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Draft Final Report  

EXECUTIVE SUMMARY  

 

 

The Elk River Chain of Lakes system contains some of Michigan's most outstanding 

water resources with exceptional recreational and economic value. The Chain of Lakes system 

includes a chain of 14 lakes and over 160 kilometers of connecting waterways which originate in 

the northcentral part of Antrim County in northwest lower Michigan and terminates at Grand 

Traverse Bay in Lake Michigan. The Elk River Chain of Lakes watershed covers approximately 

1300 square kilometers and contains more than 200 streams and minor tributaries that flow 

directly into the Chain of Lakes system. 

 

As a whole, the Elk River Chain of Lakes system is a relatively rare natural resource. The 

lakes and streams of this system support self-sustaining coldwater fisheries; provide habitat for a 

wide variety of wildlife including eagles, osprey, and other unusual species; and form a 

navigable inland waterway among a pristine chain of lakes. This uncommon ecosystem is 

utilized not only by residents of Michigan, but by seasonal visitors from across the country. 

 

Protection of this unique Chain of Lakes system is essential to preserve its high quality 

and outstanding aesthetic appeal for today's and future generations to enjoy. In 1988, the USDA 

Soil Conservation Service (SCS) initiated a 10 year, $1.6 million, land treatment program to 

reduce soil erosion at critical areas in the watershed to protect the water quality of the Chain of 

Lakes system. This program was enhanced in 1990 with support from the U.S. Environmental 

Protection Agency (EPA) and Michigan Department of Natural Resources' (MDNR) nonpoint 

source program. In 1989, a watershed management reference manual and generic township 

master plan for the Elk River Chain of Lakes Watershed was developed by the Northwest 

Michigan Council of Governments (NWMCOG). The goal of this document was to provide a 

framework for the Townships within the Chain of Lakes system to work together and standardize 

their approaches to land use planning and zoning and water protection on a watershed basis. 

 

This Diagnostic/Feasibility study was initiated in 1989 with the overall goal of obtaining 

current and historical water quality data on the Elk River Chain of Lakes system to compliment 

the ongoing land treatment and land use planning and zoning activities in the watershed, as well 
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as to provide the baseline data needed to enforce future compliance with water quality goals for 

this outstanding water resource. This study was funded by the U.S. EPA's Clean Lakes Program 

with matching funds from Michigan's Recreation Improvement Fund and Nonpoint Source 

Program. The study was directed by the Inland Lakes Management Unit of the MDNR, Land and 

Water Management Division. 

 

Specific elements of the Diagnostic/Feasibility study included: 

 

* Paleolimnological analysis of sediment cores from three reference lakes (e.g. Elk, 

Bellaire, and Intermediate Lakes) within the system to document historical water 

quality trends and to evaluate the impact of current development on the 

eutrophication rate in these lakes. 

 

* Baseline water quality evaluations over a complete water year in the three 

reference lakes for comparison with historical water quality data and future 

conditions, and to support enforcement of anti-degradation rules. 

 

* Large scale nutrient budget sampling and analysis in the mainstream connecting 

waters and major tributaries to help in the evaluation of baseline data, for use in 

lake eutrophication modeling, and to identify general areas of high nutrient input 

which may be targeted for subsequent detailed nutrient budget evaluations. 

 

* Hydrologic studies to support nutrient budget analyses and water quality 

modeling as well as to help evaluate the impacts of development on runoff rates 

and for use in stormwater planning. 

 

* Self-Help program monitoring including chlorophyll a sampling over one 

season, to encourage participation in this long-term, low cost monitoring 

program. 

 

* Geographic Information System application within the Chain of Lakes 

watershed to determine additional areas of concern for best management practices 

and water quality protection measures. 

 

Results of the Diagnostic study indicate that water quality conditions at the sampling 

locations on the mainstream segments and the deep basins of the reference lakes of the Chain of 

Lakes system are very good to excellent. Open water nutrient levels and productivity in Elk 

Lake and Lake Bellaire were found to be very low which are characteristic of oligotrophic 

systems. Intermediate Lake had higher productivity and nutrient levels indicative of 

mesotrophic lakes. 

 

When compared with historical water quality data, results from this study indicate that 

the open water quality of these lakes have not changed drastically over the last sixty years even 

though recreational use and developmental pressures within the system have increased 

substantially. Results from the paleolimnological study suggest that modem phosphorus levels 
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fur all three reference lakes are similar to those at the time of settlement. Phosphorus 

reconstructions indicate that phosphorus levels increased coincident with logging and 

settlement within the watershed, but gradually declined soon after the logging era to the present 

time. Historical trophic changes in these lakes appear to be confined within a fairly narrow 

range. 

 

Of the lakes studied, Lake Bellaire exhibited the most impact from increased nutrient 

enrichment and cultural eutrophication over the past few decades. Prior to the upgrade of the 

Village of Bellaire's WWTP, nutrient loading from this facility caused heavy growths of 

nuisance filamentous algae in the northeast portion of the lake, as well as a general increase in 

phosphorus levels and primary productivity throughout the lake during the early 1980's. 

Dissolved oxygen profiles for Lake Bellaire indicate moderate hypolimnetic (i.e. bottom water) 

oxygen depletion during the summer months which may be an early sign of the transition from 

oligotrophic to borderline oligo-mesotrophic conditions in this lake. 

 

Although the open waters of the study lakes continue to exhibit very good to excellent 

water quality conditions, the littoral, or nearshore, zone in these lakes and others in the chain 

may be experiencing increased eutrophication. Shoreline Cladophora surveys by the Tip of the 

Mitt Watershed Council on Elk and Skegemog Lakes, as well as Six Mile Lake have shown 

some localized areas of nutrient inputs and water quality degradation. 

 

Water quality of the connecting streams and tributaries of the Chain of Lakes system was 

also found to be very good to excellent. Total phosphorus concentrations generally decreased 

from the headwaters to the mouth. Phosphorus levels increased below the confluences of the 

major tributaries, the Cedar River and Rapid River, but substantial reduction in total phosphorus 

levels occurred between the inlets and outlets of the major lakes in the Chain. Phosphorus levels 

also increased within the Grass River/Clam Lake segment of the system which may be a result of 

the large wetland complex associated with this part of the system as well as shoreline erosion due 

to watercraft activity. 

 

The predominant land cover in the Chain of Lakes watershed are forests (48%) and open 

lands (17%). Open water and wetlands make up approximately 13% of the watershed area. The 

major land use in the watershed is agriculture (18% of watershed area), which includes mainly 

orchards, cultivated crops, and pastures for dairy and beef production. Residential, commercial, 

industrial and transportation related land uses account for only 4% of the total area. The 

Geographical Information System (GIS) analysis of the watershed revealed that the Ellsworth 

sub-basin, which includes the northern lakes in the Chain, has a high potential for nutrient 

enrichment from agricultural practices. Approximately 40% of this sub-basin is agricultural land, 

with substantial farming and livestock production activity within 500 feet of the watercourses. 

 

Based on the results of the Diagnostic study, no in-lake restoration techniques are 

required at this time for Elk, Bellaire, or Intermediate Lakes. Water quality in the open water of 

these lakes remain very good to excellent despite historical and more recent anthropic impacts. 

However, in order to preserve the quality of this outstanding water resource, further emphasis 

must be placed on a coordinated lake protection and watershed management program for the 
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entire Chain of Lakes system. 

 

The Feasibility study recommends the following actions for protecting the water quality 

of the Elk River Chain of Lakes system: 

 

*  Establish an Elk River Chain of Lakes Watershed Council to provide a central 

coordinating agency for future lake protection and watershed management 

activities in the entire Chain of Lakes system. Perhaps this could be established as 

part of the initiative to develop the Grand Traverse Bay Watershed Council. 

 

* Develop an Overlay Zone for the Chain of Lakes, connecting waterways and major 

tributaries that would contain specific provisions related to water quality 

protection. Examples of regulations that should be considered include vegetative 

cover removal restrictions, performance standards for stormwater management, 

wetland protection provisions, and restrictions on development of steeply sloped or 

highly erodible areas. The Overlay Zone and water quality protection provisions 

should be included in the Elk River Chain of Lakes Master Plan and would apply 

in addition to the regulations contained in the underlying zoning districts. 

 

*  The Geographic Information System developed for the Elk River Chain of Lakes 

watershed should be enhanced to include updated land use/cover information, soil 

survey data, wetlands and 3ther protected lands, and elevations. Detailed maps for 

each sub-basin should be produced for planning and watershed management 

efforts. 

* Wetland Protection efforts should be increased and detail inventory maps should 

be generated for the entire watershed.  

 

* Granting of Conservation Easements for critical areas within the watershed should 

be increased. This may be accomplished by an increased level of activity to 

identify additional environmentally sensitive lands suitable for conservation 

easements and to educate more riparians about this land preservation program. 

 

*  Institute a coordinated information/education program for Shoreline Management 

Practices for the entire Chain of Lakes system. This program could utilize existing 

information produced by the MDNR, NWMCOG, and the Tip of the Mitt 

Watershed Council on subjects such as the use of phosphorus-free lawn fertilizers, 

proper lakeside landscaping, and septic system maintenance. Nutrient input from 

poorly designed and improperly maintained septic systems, household fertilizers, 

and shoreline property erosion can be substantial. 

 

*  Establish a continuing Water Quality Monitoring program. This program would 

include: 

 

Littoral Zone Monitoring 

Open Water Monitoring 

Mainstream and Tributary Monitoring 
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Advanced .Self-Help Monitoring 

Northern Lakes Diagnostic Study' 

Grass River/Clam Lake Diagnostic Study 

 
*  Re-activate the Gauging Station on the Intermediate River at the Village of Bellaire 

for continuous discharge measurements and long-term water quality monitoring. 
 

A coordinated watershed and lake protection program as outlined in this report would 

provide the tools and the partnership of state and local officials and citizens essential for the 

long-term protection of this unique Chain of Lakes system. In addition to the obvious 

environmental benefits from implementing this program, the economic benefits associated with 

protecting the water quality of the Chain of Lakes system would include: increased property 

values of riparians and surrounding land owners, increased tourism in the watershed area, and 

potential cost savings to lake residents in that expensive in-lake restoration measures can be 

avoided. 
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CLEAN LAKES PHASE I DIAGNOSTIC/FEASIBILITY STUDY  

Draft Final Report  

 

I.   DIAGNOSTIC STUDY FINDINGS 

 

A.  Overview of Lakes and Watershed 

 

The Elk River Chain of Lakes watershed covers approximately 1300 square kilometers 

in the counties of Antrim, Charlevoix, Grand Traverse and Kalkaska in northwest lower 

Michigan. The Chain of Lakes system comprises over 160 kilometers of connecting waterways 

which originate in the northcentral part of Antrim County and terminates in Grand Traverse Bay 

in Lake Michigan (Figure 1). There are fourteen major lakes within the Chain and another forty 

lakes lie in closed basins within the watershed area or at the headwaters of minor tributaries. 

More than 200 streams and minor tributaries flow directly into the Chain of Lakes system. 

 

The headwaters of the Chain of Lakes system form the Dingman River which flows 

northerly into Beals and Scotts Lakes and then Six Mile Lake. From Six Mile Lake the 

waterway continues through St. Clair Lake and then southerly through Ellsworth, Wilson and 

Benway Lakes. The outlet of Benway Lake forms the Green River which flows into Hanley 

Lake and then Intermediate Lake. The Intermediate River flows from Intermediate Lake to 

Lake Bellaire. The Grass River connects Lake Bellaire to Clam Lake and Torch Lake. From 

Torch Lake the waterway continues as the Torch River which flows into Skegemog Lake and 

Elk Lake. From Elk Lake, the Elk River is the drainage outlet for the system to Grand Traverse 

Bay. 

 

Eleven of the fourteen lakes along the' major chain of the Elk River watershed have 

public access sites, and are included in Michigan's Lake Water Quality Assessment. Table 1 

lists the location and morphometric data on these public lakes. This Phase I study focused on 

three of these lakes: Intermediate, Bellaire and Elk. 

 

 

A(1) Study Lakes Identification and Location 

Intermediate Lake 

 

Location: Intermediate Lake lies within the townships of Central Lake, Forest Home, 

Kearney and Echo in Antrim County, Michigan. The Village of Central 

Lake is located on the north end of the lake and the Village of Bellaire is 

approximately two kilometers from the southern shore. 
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Fig. 1 

ELK RIVER WATERSHED 

Basemap 
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Table 1 

Publ ic Access Lakes in  the Elk River Chain of  Lakes Waterway * 

Lake Name County Latitude/Longitude Depth (m) Surface Volume Circulation Watershed 
  (Deepest Basin) Mean    Max. Area  (m3)   Area 
     (hectares)   (km2) 
______________________________________________________________________________________________________________________ 

 
ELk Antrim, Grand Traverse  45°52'17ò/85 23'21ò 20.9   58.6 3194 668805000  Dimictic  1308 
Skegemog  Antrim, Gran d Traverse,  
 Kalkaska  44Á49'10ò/85Á20'26ò  3.4  8.8 1036 35264800  Intermittent  893 

Torch  Antrim  44'58'50ò/85°18'04ò  42.6   86.9 7596  3230765000  Dimictic   572 

Clam Antrim  44Á56'10ò/85°16'24ò  4  8.2 170 6804000  Intermittent  447 

Bellaire  Antrim  44°57'12ò/85°13'08ò 13.2  29  724 95631400  Dimictic   423 

Intermediate  Antrim  45Á01'27ò/85Á13'38ò  9.9  20  618 61266500  Dimictic   294 

Benway  Antrim  45°06'00ò/85°15ô30ò  4.6 12.8  53 2442600  Dimictic   183 

Wilson  Antrim  45°07'57ò/85°14'35ò  3.5  14.3 43 1501500  Dimictic   127 

Ellsworth  Antrim  45°09'43ò/85°14'36ò  5.2  12.8 49 2527200  Dimictic   122 

St. Clair  Antrim, Charlevoix  45Á10'07ò/85Á14'21ò  3.1  9.8 37 802900  Dimictic   111 

Six Mile  Antrim, Charlevoix  45Á07'13ò/85°12'08ò  4  9.5 165 6592000   Intermittent  96  

       
______________________________________________________________________________________________________________________ 
 
 

* Nonðpublic access lakes on the mainstream include Hanley (38 ha), Scott's (25 ha), and Beal's (17 ha) 
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Latitude/Longitude: N45°01'27"/W85°13'38" (Deepest Basin) 
 

 EPA Region: V 
 EPA Major Basin Name: Lake Michigan Code: 08 
 EPA Minor Basin Name: Elk River Code: 15 
 
 Major Tributaries: Intermediate River from Hanley Lake, Fish Creek, 8 unnamed 

streams. 
  
 Receiving Water Body: Intermediate River (to Lake Bellaire). 
 
 Designated Uses: Agricultural, industrial and public water supply, coldwater fish, 

warmwater fish, other aquatic life and wildlife, navigation, and total 
body contact recreation. 

 

 

Lake Bellaire 

 

Location: Lake Bellaire is located in the townships of Forest Home, Helena, Custer 

and Kearney in Antrim County, Michigan. The Village of Bellaire is located 

near the northeast side of the lake. 

 

Latitude/Longitude: N45°57' 12"/W85°13'08" (Deepest Basin) 

 

EPA Region: V 

 EPA Major Basin Name: Lake Michigan Code: 08 

 EPA Minor Basin Name: Elk River Code: 15 

 

MajorTributaries: I n t e r m e d i a t e R i v e r ,  G r a s s C r e e k , 

Intermediate Creek. 

 

Receiving Water Body: Grass River (to Clam Lake). 

 

Designated Uses: Agricultural, industrial and public water supply, coldwater fish, 

warmwater fish, other aquatic life and wildlife' navigation, and total 

body contact recreation. 

 

Elk Lake 

 

Location:Elk Lake is located in Milton township in Antrim County and Elk Rapids 

and Whitewater townships in Grand Traverse County, Michigan. The Village 

of Elk Rapids is located at the Elk River outlet of Elk Lake and the Village of 

Kewadin is locate on the north shore. Traverse City is the . nearest 

metropolitan center located approximately 25 kilometers to the southwest of 

Elk Lake. 
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Latitude/Longitude: N45°52'17"/W85°23'21" (Deepest Basin) 

EPA Region: V 

EPA Major Basin Name: Lake Michigan Code: 08 

EPA Minor Basin Name: Elk River Code: 15 

Major Tributaries: Torch River, Battle Creek, Williamsburg Creek, outlet from Lake 

Skegemog; 2 unnamed creeks. 

Receiving Water Body: Elk River (to Grand Traverse Bay, Lake Michigan). 

Designated Uses: Agricultural, industrial and public water supply, coldwater fish, 

warmwater fish, other aquatic life and wildlife, navigation, and total 

body contact recreation. 

 

A(2) Geological and Soils Description of Drainage Basin 

 

The lakes and streams of the Elk River Chain of Lakes basin were shaped by glaciers 

which covered Michigan over 10,000 years ago. As the glaciers melted, they left behind 

extensive deposits of gravel, sand, silt and clay which form the prominent features of the basin's 

topography (Farrand and Bell, 1984). Long ridges and hills of glacial till, called moraines, are 

found in southern and west-central Antrim County and large tear-shaped ridges, known as 

drumlins, stretch across northern Antrim and parts of Charlevoix Counties (Figure 2). These land 

forms direct the lake shape, size and flow direction of the Chain of Lakes system. 

 

As the glaciers melted, the rising Lake Algonquin (presently Lake Michigan-Lake Huron) 

water levels rose and spread into the Torch and Elk Lake basins. Rushing meltwater created large 

rivers whose remnants are the valleys and smaller lakes and rivers of the present drainageway. 

Meltwater trapped between the inner and outer moraines of the retreating glacier formed Lake 

Bellaire and Clam Lake. Large sandy outwash plains were formed in the upper watershed from 

wide expanses of meltwater. A sand bar and dune eventually formed between Torch Lake and 

Lake Nipissing (presently Lake Michigan) as the earth's crust rebounded from the weight of the 

ice and the lake levels went down (Witzerman, 1978; Hough, 1958). 

 

The bedrock directly underlying the glacial deposits is composed of middle to late 

Devonian formations of 400 to 340 million years ago (Dorr and Eschman, 1970). The middle 

Devonian formation is primarily limestones while the late Devonian formation is Antrim and 

Ellsworth shales. 

 

The availability of ground water in the northern Lower Peninsula of Michigan is 

extremely variable depending upon the geology at any particular location (MDNR, 1968). The 

shales of the Antrim and Ellsworth formations are generally nonproductive yielding 10 gpm or 

less. In the surface deposits, the availability of ground water is largely dependent upon 

composition of overburden. Generally, the glacial or inter-glacial deposits of coarse sands or 

gravel yield large supplies of ground water while the clays, silts, and fine sands deposits of the 

old lake beds are poor producers of groundwater (Cummings et al , 1990). 
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Fig. 2 - Glacial Geology of Antrim County, Michigan 

(Source: MDNR Geological Survey Division) 
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The predominant upland soils in the Elk River watershed are complexes of Emmet-
Onaway sandy loamy, Emmet loamy sands and Charlevoix sandy loam (Hilner, 1988). Figure 3 
illustrates the general soil distribution in the Elk River watershed. These soils have been formed in 
loamy glacial till materials on moraines, drumlins and till plains. Minor soils in the upland areas 
consist of Montcalm loamy sands which have been formed in sandy glacial materials on outwash 
plains, beach ridges, till plains and moraines. These soils are on nearly level to very steep 
landscapes and are subject to severe wind and water erosion (Hilner, 1988). Very poorly drained 
Tawas-Ensley-Roscommon mucky, loamy soils occur adjacent to the inland lakes, streams and 
depressional areas within the basin (SCS, 1978). These soils were formed in the lacustrine clay and 
silt deposits of the glacial Great Lakes (Farrand and Bell, 1984). 

 
A general distribution of the slope/soil drainage characteristics of the soils in the Elk River 

watershed is presented in Table 2. Much of the upland area is on moderate sloping to very steep 
landscapes. 

 
In the Elk River Watershed Plan and Environmental Assessment (Hilner, 1988), over 109 

km2 of cropland and pasture land were identified for erosion control. Gross erosion from these 
critical areas totals 338,000 metric tons per year, of which an estimated 102,000 metric tons of 
sediment are delivered to the Chain of Lakes system. Two inactive shale pits adjacent to Ellsworth 
Lake and 427 meters of streambank on the Intermediate River within the Village of Bellaire have 
also contributed large quantities of sediment to the system. Additionally, erosion and 
sedimentation from roadside crossings over streams and adjacent to lakes are impacting the water 

quality of the system. 

 

 

A(3) Description of Public Access and Transportation 

 

The water resources of the Chain of Lakes system are recognized regionally for their 

recreation and tourism value (NWMCOG, 1989). Numerous parks and several natural areas are 

located within the watershed. The Grass River Natural Area and the Skegemog Lake Wildlife 

Area are the two largest designated natural areas in the region. The 925 hectare Grass River 

Natural Area is located on the Grass River as it flows from Lake Bellaire and the 1,092 hectare 

Skegemog Lake Wildlife Area is located on the eastern shores of Skegemog Lake as well as 

portions along the Torch River. These natural areas support a wide diversity of northern plant 

and animal species which are dependent on the high quality water resources of the basin. 

 

Boating on the Chain of Lakes system is a major tourist attraction for the area. 

Michigan's Boat Launching Directory (MDNR, 1991) lists 17 public access boat launch facilities 

located directly on the Lakes or the connecting waterways (Table 3). The location of these 

facilities are indicated in Figure 4. The facilities with the largest capacity for parking for 

vehicles with boat trailers include the Fisherman's Paradise ramp on Lake Bellaire, the Eastport 

ramp on Torch Lake and the Whitewater Township ramp on Elk Lake. At these facilities alone, 

over 20,000 vehicles per year access the lakes (MDNR, 1990). 
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Fig. 3 - General Soil Map of the Elk River Watershed 

(Source: Hilner, 1988)
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Table 2. 

Slope/Soil Drainage Distribution in the 

Elk River Watershed 

 

Description of Percent of Area in 

Slope and Drainage Watershed Watershed 

(%) (hectares) 

__________________________________________________________________________ 

 

0ð2 percent slopes 14.1  11542 

(poorly and very poorly drained soils) 

 

2ð4 percent slopes 3.8  3108 

(somwwhat poorly drained soils) 

 

3ð12 percent slopes 31  25326 

(well and moderately well drained soils) 

 

12ð40 percent slopes 35.6  29114 

(well drained soils) 

-------------------------------------------------------------------------------------------------------------- 

Note: The 11,542 hectares of poorly and very poorly drained soils occur as wooded 

swamps adjacent to inland lakes, streams and depressional areas. This area would be 

classified as wetland as it has hydric soil conditions and existing hydropytic 

vegetation. 

 

Source: SCS Watershed Plan and Environmental Assessment for Elk River Watershed. 

July, 1988 
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Table 3 

Boating Access Sites on the Elk River Chain of Lakes System 
______________________________________________________________________________________________________________________________ 

 Location of Responsible  Water Types and Capacities 

Name Site Agency Acres  of Facilties________________________________ 

____________________________________________________________________________________________ 
Six Mile Lake 4 mi SW of MDNR 407  Hardðsurfaced ramp with 

 East Jordan, Charlevoix Co. Recreation  parking for 4 vehicles, toilets. 

 

St. Clair Lake Ellsworth MDNR 64  Gravelðsurfaced ramp with 

  Antrim Co.  Recreation   parking for 7 vehicles,  

     toilets Local Watercraft Controls. 

 

Ellsworth Lake Ellsworth MDNR 120 Hardðsurfaced ramp with 

 Antrim Co. Recreation  parking for 20 vehicles, toilets. 

 

Wilson Lake 3miSof MDNR 106  Gravelðsurfaced ramp with parking for 7 

 Ellsworth, Antrim Co. Recreation  vehicles, toilets. Local Watercraft Controls. 

 

Intermediate Lake 3 mi N of MDNR 1520  Carryðdown launching area 

(Deep Water Point) Bellaire, Antrin Co. Recreation  with parking for 5 vehicles, toilets. 

 

Intermediate Lake 1 mi S of MDNR 1520  Gravelðsurfaced ramp with perking for 5 

(Central Lake) Central Lake, Antrin Co. Recreation  vehicles, toilets. Local Watercraft Controls. 

 

Intermediate Lake 3 mi N of MDNR 1520  Hardðsurfaced ramp with pier parking for 20 

(Openo Park) Bellaire, Antrim Co. Recreation  vehicles, toilets. Local watercraft controls 

 

Lake Bellaire 1 mi S of Antrim 1775  Carryðdown launching area 

(Noteware Landing) Bellaire, Antrim Co. County  with parking for 3 vehicles, toilets. 

     

Lake Bellaire 2 mi E of Helena 1775  Carryðdown launching area 

(Steiner Road) Clam River, Antrim Co. Township  with parking for 5 vehicles. 

     

Lake Bellaire 1 mi S of MDNR 1775  Hardðsurfaced ramp with pier, parking for  64 

(Fish. Paradise) Bellaire, Antrrn Co. Recreation  vehicles, toilets. .Local watercraft controls 

 

Clam Lake 2 mi SE of MDNR 420  Hardðsurfaced ramp with parking for 15 vehicles, 

 Clam River, Antrim Co. Recreation  toilets.Local watercraft controls 

 

Torch Lake Eastport MDNR 18770  Hardðsurfaced ramp with pier, parking for 55 

(Eastport) Antrim Co. Recreation  vehicles, toilets, Local watercraft controls  

 

Torch Lake 3 mi NW of MDNR 18770  Hardðsurfaced ramp with 

(Torch R. Bridge) Rapid City Recreation  parking for 3 vehicles. 

 Antrim Co.   Local watercraft controls 

 

Torch River 2 mi W of MDNR N/A Hardðsurfaced ramp with 

(Torch Lake & Lake Rapid City Recreation  pier, parking for 30 vehicles, toilets 

Skegemog Access) Kalkaska Co.   .Local watercraft controls 

 

Lake Skegemog 4 mi NE of MDNR 1460  Hardðsurfaced ramp with 

 Williamsburg Recreation  pier, parking for 30 vehicles, toilets. 

 Grand Traverse Co.   Local watercraft controls 

 

Elk Lake 3miSof MDNR 7930  Gravelðsurbced ramp with 

 Kewadin, Antrim Co. Recreation  parking for 8 vehicles, toilets. 

 

 

Elk Lake Elk Rapids Village of 7930  Hardðsurfaced ramp with 

(Elk Rapids) Antrim Co. Elk Rapids  parking for 15 vehicles. 

 

Elk Lake 3 mi N of Whitewater 7930  Hardðsurfaced ramp with 

(Whitewater Twsp.) Williamsburg Township  pier, parking for 56 vehicles  

   

(Source: MDNR. 1991. Michigan Boat launching Directory) 
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In addition to the maintained boat launch facilities, public access to the Chain of Lakes 
system is available via numerous township parks and road ending right-of-ways. Over 100 points 
of public access to the lakes and connecting waterways are listed in the Elk River Chain of Lakes 
master plan (NWMCOG, 1989). 

The public access points within the Chain of Lakes system are readily accessible from the 
major population centers via the State's highway system (Figure 1). The watershed is bounded on 
the west by US-31, on the south by M-72 and on the east by M-66. Highway M-88 runs through 
the center of the Chain of Lakes system, from Mancelona through Bellaire to Eastport. Numerous 
paved secondary roads connect the towns and villages within the watershed. 

Bellaire, at the center of the watershed in Antrim County is just 40 kilometers from 
Traverse City, a major metropolitan area within the region. Most larger Michigan cities are within 
300 kilometers of Antrim County. The Detroit metropolitan area and the Chicago metropolitan 
area are 418 kilometers and 575 kilometers, respectively, from Antrim County and the Chain of 
Lakes system. 

The Elk River Chain of Lakes area is served by the Grand Traverse Bay Area Transit 
Authority. There has been no railway passenger service into the area since the Chesapeake and 
Ohio discontinued this service in 1966. 

Air transportation to Bellaire is available from any major city in Michigan and the midwest. 
The Antrim County Airport, in Bellaire, has a 5,000 foot runway capable of handling medium size 
commercial aircraft. 

 

A(4) Description of Size and Economic Structure of Potential User Population 

Over the last three decades, northwest Michigan has experienced a demographic transition 
from a declining population to one undergoing rapid growth. While most of the population 
statistics focus on the Traverse City area, the Grand Traverse region, especially the townships that 
border the lakes and waterways of the Chain of Lakes system are changing rapidly (NWMCOG, 
1989). The source of this change is an increasing residential population, plus an increasing demand 
for recreational homes or vacation property, and resort experiences (NWMCOG, 1989). 

Population data appears in Appendix I. These data suggest that between 1970 and 1990 
Antrim County will increase in population by approximately fifty percent. The major growth areas 
have been those townships that contain, or border, the lakes such as Torch Lake, Milton and 
Forest Home. The population of the five major villages within the county; Bellaire, Central Lake, 
Elk Rapids, Ellsworth and Mancelona, has fluctuated since 1950 without any apparent trend 
(ACPRC, 1986). 

Antrim County's socioeconomic structure has relied heavily on tourism and summer 
residents (ACPRC,1986). This population segment has and will continue to grow in the future. 
Figure 5 shows Antrim County's 1984 monthly permanent versus tourist population. 
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Fig. 4 - ELK RIVER WATERSHED,  Public Access Sites
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Fig. 5 

Antrim County 1984 Seasonal Population (Permanent vs. Visitor 

Population) 

(Source: Antrim County Recreation Plan, 1986) 
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A(5) Summary of Historical and Present Uses 

The Elk River Chain of Lakes system as a whole is a relatively rare natural resource with 
exceptional recreational and economic value. The lakes and streams of this system support self-
sustaining coldwater fisheries; provide habitat for a wide variety of wildlife including eagles, 
osprey, and other unusual species; and form a navigable inland waterway among a pristine chain 
of lakes with outstanding aesthetic appeal. This uncommon ecosystem is utilized not only by 
residents of Michigan, but by seasonal visitors from across the country. 

Today, the Elk River Chain of Lakes are mainly used for recreational and aesthetic 
enjoyment. However, during the early days of settlement and growth, the Chain of Lakes and 
connecting waterways were the arteries of the region, providing food and transportation for the 
Native Americans and the early settlers as well as an economic base for development. Human 
activities have had major impacts on water quality in the region since shortly after white 
settlement began in the mid-1800's. 

The rivers and lakes of the Chain of Lakes waterway were first used by the Native 
Americans, of the Ottawa and Chippewa tribes, in search for food, furs, and fun (CMC, 1949). 
These early inhabitants called the area Ma Shabbe, meaning "much water and land of birds" and 
Ta wa sing, meaning "big rush of water" (Torch Lake News Letter, 1940). 

The first white settlers reached the area on May 20, 1839, when the Presbyterian 
missionaries John Fleming and Peter Dougherty sailed from Mackinaw and set up camp at the 
mouth of the Elk River (Mead, 1979). In 1850, the first sawmill was built by Abram 
Wadesworth at the present location of Elk Rapids. Rapid settlement followed these early settlers 
which began the lumbering era of the region. 

The Elk River Chain of Lakes waterway was critical to lumbering and the rapid 
development of the region. The rivers and lakes were used to carry men and supplies back and 
forth to the lumbering camps. They were needed to float the logs to mills, furnish power to run 
the mills and to ship away the finished lumber (CMC, 1949). 

By 1870, lumbering was the dominant activity within the Chain of Lakes region. The 
lengthy shores of Torch Lake and the rest of the Chain of Lakes allowed the lumber teams to 
reach far into the watershed to economically cut and move timber. In one month, the firm of 
Dexter and Noble hauled 2,683,539 feet of logs out of the woods (Mead, 1979). 

Numerous sawmills were built for producing pickets, lathe, and shingles from the 
abundant pine, cedar and hemlock trees. After the softwoods were cleared, the hardwoods were 
harvested for the developing wooden ware industry and to produce charcoal to power the large 
blast furnaces that were built in Elk Rapids and the Village of Antrim. The intense lumbering 
activities during this period of time drastically altered the landscape along the Chain of Lakes 
drainageway (CMC, 1949; Mead, 1979; Ruggles, 1977). 

With the clearing of the trees and me opening of the land, farming moved into the area. 
The soils and climate of the region were suited for general farming and especially for the 
cultivation of fruit. The apple and cherry industries of the Grand Traverse region were established 
in the 1870's and 1880's (CMC, 1949). 
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By the turn of the century, the pine and hardwoods had disappeared and recreation 
became the major use of the rivers and lakes of the Elk River watershed. As early as 1883, wealthy 
people from Chicago were spending their summers on the shores of the Chain of Lakes. There were 
regular excursion boats on the lakes until in the 1920's they became unprofitable. In 1892, the 
Grand Rapids and Indiana Railroad laid its tracks through the eastern half of Antrim County which 
brought numerous tourists to the region (CMC, 1949). 

At the present time, the waters of the Elk River Chain of Lakes system are protected 
under the Michigan Water Quality Standards for the following designated uses: total body contact, 
recreation, agriculture, industrial water supply, navigation, and warmwater fish and other aquatic 
life and wildlife. Additionally, Intermediate, Bellaire, Torch and Elk Lakes within the Chain are 
protected for coldwater fish as well as over 200 kilometers of recognized trout streams within the 
watershed, of which 88 kilometers are designated top quality trout water by the Fisheries Division 
of the Michigan Department of Natural Resources. 

Fishing is a major component of the recreational activity that occurs in the Chain of 

Lakes system. The waters within the Elk River watershed contain both coldwater and 

warmwater populations. There are salmonid fisheries in some of the deeper lakes in the lower 

Chain and in the many kilometers of trout streams that are tributary to the system. Most of the 

salmonid populations are supported solely by natural reproduction, including lake trout in the 

lakes and brook trout and brown trout in the streams. Some stocking of the lakes with splake, 

atlantic salmon, rainbow trout and brown trout does occur. Grayling has recently been stocked 

in the Cedar River. Warmwater fisheries occur in most of the lakes of the upper Chain and in 

the connecting rivers. Good populations of Great Lakes muskellunge, northern pike, smallmouth 

bass, largemouth bass, walleye, yellow perch, bluegill, pumpkinseed sunfish, and black 

crappie are present in these waters (MDNR, 1988). 

Being an interconnecting waterway, boating is also a popular activity on the Chain of 

Lakes system. Large boats can navigate between the dam at Elk Rapids and Lake Bellaire on 

the lower chain while smaller boats can navigate above the dam at Bellaire to the headwaters 

of the Chain. 

Lake level and discharge in the lower Chain of Lakes is controlled by a dam on the Elk 

River at Elk Rapids and, for the upper Chain, by a dam on the Intermediate River at Bellaire. 

The Elk River dam was built in the late nineteenth century for generating power. The existing 

powerhouse dam was constructed in 1916 by the Elk Rapids Iron Works Company. Together 

with a small spillway structure located approximately 150 meters south of the dam, it 

constitutes the outlet to Grand Traverse Bay (Lake Michigan) for the Chain of Lakes system 

(Ayres et al., 1979). Currently, the dam is operated by the Traverse City Light and Power 

Company to produce electricity and for maintaining the Court established water surface levels 

on Elk Lake (Mead and Hunt, 1992). The summer legal lake level for Elk Lake is 590.80 feet 

and the winter level is 590.20 feet The Intermediate River dam at Bellaire was built in the 

1890's to raise water levels and facilitate floating logs in the upper Chain of Lakes. In the 

1930's, a power dam was built which was owned by the City of Charlevoix until 1973. In 

1968, it was determined that the dam was unsafe and the water level was drawn down for 

safety. Antrim County obtained ownership of the dam in 1973, and the dam was improved 

and reconstructed in 1974. During 1945 to 1968, lake level was maintained at 607.54 feet 

with a maximum fluctuation of 2.35 feet (State of Michigan, 1990). Court Orders have 

changed the legal lake levels for the upper Chain of Lakes since 1968. In 1973, the legal 
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levels for Intermediate Lake were set at 607.40 feet (summer) and 606.94 feet (winter). In 

1984, a year round average level of 606.54 feet was established. In 1986, the Court re-

established a summer legal lake level at 607.15 feet (State of Michigan, 1990). 

Measurements and monitoring of the lake level is done at the north end of the Central Lake 

bridge and control of the winter level is accomplished at the Bellaire dam. 

A small dam is also located on the Cedar River near its confluence with the 

Intermediate River at Bellaire. This dam was originally constructed about 1906 for 

hydroelectric generation. The present powerhouse and spillway Were constructed in 1924 

and power generation was terminated in the 1970's. Water behind the dam forms Blair Lake, 

a small pond on the Cedar River at the east edge of the Village of Bellaire. (U.S. Army, 

1980). 

 

A(6)  Population Segments Adversely Affected by Waterbody Degradation 

Given the importance of tourism on the local economy, degradation of the water 

quality in the Chain of Lakes system would directly impact many area businesses, especially 

the resorts, motels, restaurants, marinas and campgrounds. Local stores and markets would 

also experience loss of income due to reduced tourism. Riparians and homeowners within the 

watershed would experience reduced property values. The public at large would be impacted 

by degradation of these waterbodies due to the loss of a unique and valued natural resource. 

 

A(7)  Comparison of Lake Uses to Uses of Other Lakes in Region 

The Elk River Chain of Lakes and connecting waterways contain some of Michigan's 

most outstanding water resources. There are, however, a number of other outstanding lakes 

in the region which support similar recreational uses. Sixteen counties lie entirely or in part 

within an 80 kilometer radius of the Village of Bellaire at the center of the Chain of Lakes 

system (Figure 6). Within this area there are over 100 public access lakes, including, in 

addition to the Chain of Lakes, many of Michigan's largest and most outstanding inland 

lakes. Lakes Charlevoix, Walloon, Leelanau, Glen, Platte, Higgins, Burt, Douglas, and parts 

of Crystal, Houghton and Mullett Lakes, are found within this region. The popularity of the 

region as a recreational area and the rapidly growing resident population result in heavy use 

of all facilities. 

 

 A(8)  Inventory of Point Source Discharges  

 

Historically, only a few NPDES permits have been issued to facilities located within 

the Elk River Chain of Lakes system (Table 4). Currently, there are no permitted industrial 

process wastewater nor municipal wastewater discharges directly to the system. Two industrial 

facilities, Burnette Foods, Inc. of Elk Rapids and Lamina Bronze Products of Bellaire, are 

permitted to discharge noncontact cooling water to the Elk River and Cedar River, 

respectively. The Elk Rapids WWTP discharges to Lake Michigan (Grand Traverse Bay) at 

the mouth of the Elk River, the terminus of the Chain of Lakes system, and the Bellaire 

WWTP discharges to a wetland associated with the Intermediate River at Lake Bellaire. 

 

The Village of Bellaire's WWTP began operating in 1972. The treatment facility 

consisted of an 8.5 acre double lagoon system from which stored water was discharged to a 

45 acre partially diked wetland which is contiguous with the Intermediate River and Lake 
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Bellaire. Water from the wetland drained through Wilson Creek and the Kruse Rivelet to 

Lake Bellaire and the Intermediate River, respectively. The wetland was effective in removing 

nutrients from the wastewater discharge until 1981 (Kadlec, 1982). In July, 1981 a "spike" of 

phosphorus was released from the wetland application site which caused heavy growths of 

nuisance filamentous algae in the Intermediate River and northeast portion of Lake Bellaire 

(Kenaga, 1982). In 1982, the MDNR recommended against any further direct discharge of 

wastewater to Lake Bellaire via overland flow through the wetland (Kenaga, 1982b). 

 

Currently, the Village of Bellaire operates a tertiary treatment system which consists 

of aerated lagoons and phosphorus removal by alum precipitation and filtration. The Village 

is permitted to discharge seasonally to a wooded portion of the wetland through a spray 

irrigation water distribution system. Phosphorus is limited at 0.3 mg/l prior to discharge to 

the wetland (MDNR, 1986). The wetland dike system has been repaired so no direct 

discharge to the Intermediate River nor Lake Bellaire occurs. 

 

A(9)  Land Uses and Nonpoint Pollutant Loadings 

 

The Elk River Chain of Lakes watershed comprises an area of approximately 1,300 

km2. Major drainage sub-basins within the watershed are graphically depicted in Figure 7. 

Overall land use breakdowns as determined from the MDNR's Michigan Resource Information 

System (MIRIS) are illustrated in Figure 8 and listed in Table 5. The major land cover/use 

categories follow the Michigan land cover/use classification system (Appendix II) with the 

exception of the "Other Open Land" category. For this project, herbaceous and shrub 

rangeland has been combined with the outdoor public and recreational lands for the "Other 

Open Land" category. The "miscellaneous" category includes extractive land uses such as 

sand and gravel quarries. 

 

The predominant land cover in the Chain of Lakes watershed are forests which cover 

almost 48% of the area (Figure 9). Open lands cover over 17% of the watershed area while 

open water and wetlands make up approximately 13%. The major land use in the watershed is 

agricultural, accounting for approximately 18% of the area. Residential, commercial, 

industrialand transportation related land uses account for only 4% of the total area. Figures 10 

through 14 illustrate the locations of the major land cover/use within the Chain of Lakes 

watershed. 

 

The predominant agricultural enterprises in the watershed are orchard, dairy, beef and 

cash crops. In the late 1980's, there were approximately 16,000 hectares of cropland and hayland 

in rotation, 4,250 hectares of pasture land and 2,450 hectares of orchards within the SCS PL-566 

Elk River Watershed project area (Hilner, 1988). 

 

Sediment erosion within the watershed's critical cropland and pastureland areas has been 

estimated at 338,000 metric tons per year. This alone results in a yield of approximately 102,000 

metric tons of sediments delivered to the Chain of Lakes drainageway each year. Phosphorus 

from cropland sediment that enters the streams of the Chain of Lakes system has been crudely 

estimated at 79,000 kg/yr. (Hilner, 1988). 
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Table 4. 

Elk River Chain of Lakes Waterway Point Source Dischargers 

 

Name Location Description & Receiving Water NPDESStatus Permit No. 

Bellaire WWTP Bellaire Tertiary treated municipal MI0044873 Active 

wastewater discharge to 

wetlands along the 

Intermediate River 

Lamina Bronze Products Bellaire Nonðcontact cooling water MI0048330 Active 

discharge to Cedar River 

Burnette Foods, Inc. Elk Rapids Nonðcontact cooling water and MI0000396 Active 

(formerly Elk Rapids storm water discharge to Elk 

Packing Company) River 

 

Central Lake Industries Central Lake Cooling water discharge to MI0026859 Terminated 

Intermediate Lake (1991) 

 

Glacier Springs Trout Bellaire Fish process water discharge MI0036676 Terminated 

Farm to Cold Creek 

 

Grover Fruit Recieving Eastport Washwater discharge to MI0036234 Terminated 

Station Wilkinson Creek via drain 

Medusa Portland Cement Ellsworth Quarry drain and stormwater MI0037095 Terminated 

Co., Shale Quarry discharge to Ellsworth Lake (1986) 
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Fig. 7 - ELK RIVER WATERSHED, Sub-Basins 
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Fig. 8 

ELK RIVER WATERSHED 

Landuse 
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Table 5.   Elk River ChainðofðLakes Watershed Land Cover/Use (hectares) 

 

1 II 111 IV V VI VII Basin Basin 

Land Use\Subðbasin Pleasant V. Ellsworth Central Lk Lk Bellaire Torch Lk Elk Lk Rapid River Total % 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0  Misc. 14.90 ( 0.1% ) 85.28 ( 0.5% ) 29.12 ( 0.2% ) 37.92 ( 0.3% ) 27.40 ( 0.1% ) 18.88 ( 0.1% ) 188.48 ( 0.5% ) 381.84 0.28% 

1  AgðCultivated 1918.88 ( 17.8% )  4288.18 ( 35.7% ) 1809.20 ( 12.3% ) 1487.72 ( 10.8% ) 2598.40 ( 13.1% ) 1882.88 ( 8.5% ) 8480.11 ( 17.5% ) 20405.14 15.08% 

2  AgðNoncuttivated 1.80 (<0.1 % )  150.38 ( 1.3% ) 38.88 ( 0.3% ) 89.08 ( 0.5% ) 353.84 ( 1.8% ) 1288.52 ( 5.9% )  1900.28  1.48% 

3  AgðLivestock 103.44 ( 0.9% )  348.24 ( 2.9% ) 107.84 ( 0.7% ) 138.58 ( 1.0% ) 93.00 ( 0.5% ) 18.00 ( 0.1% ) 58.44 ( 0.2% ) 883.52 0.88% 

4  AgðOther 3.72 (<0.1 % )  5.58 (<0.1 % )  8.44 ( 0.1% ) 17.20 ( 0.1% ) 18.84 ( 0.1% ) 12.78 ( 0.0% ) 84.52 0.05% 

5 Residentialðlow 203.48 ( 1.9% )  248.38 ( 2.1% ) 378.80 ( 2.8% ) 434.12 ( 3.1% ) 742.72 ( 3.8% ) 789.24 ( 3.5% ) 1489.92 ( 4.0% ) 4248.44 3.28% 

8  Residentialðhigh    1.58 (<0.1% )     1.58  <0.01% 

8  Commercial 2.58 (<0.1% )  22.24 ( 0.2% ) 25.04 ( 0.2% ) 30.00 ( 0.2% ) 28.98 ( 0.1% ) 48.78 ( 0.2% ) 100.58 ( 0.3% ) 258.12 0.20% 

9 Industrial   11.08 ( 0.1% ) 19.80 ( 0.1% ) 39.88 ( 0.3% ) 15.84 ( 0.1% ) 29.40 ( 0.1% ) 78.20 ( 0.2% ) 194.00 0.15% 

10  Transportation 77.98 ( 0.7% )  2.12 (<0.1 % ) 70.32 ( 0.5% ) 23.40 ( 0.2% ) 8.80 (<0.1 % ) 44.00 ( 0.2% ) 158.28 ( 0.4% ) 382.88 0.29% 

11  Forest 8428.95 ( 58.9% )  4125.18 ( 34.5% ) 8533.59 ( 57.9% ) 8889.39 ( 49.8% ) 5372.87 ( 27.2% ) 9873.91 ( 45.1% ) 2088894 ( 58.5% ) 62090.82  47.70% 

12  Other Open Land 1851.52 ( 15.1% )  1827.78 ( 15.3% ) 2885.80 ( 19.4% ) 3471.38 ( 25.0% ) 2881.88 ( 13.8% ) 2882.80 ( 13.1% ) 7330.83 ( 19.8% ) 22891.54 17.43% 

13  Water 218.58 ( 2.0% )  370.12 ( 3.1% ) 889.88 ( 4.5% ) 1009.08 ( 7.3% ) 7804.83 ( 38.4% ) 4434.88 ( 20.2% ) 135.92 ( 0.4% ) 14443.07 11.10% 

14  Wetlands 294.44 ( 2.7% )  512.40 ( 4.3% ) 188.92 ( 1.3% ) 271.72 ( 2.0% ) 238.72 ( 1.2% ) 843.92 ( 2.9% ) 105.78 ( 0.3% ) 2253.88 1.73%I 

15  Barren      1.18 (<0.1 % ) 2.08 (<0.1 % )  3.24  <0.01% 

_____________________________________________________________________________________________________________________________________________________________ 

Subðbasin Total: 10918.07 11958.83 14738.35 13888.47 1978092 21909.70 3898820 130158.43  100.00% 

Subðbasin %: 8.39% 9.19% 11.32% 10.87% 15.20% 18.83% 28.40% 
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From April, 1990 to March, 1991, water samples and flow measurements were taken at 

ten stations along the mainstream of the Elk River Chain of Lakes waterway and one station on 

the Rapid River (Table 6). These stations were established at an upstream and downstream 

location in each of the major drainage sub-basins as well as at the inflow and outflow points of 

the study lakes (Figure 15). Hydrology and water quality characteristics of the Cedar River were 

determined indirectly from measurements above and below the confluence of the Cedar River 

and the Intermediate River at Bellaire (i.e. stations 4 and 5). 

 

A continuous gaging station was established on the Intermediate River at Bellaire (i.e. 

station 5) in October, 1990 and maintained through September, 1991. Mean monthly flows for 

the study year and long term normalized flows were estimated for each sampling station based 

on the instantaneous and continuous discharge measurements. 

 

The discharge measurements and the water chemistry data collected during this study for 

the Elk River watershed are included in Appendix III. Annualmean flow and total phosphorus 

concentration and loads for each station are listed in Table 7 and graphically illustrated in 

Figures 16, 17 and 18. 

 

Hydrologic discharge in the upper watershed increases steadily between stations 1 through 

4 (Figure 16). The Cedar River enters the Intermediate River at Bellaire (i.e. between stations 4 

and 5) which results in a step increase in flow at this location. A steady increase in hydrologic 

discharge again occurs from the Lake Bellaire inlet (i.e. station 6) to the Torch Lake inlet (i.e. 

station 8). Discharge increases significantly at the Torch Lake outlet (i.e. station 9). The Rapid 

River enters the system just downstream of Torch Lake which is reflected in the discharge at the 

outlet of the Chain of Lakes system at Elk Rapids (i.e. station 10). 

 

Total phosphorus concentration generally decreased from the headwaters to the outlet of 

the Chain of Lakes system (Figure 17). In the upper watershed, total phosphorus levels 

decreased steadily from an annual mean concentration of 0.013 mg/1 at station 1 to 0.011 mg/1 

at station 3. Substantial reduction in total phosphorus levels occurred between the inlets and 

outlets of the major lakes in the chain (i.e. Intermediate Lake, Lake Bellaire and Torch Lake) 

with the outlet of Torch Lake averaging 0.004 mg/l during the study period. Hydraulicresidence 

and particulate settling in these large basins attenuated a significant portion of the phosphorus 

entering the system. Phosphorus levels increased below the confluences of both of the major 

tributaries, the Cedar and Rapid Rivers, and within the Grass River/Clam Lake segment of the 

system (i.e. station 7 to station 8). The Rapid River averaged 0.007 mg/1 total phosphorus 

during the study period and an annual mean concentration of 0.010 mg/1 was estimated for the 

Cedar River. No measurable increase in total phosphorus was found in the Intermediate River 

adjacent to the Bellaire WWTP wetland (i.e. station 6). 
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Figure 10 

Fig. 10 

ELK RIVER WATERSHED 

Water and Wetlands 
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Fig. 11 

ELK RIVER WATERSHED 
Woodlands 
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Fig. 12 
ELK RIVER WATERSHED 

Open Land
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Fig. 13 

ELK RIVER WATERSHED 

Agriculture 
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Fig. 14 

ELK RIVER WATERSHED 

Urban 
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Fig. 15 

ELK RIVER WATERSHED 

Sampling Locations 


