and Decision-Making: LakeSuperiorStreams.org proposal 

Dear Pat, 

This letter responds to your request for additional information regarding concrete examples of 
the impacts of the LakeSuperiorStreams.org project (LSS) on protecting Lake Superior. I have 
forwarded the request to several key pa11ners and cooperators who have made extensive use of 
the website materials for the purpose of protecting Lake Superior streams and the lake itself. 

The original DuluthStreams (DS) project began in 2002 with funding from the U.S. EPA 
EMP A CT program - Environmental Monitoring for Public Access and Community Tracking. 
This program was created in response to research showing that up-to-date, understandable local 
enviromnental infonnation could help people and communities make better daily decisions about 
protecting their health and enviromnent. EMP ACT led to 160 communities in 39 States now 
having cun-ent and accurate information about enviromnental conditions in their areas (see 
www.epa.gov/empact). The DS/LSS project has followed this basic prescription using a 
pai1nership of regional scientists, managers and educators to develop real-time data streams to 
educate the general public and further targeting other key groups including students and teachers 
(K-12 and college), local planners, decision makers and citizen boards, citizen-scientist 
volunteers, contracts, consultants, realtors and developers, agency managers and staff, and 
academic scientists. The ''formula" used by the LSS team provides state-of-the ai1 science-based 
understanding of water quality and habitat issues with actual local data to link stream 
degradation to societal and individual actions and to then provide specific examples of 
alternative actions that can help protect the streams and the downstream Lake Superior coastal 
zone. 

LSS relies heavily on info1mation provided by members of the Western Lake Superior Regional 
Stormwater Protection Team (RSPT) which evolved from DuluthStreams, with a mission of 
developing a common set of educational materials for the region and promoting joint activities to 



.. 

achieve its goals. This group now includes >25 member organizations including Minnesota and 
Wisconsin agencies, local governments, and organizations (including NEMO, Sea Grant-UMD, 
NRRI-UMD, UW-Superior Extension, townships, cities, transp01iation, nonprofits, Soil and 
Water Conservation Districts, and others) which serve a continued role in the evolution of the 
website and its materials. The RSPT uses the website as a vehicle for disseminating info1mation 
to its wide audience, makes use of presentation materials using real-time water quality and GIS 
data developed by the academic team, and in tum provides technical expe1iise on stormwater 
engineering and construction, regulatory, and planning issues. RSPT pminers in tum provide 
infonnation for i) developing local case studies, ii) estimating realistic costs for BMPs, and 
restoration projects, iii) collaborating to offer training workshops for contractors, consultants, 
and agency staff and iv) providing a critical link between academic scientists and educators and 
decision makers. Enhancing this synergy is a continuing goal of this proposal. 

I believe that the suppo1i letters submitted previously by many of the project ' s collaborators and 
cooperators illustrate the value of LSS in protecting Superior Basin water quality in addition to 
helping restore degraded streams identified in the State's Impaired Water bodies list. In addition, 

o The attached letter from Mamie Lonsdale describes the value of 
LakeSuperiorStreams.org to the overall program from her perspective as the head of the 
RSPT and as the City of Duluth's Stormwater Coordinator; 

o The previously submitted SOLEC Nomination letter from 2006 from Dr. Janet Keough, 
Director of Research at the US-EPA Mid Continent Ecology Laboratory in Duluth, 
provides many relevant examples; 

o Letters sent separately from Cynthia Hagley and Jesse Schomberg, extension educators 
with UMD' s Minnesota Sea Grant College, will indicate how valuable the website has 
been to their effo1is at educating the public on water and watershed issues; 

o Suzanne Hanson at MPCA-Duluth has organized an agency response that will be sent 
separately; 

o David Stark, the new (2006) Cook County SWCD Water Plan Coordinator is using the 
website in a number of ways, pmiicularly in the context of the Poplar River TMDL 
process; 

o Candice Richards, the director of the U. of Minnesota-Duluth Stormwater Program (an 
MS4 since 2003 and co-founder of the RSPT), will be responding with comments; 

o A number of teachers in the region, from colleges and high schools have been asked to 
provide comments. I know for certain that Glenn Merrick and Deanne Roquet at Lake 
Superior College and Randy Hicks and Donn Branstrator at UMD make heavy use of the 
website for their classes. The St. Louis River RiverWatch program that includes ~ 30 
schools in the region (mostly high school level) also makes extensive use of the website 
in this impo1iant volunteer monitoring and educational progrmn. All East High School 9th 

grade science classes (hundreds of students) use the website for their spring 
stream/environmental ecology unit and this has been going on for 4 years now. 

o Washburn-Edison Middle School (Science teacher Lauren Leith) has integrated LSS with 
an aquatic science elective since 2002 when we first stmied the project. Her students do 
an intensive sampling in the fall and spring using transparency tubes (as per the MPCA 
CSMP protocol), and also collect turbidity data (NRRI analyzes the water) and EC25 (for 
salt spikes using a p01iable meter that LSS purchased for them). They can compare their 
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data directly to that from our downstream sensors (see 
http:/ /lakesuperiorstreams.org/citizen/washbum.html which shows some of their valuable 
data). They are also part of RiverWatch and collect biological data each spring. 

o Information from LSS is featured in numerous NE Regional Science Fair projects by 
grade 7-12 students each year. In particular, two such projects won a number of awards 
in this years fair earlier this month and will be competing at the Minnesota State Fair. 
Each involves determining E. coli bacteria densities in Duluth area streams and/or 
wetlands and hypothesizing causes for observed variability. One was done by a i 11 

grader at Ordean and the other by an 8th grader at Holy Rosary. The latter project 
involved a collaboration with NRRI and WLSSD and Fond du Lac CC/Riverwatch and 
has generated an extensive data set from Sep-Nov from 4 Tischer Creek stations with 
ancillary data during wet and dry conditions. It also provided a direct comparison of 
inexpensive test kit values used by the in-progress Citizen Monitoring Bacteria program 
to certified lab values for a wide range of values. 

o We also have scores of positive comments from users that have requested or contributed 
inf01mation via the CONTACT US page on the website. Unfortunately, we have not 
fully classified these yet and in any case it is often not possible to identify their origin. 
They almost unanimously state that the website was useful and should be continued, and 
often state they learned something which might change their behavior. They Website 
usage reached nearly 400,000 requests ("hits" )/month and ~77,000 actual page 
requests/month last May) and the website has won and been nominated for a number of 
local, regional and national awards. 

I regret that we do not yet have quantitative survey data from a number of user groups such as 
contractors but a survey instrnment is now in final review. It was designed by Sea Grant and 
NRRI with review by several RSPT members. We (the LSS Principal Investigators) have 
strnggled with the issue of quantitative evaluation for over a year. It recognized by the EPA and 
MPCA as being an extremely difficult measurement problem where actual enviromnental data 
trends will take years to become apparent. Hopefully, this letter and those submitted by our 
cooperators will be helpful to the Coastal Council and your staff in reviewing our proposal. 

Sincerely, 

Richard Axler, PhD 
Senior Research Associate 
Center for Water and the Enviromnent 
raxler@nni.umn.edu 218-720-4316 
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