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INTRODUCTION 
 
Staff from the Michigan Department of Environmental Quality (MDEQ), Surface Water 
Assessment Section (SWAS), assessed the biological, chemical, and physical habitat conditions 
of selected streams located in the Ontonagon (HUC 04020102), Presque Isle (HUC 04020101), 
Iron (HUC 04020101), Montreal (HUC 04010302), and Upper Wisconsin (HUC 07070001) 
Rivers watersheds (OPIMU), and other selected nonbasin year watersheds.  The habitat and 
macroinvertebrate community were qualitatively evaluated using the SWAS Procedure 51 
(MDEQ, 1990; Creal et al., 1996) at 28 wadeable sites and the draft SWAS Procedure 91 
(MDEQ, 2011a) at 2 nonwadeable sites.  Water chemistry samples were collected at 13 sites 
(Tables 1, 2, 3, and 4; Figure 1).  E. coli samples were collected at 3 sites on Powder Mill Creek 
(Table 5). 
 
The specific survey objective of these monitoring activities includes, but is not limited to, the 
following:  
 
• Evaluate the current biological and physical conditions at targeted and randomly selected 

stations in the OPIMU watersheds for attainment of Michigan Water Quality Standards (WQS). 
• Identify sources of sediment and other nonpoint source (NPS) pollution. 
• Evaluate the effectiveness of specific NPS water quality improvement projects. 
• Fulfill water quality monitoring recommendations submitted by the Upper Peninsula NPS water 

quality monitoring team, other agencies, and the public. 
 
GENERAL WATERSHED HISTORY AND BACKGROUND INFORMATION 
 
The OPIMU watersheds are located in the extreme west end of Michigan’s Upper Peninsula.  
There are numerous dams in the watersheds, including the Bonds Falls system of the 
Ontonagon River watershed and several within the Montreal River watershed.  This extensive 
watershed area drains parts of four Michigan counties and is also connected to the Mississippi 
River via Lac Vieux Desert on the Wisconsin-Michigan border.  The OPIMU watersheds are 
sparsely populated, with a high percentage of the land within the boundaries of the Ottawa 
National Forest and Porcupine State Park.  The primary towns include Ironwood, Bessemer, 
Watersmeet, and Ontonagon.      
 
The OPIMU watersheds are located in the Northern Lakes and Forest ecoregion (Omernik and 
Gallant, 1988) and mostly flow through extensively forested landscape prior to entering 
Lake Superior or the Mississippi River drainage.  Many of the rivers/streams in the OPIMU 
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watersheds are protected for cold water fish.  Most of the warmwater streams and the 
agriculture land use in the OPIMU watersheds are located in central and northern Ontonagon 
County.  
 
The OPIMU watersheds have been impacted by historic copper and iron mining and logging 
activities.  In-stream habitat degradation and NPS pollution associated with historic copper and 
iron mining and logging practices continue to affect OPIMU water quality (Taft, 1990; 1992a; 
1998b; and 1999, 2004b). 
 
Logging of the old growth forest in the OPIMU watersheds took place primarily in the late 1800s.  
Large rivers were used to transport logs using methods that resulted in severe degradation of 
stream and riparian habitat.  Land was largely abandoned after logging.  Today, the Ottawa 
National Forest encompasses much of the upper Ontonagon and Presque Isle Rivers 
subwatersheds, while most of the land in the Montreal River subwatershed is privately owned. 
 
Forestry, wood products, and tourism continue to be the dominant industries in the OPIMU 
watersheds.  Major recreation/tourism activities include winter sports, fishing, hunting, camping, 
boating, fall color tours, and sightseeing. 
 
In April 2002, the western end of the Upper Peninsula experienced a 50-year flood event that 
impacted many tributaries in the OPIMU watersheds.  The county road system washed out at 
numerous points including at several previous biosurvey stations.  
 
Several large National Pollutant Discharge Elimination System (NPDES) point source 
dischargers are located in the OPIMU watersheds, including:  Stone Container (recently closed), 
Copper Range (closed in 1994), Wakefield Wastewater Sewage Lagoon (WWSL), and 
Ironwood Wastewater Treatment Plant (WWTP), plus an additional 17 small WWSLs with 
Certificates of Coverage.   
 
Extensive biological and water chemistry monitoring of the OPIMU watersheds has been 
conducted by the Michigan Department of Natural Resources (MDNR) and MDEQ over the last 
25 years (Taft, 1990; Taft, 1992a; Taft, 1992b; Taft, 1994; Taft, 1995; Taft, 1998a; Taft, 1998b; 
Taft, 1999; Taft, 2000; Taft, 2004a; and Taft, 2005).  Fish population monitoring is also regularly 
conducted within the OPIMU watersheds by Ottawa National Forest and MDNR fisheries 
biologists.   
 
Ontonagon River Watershed 
 
At 1,348 square miles, the Ontonagon River watershed is larger than the state of Rhode Island 
(1,045 square miles) (United States Census) and makes up the majority of the OPIMU 
watershed.  A large portion of the watershed is dominated by forest and is part of the Ottawa 
National Forest.  One of the most prominent landmarks in the watershed is Lake Gogebic; a 
14,807-acre lake that is the headwaters of the West Branch Ontonagon River.  The villages of 
Ontonagon and Rockland are the only major urban areas in the watershed.  Impervious clay 
soils that make up the middle and downstream sections of the watershed increase surface 
runoff to the river causing the main Ontonagon River and many of its downstream tributaries to 
be turbid and warm during summer (Taft, 2004a).  Thirteen probabilistic sites were sampled in 
this watershed, including both wadable and nonwadeable sites.  None of the sites were 
targeted. 
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The Ontonagon River headwaters drain primarily sandy soils, which helps provide substantial 
base flows of cold groundwater to the streams.  Groundwater input is reduced dramatically in 
the downstream sections of the watershed where clay soils are dominant.  These impervious 
clay soils increase surface runoff to the river causing the main branch and many of its 
downstream tributaries to be turbid and warm during the summer months.  Many of the 
Ontonagon River tributaries are classified as “cold water” streams; however, they can only 
support trout and other cold water species on a seasonal basis due to the geological 
characteristics of the watershed (Taft, 2004a). 
 
Native copper deposits were discovered all along the “Keweenaw fault line,” a mineralized zone 
that runs through the northern parts of the Ontonagon River watershed.  In the 1850s, 
numerous copper mines were opened in the vicinity of Rockland, Mass City, Greenland, 
Victoria, and Bergland.  Near the mining town of Victoria, a 2,000 pound piece of copper known 
as the “Ontonagon Boulder” was found along the Ontonagon River.  All of the copper mines 
within the watershed have been shut down since the mid-1990s (Taft, 2004a). 
 
The Ontonagon River watershed was also environmentally impacted during Michigan’s logging 
era.  Numerous tributaries were used extensively for log drives during the 1880s and 1890s.  In 
1928, the United States National Forest Reservation Commission made the first purchase of 
deforested stump land in the western Upper Peninsula.  Within 7 years, the Commission had 
purchased over 1.7 million acres of stump land, which eventually became the Ottawa National 
Forest.  The majority of the Ottawa National Forest is located within the Ontonagon River 
watershed.  Today, wood products continue to be an important economic activity throughout the 
watershed.  The Ontonagon River watershed also continues to support winter sports, fishing, 
hunting, sightseeing, camping, and hay farming (Taft, 2004a). 
 
Lake Superior Tributaries 
 
Located along the northern shoreline of Gogebic and Ontonagon Counties, the Lake Superior 
Tributaries watershed is approximately 249 square miles in size.  The eastern half of these 
coastal tributaries drain the area called the Bergland Hills, which is covered in bright red alluvial 
clay.  Thirteen sites were located on Lake Superior tributaries, 7 of which were targeted. 
 
One of the most well known landmarks in this watershed is the Porcupine Mountains Wilderness 
State Park.  Located west of Silver City along the Lake Superior shoreline, the Porcupine 
Mountains Wilderness State Park was established in 1945 and is the largest undeveloped tract 
of land (60,000 acres) in Michigan.  This old-growth, virgin forest contains the largest stand of 
hardwood-hemlock in the United States.  Streams found within the park are pristine (Taft, 1999). 
 
Presque Isle/Black River Watershed 
 
The Michigan portion of the Presque Isle 
and Black River watershed (Figure 2) 
covers approximately 542 square miles of 
the western end of Gogebic County and 
the southwest corner of Ontonagon 
County in the west end of the Upper 
Peninsula.  A small portion of the 
watershed extends into Wisconsin.  
Seven sites were located in the Presque 
Isle and Black River watersheds, 

Figure 2:  Black River. 
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including 3 targeted sites on Powder Mill Creek, which were sampled for E. coli. 
 
The Presque Isle and Black River headwaters drain primarily sandy soils, which provide 
substantial base flows of cold groundwater.  Groundwater input is reduced dramatically in the 
downstream river sections where soil type changes to clays and bedrock.  Clay soil and bedrock 
are generally impervious and increase surface runoff.  Consequently, the lower portions of the 
Presque Isle and Black Rivers and many of their downstream tributaries are turbid and warm.  
Even though many of the Presque Isle and Black tributaries are classified by the MDNR as trout 
streams, they can only support trout on a seasonal basis due to the geological characteristics of 
the watershed.  Water temperatures during summer low flow periods become elevated (i.e., 
70 degrees F or higher) throughout the watersheds due to the limited quantity of groundwater 
entering many streams.  This forces the native brook trout to migrate into small tributaries or 
spring seeps with more suitable summer temperatures.  However, brown trout can still be found 
in the Presque Isle and Black River mainstream sections due to their ability to tolerate higher 
stream temperatures (Taft, 1999). 
 
Iron River Watershed 
 
The Iron River (named Big Iron River on some maps) watershed is located in northern 
Ontonagon County in the Ottawa National Forest.  It covers an area approximately 99 square 
miles in size and is dominated by forest.  There were no monitoring sites located in this 
watershed. 
    
Montreal River Watershed   
 
Twenty-four percent of the Montreal River watershed lies in Michigan’s Gogebic County, the 
remaining portion in Wisconsin.  The Montreal River proper makes up the northern section of 
Michigan’s border with Wisconsin.  The landscape is dominated by forest and is part of the 
Ottawa National Forest.  The city of Ironwood, on the Wisconsin border, is one of the major 
landmarks in the watershed.  There were no monitoring sites located in this watershed.  
 
Upper Wisconsin River Watershed 
 
Only a small portion of the Upper Wisconsin River watershed, approximately 42 square miles, is 
located in Michigan.  The watershed is dominated by forest and contains many lakes including a 
portion of Lac Vieux Desert.  The majority of the watershed is located in Gogebic County while 
the remaining portion is in Iron County.  US-45 and the village of Land O’ Lakes are the only 
prominent landmarks.  There were no sites located in this watershed.  
 
RESULTS 
 
Current Status/Attainment of Standards 

 
Probabilistic Sites 

 
The MDEQ, Water Resources Division, has incorporated a stratified random sampling design 
component into the annual watershed assessments.  The purpose of this probabilistic 
monitoring is to collect biological data for attainment status determination and temporal trend 
analysis.  Probabilistic sampling allows us to extend the conclusions from a limited number of 
sampling stations to an entire watershed.  The resulting data can be used to infer the condition 
of the state’s waters at site-specific, watershed, or statewide scales. 
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The MDEQ’s Macroinvertebrate Community Status and Trend Monitoring Procedure (MDEQ, 
2011a) is used to estimate the number of river miles supporting the “other indigenous aquatic 
life and wildlife” designated use specified in Rule 323.1100(1)(e) of the Michigan WQS.  The 
status and trend program utilizes river valley segments to provide the basic sampling unit.  A 
river valley segment is defined as a stream reach that is relatively homogenous with respect to 
ecological segments of rivers and streams that share common geologic, flow, and temperature 
characteristics (MDNR, 1997).  The smallest river units (e.g., valley segments) that can be 
interpreted from large-scale geologic maps are in reality relatively large with each segment 
having its own unique identification number coupled with a known specific length.  As such, 
valley segments provide a randomly selectable sampling unit that can be stratified by size 
and/or thermal regime. 
 
To develop a statistically-based estimate of attainment status in the OPIMU River watersheds, a 
total of 30 randomly selected stream/river sites were assessed using Procedure 51 (N = 28) and 
a draft nonwadable bioassesment procedure (N = 2) (MDEQ, 2011b).  Sites were stratified 
based on size and water temperature.  The strata included small cold, medium cold, large cold, 
small warm, medium warm, large warm, and very large warm.  Very large cold river segments 
were not sampled in the OPIMU River watersheds as they are not represented.  Two sites, 1 on 
the South Branch Ontonagon River (Station 22) and 1 on the Ontonagon River (Station 28) 
were sampled using the MDEQ draft nonwadable protocol.  The site locations are summarized 
in Table 1.   
 
All 23 probabilistic sites in the 2008 OPIMU River watersheds scored either acceptable or 
excellent (Table1).  Based on these data and the probabilistic monitoring methodology, it can be 
concluded (based on a 95% confidence interval) that between 87 and 100 percent of the total 
river miles in these watersheds are attaining the “other indigenous aquatic life and wildlife” 
designated use specified in Rule 323.1100(1)(e) of the Michigan WQS.  
 
The overall mean Procedure 51 score for benthic macroinvertebrates at the 28 wadable 
probabilistic sites was 3.7.  In terms of metric scores, 14 wadable sites rated excellent (+5 or 
greater) and 14 rated acceptable (e.g., from -4 to +4).  The lowest score (-3) occurred in 
Portal Creek (Station 10) where no Plecoptera were found.  Trichoptera made up only 0.83% of 
all insects, and only 16 total taxa were present.  The total number of taxa in the wadable 
probabilistic sites ranged from 13-35 (Table 2).   
 
Two nonwadeable stations were assessed on the South Branch Ontonagon River and the 
Ontonagon River.  Using this nonwadeable procedure, macroinvertebrate communities are 
scored with metrics that rate water bodies from excellent to poor.  Macroinvertebrate ratings 
from 76-100 are considered excellent, 50-75 good, 25-49 fair, and 0-24 are considered poor.  
Both nonwadeable sites surveyed in 2008 scored good, 63 and 66, respectively. 
 
Targeted Sites 
 
Powder Mill Creek (Stations 1 and 4, and Water Chemistry Station A) 
 
A 1-mile stretch of this small stream (from the Black River confluence upstream) was listed in 
the 2006 and 2008 Integrated Reports (Edly and Wuycheck, 2006; LeSage and Smith, 2008) as 
not supporting the total and partial body contact designated uses.  It was impaired for total body 
contact due to sewage overflows caused by failing septic systems from ski resort facilities 
located along Powder Mill Creek north of Bessemer.  Corrections were installed at the ski resort 
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complex using Clean Michigan Initiative bond 
monies to alleviate the septic overflows and 
any associated phosphorus and E. coli 
loading to Powder Mill Creek (Figures 3 and 
4).  Procedure 51 macroinvertebrate and 
habitat surveys, along with water chemistry 
and E. coli sample collections, were 
conducted by staff from the MDEQ, SWAS.  
The macroinvertebrate community rated 
acceptable (+4) at Station 1 and excellent 
(+5) at Station 4, just upstream of the Black 
River confluence.  Habitat conditions at both 
stations monitored rated excellent.  The E.coli 
samples (3 replicates per site) were taken 
upstream of US-2 (Station 1 headwaters 
section), adjacent to the abandoned septic 
fields and upstream of the confluence with the 

Black River at the base of the hill (Station 4).  The data indicate that WQS of 300 E. coli per 100 
mL as a daily maximum were met (Table 5).  Total and Partial Body Contact Recreation 
designated use support status was fully supporting on that day.  
 

Figure 3:  Powder Mill Creek. 

Figure 4:  Powder Mill Creek. 
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Portal Creek (Station 10 and Water Chemistry Station B) 
 
Portal Creek is currently listed in the 
2010 Integrated Report (LeSage and 
Smith, 2010) as a Category 4b water 
body due to copper WQS 
exceedance.  This clay drainage way 
flows adjacent to the western side of 
the White Pine Mine copper tailing 
basins and has been historically 
influenced by a discarded equipment 
repository site that was heavily 
contaminated by copper dust in its 
headwaters (known as “the 
boneyard”).  The Portal Creek 
headwaters (Figure 5) have 
undergone an extensive surface site 
cleanup and are beginning to 
revegetate.  The copper mine and 
smelter complex have also been 
documented as the pollutant sources 
responsible for the observed WQS 
nonattainment.  Lack of summer and winter base flow is a common characteristic of most 
streams found along the Lake Superior shoreline draining the bergland clay highlands between 
Silver City and Ontonagon.  Water samples were collected at 2 Portal Creek monitoring stations 

(Station 10 [Figure 6] and Water Chemistry 
Station B), while a Procedure 51 
macroinvertebrate and habitat survey was 
conducted at only Station 10.   
 
Macroinvertebrate density was expectantly low 
but still scored an acceptable rating (-3) and the 
community was comprised of invertebrates with 
short life cycles probably due to the stream’s 
intermittent nature.  Habitat conditions rated in 
the good category with scoring reductions due 
to some embeddedness and sediment 
deposition issues in the stream.  The upper 
Portal watershed is now a series of warm, 
unwadable beaver ponds that contain minnows, 
frogs, and turtles and are lined with cattails, 
willow, and small alder.  The water chemistry 
showed elevated total copper levels of 
36 micrograms per liter (ug/l) and 54 ug/l from 
the creek mouth to the turbid beaver pond 
headwaters, respectively.  Both locations also 
had high Total Organic Carbon (TOC) levels 
(11-14 milligrams per liter [mg/l]), which could 
help explain the biota that was observed as 

Figure 5.  Portal Creek Headwaters. 

Figure 6.  Portal Creek Confluence with Mineral 
River.  
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copper ions prefer to bind to organics and clay particles, if present.  
Brodie Creek (Station 29) 
 
Brodie Creek (Figures 7 and 8) is a tributary to the West Branch Eagle River in Keweenaw 
County.  This stream is the only large tributary that has not been assessed for total metals and 
macroinvertebrates in this watershed by the MDEQ. This control site needed assessment as 
part of the Eagle River watershed remediation from past copper mining activities.  
Macroinvertebrates scored an excellent (+7) rating at this site.  Twenty-nine taxa were found at 
this station and approximately 45% of the individuals found were EPT taxa.  Habitat metrics 
scored excellent.  The ambient water chemistry sample indicated very low total copper levels 
(1.4 ug/l) along with low total phosphorus levels of 8 ug/l.  

West Branch Eagle River (Station 30) 
 
West Branch Eagle River is a small woodland stream that flows at the base of the Cliff Range 
near one of the oldest copper mines in Michigan.  Joe Rathbun (MDEQ, NPS Unit) requested 
that this site be evaluated as a comparison with remediated locations within the Eagle River 
watershed.  Macroinvertebrates scored an excellent (+6) rating at this site and habitat scored 
excellent as well.  Ambient water chemistry samples were also taken at this station and showed 
total copper levels of 3.3 ug/l along with very low total phosphorus levels of 6 ug/l.  Due to the 
proximity of this site to the Cliffs Copper Mine, it is not surprising that total copper was slightly 
elevated.  No parameters measured exceed Michigan WQS.  
 
Pine Creek (Stations 11 and 12, and Water Chemistry Station C) plus Duck Creek/Halfway 
Creek (Water Chemistry Control Stations D and E) 
 
To investigate the possible relocation of one of Copper Range’s storm water outfall to 
Pine Creek, biological and water chemistry samples were collected at 3 locations along 
Pine River adjacent to the closed Copper Range White Pine Copper Mine.  In addition, 
background water monitoring was collected from Duck Creek and Halfway Creek that also drain 
the Bergland hills as our nearby control sites.  
  
Pine Creek flows along the eastern sections of the White Pine Mine tailing basins and is a 
natural alluvial clay channel that drops approximately 250 feet to Lake Superior from its 
headwaters.  This site was requested by Marquette District staff and 3 stations were planned for 
macroinvertebrates and water chemistry monitoring (Michigan 10 metals + Li + Sr +TOC + 
hardness).  Stations 11 and 12 were sampled using Procedure 51 macroinvertebrate and 
habitat surveys, both rating acceptable for macroinvertebrates and good for habitat.  Station C 

Figure 7:  Brodie Creek downstream. Figure 8:  Brodie Creek upstream. 
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along the LP Walsh Road was a water chemistry only site due to the lack of flow and 
impounded water due to beaver activity. 
 
The two control sites for our Pine Creek survey were used in order to determine the background 
water chemistry (Michigan 10 metals + Li + Sr + TOC + hardness) of nearby small streams that 
drain the Bergland clay hills near the mine site.  Both stations were approximately 5.5 miles 
down wind of the historic smelter so the watersheds have also been impacted by copper laden 
particulate from stack emissions.  Only water chemistry samples were collected at these 
stations in order to determine ambient total metals, hardness, and TOC.  Total copper, 
hardness, and TOC concentrations in Duck Creek were 6.2 ug/l, 56 mg/l, and 8 mg/l, 
respectively, and in Halfway Creek were 4.2 ug/l, 71 mg/l, and 7.2, respectively.  These values 
indicate that Pine Creek is likely influenced by the White Pine Mine site as water hardness is 
approximately 2.5 times greater that the control sites.  However, the total copper values were 
similar except along the LP Walsh Road where the levels measured 10 ug/l.  The LP Walsh 
Road was used primarily by mining vehicles so this site would be expected to be influenced by 
the activity.  
 
Carp Creek (Water Chemistry Station F) 
 
Carp Creek from the Ishpeming WWTP to Deer lake is currently listed as not meeting WQS for 
low dissolved oxygen (Category 5 ) in the 2010 Integrated Report.  Past Carp Creek dissolved 
oxygen studies were conducted and reported in Suppnick, 2001.  Only water chemistry nutrient 
samples were collected at Station F in order to help assess our understanding regarding 
summer ambient phosphorus concentrations and the occurrence of instream aquatic plant beds 
that may help explain dissolved oxygen fluctuations.  These data will be used to support NPDES 
permit development for the Ishpeming WWTP and possibility facilitate dissolved oxygen Total 
Maximum Daily Load work on the Carp Creek upstream of Deer Lake.  
 
CONCLUSION 
 
All 30 probabilistic sites in the 2008 OPIMU River watersheds were supporting the “other 
indigenous aquatic life and wildlife” component of the designated use specified in 
Rule 323.1100(1)(e) of the Michigan WQS.  Based on these data and the probabilistic 
monitoring methodology, we are 95% confident that between 87 and 100% of the total river 
miles in these watersheds are attaining the “other indigenous aquatic life and wildlife” 
designated use.  This is encouraging given the extensive historic logging and iron mining legacy 
issues documented by MDEQ staff (Taft, 1990; 1992a; 1992b, 1994; and 2000) in the OPIMU 
watershed.  
 
Among 7 targeted sites assessed for benthic macroinvertebrates, 4 scored excellent and 3 rated 
acceptable (only 1 of 7 had a metric score less than 0).  The habitat condition at 5 of these 
targeted sites rated excellent and 2 rated good.  All targeted stations where benthos were 
monitored were meeting Michigan WQS.  
 
Field Work By:  William Taft, Aquatic Biologist 
 Sarah LeSage, Aquatic Biologist 

 Matt Wesener, Aquatic Biologist 
 Kay Edly, Aquatic Biologist 
 Surface Water Assessment Section 
 Water Resources Division 
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