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1. Introduction 
Lake Manitou is a private access lake located in Sections 10 and 11 of Bennington Township, Shiawassee 

County, Michigan.  The lake has a surface area of approximately 94 acres with one inlet entering from 

the east at the Hardy-Jennings Drain and two inlets from the south from Mirror Lake and Forest Lake 

(also known as the Cummings Lakes). The lake reaches a maximum depth of about 19 feet in the 

northeastern-most portion of the lake.  Depths in this portion are the deepest ranging from 15-19 feet.  

Water depths in the remainder of the lake are otherwise typically 10 feet or less.  One lake outlet exits 

to the north of the lake.  This outlet was part of a dam originally constructed in 1958 on the Hardy-

Jennings Drain to create Lake Manitou.  There is currently some capacity to control lake levels with dam 

stopboards.   

Shoreline residences on Lake Manitou are all served by septic systems.  A scant number of homes (also 

on septic systems) are located in the Cummings Lakes and Hardy-Jennings drainage areas.  These 

watershed areas encompassing approximately 2,400 acres are otherwise dominated by row crop 

agriculture.  There is also a 150-head dairy operation along the Hardy-Jennings Drain.  Areas surrounding 

Mirror and Forest Lakes to the south are a similar mix of rural residences and row crop agriculture.  

Stormwater runoff enters the lake through roadway ditches and culverts, as well as overland flow in 

areas directly surrounding the lakeshore. 

The Lake Manitou Association (LMA) in Owosso, Michigan invited Kieser & Associates, LLC (K&A) on June 

7, 2017 to preliminarily observe lake and watershed conditions regarding their expressed water quality 

concerns.  These concerns principally focused on: 1) the Hardy-Jennings Drain related to high sediment, 

phosphorus and bacterial loading to the lake, and 2) the recurrent and increasingly persistent blooms of 

blue-green algae on the lake in late summer months.  Following a meeting with the LMA board on June 

7th, K&A provided summary observations based on their limited review of on-site conditions and 

preliminary examination of historic and recent water quality sampling information from the lake and 

drain.  This information was provided to the LMA in a June 10th K&A summary memorandum with 

recommendations for a scope of work for the purpose of pursuing more formalized efforts address 

these issues.  The LMA subsequently authorized K&A on June 13th to initiate Phase I of an overall three-

phased effort targeting development and implementation of a comprehensive and strategic approach to 

begin addressing concerns for Lake Manitou in 2017.   

This phased approach proposed by K&A includes the following elements: 

Phase I (June to August 2017) (Documented in this report) 

1. Review existing data to initially characterize upstream and in-lake water quality conditions including 

water quality monitoring results, aquatic plant survey data as well as herbicide and algaecide 

treatment applications to characterize potential trends in declining conditions over time and target 

potential areas in the drainage to the lake.   

2. Conduct watershed modeling to estimate source contributions from the drain and potential in-lake 

sources for a “mass balance” assessment of water volumes and pollutants flowing into and out of 
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the lake (to assess what is accumulating in the lake and what sources can most effectively be 

targeted for future controls). 

3. Identify monitoring data gaps and provide an updated sampling plan to best assess in-lake and 

watershed corrections. 

4. Provide this Phase I Report that summarizes findings of these initial analyses with recommendations 

for Phase II including potential costs and expected outcomes.  

 

Phase II (proposed for September 2017 to May 2018)  

1. Initiate recommended monitoring from the Phase I report 

2. Set desirable and attainable lake goals with the Lake Association  

3. Identify potential remedies, costs, implementation requirements, expected benefits and timelines  

4. Coordinate with relevant local, state and federals agencies  

5. Implement initial near-term remedies for algal blooms in 2017  

6. Use Phase II information to defined Phase III mid- and long-term remedies  

 

Phase III (May 2018+)  

1. Implement Phase II plans as approved by the LMA 

2. Facilitate watershed conservation practices through county, state and federal agencies 

3. Conduct monitoring necessary for assessing progress of remedies 

4. Adapt implemented solutions as necessary to continue effective projects towards lake goals 

 

This initial Phase I Report characterizes the current state of the lake and presents data gaps in order to 

more clearly map the path forward in subsequent phases.  The information compiled here begins to lay 

out the effective in-lake and watershed-scale solutions necessary to successfully manage Lake Manitou.  

For Phase I, K&A gathered information from the LMA and Michigan DEQ regarding recent and historic 

water quality sampling and historic herbicide and algaecide treatments.  The majority of Lake Manitou 

shoreline homeowners completed a survey regarding septic system use and maintenance.  These data 

are collectively used with drain area information to assess likely sources of pollutants to Lake Manitou 

and estimate their various contributions.  A “mass balance” analysis uses this information to assess 

priority concerns and, in turn, to help identify how next steps will move towards improving current 

conditions.  The report highlights recommendations for the LMA in these regards as part of proposed 

Phase II efforts. 

Phase I information is presented in the following sections: 

• Historic Water Quality Monitoring Data 

• Herbicide and Algaecide Treatments 

• Watershed Assessment 

• Proposed Phase II Monitoring 

• Phase I Summary & Recommended Phase II Next Steps 
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2. Historic Water Quality Monitoring Data 
Water quality monitoring in Lake Manitou, its two inlets and single outlet occurred at irregular intervals 

from 1993-2002.  In 1993, Water Quality Investigators (WQI) established ten sampling stations in-lake 

and at the three drains (Figure 1).  They typically collected water samples during Spring and Autumn 

time periods at all 13 stations and sediment samples at the 10 in-lake stations.   

 

Figure 1: Historic WQI Sampling Stations after Fusilier, 2000 (sic) (This report is dated November 2000 though it reports data 
through 2002.  Therefore, the published report date is believed to be in error.) 

In 1995, a dissolved oxygen (DO) and temperature (temp) profile was added to the monitoring program, 

and water quality parameters were monitored at the three inlets by LMA volunteers (Fusilier, 2000 sic).  

Emphasis on monitoring these drains eventually waned, however, leaving large data gaps for these 

stations.  Drain monitoring began again in 2014 by LMA volunteers, with an additional upstream site in 

the Hardy-Jennings Drain added in 2016.  Inlets 1, 2, and 3 from the WQI data correspond with Mirror 

Lake, Forest Lake and Hardy-Jennings Drain Inlets, respectively, in the LMA-collected data.  Water 

quality parameters are discussed in detail in the following sections.  All available reports and data 

provided by the LMA can be found in Appendix A.   

 

Of important note is that data from all of these past reports, documents and correspondence have been 

compiled by K&A into one MS Excel spreadsheet file to create a consistent, readily-updatable database.  

As they were, historic Lake Manitou data were otherwise difficult to examine from a holistic perspective, 

something that the reader will now have with this chapter of the Phase I report. 
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Temperature and Dissolved Oxygen 
A sufficient supply of dissolved oxygen (DO) in lake water is necessary for most forms of desirable 

aquatic life.  Colder waters contain more dissolved oxygen than warmer waters.  Severe oxygen 

depletion can occur in deeper, thermally-stratified bottom waters during warmer summer months in 

highly productive lakes.  Increased algal and plant growth associated with additional nutrients in the lake 

can lead to severe decreases in DO in lake bottom waters.  This drop in oxygen is due, in part, to dead 

algae and other organic matter (such as rooted plant material broken away from shoreline areas and 

leaves, grass, and other plant debris washed in from storm drains) settling to the bottom of the lake and 

decaying.  This decay process is performed by organisms that consume oxygen and by chemical 

reactions in the sediment.  The DO impacts most often are observed in bottom waters during periods of 

temperature stratification in warmer summer months, and to a lesser degree under winter ice cover 

conditions.  This is common in most Michigan lakes that thermally stratify in the summer and winter. 

The State of Michigan Water Quality Standards state: “during stratification minimum dissolved oxygen 

concentrations of 5 milligrams per liter shall be maintained throughout the epilimnion (waters above the 

“thermocline” or steep temperature gradient).  At all other times, dissolved oxygen concentrations 

greater than 5 milligrams per liter shall be maintained” (MDEQ, 2006).  Dissolved oxygen levels below 5 

mg/L can stress aquatic life.  In addition, low DO levels in deep bottom waters can lead to increased 

release and recirculation of accumulated phosphorus from sediments thus serving as an “internal” 

source of total phosphorus that can contribute to poor water quality conditions. 

Depth profiles of temperature and dissolved oxygen have been measured by WQI (1993-2002) and by 

LMA volunteers through the Cooperative Lakes Monitoring Program (CLMP; 2014-2016).  Earlier profiles 

are provided in Appendix B while CLMP Reports with these profiles as provided to the LMA are included 

in Appendix C.  These profiles show that Lake Manitou thermally stratifies during the summer months in 

deeper sections of the lake, periodically forming a thermocline at depths of 10 feet or deeper by early 

summer.  Under temperature stratification, DO data show that the Lake Manitou bottom waters 

routinely experience oxygen depletion.   

Lake Manitou has experienced anoxic (oxygen-depleted) conditions as shallow as 13 feet in 1999.  If 

anoxia occurred as shallow as 13 feet, 21.4% of Lake Manitou’s bottom waters could be at risk for 

anoxia given the bottom contours shown in Figure 1.  Continued monitoring of these depth profiles for 

temperature and dissolved oxygen can help assess the risk for anoxic conditions and determine if 

alternative management efforts would be beneficial for the fisheries as well as for inhibiting internal 

nutrient loading from the sediments.  Efforts to reduce plant and algal growth can help to reduce 

internal biomass production that ultimately settles to the lake bottom at the end of the growing season.  

This only exacerbates the problems of low oxygen through additional plant decay, and release of 

phosphorus back into the water column.     

E. coli 
The LMA provided K&A with E. coli bacteria data collected from volunteer sampling efforts from 2016-

2017.  Copies of these sampling reports are included in Appendix D.  Sampling sites include: 
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• Lake Manitou in-lake (various stations) 

• Hardy-Jennings Drain outfall to the Lake 

• Hardy-Jennings Drain near Garrison and Morrice Roads 

• Forest Lake outfall  

• Mirror Lake outfall  

Figure 2 shows the E. coli levels observed from LMA-conducted sampling from within Lake Manitou and 

the inlets.   

 

* MST data: March 31, 2017 68.59 fold Bovine / Deer 
   15.03 fold Human / Deer 
   4.56 fold Bovine / Human 
      July 11, 2017  5.28 fold Bovine / Human 

Figure 2: Lake Manitou E. coli Values and MST Data on the Distribution of E. coli Sources for Select Data 
 

The in-lake sample data in presented in Figure 2 were averaged when more than one location was 

sampled per event.  During the August 2016 monitoring, the Hardy-Jennings Drain inlet to Lake Manitou 

had E. coli concentrations of 52,000 MPN/100mL (or Most Probable Number in 100mL of sample) while 

the upstream Hardy-Jennings-Drain samples had concentrations of 70,000 MPN/100mL during the July 

2017 monitoring.  As a reference, the MDEQ has established the following exposure limits for E. coli for 

partial and total body contact for year-round and summer months: 

• Total Body Contact (May 1st to October 31st) 

o Daily Maximum: 300 E. coli per 100 mL 

o 30 Day Geometric Mean: 130 E. coli per 100 mL 

• Partial Body Contact (All Year) 

o Daily Maximum: 1,000 E. coli per 100 mL 
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While the in-lake samples collected to date show E. coli concentrations below the MDEQ exposure 

limits, the extremely elevated levels entering the lake from upstream sources are a concern for 

recreational lake users.  Recent studies have shown that E. coli bacteria can survive in lake sediments 

and become resuspended during recreational use (USGS, 2014) citing a case where E. coli bacteria from 

the soils of a defunct septic system that was removed remained viable for two years.  Lake Manitou in-

lake E. coli concentrations could vary widely depending on where the samples are being collected.  Since 

E. coli cannot be detected visually, caution should be used with total contact recreational activities 

following a rain event when bacteria from upstream sources may elevate the risk of E. coli exposure.  In 

addition, sediment sampling for E. coli may be warranted to help determine exposure risks with lake 

sediment contact.   

Additional Microbial Source Tracking (MST) analyses by Helix Biolab were completed on samples 

collected by the LMA on March 31 and July 11, 2017 (see Figure 2.).  March 31, 2017 samples were 

analyzed for presence of human, bovine and deer bacteria.  Results show a 68.59 fold bovine/deer, 

15.03 human/deer and 4.56 bovine/human bacteria proportional amount.  The July 11, 2017 samples 

were analyzed for presence of human and bovine bacteria markers.  Results show a 5.28 fold 

bovine/human bacteria proportional amount.  These data indicate the need for upstream source control 

of cattle operations and septic systems. 

Total Suspended Solids 
Total suspended solids (TSS) is a common measure for assessing the suspended sediment content of 

water.  Based on a K&A review of historic data, TSS samples have not been collected in Lake Manitou, its 

three inlets or the outlet.  It is, however, evident from photos (Figure 3) provided by the LMA that 

significant sediment loading is occurring from upstream sources.   

 

Figure 3: Hardy-Jennings Drain inlet to Lake Manitou before (left) and after (right) a heavy rain event, May 2014 

 
Additionally, the LMA reportedly expended up to $70,000 of Association funds in recent years for 

dredging efforts to remove accumulated sediment in the channel downstream of the Hardy-Jennings 

Drain.  In the absence of upstream conservation practices on agricultural lands to reduce erosion and 

soil runoff contributing to Lake Manitou problems, sediments will continue to accumulate in this portion 

of the lake resulting in ongoing maintenance needs and further costs to the LMA.  Targeted TSS sample 

collection combined with flow measurements during both wet and dry weather events would provide 



Kieser & Assoc iates,  LLC  
536 E .  M ich igan  Ave . ,  Su i t e  300 ,  Ka lamaz oo,  M I  4 90 07  

page 
 9 

 

valuable data to refine sediment loading estimates and help target the level of watershed conservation 

practices necessary to keep soils on the upstream landscape and out of Lake Manitou.   

Chlorophyll a 
Measurements of algae can be accomplished through several methods.  Previous sampling has used 

chlorophyll a as a proxy to estimate algal density.  However, algal community surveys, cell densities, and 

other algal metabolite assays can also be used to measure algal community composition and quantity.  

Limited taxonomic analyses have been conducted on Lake Manitou samples to identify the algae species 

present.  This is critically important for developing strategic treatment plans specific to problematic algal 

species versus desirable algae.  WQI collected samples for algal analysis from three in lake stations in 

2000.  The results indicated that at that time, greater than 90% of the species counts consisted of 

cyanobacteria (blue-green algae).  The samples were not tested for the microcystin toxin at that time.  

Such toxins are dangerous to pets and swimmers when ingested or inhaled.  The LMA reported that 

2015 samples submitted to PhycoTech in St. Joseph, MI showed the dominant algae species taxon as 

Woronichinia naegeliana, with corresponding positive results for microcystin (Farkus, July 19, 2017).  

Scientific literature on Woronichinia naegeliana has not yet determined its toxicity, with some 

publications stating there is a possibility for mycosystin production (Rosen & Amand, 2015).  MDEQ Lake 

Manitou testing from September 2016 also confirmed the presence of microcystin (Farkus, July 19, 

2017).  No qualitative or quantitative data from current Oakland University studies of blue-green algal 

toxicity were provided to K&A during the course of this Phase I effort despite multiple requests of 

university researchers.  Such data, if fully reported, would be of immense value for future management 

of algal blooms. 

Current MDEQ guidelines on microcystin in recreational waters consider an algal bloom “harmful if 

microcystin levels are at or above the 20 µg/L World Health Organization (WHO) non-drinking water 

guideline, or other algal toxins are at or above appropriate guidelines that have been reviewed by the 

MDEQ-WRD” (Kohlhepp, 2015).  Additionally, a blue-green algal bloom should be considered potentially 

harmful if chlorophyll a is detected at “30 µg/L and visible surface accumulations/scum are present, or 

cells are visible throughout the water column.”  It should be noted that chlorophyll a levels greater than 

30 µg/L do not necessarily mean algal toxins are present, but rather are indicative of conditions where 

toxins are produced.  Only laboratory analyses for toxins can definitively confirm the presence of such in 

an algal bloom. 

WQI chlorophyll a data from 1993 to 2002 show average concentrations in Lake Manitou ranging widely 

from 10.5 µg/L (May 1999) to 73.9 µg/L (August 1999).  The LMA has been collecting chlorophyll a 

samples through the Cooperative Lakes Monitoring Program (CLMP) since 2015.  The 2015 data show a 

chlorophyll a range of 1.9 µg/L to 15 µg/L, while the 2016 data show a range of 4.1 µg/L to 11 µg/L 

(CLMP, 2016).  The WQI and CLMP chlorophyll a sampling results are notably quite different (Figure 4), 

suggesting possible sampling technique variations which might include different sampling depths or 

sample preservation methods.  While low chlorophyll a levels detected in the 2015-16 CLMP monitoring 

are below the 30 µg/L chlorophyll a MDEQ guidelines (which suggests potentially harmful conditions are 
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not present) the timing of sample collection may not have coincided with active bloom conditions.  Algal 

blooms can occur and dissipate rapidly based on temperature, water flow, and wind conditions.  The 

dominant cyanobacteria species may vary seasonally and annually depending on a multitude of physical, 

chemical, and biological factors within Lake Manitou. 

 

Figure 4: Lake Manitou Historic Chlorophyll a Values 

Predicting the occurrence of algal blooms, especially harmful algal blooms consisting of toxin-producing 

cyanobacteria, is a subject of current research.  As of yet, there is little scientific consensus or 

information on lake conditions which can be used to predict the occurrence of a harmful algal bloom. 

This is in part owed to the diversity of cyanobacteria.  There is a mix of species which vary in their ability 

to produce toxins, fix atmospheric nitrogen and regulate their buoyancy.  These factors all effect their 

growth, and also effect treatment options.  Current research aims at using nutrient levels and lake 

conditions to predict the probability of a harmful algal bloom depending on nutrient levels and lake 

characteristics, with total nitrogen and chlorophyll a being used in a recent EPA study (Yuan et al., 2014).  

Quantity of cyanobacteria has been linked to total nitrogen and phosphorus levels within a lake, and 

some models are developed to predict the quantity of cyanobacteria based on these water quality 

measurements (Yuan & Pollard, 2015).  Future monitoring can assess the applicability of these models to 

Lake Manitou.  Other research groups suggest iron or other nutrients can play a large part in 

cyanobacteria growth (Molot et al., 2014).  However, at this time it is generally accepted that several 

lake conditions increase the likelihood of cyanobacteria blooms, and these blooms must then be tested 

to determine if it poses a health problem.  High phosphorus and nitrogen concentrations, slow 

moving/stagnant water with a long hydraulic retention time and high temperatures are all considered 

favorable conditions for cyanobacteria growth (Graham et al., 2016).  These are similar conditions being 

observed in Lake Manitou.  Moving forward, improved knowledge of lake conditions will allow more 

precise management tools to address cyanobacteria growth in the lake. 
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Phosphorus 
Both algae and aquatic plants require a wide range of nutrients for growth.  The nutrient that typically is 

in shortest supply with respect to aquatic plant and algal growth needs is termed the “limiting nutrient.”  

This term implies that the relative unavailability of this particular nutrient will limit plant and algae 

growth.  In most freshwater ecosystems, phosphorus historically has been the limiting nutrient.  

Therefore, increases in phosphorus will often lead to increases in nuisance plant and algae growth.  This 

is especially true for blue-green algal blooms.   

Total phosphorus (TP) measurements are typically used for general assessments of lake water quality, 

though measurements of dissolved phosphorus (the form most readily available for plant and algal 

uptake) can also be valuable.  Sediment-attached phosphorus (measured as “particulate phosphorus”) is 

often associated with runoff but is not as readily available for uptake as the dissolved form of this 

nutrient.  Particulate phosphorus is, however, often readily transformed to the dissolved phase.  This 

occurs after settling to the lake bottom when it can become unbound under low oxygen conditions and 

be released in the dissolved form.  Total phosphorus therefore provides a reasonable representation of 

all forms of phosphorus in a water body, particularly when discussing this in annual terms.  Importantly 

though, additional sampling information of dissolved forms becomes important for seasonal 

considerations, especially during the warmer summer growth period in the lake.   

Phosphorus data from WQI (1993-2002) and LMA volunteer efforts (2015-2017) are presented in Figure 

5 for Lake Manitou.  

 

Figure 5: Lake Manitou Historic Total Phosphorus Values 
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Phosphorus monitoring data show elevated TP levels in the Hardy-Jennings Drain and Lake Manitou in-

lake stations throughout the monitoring period.  Total phosphorus in the Hardy-Jennings Drain at Lake 

Manitou was detected at concentrations as high as 484 µg/L in June 1996.  Recent March and July 2017 

monitoring of the Hardy-Jennings Drain show continued elevated phosphorus levels of 220 µg/L.  The 

Mirror Lake and Forest Lake outfall data show TP concentrations ranging from 10-100 µg/L and 7-51 

µg/L, respectively during the monitoring period.  In-lake TP concentrations have been detected as high 

as 105 µg/L with average concentrations of 44 µg/L.  Lakes with TP concentrations in this range are 

characterized as “eutrophic” (nutrient-enriched) to “hypereutrophic” (excessively enriched).   

The enormous phosphorus loading from the Hardy-Jennings Drain watershed is likely fueling the 

frequent and recurrent algal blooms observed by the LMA over the last several years.  However, absent 

actual flow measurements collected concurrent with the TP sampling, phosphorus loads to Lake 

Manitou from watershed sources can only be estimated (see Chapter 3 of this report on watershed 

modeling).  Flow monitoring is recommended along with continued TP sampling going forward to allow 

quantifiable loading estimates that will help guide watershed management needs and project 

prioritization.  Strategic sampling along the upstream portion of the Hardy-Jennings Drain will also be 

necessary to help isolate the most problematic areas in this drainage area.      

Secchi Depth 
Secchi depth is the depth at which a Secchi disk (a flat white or black and white platter, approximately 

20 centimeters in diameter) suspended into a lake disappears from the investigator’s sight.  In general, 

the greater depth at which the Secchi disk can be viewed, the lower the productivity of the water body.  

Secchi depth therefore serves as a simple measurement of water clarity, a useful gauge for aesthetic 

conditions but also informative of light penetration necessary for plant and algal growth.  Lake Manitou 

Secchi depth measurements collected from previous water quality reports (Fusilier, 2000 (sic); CLMP) 

vary significantly (Figure 6).  Sediment loading from runoff, lake turnover and algal growth can all reduce 

visibility within Lake Manitou.   

Lake Manitou Secchi depth values ranged from 2 feet (August 22, 1999) to 10 feet (June 14, 2017).  It is 

possible that some improvements in water clarity may be occurring more recently compared to 20 years 

prior.  It should be noted, however, that Secchi depths can vary widely depending on investigators and 

conditions at the time of measurement (overcast skies, winds, recent storm events, presence of filter 

feeders such as zebra mussels) such that each measurement represents a snapshot in time.  Frequent 

Secchi depth measurements may improve long-term evaluation of water clarity in future efforts by 

providing more robust information for statistical analysis of potential trends.  Secchi depth 

measurements should also be tracked alongside other water quality metrics such as chlorophyll a and 

total phosphorus.  Over time, Secchi depths should increase with reductions in external phosphorus and 

sediment loads as well as reductions in algal bloom frequency and extent.   
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*Indicates data from 2017 CLMP monitoring.  

Figure 6: Lake Manitou Historic Secchi Depth Values +/- One Standard Deviation for Where Multiple In-lake Annual 

Measurements  

Conductivity 
Conductivity, or specific conductance, is the measure of the flow of electrons through water.  This value 

relates to the total dissolved ion level, which essentially is a measure of dissolved salts present in a 

solution.  Conductivity can serve as an indicator of septic system or road salt inputs. 

Historical sampling of Lake Manitou from 1993-2002 (WQI) show conductivity concentrations ranging 

from 220-520 µS/cm.  In the 2007 National Lakes Assessment Project (Bednarz, 2012), Michigan lakes 

monitored in the study had a mean conductivity of 309 µS/cm.  Future conductivity sampling along 

shorelines could potentially reveal septic system discharges from older, potentially failing systems, 

though such efforts sometime become a “needle in a haystack” endeavor.  Conductivity measurements 

combined with other monitoring parameters (e.g., E. coli) can however, potentially help locate these 

sources. 

Alkalinity 
Previous sampling performed by WQI in 1993-2002 show Lake Manitou alkalinity levels range from 82-

225 mg/L.  Alkalinity levels and pH will be influenced by the surrounding watershed and area soils.  

Alkalinity measurements are also useful and necessary for selection and application levels of select 

herbicides.  These types of samples should continue to be collected in the future as new herbicide and 

algaecide applications are considered.  

pH 
Lake Manitou pH ranges from 7.3-9.7 with an average of 8.4 based on 1993-2002 WQI data sets.  This 

indicates slightly alkaline conditions within the lake.  In the 2007 National Lakes Assessment Project 
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(Bednarz, 2012) Michigan lakes monitored in the study had a mean pH of 7.92 S.U.  Higher pH values can 

reflect conditions of high plant and algal productivity which have been observed in Lake Manitou. 

Nitrate 
Nitrate was measured in Lake Manitou and inlets by WQI from 1993-2002.  Data from 1993-2002 

showed high variability within the in-lake samples with nitrate concentrations ranging from 1-1,080 

µg/L, with an average of 145 µg/L.  One additional sampling event on August 29, 2010 by Freshwater 

Physicians (2010) showed non-detect nitrate values.  WQI samples collected from Mirror Lake (Inlet 1) 

and Forest Lake (Inlet 2) in 1993 and 2002 ranged from 6 to 84 µg/L and averaged 35 µg/L.  The Hardy-

Jennings Drain (Inlet 3) nitrate concentrations ranged from 7 to 3,968 µg/L and averaged 1,561 µg/L 

(WQI).  As stated in the WQI report, “These data indicate a major source of nitrates for Lake Manitou is 

somewhere upstream on the Hardy-Jennings Drain.” (Fusilier, 2000 sic)  In the 2007 National Lakes 

Assessment Project (Bednarz, 2012) Michigan lakes monitored in the study had a mean nitrate 

concentration of 93 µg/L.  Lake Manitou monitoring data suggest that in-lake concentrations are 

periodically elevated and most likely affected by the Hardy-Jennings Drain (though not by the Cummings 

Lake inflows). 
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3. Herbicide and Algaecide Treatments 
Current chemical applications to Lake Manitou are aimed at the control of nuisance algae and select 

nuisance aquatic plant species.  Anecdotal comments from LMA representatives suggest that the last 

three to four years have been the worst observed for blue-green algal blooms.  The extent of these 

problems appears to now be persistent blooms that last for several of the late summer/early fall months 

into ice cover.  This can effectively eliminate recreational use of the lake for a substantial portion of the 

open water season.  Additional observations suggest that standard copper-based algaecide treatments 

(of which there are typically three to five scheduled each summer) may not be successfully controlling 

these blooms.  In addition, Eurasian watermilfoil, pondweeds, naiad, and elodea have been actively 

targeted with herbicide management by the LMA during the period of record from 2009 to 2017. 

Available Lake Manitou aquatic plant and algae data contained in documents provided by the LMA were 

reviewed to evaluate these past conditions, related management efforts and perceived effectiveness, 

where available.  The LMA provided the following plant management information for review in these 

regards: 

• Aquatic vegetation survey maps (LMA volunteer and Lake Pro) from 2013, 2014, 2017 

• Herbicide applicator treatment maps (2015-17) 

• Michigan Department of Environmental Quality (MDEQ) Aquatic Nuisance Control (ANC) permits 

(2015-17) and treatment reports (2015-16) 

In addition, K&A requested historic aquatic herbicide treatment information for Lake Manitou from the 

State of Michigan via the Freedom of Information Act (FOIA).  The following documents were obtained 

from the State on July 25, 2017: 

• Aquatic herbicide treatment reports (2009, 2010, 2011, 2012, 2014) 

• Lake Manitou MDEQ ANC permit numbers and years  

Copies of these documents and supplemental information provided by the LMA are included in 

Appendix E including a full list of past herbicide and algaecide treatments.  This compiled treatment 

information includes treatment surface area or volume, chemicals applied and treatment dosage rates, 

where available.  Treatments have been occurring generally between May and August.  The frequency of 

treatments per season has varied.  Historical treatment maps, aquatic vegetation survey maps, MDEQ 

ANC permits and other documents relating to aquatic vegetation management on Lake Manitou are 

available in Appendix F.   

Available documents show the LMA has been treating for algae (filamentous, planktonic, and the 

calcareous macroalgae, Chara) since 2009.  Discussions with LMA members suggest that treatment by 

lakeshore homeowners may have been occurring prior to that, though there is no available 

documentation of species targeted, dates of application, products used or application rates.   

Documented plant management efforts from 2009-2017 have focused on Eurasian watermilfoil, 

pondweeds, naiad, elodea and algae (planktonic, filamentous and macroalgae).  Herbicides with the 
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active ingredients of diquat dibromide, endotholl and triclopyr have been applied to Lake Manitou to 

treat rooted macrophytes (non-algal aquatic vegetation).  Chemical treatments for algae typically 

include a variety of copper products applied either alone or in combination with other aquatic 

herbicides.  Copper sulfate, Cutrine Plus, and Hydrothol 191 are the current chemicals targeted at 

treatment of algae in Lake Manitou.  Documentation of algaecide effectiveness is lacking in information 

provided by the LMA of such treatments.  Though photos provided by the LMA show prolific blue green 

and filamentous algae blooms during 2017 (see Appendix G), these were not necessarily defined as pre- 

or post-treatments.  Such photos certainly appear, however, to show indicative nuisance algal bloom 

conditions on the lake.   

Important to note here is that MDEQ ANC permits restrict copper herbicide treatments to near-shore 

(<5ft) areas.  Thus, as algal blooms occur across the open lake, open water treatment of algal 

accumulations is not allowed.  This suggests that treatment schedules may need to hinge on the earliest 

signs of blooms as a means of staving off more significant outbreaks as compared to treatment at or 

after the peak of nuisance growths. 

These reviewed data, reports and anecdotal information supplied by the LMA potentially suggest that 

the lake may have reached a tipping point whereby successive and continual watershed loading of 

nutrients, limited lake flushing and minimal disruption to the algal bloom cycle for blue-greens has 

resulted in seemingly worsened late summer conditions.  Of interesting note is the Fusilier (2000 sic) 

water quality report which indicated the late recreational season algal composition at greater than 90 

percent blue-green algae.  This suggests that some consideration of approaches other than the standard 

copper herbicide treatments may be needed to break this worsening cycle of blooms.   

K&A also notes that the Michigan DEQ and Oakland University have taken interest in this persistent 

blue-green algal problem in Lake Manitou.  Continued cooperation with both entities would be in the 

best interest of the LMA, particularly if there are grant monies or other funding associated with their 

ongoing assessment of lake conditions.   

Re-assessing non-blue-green algal treatment targets should also be considered.  For example, treatment 

and potential loss of the calcareous macroalgae, Chara will only lead to nuisance plants filling the niche 

where this typically bottom-hugging species creates what is usually considered a desirable bottom cover 

in shallow nearshore areas.  K&A has observed this in other southern Michigan Lakes.  This and other 

recommendations for additional monitoring, blue-green algae treatability testing and tracking of 

management decisions are discussed in Chapter 4. 
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4. Watershed Assessment 
In order to estimate pollutant source contributions to Lake Manitou for future watershed management 

planning needs, a series of modeling efforts were undertaken.  These included the following analyses: 

• Delineation of drainage areas to the lake 

• Watershed modeling focused on a loading assessment for sediments and phosphorus 

• Septic system loading analysis to estimate dissolved phosphorus contributions directly to the 

lake  

• Completion of a water balance and phosphorus mass balance  

These efforts are described in the remainder of this chapter and supplemented with additional details in 

appendices.  Included with discussions are modeling projections of potential improvements with future 

implementation of lake or watershed corrective measures.  Estimated costs for such corrective 

measures are also included where applicable. 

Watershed Delineation 
The Lake Manitou watershed was previously defined in early 1990s water quality monitoring reports.  

K&A reassessed drainage boundaries using geographical information system (GIS) software and 

electronically-available land elevation data and land use data (USGS, 2010).  K&A divided the watershed 

into sub-basins to separately analyze loading inputs to Lake Manitou from readily defined areas that 

ultimately will need individualized management considerations.  These sub-basins are defined as the 

Lakeshore drainage area (89 acres), Cummings Lakes drainage area (806 acres), and the Hardy-Jennings 

drainage area (1,515 acres).  This watershed delineation is illustrated in Figure 7.  A summary of the land 

use within each of the three sub-basins as well as within the combined drainage is presented in Table 1. 

Watershed Modeling 
To estimate source contributions of sediments and phosphorus from the drains flowing into Lake 

Manitou, a pollutant loading analysis of the three drainage areas was conducted.  A second analysis 

focused on estimating potential phosphorus loading from septic systems on the Lake Manitou was also 

completed.  A final assessment focused on developing a water balance for the lake that examines 

inflows and outflows, coupled with a phosphorus mass balance that estimates how much of this 

pollutant is annually retained in the lake.  These modeling efforts shed light on the most significant 

sources of concern for the lake, but also set the stage for examining how the most impactful sources can 

effectively be managed to solve Lake Manitou water quality problems.  This is critically necessary to 

compose an initial game plan by targeting the most cost-effective solutions to remedy the worst 

problems.   

This analysis also fundamentally lays the groundwork for proper sequencing of future management 

efforts.  For example, if treatment of lake sediments is necessary to address internal phosphorus 

recycling and sourcing of blue-green algal blooms, such efforts should only come AFTER upstream 

sources of sediment and phosphorus loading are largely under control.  Otherwise, these external loads 

will only serve to shorten or nullify the benefits of in-lake sediment treatment investments.  This section 
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of the report highlights the findings of these efforts; modeling details and supporting information are 

found in Appendix H. 

 

Figure 7: Lake Manitou Watershed Delineation  
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Table 1: Watershed Land Use Data 

Land Cover Type Total Lake Manitou 
Watershed (acres) 

Lakeshore 
(acres) 

Hardy-
Jennings 
(acres) 

Cummings 
Lakes (acres) 

Open Water 175.0 80.0* 3.8 91.2 

Developed, Open 
Space 

150.3 46.3 55.2 48.9 

Developed, Low 
Intensity 

68.9 40.7 11.3 16.9 

Deciduous Forest 303.6 0.0 160.8 142.8 

Evergreen Forest 46.3 2.2 1.3 42.7 

Mixed Forest 7.3 0.0 0.00 7.3 

Shrub/Scrub 1.1 0.0 1.1 0.0 

Grassland/Herbace
ous 

10.4 0.0 1.8 8.7 

Pasture/Hay 601.6 0.0 429.7 171.9 

Cultivated Crops 945.6 0.0 773.5 172.1 

Woody Wetlands 161.2 0.0 74.1 87.2 

Emergent 
Herbaceous 

Wetlands 

18.5 0.0 2.2 16.2 

Total Area 2,489.9 169.2 1,514.7 806.0 

*Open Water Total reported here includes portions of Lake Manitou itself 

 

Watershed Pollutant Loading Assessment 
An “Event Mean Concentration” (EMC) watershed modeling method was used to estimate surface 

runoff volume and loadings of sediment, phosphorus and nitrogen into Lake Manitou.1  Such runoff 

comes from rainfall events which cause erosion or create sheet flow across ground surfaces that picks 

up sediment and nutrients delivering them to nearby surface waters.  This type of diffuse watershed 

pollution is referred to as non-point source loading.  (Pipes directly discharging to water are typically 

referred to as point sources.)  EMCs are average pollutant concentrations in non-point source runoff 

generated during rainfall events.  Such EMCs are typically derived from extensive water quality 

monitoring programs in various regions of the U.S.  Those applied here were derived for Michigan 

applications.  For phosphorus, these are reasonable and within the range of reported phosphorus 

concentrations reported for the Lake Manitou inlet from the Hardy-Jennings Drain.  For sediment and 

total nitrogen, there are no specific monitoring data to compare relevant EMCs used for modeled load 

                                                           
1 Though the EMC method does not estimate bacterial loading, which is more attributed to more discrete human or animal 
waste source locations (septic systems, dairy manure discharges), recommended monitoring presented later in this report 
addresses source determination needs.   
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estimates to Lake Manitou inlet data.  As such, default concentrations were used for these two pollutant 

parameters.  Though nitrogen loading is a model output, discussion of future watershed management 

needs in this Chapter focuses exclusively on phosphorus and sediment results as these are more 

immediately relevant to Lake Manitou water quality concerns.  

The EMC method empirically calculates an estimated load of a pollutant (expressed as mass/time; e.g., 

pounds/year) from a specific land use.  Local long-term average precipitation, the land use type, and 

EMC of the pollutant for a specific land use type are combined to produce an estimate of total pollutant 

load from a drainage area by summing loads from all land uses within that basin.  Equations 1 and 2 in 

Appendix H describe this modeling process in detail.   

Model predicted pollutant loads of total phosphorus (TP), sediment (as total suspended sediment or 

TSS) and total nitrogen (TN) for each of the three specified drainage areas to Lake Manitou (Hardy-

Jennings Drain, Cummings Lakes and Lake Manitou lakeshore) are shown in Table 2.  Estimated 

phosphorus loads from lakeshore septic tanks are included with the lakeshore drainage area runoff 

loads to also account for estimated sub-surface phosphorus contributions originating from drain fields.  

(Discussion on septic tank phosphorus loading is provided later in this Chapter.)   

Table 2: Watershed Nutrient Loading to Lake Manitou 

Drainage Area Descriptor Drainage    
Area 

(acres) 

Estimated Loading from Runoff  
(lb/yr) 

TP TSS TN 

Manitou Lakeshore Drainage 89 174 (98*) 13,317 808 

Cummings Lakes Drainage 806 81 122,159 6,549 

Hardy-Jennings Drainage Area 1,515 889 332,513 14,291 

Totals 2,410 1,144 467,989 21,648 

* indicates the contribution from lakeshore septic tanks that is included in the 174 lbs/yr estimate 

Figure 8 provides a visualization of these phosphorus loads flowing into Lake Manitou from each of the 

three drainage areas.  It further divides the Manitou Lakeshore drainage between surface loading from 

runoff and septic tank loadings.  

Estimated watershed loads depicted in Figure 8 confirm past suspicions that the Hardy-Jennings Drain 

contributes the majority (78%) of phosphorus loading to Lake Manitou.  Septic tank loading from 

lakeshore residences is estimated to contribute 8% of the overall phosphorus load to the lake (as 

detailed in the following report section.)  The Cummings Lake Drainage area to the south of Lake 

Manitou contributes approximately the same percentage as the surrounding lakeshore drainage area.  

Though there is agriculture to the south of the Cummings Lakes, historically reported phosphorus 

concentrations from inflows to Lake Manitou suggest these lakes are in essence, protecting Lake 

Manitou by capturing and retaining agricultural runoff of sediments and phosphorus.  (As described at 

the end of this section, Lake Manitou is similarly retaining sediments and phosphorus from the Hardy-

Jennings Drain.)   
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Figure 8: Estimated Phosphorus Load Contributions from the Three Drainage Areas and Lakeshore Septic Tanks 

Because of the ever clearer need to largely focus future watershed management needs on the Hardy-

Jennings drainage area, K&A delineated phosphorus loads by specific land uses in just in this area.  These 

are presented in Figure 9.   

The large amount of cropland and pasture/hay fields within this drainage area represents about 90% of 

the phosphorus contributions flowing into the lake from the Hardy-Jennings Drain.  This constitutes 

about 69% of the overall phosphorus load into Lake Manitou from all sources.  The Hardy-Jennings Drain 

also contributes nearly 71% of all the sediments that are estimated to flow into Lake Manitou with these 

same two agricultural land use types dominating source loads.  This is about 166 tons of sediment per 

year added to the lake from this drain, equivalent to about 150 cubic yards of sediment or 15 full dump 

trucks each carrying about 10 cubic yards.  Such sediment (and phosphorus) loading information 

provides important insight into future planning needs considering watershed investments for 

conservation practices that keep soils and nutrients on the farm field versus periodic dredging of these 

materials from the Lake Manitou inlet channel.   
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Figure 9: Total Phosphorus Loadings by Land Use for Hardy-Jennings Drain 

Load Reduction Opportunities Derived from Watershed Modeling 

Due to the substantial phosphorus and sediment loading associated with cultivated crops and pasture 

land uses in the Hardy-Jennings Drain compared to the relatively small Cummings Lakes contributions,  it 

is clear these are the two land uses that should be targeted for conservation measures.  Any focus on 

agricultural conservation practices anywhere but in the Hardy-Jennings drainage area would bring little 

benefit to Lake Manitou.  The watershed model was therefore used with applications of select 

agricultural conservation measures to forecast potential load reductions to Lake Manitou through the 

Hardy-Jennings Drain. 

There are several conservation practices that have been widely used by the agricultural community in 

Michigan and other Midwest states to reduce phosphorus and sediment loadings.  Among them, 
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vegetated buffer strips installed between intensively farmed fields (including pastures) and streams 

receiving surface runoff from the fields have been proven highly effective.  According to a model 

developed by Zhang et al., (2010) that was based on reported field data, a 15-foot wide buffer planted 

with grass and/or trees can remove about 50% of the total phosphorus load and 82% of the sediment 

load from an upland field.  This efficiency value will increase to 70% and 91% for phosphorus and 

sediment if the buffer width is increased to 30 feet, and up to 97% and 93% at 60 feet, respectively.    

Assuming 15-foot buffers can be installed in the Hardy-Jennings Drain sub-basin, and further assuming 

that these buffers can treat 75% of the crop and pasture land in these areas, such installations could 

result in a 37.5% or 294 lbs/yr phosphorus load reduction.  That is 26% of overall annual phosphorus 

load to the lake.  This reduction is also equivalent to three times the estimated phosphorus load (98 

lbs/yr) from all the septic tanks in the lakeshore drainage area.  If the buffer width can be increased to 

30 feet, the load reduction would be 411 lbs/yr or 36% of the total annual load to the lake.  A further 

increase of the buffer width to 60 feet would reduce phosphorus loading from cropland and pastures by 

570 lbs/yr or nearly 50% of the total annual phosphorus load to the lake.  For sediments, this would be 

214,000 lbs/yr (97 cubic yards) representing 64% of the total amount of sediment estimated to be 

entering Lake Manitou through the Hardy-Jennings Drain.  This potential sediment reduction in the 

Hardy-Jennings Drain also represents about 46% of the overall sediment load contributions to the lake.   

Federal Farm Bill programs support many types of conservation practices including buffer strips.  The 

cost for installing riparian buffers averages from $99.58/acre with native grass species to $498.77/acre 

with warm season mixed grasses in Michigan2.  The Farm Bill’s Environmental Quality Incentives 

Program (EQIP) provides up to 100% cost-share to farmers for installing riparian buffers.  Though this is 

seemingly inexpensive, especially with the cost-sharing, lost ground for crop production must be 

considered in the computation.  Typically, conservation programs such as EQIP compensate the farmer 

for this loss of production with annual payments.   

In Michigan, current payments to farmers installing similar filter practices (filter borders and filter strips) 

are about $370/acre (based on per acre cost differences between foregone income considered and not 

considered for installing the practices).  Assuming the 1,203 acres of agricultural land in the Hardy-

Jennings is generally square-shaped (for simplistic computational reasons herein), only about five acres 

of land for riparian buffers would be needed for effective 30-foot wide buffer coverage.  That can be 

translated into $1,850/yr of payments to the farmers.  This cost effectively translates to $4.50 per pound 

of phosphorus removed per year based on watershed modeling results.  Such a price is a very efficient 

cost for the benefit.  Adding the cost of installing buffers without EQIP cost-share, the per pound 

phosphorus cost increases to about $5.70, but only for the first year when the buffers are installed, then 

annually thereafter at $4.50 per pound to compensate for lost productivity.  For EQIP, farmers must 

otherwise voluntarily sign up for and subsequently be approved to receive such payments.  In addition, 

their contracts to install these buffers are not indefinite.  Therefore, local farmer cooperation and 

commitments are key to making buffer installations effective over the long-term.  

                                                           
2 USDA-NRCS-Michigan Fiscal Year 2017 Environmental Quality Incentives Program (EQIP) Practice List and Payment Schedule 
as viewed on 9/1/17 at: https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1321451&ext=pdf  

https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1321451&ext=pdf
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Other examples of available conservation practices that could be applied in the Hardy-Jennings drainage 

area include animal waste management for pasture and dairy operations as well as fertilizer 

management and reduced tillage for crop production (Sharpley, et al., 2006).  USDA-NRCS and local 

county conservation districts are good sources of information on such practices including potential 

financial assistance for implementation.  Close coordination with the Shiawassee Conservation District 

will therefore be an important element of future Lake Manitou watershed management/restoration 

efforts. 

Bottom line for the Lake Manitou Association, there will be several options that can be pursued to 

improve upstream watershed conditions in the Hardy-Jennings Drain.  Phase II sampling will help refine 

specific sources and effective locations to target upstream improvements.  Close coordination with the 

Conservation District will help pave the way to connect with land owners, identify critical investments 

and help secure funding for conservation practices.  Such efforts should be considered a long-term (3-5 

year or longer) proposition. 

Other Loading Considerations Not Addressed by Watershed Modeling 

Not specifically reflected in these Hardy-Jennings Drain phosphorus and sediment load estimates are: 1) 

septic system loads for residences in the drainage area (dissolved phosphorus and bacteria being of 

concern), 2) dairy operation contributions associated with areas containing animal operations (dissolved 

phosphorus and bovine bacteria), or 3) streambank erosion (sediments and sediment-attached 

phosphorus).  We address these considerations here. 

K&A suspects that the limited number of septic systems in the Hardy-Jennings drainage area will 

represent only a very small fraction of the overall phosphorus load to the lake given the dominance of 

agricultural runoff.  That said, certainly these upstream septic systems appear to clearly be responsible 

for source contributions based on the presence of human E. coli counts identified in recent monitoring 

for the drain.  Proposed Phase II monitoring will help to identify and quantify these concerns. 

K&A’s review of historic aerial photos of the dairy operation and recent water quality monitoring data 

suggest a potential milkhouse waste discharge into the drain west of the barns.  If such a discharge 

exists, this is likely a significant source of the bovine E. coli being identified in recent monitoring as well 

as a substantial source of dissolved phosphorus.  Dissolved phosphorus is a much more potent form of 

phosphorus that can trigger nuisance algal growth as compared to sediment-bound phosphorus.  

Proposed Phase II monitoring will help determine the potential for such a dairy discharge source and the 

specific magnitude of its impact compared to more diffuse non-point source runoff from the remainder 

of the Hardy-Jennings Drain land uses.  Targeting this potential source with currently available funding 

from the Shiawassee Conservation District could very well be of strategic importance both in terms of 

outside sources of funding to fix such a potential concern as well as a farmer-friendly organization 

leading such an effort.  

Of related concern here too is the distribution of manure on farm fields used by the dairy.  As liquid 

manure accumulates in the dairy’s manure storage lagoon, it is periodically distributed on nearby farm 

fields as a fertilizer.  Such distribution does, however, often result in phosphorus enrichment of soils and 
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in turn, phosphorus-rich runoff from fields during rainstorms.  Of note from the June 7, 2017 visit by 

K&A were fields that were actively receiving such manure applications where there was otherwise no 

actively-growing vegetation.  This lack of vegetation allows for more severe soil erosion during 

rainstorms exacerbating pollutant loading conditions with enriched sediment in surface water runoff.  If 

these fields are also tile drained, these tiles can also more rapidly shunt dissolved phosphorus to the 

drain.  Depending on timing of field applications and rainfall, bacteria associated with manure can also 

make it to the stream via surface runoff or sub-surface tile discharges.  With all of these potential source 

concerns, comprehensive nutrient management planning, barn yard and field management will be 

critical needs for reducing dairy operation impacts on Lake Manitou.  This is where opportunities to 

work with the Shiawassee Conservation District and their new implementation grant to fund agricultural 

conservation practices could be a critically valuable opportunity to address drainage area issues.  

Proposed Phase II monitoring would also help define such opportunities. 

There are anecdotal reports of bank erosion along the lower sections of the Hardy-Jennings Drain as well 

as some recent phosphorus sampling potentially indicating impacts to Lake Manitou water quality.  As a 

potential source of sediment and phosphorus loading to the lake not captured by the EMC watershed 

model, proposed Phase II sampling should include collection of total suspended solids data and 

phosphorus both above this lower section of the drain and at the inlet to the lake.  Coupled with a visual 

survey that would identify eroding banks as well as collect dimensions of these areas, streambank 

stabilization project opportunities may be identified.  Pursuit of such projects, however, should be 

determined by the relative benefits of these high cost restoration projects compared to other upstream 

conservation practice benefits.  Costs per pound of phosphorus removed may range from $30 to $80 for 

the life of the bank restoration process (which can be decades if constructed properly).  This cost can be 

compared to that for buffer strips cited above as an indication of why evaluation of various watershed 

management options is so important. 

Septic System Modeling 
The EMC watershed modeling method does not calculate nutrient loading from septic thanks.  In order 

to take into account the contribution of the septic tanks to the overall Lake Manitou phosphorus load as 

introduced above, a written septic system survey was prepared by K&A and forwarded to the Lake 

Manitou Association in June 2017.  This was distributed by the Association to the 80 homeowners on the 

lakeshore asking for their voluntary participation in responding to the request for information (see 

Appendix I for a copy of the survey form).  The survey was designed to gather confidential but necessary 

data to estimate phosphorus loads from septic systems to Lake Manitou based on an empirical model 

developed by Reckhow et al. (1980).  These authors outlined a method to estimate dissolved 

phosphorus contributions to lakes through septic systems using lakeshore soil properties and various 

septic system characteristics.  Septic tank characteristics include maintenance, age, distance to lake and 

other residential factors. 

The survey forms were returned to K&A in August 2017 for analysis.  Respondents provided information 

on the number of residents per household (both year-round and seasonal), age of home, age of the 

septic system, septic maintenance schedule and distance of drain field from the lake.  Forty-four of the 
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80 surveys were returned (55%); a very reasonable return for such a survey.  Compiled results from 

these respondents are displayed in Table 3 of Appendix H.  Equations 3, 4 and 5 in this same appendix 

provide the details on how these computations are used to generate estimated septic system 

phosphorus loads from lakefront residences.  This also includes K&A assumptions for filling in data gaps 

for non-responsive survey recipients. 

Based on the septic system model calculations, it is estimated that annually, the 80 shoreline residences 

contribute 98 pounds of phosphorus to Lake Manitou.  A summary of the estimated phosphorus loading 

and septic survey statistics is presented in Table 3.   

Table 3:  Septic Tank Loading Summary 

Current Septic System Loading Estimate into Lake Manitou 

Total Phosphorus Load (lbs P/yr) 98 

Septic System Survey Data 

Average Household Residency (# people/house) 2.38 

Average Septic Age (yrs) 29.2 

Average Septic Tank Distance to Lake (ft) 111 

Average Maintenance Frequency (yrs) 4.63 

Survey Return Rate 55% 

 

Histograms showing the distribution of survey results for septic tank age, maintenance frequency and 

distance of the drain field to the lake are presented in Figures 10, 11 and 12, respectively. 

 

Figure 101: Reported Septic Tank Ages for Lake Manitou based on August 2017 Survey Results 
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Figure 11: Reported Septic Tank Maintenance Frequency for Lake Manitou based on August 2017 Survey Results 

 

Figure 12: Reported Distance from Septic Tank Drain Field to Lakeshore for Lake Manitou based on August 2017 Survey 
Results 
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downgradient to the lake.  Bacteria do not move as rapidly in shallow groundwater as nitrates but still 

can reach the lakeshore particularly where drain fields are closer to the lake.   

Maintenance often serves as the most significant factor in minimizing pollutant discharges to lakes from 

older septic systems.  From Lake Manitou survey data, most systems around the lake are pumped every 

two to five years (Figure 11).  Some are pumped more frequently and others much less frequently.  It 

may be that the most infrequently maintained systems have minimal or only limited seasonal use.  

However, if such systems do have much higher and frequent use, are old and drain fields are located 

close to the lakeshore, it is likely that these have long been discharging nitrates, dissolved phosphorus 

and bacteria to the lake.   

In many lake settings today, local, county or state ordinances require 100 feet or greater setback 

distances of drain fields to water bodies.  Here, the majority of septic systems around Lake Manitou 

appear to be less than 100 feet from the lakeshore (Figure 12).   

These survey results suggest that for homeowners with old systems that are close to the lake with 

greater and/or more year-round use, such systems should especially be on a more rigorous (at least 

once every two year) maintenance plan.  The most obvious cautionary note here is that swimming along 

a beachfront directly downgradient of these older, more proximal drain fields, raises a much higher risk 

of exposure to human pathogens (typically assessed as measurement of E. coli bacteria in water).  Such 

septic systems are also likely much greater direct sources of nutrients to the lake. 

Load Reduction Opportunities Derived from Septic System Modeling 

To preliminarily assess just how improved septic tank maintenance might assist in reducing water quality 

impacts to Lake Manitou, K&A increased the frequency of septic tank maintenance to at least every two 

years in the septic system model.  By doing so, the model shows a reduction in the average annual 

phosphorus load to 86 pounds, a 12% decrease.  It is likely that increased pump-outs would be 

potentially even more effective for the oldest, closest to the lake and most infrequently maintained 

systems.  Coarse, rule-of-thumb estimates suggest that typically, soils beneath a septic drain field 

generally have a 20-year life for effective phosphorus adsorption capacity.  With more frequent 

maintenance of tank cleanouts, this effective life can be extended.  Notably, even though 14 lbs/yr of 

phosphorus reduction may seem inconsequential in comparison to the overall annual load from the 

Hardy-Jennings Drain (889 lbs/yr), one pound of phosphorus has to the potential to generate 500 

pounds of algae.  Considering septic system loads are direct discharges of dissolved phosphorus to Lake 

Manitou, additional maintenance (which should also help reduce bacterial loading to nearshore areas) 

should not be considered inconsequential.  

Other Future Considerations Not Addressed by Septic System Modeling 

Increasing septic tank distance from the lake by replacing old septic tanks is a costly option for reducing 

phosphorus inputs to Lake Manitou.  System replacement costs would likely range from $10,000-20,000, 

and necessitate adequate space on the property for such a relocation.  The lack of state, county or 
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township septic system setback requirements (that are often enforced with transfer of title following a 

property sale) relegates the simplest lake management option to more frequent maintenance as 

assessed above.   

Alternatively, sewering has been shown to be a very effective means of mitigating impacts of septic 

system discharges on lake water quality.  This has been shown in many lake settings, most notably in the 

very high quality Gull Lake (Kalamazoo County, Michigan).  However, sewering is typically the most 

expensive option available, it necessitates the presence of a nearby municipal wastewater treatment 

plant and requires collective commitment from the lake riparian community.  Though often amortized 

over 10-20 year financing periods, sewering costs are likely to start at $20,000 per household but may 

vary significantly from this estimate, if even possible at all.  Most importantly for the sewering 

consideration is clear evidence that septic systems are the primary cause of water quality problems.  

Such was the case for Gull Lake where water quality responded almost immediately to septic system 

disconnects; such is not the case for Lake Manitou. 

As noted in Figure 8, lakeshore septic systems are only a small source of problems for Lake Manitou as 

the Hardy-Jennings Drain dominates pollutant loading.  Therefore, the most practical option to minimize 

estimated impacts of phosphorus loading and potential nearshore contamination by septic systems is 

more frequent maintenance.  One other inexpensive alternative to sewering only now being studied is 

intercepting nearshore septic system discharges before they reach the water.  K&A is currently 

conducting state and federally funded research to examine this option on Eagle Lake in Van Buren 

County, Michigan using deep-rooted native vegetation situated between the shoreline and the septic 

tank drain field.  In two years, early data should be available to determine whether naturalizing 

strategically located shoreline areas can help mitigate septic system discharges.  If native vegetation is 

shown to successfully intercept and mitigate drain field discharges, costs for these plantings (depending 

on plant selections) may be less than $300/location. 

Lake Manitou Water Balance and Phosphorus Mass Balance Assessment 
A water balance and a phosphorus mass balance assessment were completed for Lake Manitou to aid in 

future lake management decisions focused on in-lake flushing rates and retention of phosphorus.  These 

assessments complement previously computed loading inputs to Lake Manitou by estimating lake inflow 

and outflow volumes as well as rates of phosphorus accumulation.  This provides a more complete 

picture of how phosphorus enters and leaves the lake, providing the critical foundation for planning 

effective lake treatment in conjunction with watershed management options.  For Lake Manitou, the 

details of the water balance computations are presented in Appendix H.  Table 4 summarized the results 

of the Lake Manitou water and phosphorus mass balances.   

The water balance results in Table 4 suggest that the lake hydrologic retention time is approximately 

0.48 years or 176.6 days.  This retention time or flushing rate refers to the time it takes to fully replace 

the standing volume of water held in the lake considering inflows, outflows and evaporative losses from 

the lake surface.   
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Table 4: Lake Manitou Mass Balance Results 

Water Balance 

Flow-in (ac-ft/yr) 2,127 

Evaporation (ac-ft/yr) 174 

Flow-out (ac-ft/yr) 1,954 

Phosphorus Mass Balance 

TP load-in (lbs/yr) 1,144 

TP load-out (lbs/yr) 229 

TP Lake retention (lbs/yr) 915 

TP Lake retention (% of load-in) 80% 

Coupling this retention time with historic in-lake total phosphorus measurements, K&A’s phosphorus 

mass balance calculations in Table 4 suggest, for example, that an estimated 80% of annual phosphorus 

load into Lake Manitou is retained in the lake.  Thus, as phosphorus from surface runoff and septic 

systems continues to flow into the lake year-round, only a limited amount ever leaves.  This flushing rate 

is especially relevant considering that Spring wet weather conditions that typically contribute the largest 

amounts of phosphorus runoff to the lake occur immediately before the peak summer growing season 

for aquatic plants and algae.  The effects of this Springtime loading are not flushed out of the lake until 

late fall, after the growing season. 

Because phosphorus has a high affinity towards adsorption or precipitation to mineral surfaces, 

sediment-attached phosphorus settles to the lake bottom and is largely retained within a lake.  Just as 

the Cummings Lakes appear to be serving as retention basins for agriculture runoff from its southern 

drainage area, Lake Manitou similarly captures and retains inflowing sediments and phosphorus from 

the Hardy-Jennings Drain.  Sediment retention is evidenced by the need for periodic dredging of coarse 

sediments from the lake canal just downstream of the culvert coming into the lake from this drain.  The 

high phosphorus levels measured at the drain inlet, and much lower phosphorus concentrations leaving 

through the drain outlet also attest to in-lake accumulation.  In-lake plant and algal production also 

contributes to the retention of phosphorus with plant uptake for growth then seasonal die-off and 

settling to the lake bottom.  With septic systems loads of dissolved phosphorus, Lake Manitou becomes 

a substantial trap for dissolved and sediment-bound phosphorus; both forms of this nutrient causing 

significant short-term and long-term lake water quality and plant management issues. 

Accumulated phosphorus in lake sediments can also be released back into the water column further 

exasperating in-lake water quality conditions.  This “internal” load can be a significant source of 

problems for lake water quality well after other external sources of phosphorus from drainage areas and 

septic systems are addressed.  Thus, targeting watershed controls to achieve phosphorus and sediment 

load reductions followed by in-lake sediment treatment should be a part of the sequential, long-term 

approach for improving water quality in Lake Manitou.   
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Inactivation of sediment phosphorus release might come with artificial circulation bringing oxygenated 

water to deeper anoxic portions of the lake, or alum (sodium aluminate) treatment of bottom sediments 

to bind up sediment phosphorus.  Circulation could also potentially help mitigate blue-green algal 

blooms, but this is a mechanical treatment mechanism that would need to operate year after year.  Such 

annual costs might run $20,000-40,000 considering initial capital expenses, annual maintenance and 

electricity costs.  Alum treatment (if external sources of sediment and phosphorus are greatly 

diminished) can have lasting effects for years after an initial treatment.  For Lake Manitou, this could 

potentially cost $40,000-60,000. 

Lake Restoration Opportunities from Water Balance and Phosphorus Mass Balance 

Assessments 

Understanding the lake retention time is important in examining active treatment measures such as 

possibly increasing flushing times using augmentation wells that flush clean groundwater into the lake.  

This could reduce contact time of algae with dissolved phosphorus in the lake.  High levels of 

phosphorus in lake water combined with warm temperatures and sunlight in late summer can especially 

trigger blue-green algal blooms.  Cold groundwater and increased flushing rates could potentially 

mitigate some of these factors responsible for nuisance algal blooms.  Pumping wells necessary to halve 

the flushing rate during just the summer period could, however, be a $0.5-$1M proposition.  

Alternatively, potential enhancement of flow from the Cummings Lakes could be a supplemental source 

of additional water to increase flushing rates.  Whether this was through a physical modification of inlets 

to Lake Manitou (if even possible) or with active pumping, this again could have significant costs. 

Some level of flow augmentation combined with chemical treatments that might include dyes to 

minimize light spectra necessary for algal growth, might be part of an integrated treatment and flushing 

strategy that could eventually mitigate conditions causing these blooms.  Other options for blue-green 

algal treatments discussed in the next chapter of this report could also be considered as part of such a 

regime.  However, adaptations to current chemical treatment applications will likely be the most 

effective next steps to addressing these nuisance algal blooms, concurrent with upstream investments 

in Hardy-Jennings drainage area conservation practices.  Increased flushing rates should therefore be a 

consideration only if these other options were unsuccessful. 

Fundamentally, 80% of the phosphorus from all sources to Lake Manitou appears to be retained in the 

lake on an annual basis.  This means an abundant over-supply of phosphorus each year that is only 

getting worse under current conditions.  As phosphorus is a primary trigger for plant and algal blooms, 

these mass balance results will help to better identify effective in-lake and watershed management 

needs for Lake Manitou, and importantly help define whether these are collectively sufficient to meet 

desired water quality improvements. 
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5. Proposed Phase II Monitoring   
Based on the available historical data reviewed by K&A and watershed analyses, recommended 

monitoring to address identified data gaps is summarized in this chapter.  These next steps for 

monitoring are focused on the goals of managing the plant and algae community to allow continued 

recreational use of Lake Manitou, and targeting priority areas in the watershed for efficient, cost-

effective mitigation.  Ranges of costs are provided herein to undertake these activities.  K&A also 

provided suggestions as to where other outside agencies or organizations could potentially assist in 

these efforts that might ultimately provide cost-savings to the LMA. 

A. Water Quality Monitoring Plan 
This proposed Phase II water quality monitoring plan includes the use of historical sampling sites and 

consistent parameters for data continuity.  It also includes additional sampling locations and analyses to 

address identified data gaps that must be filled to effectively address water quality concerns.  The 

desired outcome of this new monitoring program is a more precise understanding of inflow, in-lake, and 

outflow characteristics of Lake Manitou, as well as helping to target watershed priority areas for future 

conservation practice implementation.  Before implementing this plan, it will be important to work with 

the LMA to establish objectives and milestones around these efforts to ensure these meet expectations. 

Sampling Locations  

Sample locations for the proposed Phase II monitoring plan combines historical WQI sampling sites for 

data consistency with additional new stations, seen as critical for understanding inflow, in-lake, and 

outflow dynamics, as well as targeting potential pollutant sources upstream of the Hardy-Jennings Drain.  

This monitoring plan therefore proposes a total of 15 sampling stations (Figure 13):  

• 6 in-lake stations (S1, S3, S4, S5, S7, S10), 

• 3 drain inlets (I1: Mirror Lake inlet, I2: Forest Lake inlet, and I3: Hardy-Jennings Drain inlet),  

• 1 Lake Manitou Outflow station (LMO), and 

• 5 stations upstream of the Hardy-Jennings Drain inlet (UD1-5). 

A subset of previous WQI in-lake stations is recommended for monitoring, but not all of those previously 

sampled.  Historical data suggest that six in-lake stations (1, 3, 4, 5, 7, 10) rather than 10 stations could 

be sampled for more cost-effective monitoring, targeting those sites near inlets, the Lake Manitou 

outlet, and near the deepest basin.  Samples will be collected from the lake inlets (I1-3) the outflow 

(LMO), and at five locations upstream of the Hardy-Jennings Dam outfall (UD1-5).  In-field parameters 

will be collected using calibrated meters at all stations.   

Flow will be measured at inlets and the lake outlet using a digital flow meter, recording staff gage 

readings, and if necessary, utilizing a simple float-timer test.  Staff gages will be installed at Hardy-

Jennings Drain inlet (I3) and Lake Manitou Outflow (LMO).  Installing additional staff gages at OF1 and 

OF2 could strengthen the monitoring program in the long-term. 
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Figure 13: Proposed Phase II Sampling Locations 

Sample Analyses 

All samples will be analyzed in-field for pH, temperature, dissolved oxygen (DO), and specific 

conductivity (ECT).  Four seasonal samplings are proposed for in-lake samples, I1-3, LMO, and UD1-5 (15 

total stations per season).  All samples will be laboratory analyzed for total phosphorus (TP), soluble 

reactive phosphorus (SRP), total nitrogen (TN), nitrates (NO3), total suspended solids (TSS), and 

Escherichia coli (E. coli) bacteria.  Samples from Site S10, located at the deepest location on Lake 

Manitou, will also be analyzed for chlorophyll a during each monitoring event.  A Secchi disk depth and 

DO/temperature profile will also be recorded at sampling site S10 during all in-lake sampling events.  

These samplings will occur during dry (or stable) conditions to provide “dry” (non-precipitation) event 

information.  Two additional water quality monitoring surveys covering the same stations and 

parameters will be conducted during wet weather events during the Spring and late Summer/Fall 

periods.   

Sediment samples from the deepest portion of the lake will be analyzed for total phosphorus and iron to 

examine sediment phosphorus release conditions during the Spring and Fall 2018 seasonal water quality 

monitoring events.  Additional sediment samples from two nearshore locations and at the inlet channel 
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from the Hardy-Jennings Drain will be tested for the presence of E. coli.  This would occur during the 

Summer 2018 sampling event. 

In-stream flow measurements from I1-3, LMO, and UD1-5 will be combined with the measured 

geometry of the drain and the cross-sectional velocity across the drain to calculate average velocity and 

track flow accrual through each drain, ultimately establishing a stage-discharge curve.  Precipitation 

measurements will be drawn from the Owosso Wastewater Treatment Plant rain gage (Station 

GHCND:USC00206300).  These data will be used to estimate nutrient loads entering and exiting Lake 

Manitou using the watershed model with revised EMCs reflecting new monitoring results.   

Staff costs for these recommended Phase II monitoring efforts will range from $7,000-$9,000.  

Laboratory costs will likely range from $11,000-$13,000.  The use of volunteers to conduct certain 

types of monitoring during appropriate events could be pursued as a cost-saving measure.  Possible 

sample analysis by MDEQ laboratories could provide further savings.  This level of monitoring could be 

promoted with the Shiawassee County Conservation District to leverage Implementation Grant 

investments in the Hardy-Jennings Drain.  Such efforts will also be of tremendous benefit to the District 

in assessing the benefits of any implementation efforts conducted in this drainage area.   

Sampling Schedule 

Phase II sampling is recommended to start during the Fall of 2017 and continue through the Summer of 

2018.  Sampling stations may be added or omitted based on early Phase II monitoring results.  

Subsequent sampling in Phase III will be guided by Phase II results.   

Sampling Protocols 

Samples collected for TP, SRP, TN, NO3, TSS, E. coli and chlorophyll a will be analyzed by a commercial 

laboratory through competitive bidding.  Field parameters including pH, dissolved oxygen, conductivity, 

turbidity, temperature, flow and Secchi depth will be measured in-field at sampling stations.  Internal 

audits will be scheduled to assure that sampling protocols are being followed, including the proper 

maintenance of field equipment.  Performance audits will also be completed upon the receipt of 

analytical data, to check the results returned by analytical laboratories.  Replicate sampling by the 

selected laboratory will be negotiated as part of an appropriate Quality Assurance/Quality Control 

(QA/QC) plan. 

B. Streambank Erosion Field Survey 
K&A recommends a field survey of the Hardy-Jennings Drain to identify eroding streambank locations.  

During the survey, K&A will collect physical information on the length, height of bank, soil type and 

other relevant conditions such that these data can be assembled to provide quantitative estimates of 

sediment and sediment-attached phosphorus loads to Lake Manitou.  With these types of field 

descriptions, K&A can preliminarily define engineering needs and potential costs for bank stabilization.  

Such data can then be compared to other similar cost data for other watershed conservation practices 

that could potentially be implemented.  This will help set project investment priorities based on cost-

effectiveness and potential environmental benefits.  Costs to conduct this survey and related analyses 

would range from $2,500 - $3,500.  It is possible that the local Conservation District staff could 
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alternatively perform the field survey.  Important for this assessment will be the determination of the 

County Drain Commissioner jurisdiction of this drain.  If it is a county drain, LMA potential funding could 

help leverage drain commission investments in restoring eroding banks. 

C. Visual Survey of Agricultural Tile Drain Discharges 
It will be important to visually assess all sections of the Hardy-Jennings Drain for structural drain tile 

outlets or other point source discharges.  Tile drainage essentially shunts infiltrated rainwater on farm 

fields directly to the nearest ditch or water body.  Thus, during rain events, phosphorus may be 

transmitted to water not only with overland runoff, but also through tiling.  Such tile discharges can be 

high in dissolved phosphorus and nitrates depending on soils and cropping practices.  This is especially 

important to understand for considering conservation actions in the Hardy-Jennings drainage area.  If 

there are investments in vegetated buffers as discussed in the previous chapter, these may only partially 

address water quality problems as they only treat surface runoff and not tile drainage discharges.  To 

effectively treat both pathways, in-field conservation practices such as improved fertilizer management 

and buffers may be needed.  This survey will begin to address this critical data gap.  Costs for this survey 

and a summary write-up would range from $1,000-1,500 if conducted in conjunction with the 

streambank survey.  It is possible that the local Conservation District staff could alternatively perform 

this survey. 

D. Vegetation and Algae Management 
Based on K&A’s review of historically available data for aquatic vegetation management in Lake 

Manitou, it is difficult to determine herbicide or algaecide treatment effectiveness.  Monitoring, 

documenting, and tracking these treatments AND outcomes is recommended to help determine 

treatment effectiveness and efficiency going forward.  Annual aquatic vegetation surveys, conducted in 

early season (pre-treatment conditions) and late season (post-treatment conditions), to evaluate the 

plant community and changes over time are necessary to track trends, detect new species, and maintain 

a historical data repository.  As lake association board members change over time, the collected data 

often go with them, resulting in a loss of long-term lake management efforts and trends. 

Figure 14 provides an example aquatic macrophyte survey tracking year-to-year percent cumulative 

cover for the observed species.  This type of tracking provides an easy-to-interpret means of evaluating 

changes over time as well as assessing effectiveness of management efforts. 

Regarding algal treatments, further taxonomy is recommended to identify species and target an 

effective management plan specific to the algae present in Lake Manitou.  This might include collection 

of both the planktonic and filamentous algae to determine treatment strategies aimed at the species 

present in the lake.  On August 23, 2017, K&A staff met with Dave Nicholson, a representative of Lonza 

Surface Water Products/Applied Biochemists, to discuss research-based options for Lake Manitou algal 

management.   
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Figure 14: Example Cumulative Cover Vegetation Survey Data (These are NOT Lake Manitou data.) 

Lonza is a leading manufacturer of specialty algaecides and herbicides for surface water use.  Their 

representatives work closely with aquatic herbicide applicators to advise on treatment options, 

collaborate on new product trials and direct case studies to advance the science of aquatic herbicide 

and algaecide treatments.  Additionally, Lonza partners with Clemson University’s toxicology labs to 

offer the Algal Challenge Test (ACT) where laboratory evaluations, using a variety of treatment 

chemicals and dosage rates, are performed directly on a client’s algal samples to test subcultures of the 

algae species present.  (Lonza ACT program information is available in Appendix J.)  These test results 

can then be used to prescribe a treatment approach specifically tailored to the tested waters.  This 

information is shared with the client, consultant and contracted applicator with the goal of providing 

better results by taking the guesswork out of the treatment approach.   

 

Also discussed with Lonza was the potential option for Lake Manitou to be used as a case study to 

research and test emerging technologies (new products or combinations) for algae management.  This 

option would be determined following the ACT.  Further, the use of colorants, or dyes, was discussed 

with Lonza as a potential future management option for Lake Manitou.  These dyes work to inhibit algae 

growth by limiting sunlight penetration and blocking select light spectra critical to photosynthesis by 

algae and plants.  Lonza encouraged consideration of integrating such dyes with future algaecide 

applications. 
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It is also recommended that the LMA minimize or discontinue treatment of Chara unless is it surfacing 

and impeding recreation.  Chara (Figure 15) is a high-quality, generally low-growing macroalgae that 

serves to fill in gaps in sediment surface area where other less-desirable vegetation may otherwise 

establish.  

 
Figure 15: Photo Example of the Calcareous Macroalga, Chara 

Based on the above summary of data gaps, relevant considerations and review of available historical data 

for Lake Manitou, a summary of recommended future efforts includes the following:  

• Aquatic Vegetation Surveys: Conduct annual early-season (pre-treatment) and late-season 

(post-treatment) aquatic vegetation surveys using the MDEQ Aquatic Vegetation Assessment 

Sites (AVAS) with LakeScan™ methodology.  LakeScan™ is based on the MDEQ AVAS protocol 

but goes further in tracking and monitoring treatment efficacy and plant community 

biodiversity.   

• Survey Data Compilation: Graph and document aquatic vegetation survey data showing species 

change over time and potential treatment effectiveness (such as Figure 14, above). 

• Increase Macrophyte Diversity: Establish a goal for plant management (e.g. increased diversity) 

and manage toward that goal.  Determine which plants are beneficial and which are creating 

nuisance conditions.  LakeScan will provide information in these regards. 

• Herbicide Use Tracking: Continue tracking and documenting annual MDEQ ANC permits and 

end-of-year permit reports with the herbicide application information including chemicals 

applied, dates of application and dosage rates.  Be cautious of applying the same active 

ingredient for multiple years which could create herbicide-resistant conditions in the target 

species.  It is advised to frequently alter the herbicide active ingredient when repeatedly 

treating aquatic plants.  

• Herbicide Applicator Communication: Initiate a means of communication between the LMA and 

the contracted applicator to determine what the “trigger” is for treatment.  This could be visual 

determinations, chlorophyll a concentrations, etc.  Bring Lonza into treatment discussions. 

• Algal Challenge Test: Conduct an Algal Challenge Test (ACT) to determine the species of algae 

currently present and test herbicide effectiveness for use by the contracted aquatic herbicide 
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applicator on Lake Manitou.  The species detected in 2015, Woronichinia naegeliana, is unusual 

(Pullman, 2017) so determining herbicide efficacy is key.  The ACT would directly test Lake 

Manitou samples in a laboratory to evaluate effectiveness of different herbicides and dosage 

rates to prescribe a recommended treatment plan for those species present in the lake.  Both 

planktonic and filamentous algae samples should be evaluated.  This helps take the guesswork 

and trial and error out of the herbicide application strategy.  The standard cost for the ACT is 

about $2,000 (with shipping); two such tests may be needed for Lake Manitou.  One sample 

could still be collected in 2017 if nuisance blue-green algal blooms are occurring into the Fall.  

Engaging Lonza interest in Lake Manitou could result in free ACT testing as well as services from 

this company if they were to select the lake as a corporate case study. 

• Chlorophyll a sampling: Continue collecting Lake Manitou samples through the Cooperative 

Lakes Monitoring Program (CLMP) to allow tracking of relative algal concentrations and use as a 

potential trigger for treatment and recreational use advisories (based on MDEQ guidance).  

Confirm that the appropriate sampling technique and preservation method are being employed 

by volunteers to ensure data quality.  The wide variation in WQI and CLMP data are a concern.  

CLMP data should then be integrated with other Phase II data into the new electronic database. 

• Benthic (bottom) Algae Survey: Conduct a survey to determine areas of benthic algae 

production early in the season to target herbicide treatment with the goal to minimize 

filamentous algae nuisance surface conditions later in the season. 

• Additional Data for Algal Management: Collect additional data to further evaluate causes and 

management options for algae.  These might include free CO2 data, nitrogen to phosphorus 

ratios to determine nutrient limiting factors in the lake, and zooplankton and zebra mussel 

monitoring to better understand the food chain dynamics. 

• Final Phase II Technical Memorandum: The outcome of the above efforts would be summarized 
in a final Phase II technical memo.  This would document effectiveness, suggest modifications 
going forward suggest additional needs and consideration for other treatment alternatives if 
necessary.  Other treatment options might include: 1) increased flushing rates to reduce 
hydraulic retention times; 2) artificial circulation to disrupt blue-green algal growth cycles in and 
increase bottom-water dissolved oxygen levels; 3) sediment treatments to reduce dissolved 
phosphorus release; and 4) hydrogen peroxide additions.  Such options might be further 
examined under Phase III. 
 

K&A’s estimated costs to complete these recommended plant and algal management efforts under 

Phase II would range from $8,000-$10,000.  ACT testing would be an additional $4,000.  Algal testing 

costs could be waived if Lonza was successfully engaged with Lake Manitou as a case study.  

E. Phase II Report and Coordination 
Seamless project coordination will be essential to meet goals and objectives mutually established with 

the LMA at the outset of Phase II.  This would include how the project will work with existing parties and 

new interests over the course of implementing the proposed scope of work.  To capture and synthesize 

all Phase II efforts to effectively usher in implementation under a Phase III, a final Phase II report will be 

compiled to include the above technical memorandum on plant and algal management needs along with 
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a technical analysis of all other Phase II monitoring efforts.  The technical analysis would also target 

Phase III implementation needs and opportunities.  The cost for this report would range from $6,000-

$8,000.  Periodic communications with LMA representatives and attendance at three LMA Board and/or 

Association meetings would be included in these costs.  Coordination with Shiawassee County 

Conservation District Staff would also be a part of these efforts.   

Summary of K&A Proposed Phase II Costs 
Proposed K&A costs for recommended Phase II efforts are shown in Table 5.  Potential cost-savings as 

noted above are included in this table.  K&A costs are provided as ranges since cost-saving opportunities 

have not yet been confirmed nor has it yet been determined whether the LMA will proceed with some 

portion or all of these proposed efforts.  If they do, K&A would finalize costs for LMA approval. 

Table 5: Summary of Proposed Phase II Costs 

Phase II Task Estimated Staff 
Costs 

Estimated Direct 
Costs 

K&A Line Item 
Cost 

Possible Cost 
Savings 

Water Quality 
Monitoring 

$7,000-9,000 $11,000-13,000 $18,000-22,000 $4,0001 

Streambank Erosion 
Field Survey 

$2,500-3,500 -- $2,500-3,500 $1,5002 

Tile Drain Visual 
Survey 

$1,000-1,500 -- $1,000-1,500 $1,0002 

Plant/Algal 
Management 

$8,000-10,000 $4,000 $12,000-14,000 $4,0003 

Final Phase II Report $6,000-8,000 -- $6,000-8,000 $10,500 

TOTALS $39,500-49,000 -- 
1 Assumes the MDEQ Laboratory might conduct select analyses 
2 Assumes Shiawassee County Conservation District Staff would collect field data 
3 Assumes Lonza Corporation would cover such costs if Lake Manitou were selected as a case study 
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6. Phase I Summary  
The Lake Manitou Association contracted Kieser & Associates to undertake Phase I of an envisioned 

three-phase effort that would address: 1) sediment, phosphorus and bacterial loading concerns from the 

Hardy-Jennings Drain, and 2) the recurrent and increasingly persistent blooms of blue-green algae on 

the lake in late summer months.  The overall strategy targets development and implementation of a 

comprehensive and strategic approach to begin addressing these concerns.  This report presents details 

of the Phase I tasks that initially targeted: 

• A review of historical water quality and aquatic plant management for Lake Manitou   

• Watershed assessments that estimate source loads of sediment and phosphorus 

• Phase II monitoring recommendations to address gaps noted in the historical review and 

watershed assessments 

• A summary of Phase I findings with recommendations and costs for Phase II efforts 

 

Strategic findings of these efforts are highlighted as follows: 

Historical Data Review: 

• Reasonably robust water quality monitoring was conducted from 1993 to 2002; no data were 

subsequently collected until 2014.  Only until 2016 were drains again being sampled. 

• Historic water quality data had not been comprehensively compiled to allow for easy 

assessment of changes or trends in lake quality since initial samples since 2002.  Data made 

available to K&A have since been compiled as part of this Phase I effort in one MS Office Excel 

spreadsheet.  

• Early and recent monitoring data continue to show that the Hardy-Jennings Drain has long been 

a significant nutrient source to the lake.  Drainage from the Cummings Lakes and lakeshore 

drainage areas are but a very small fraction of the overall load.   

• In-lake phosphorus levels have consistently remained high since 1993, potentially having 

increased recently.  Such levels suggest eutrophic to hypereutrophic conditions.  

• Stream flow data from inflowing drainage areas are largely absent for the entire period of the 

monitoring record.  This precludes direct calculations of mass pollutant loads necessary to 

discern sources and relative contributions.  This in turn, creates a large gap for determining how 

best to invest future funding for maximum lake water quality benefit.  Watershed modeling in 

Phase I does address some of these gaps, though flow monitoring should still be a required 

element of future sampling. 

• There are no historic data for sediment content (measured as total suspended solids) at in-lake, 

inlet or outflow locations.  As sediment accumulation from the Hardy-Jennings Drain has 

become an obvious problem requiring periodic lake channel dredging, a lack of sediment 

monitoring data makes it difficult to pinpoint effective sediment control alternatives in the 

upstream areas of the drain.  Upstream sediment controls should be a future objective as 

opposed to periodic and expensive downstream dredging. 
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• More recent 2015-present drain monitoring data show high levels of bacteria coming from the 

Hardy-Jennings Drain.  E. coli appear to be associated with human sources (septic systems) and a 

dairy (bovine sources).  Incoming bacterial levels are very high in this drain, though in-lake 

samples show numbers below safe human contact thresholds. 

• Algal monitoring in the late 1990s suggested a dominance of blue-green algae in Lake Manitou.  

The lake continues to be dominated by blue-greens though only limited data are available in 

formal reports.  There is recent MDEQ and Oakland University interest in microcystin toxicity 

with second-hand reports to K&A of its presence in Lake Manitou.  Obtaining formal data 

reports from laboratories for consistent tracking and communication of these results will help 

those leading voluntary efforts to more formally relay findings to the lake community.  A formal 

tracking and reporting plan would be developed under a Phase II.    

• Plant and algal abundance monitoring data are only scantily available from 2009 though 

additional, but not compiled documentation is more readily available from recent years.  There 

has been no consistent year-to-year tracking of plant or algal data, nor of treatments or most 

importantly, treatment effectiveness.  Going forward, a more formal and organized process of 

tracking these needs would be undertaken in Phase II. 

Watershed Modeling: 

• Of the three delineated drainage areas to Lake Manitou (direct lakeshore drainage around Lake 

Manitou, Cummings Lakes, and the Hardy-Jennings Drain), the Hardy-Jennings is the dominant 

source of sediments and nutrients.   

• Modeling identified the dominant land uses of row crops and hay/pasture as the primary 

contributing sources of sediments and phosphorus in the Hardy-Jennings Drain. 

• Historically measured phosphorus concentrations from the Cummings Lakes drainage suggest 

that modeled agricultural loads are being retained by these upstream lakes, thus protecting 

Lake Manitou. 

• Though the watershed model cannot specifically assess contributions from the existing dairy 

operation in the Hardy-Jennings Drain, recent phosphorus and bacterial monitoring suggest this 

may be a more directly identifiable source of these pollutants.  Concentrated discharge from the 

milking parlor is suspected.  Drain and site investigations would be necessary to discern whether 

such discharge(s) exists.  County Conservation District staff and/or Michigan Department of 

Agriculture and Rural Development should be engaged in such activities. 

• Agricultural fields receiving dairy manure as fertilizer should be primary targets for conservation 

practice implementation in the future.  Sampling along sections of the drain under wet weather 

conditions would reveal where such priority fields exist.   

• It is not known whether farm fields in the Hardy-Jennings drainage area are tiled.  If so, tile drain 

discharges could represent a significant source of dissolved phosphorus to surface waters.  

Nutrient management planning for fields would be needed to reduce such loads.  Planning 

assistance for such would best be provided through the County Conservation District. 



Kieser & Assoc iates,  LLC  
536 E .  M ich igan  Ave . ,  Su i t e  300 ,  Ka lamaz oo,  M I  4 90 07  

page 
 42 

 

• Modeling suggests that meager annual investments (i.e., farmer payments totaling about 

$2,000/year) for buffer strips between agricultural fields and the drain could reap significant 

water quality benefits for Lake Manitou.  Federal Farm Bill programs could provide these 

payments if the farmer(s) applied for these through the County Conservation District. 

• Streambank erosion along the Hardy-Jennings Drain has been observed; the extent of such 

erosion and its relative contribution of sediments and phosphorus to the drain are unknown.  

Costs to address eroding banks are, however, likely an order of magnitude higher than per 

pound phosphorus reduction costs of conservation practices on the landscape such as buffers. 

• Septic system modeling for riparian residences confirms that most septic system are quite old.  

Maintenance schedules of 2-5 years and the majority of drain fields less than 100 feet from the 

shoreline suggest that phosphorus loading from these systems is equivalent to phosphorus 

loadings from the Cummings Lakes, though only about 8% of the total amount of phosphorus 

coming into Lake Manitou when compared to the Hardy-Jennings Drain. 

• At this time, the most logical and cost-effective measure for minimizing septic system impacts 

around the lake is for residents to increase routine maintenance (i.e., pump outs of septic tanks) 

to ever two years or less.  Older systems with high residential use and close proximity to the lake 

should especially consider increased frequency of maintenance.  Discharges of enteric bacteria 

and the risk of exposure to human pathogens could also be diminished with improved 

maintenance. 

• Few cost-effective solutions exist to otherwise address septic system discharges likely occurring 

along the shoreline of Lake Manitou.  One approach currently under study in Southwest 

Michigan is the use of deep-rooted native vegetation planted between the shoreline and drain 

field to intercept and uptake nutrients.  Results from that study will not be available until 2020.  

• The final outcome of watershed modeling efforts reveals that 80% of the phosphorus reaching 

Lake Manitou through drains, lakeshore runoff and lakeshore septic systems stays in the lake.  

With a retention time of about 174 days, what comes into the lake during Springtime runoff 

events stays in the lake through the plant growing season.  This has significant ramifications for 

near-term and long-term solutions to address in-lake and watershed loading concerns.  This will 

dictate what approaches will be effective as well as the sequencing of their implementation for 

maximum return on benefits. 

• To successfully advance effective watershed control efforts, LMA cooperation with the 

Shiawassee County Conservation District and state agencies will be essential.  Opportunities to 

partner with the Conservation District appear to be at hand.  Currently, this Phase I report can 

be used to initiate discussions with District staff on identified concerns and needs.  Modeling 

projections will help identify potential options to address concerns.  Proposed monitoring (as 

summarized below and as detailed in Chapter 3) should help leverage their interest in choosing 

and funding effective conservation projects in the Hardy-Jennings Drain.  These types of 

implementation grants must be accountable for identifying benefits.  Phase II monitoring can 

provide such accountability.  Moreover, funding typically begets more funding, so where there 

are initial investment interests here, other sources will likely follow if pursued.  K&A sees this 

effectively employed in numerous other lake and watershed settings. 
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Phase II Monitoring to Address Data Gaps 

• A rigorous water quality monitoring program is recommended over the next 12 months.  This 

would include seasonal sampling under stable (dry) weather conditions as well as during two 

wet weather events.  The data gaps noted above are relevant and significant in moving forward 

with effective in-lake and watershed investments.  This one-year of monitoring will fill such 

gaps.  It will have continuity with past efforts and include new locations in the Hardy-Jennings 

watershed to pinpoint source areas of pollution.  The proposed plan is not rocket science, rather 

it will strategically answer key questions that have otherwise gone unanswered in the 

monitoring conducted since 1993.  With current MDEQ interests in Lake Manitou, it is possible 

that the state labs could conduct a portion of the proposed targeted laboratory analyses. 

• A visual survey of erosion sites, tile drains and other potential point source discharges (from the 

dairy operation or residential septic systems) along the Hardy-Jennings Drain is proposed.  These 

are not intended to be casual observations, rather collection of relevant information to best 

define sources and potential contributions of pollution to the drain.  Collaboration with the 

County Conservation District could result in cost-savings if their field staff collected information. 

• A robust plant and algal monitoring, tracking, testing and documentation strategy is proposed to 

supplant what is the current a relatively non-descript approach to aquatic plant management.  

The level of detail and rigor necessary to comprehensively seek effective control solutions and 

rapidly adapt to changing conditions is no small task.  Certainly existing LMA, MDEQ and 

Oakland University efforts can be integrated into the overall strategy, however, a much broader 

team of professionals working with current participants and especially the herbicide applicator 

will be necessary to bring algal blooms under control.  The strategy would also look beyond 

chemical treatments to address factors influencing algal growth through other manipulations 

within the lake (circulation, increased flushing, sediment treatments, etc.), along with external 

watershed controls to reduce nutrient loading.  Fundamentally, there is no easy fix to address 

what appears to be a months’ long plague of blue-green algal blooms in Lake Manitou.  

Additional information, testing, tracking and expertise will need to come to bear to change the 

status quo.  Important to consider here too is that initial Phase II investments to develop a more 

robust plan may also bring cost-savings with treatment options being employed that more 

effectively target the problem.  

Phase II Cost Estimates: 

K&A has provided potential costs that range from $39,500 up to $49,000 while also identifying potential 

saving options (up to 25%) to implement the proposed Phase II efforts.  K&A is prepared to discuss 

Phase I findings and recommendations as reported herein with the Board.  It is anticipated that 

discussions amongst the LMA board and association members will be necessary for all or any portion of 

these recommendations to be advanced.  K&A also recognizes that the LMA will ultimately determine 

how they wish to proceed as far as scope or consultant selection to perform Phase II efforts. 
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K&A would like to express a final word of gratitude to Mr. Fred Farkus who has diligently ‘carried the 

water’ for the LMA over many years.  Fred was always very gracious and helpful in providing information 

and responding to our requests.  We especially commend his diligence in soliciting important technical 

information from Lake Manitou residents on septic systems in such a short timeframe.  The LMA is 

fortunate to have such a dedicated champion for the cause. 
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Appendix A: Historical Lake Manitou Data  
 



Lake Manitou In-Lake, Inlet and Ouflow Water Quality Data (1993-2017)

Site
Site # if 

Applicable
Date

Total 

Phosphorus 

(µg/L)

E. Coli 

(MPN/100

ml)

Chlorophyll 

a  (µg/L)

Secchi 

Depth 

(ft)

Nitrate 

(µg/L)

Chloride 

(mg/L)

Alkalinity 

(mg/L)

Conductivit

y (µS/cm)

pH 

(S.U.)

Hardy Jennings Drain inlet to Lake Inlet 3 4/23/93 14 2350 160 250 7.3

Hardy Jennings Drain inlet to Lake Inlet 3 4/27/93 41 2180 255 260 7.8

Forest Lake Outfall Inlet 2 4/27/93 14 16 145 340 8.1

Mirror Lake Outfall Inlet 1 4/27/93 12 39 150 320 8

Lake Manitou-in lake 1 4/27/93 19 11.3 5 244 174 420 8.3

Lake Manitou-in lake 2 4/27/93 42 27.1 5 288 177 420 8.2

Lake Manitou-in lake 3 4/27/93 19 19 5 325 177 420 8.1

Lake Manitou-in lake 4 4/27/93 17 22.4 5 460 174 420 8.1

Lake Manitou-in lake 5 4/27/93 32 4.1 4 1080 216 500 8

Lake Manitou-in lake 6 4/27/93 19 15 6 510 179 440 8

Lake Manitou-in lake 7 4/27/93 25 11.9 5 400 176 420 8.1

Lake Manitou-in lake 8 4/27/93 48 9.2 6 460 177 440 8

Lake Manitou-in lake 9 4/27/93 17 6.4 6 490 178 440 8

Lake Manitou-in lake 10 4/27/93 33 5.8 6 447 180 420 8

Hardy Jennings Drain inlet to Lake Inlet 3 8/8/93 99 7 172 410 8.7

Forest Lake Outfall Inlet 2 8/8/93 51 6 182 395 8.3

Mirror Lake Outfall Inlet 1 8/8/93 33 6 161 350 8.7

Lake Manitou-in lake 1 8/8/93 33 8.4 1 158 420 8.4

Lake Manitou-in lake 2 8/8/93 21 14.2 5 4 160 420 8.4

Lake Manitou-in lake 3 8/8/93 22 13.8 5 6 161 420 8.5

Lake Manitou-in lake 4 8/8/93 21 10.5 5 2 164 430 8.4

Lake Manitou-in lake 5 8/8/93 32 18.5 5 4 171 440 8.6

Lake Manitou-in lake 6 8/8/93 27 21.1 5 5 168 440 8.5

Lake Manitou-in lake 7 8/8/93 31 19.7 5 6 158 420 8.6

Lake Manitou-in lake 8 8/8/93 35 20.3 5 165 430 8.5

Lake Manitou-in lake 9 8/8/93 39 21.1 167 440 8.5

Lake Manitou-in lake 10 8/8/93 31 22.3 169 425 8.5

Hardy Jennings Drain inlet to Lake Inlet 3 5/10/95 68 895 193 460 8.3

Hardy Jennings Drain inlet to Lake Inlet 3 5/23/95 89 947 238 450 7.7

Hardy Jennings Drain inlet to Lake Inlet 3 7/25/95 21 784 91 240 8.3



Site
Site # if 

Applicable
Date

Total 

Phosphorus 

(µg/L)

E. Coli 

(MPN/100

ml)

Chlorophyll 

a  (µg/L)

Secchi 

Depth 

(ft)

Nitrate 

(µg/L)

Chloride 

(mg/L)

Alkalinity 

(mg/L)

Conductivit

y (µS/cm)

pH 

(S.U.)

Hardy Jennings Drain inlet to Lake Inlet 3 8/4/95 237 2293 82 220 9.3

Hardy Jennings Drain inlet to Lake Inlet 3 8/17/95 140 1673 85 230 8.4

Lake Manitou-in lake 1 8/22/95 38 12.56 6 10 127 360 8.6

Lake Manitou-in lake 2 8/22/95 48 5.33 5 10 126 380 8.8

Lake Manitou-in lake 3 8/22/95 30 13.2 7 6 129 350 8.6

Lake Manitou-in lake 4 8/22/95 21

Lake Manitou-in lake 5 8/22/95 6.6

Hardy Jennings Drain inlet to Lake Inlet 3 4/12/96 320.0 2784 142 400 9

Hardy Jennings Drain inlet to Lake Inlet 3 5/2/96 441.0

Hardy Jennings Drain inlet to Lake Inlet 3 5/9/96 101.0 1248 176 430 8.7

Hardy Jennings Drain inlet to Lake Inlet 3 5/20/96 1296 95 260 8.9

Hardy Jennings Drain inlet to Lake Inlet 3 6/17/96 484.0 3936 92 260 9.1

Lake Manitou-in lake 1 5/15/99 70.0 10.1 2 54 128 380 7.8

Lake Manitou-in lake 3 5/15/99 50.0 11.9 13 120 360 7.6

Lake Manitou-in lake 4 5/15/99 54.0 9.5 11 124 360 0.7

Lake Manitou-in lake 7 5/15/99 27.0 7.9 10 125 360 7.7

Lake Manitou-in lake 10 5/15/99 30.0 3.5 8 124 360 7.7

Lake Manitou-in lake 5 5/15/99 68.0 20 24 142 400 7.6

Lake Manitou-in lake Inlet 3 5/15/99

Lake Manitou-in lake Inlet 3 5/15/99

Lake Manitou-in lake 1 8/22/99 52.0 77.5 2 14 129 370 9.7

Lake Manitou-in lake 3 8/22/99 58.0 79.5 2 14 128 370 9.7

Lake Manitou-in lake 4 8/22/99 52.0 70.5 2 18 126 375 9.7

Lake Manitou-in lake 7 8/22/99 57.0 80.5 2 16 125 370 9.2

Lake Manitou-in lake 10 8/22/99 51.0 74 2 16 129 370 9.2

Lake Manitou-in lake 5 8/22/99 58.0 61.5 2 16 129 370 9.2

Lake Manitou-in lake Inlet 3 8/22/99

Lake Manitou-in lake Inlet 3 8/22/99

Lake Manitou-in lake 1 9/13/00 26.0 15.80 5 13 148 450 8.8

Lake Manitou-in lake 3 9/13/00 28.0 21.30 5 18 147 450 8.7

Lake Manitou-in lake 4 9/13/00 27.0 18.8 5 16 148 450 8.8



Site
Site # if 

Applicable
Date

Total 

Phosphorus 

(µg/L)

E. Coli 

(MPN/100

ml)

Chlorophyll 

a  (µg/L)

Secchi 

Depth 

(ft)

Nitrate 

(µg/L)

Chloride 

(mg/L)

Alkalinity 

(mg/L)

Conductivit

y (µS/cm)

pH 

(S.U.)

Lake Manitou-in lake 7 9/13/00 24.0 13.9 3 16 147 450 8.7

Lake Manitou-in lake 10 9/13/00 30.0 17.8 4 10 147 450 8.7

Lake Manitou-in lake 5 9/13/00 32.0 33.4 5 10 152 460 8.8

Hardy Jennings Drain inlet to Lake Inlet 3 5/22/02 189 1061 205 520 8

Forest Lake Outfall Inlet 2 5/22/02 7 31 153 330 8.6

Mirror Lake Outfall Inlet 1 5/22/02 10 36 164 375 8.4

Lake Manitou-in lake 1 5/22/02 34 16.90 107 172 440 8.3

Lake Manitou-in lake 2 5/22/02 35 19.80 156 170 440 8.2

Lake Manitou-in lake 3 5/22/02 34 20.4 308 170 445 8.2

Lake Manitou-in lake 4 5/22/02 31.0 18.1 870 172 470 8.2

Lake Manitou-in lake 5 5/22/02 35.0 17.6 303 193 520 8.1

Lake Manitou-in lake 6 5/22/02 32.0 29.4 290 175 460 8.3

Lake Manitou-in lake 7 5/22/02 39.0 23.7 277 176 460 8.3

Lake Manitou-in lake 8 5/22/02 39.0 16.6 294 176 460 8.3

Lake Manitou-in lake 9 5/22/02 38.0 29.4 294 175 470 8.3

Lake Manitou-in lake 10 5/22/02 39.0 23.2 173 480 8.3

Hardy Jennings Drain inlet to Lake Inlet 3 8/17/02 66 360 139 480 8.3

Forest Lake Outfall Inlet 2 8/17/02 23 60 150 340 8.1

Mirror Lake Outfall Inlet 1 8/17/02 39 84 157 450 8.1

Lake Manitou-in lake 1 8/17/02 23 18.6 28 155 440 8.2

Lake Manitou-in lake 2 8/17/02 24 23.7 28 155 440 8.2

Lake Manitou-in lake 3 8/17/02 24 23.2 28 158 440 8.2

Lake Manitou-in lake 4 8/17/02 22.0 18.6 32 156 440 8.2

Lake Manitou-in lake 5 8/17/02 29.0 24.3 20 163 450 8.2

Lake Manitou-in lake 6 8/17/02 21.0 25.4 32 156 440 8.3

Lake Manitou-in lake 7 8/17/02 26.0 23.1 28 159 440 8.2

Lake Manitou-in lake 8 8/17/02 19.0 25.9 24 155 440 8.2

Lake Manitou-in lake 9 8/17/02 19.0 23.7 32 155 440 8.2

Lake Manitou-in lake 10 8/17/02 20.0 27.1 36 155 440 8.1

Lake Manitou-in lake 8/29/10 19

Lake Manitou-in lake 7/6/05 6.5



Site
Site # if 

Applicable
Date

Total 

Phosphorus 

(µg/L)

E. Coli 

(MPN/100

ml)

Chlorophyll 

a  (µg/L)

Secchi 

Depth 

(ft)

Nitrate 

(µg/L)

Chloride 

(mg/L)

Alkalinity 

(mg/L)

Conductivit

y (µS/cm)

pH 

(S.U.)

Lake Manitou-in lake 5/1/14 60.0

Lake Manitou-in lake 8/1/14 31.0

Lake Manitou-in lake 2015 6.6

Lake Manitou-in lake 4/14/15 49.0

Lake Manitou-in lake 5/1/15 49.0

Lake Manitou-in lake 8/1/15 68.0

Lake Manitou-in lake 9/18/15 49.0

Hardy Jennings Drain inlet to Lake Inlet 3 12/3/15 40

Forest Lake Outfall Inlet 2 12/3/15 20

Mirror Lake Outfall Inlet 1 12/3/15 20

Hardy Jennings Drain inlet to Lake Inlet 3 1/24/16 5.0

Hardy Jennings Drain inlet to Lake Inlet 3 3/9/16 130

Forest Lake Outfall Inlet 2 3/9/16 30

Mirror Lake Outfall Inlet 1 3/9/16 30

Lake Manitou-in lake 3/16/16 20.0

Hardy Jennings Drain inlet to Lake Inlet 3 3/25/16 200

Mirror Lake Outfall Inlet 1 3/25/16 30

Hardy Jennings Drain inlet to Lake Inlet 3 4/1/16 230

Hardy Jennings Drain inlet to Lake Inlet 3 4/27/16 50

Lake Manitou-in lake 4/27/16 40

Hardy Jennings Drain upstream Inlet 3 4/27/16 60

Hardy Jennings Drain inlet to Lake Inlet 3 5/13/16 130

Mirror Lake Outfall Inlet 1 5/13/16 20

Lake Manitou-in lake 6/1/16 20 6.8

Hardy Jennings Drain upstream Inlet 3 6/1/16 130

Lake Manitou-in lake 6/22/16 166.0

Hardy Jennings Drain inlet to Lake Inlet 3 6/30/16 170

Lake Manitou-in lake 6/30/16 105

Hardy Jennings Drain upstream 6/30/16 140

Lake Manitou-in lake 7/13/16 4.1

Hardy Jennings Drain inlet to Lake Inlet 3 8/11/16 50



Site
Site # if 

Applicable
Date

Total 

Phosphorus 

(µg/L)

E. Coli 

(MPN/100

ml)

Chlorophyll 

a  (µg/L)

Secchi 

Depth 

(ft)

Nitrate 

(µg/L)

Chloride 

(mg/L)

Alkalinity 

(mg/L)

Conductivit

y (µS/cm)

pH 

(S.U.)

Lake Manitou-in lake 8/11/16 40

Hardy Jennings Drain upstream 8/11/16 120

Hardy Jennings Drain inlet to Lake Inlet 3 8/17/16 52,000.0

Hardy Jennings Drain upstream 8/17/16 26,000.0

Lake Manitou-in lake 8/19/16 5.6

Lake Manitou-in lake 8/22/16 90 11.5

Hardy Jennings Drain inlet to Lake Inlet 3 8/22/16 47.0

Hardy Jennings Drain inlet to Lake Inlet 3 8/29/16 42.0

Lake Manitou-in lake 8/29/16 19.7

Mirror Lake Outfall Inlet 1 8/29/16 2,420.0

Lake Manitou-in lake 9/18/16 47 6.8

Hardy Jennings Drain inlet to Lake Inlet 3 10/4/16 90 142.0

Forest Lake Outfall Inlet 2 10/4/16 30 104.0

Mirror Lake Outfall Inlet 1 10/4/16 40 8.0

Hardy Jennings Drain inlet to Lake Inlet 3 11/21/16 50 50.0

Lake Manitou-in lake 11/21/16 10.0

Forest Lake Outfall Inlet 2 11/21/16 40 10.0

Hardy Jennings Drain upstream 11/21/16 60 150.0

Mirror Lake Outfall Inlet 1 11/21/16 20.0

Hardy Jennings Drain upstream 1/4/17 110 810.0

Hardy Jennings Drain inlet to Lake Inlet 3 1/4/17 730.0

Mirror Lake Outfall Inlet 1 1/4/17 10.0

Mirror Lake Outfall Inlet 1 2/27/17 10.0

Hardy Jennings Drain inlet to Lake Inlet 3 3/1/17 220 990.0

Hardy Jennings Drain upstream 3/1/17 840.0

Mirror Lake Outfall Inlet 1 3/1/17 20.0

Lake Manitou-in lake 3/24/17 30

Hardy Jennings Drain inlet to Lake Inlet 3 3/27/17 600.0

Forest Lake Outfall Inlet 2 3/27/17 10.0

Lake Manitou-in lake 3/27/17 10.0

Hardy Jennings Drain inlet to Lake Inlet 3 3/31/17 *



Site
Site # if 

Applicable
Date

Total 

Phosphorus 

(µg/L)

E. Coli 

(MPN/100

ml)

Chlorophyll 

a  (µg/L)

Secchi 

Depth 

(ft)

Nitrate 

(µg/L)

Chloride 

(mg/L)

Alkalinity 

(mg/L)

Conductivit

y (µS/cm)

pH 

(S.U.)

Lake Manitou-in lake 5/14/17 9.5

Lake Manitou-in lake 5/29/17 5.0

Lake Manitou-in lake 6/14/17 10.0

Hardy Jennings Drain inlet to Lake Inlet 3 7/11/17 9000**

Lake Manitou-in lake 7/11/17 40

Hardy Jennings Drain upstream 7/11/17 70,000.0

Mirror Lake Outfall Inlet 1 7/11/17 40

1993-2002 Data from WQI

2010-2017 Data from LMA volunteer and other monitoring efforts 

*No E.Coli count conducted, samples were analysed only for MST Data (below)

MST Data, March 31, 2017: 68.59 fold Bovine / Deer

15.03 fold Human / Deer

4.56 fold Bovine / Human

**MST Data, July 11, 2017: 5.28 fold Bovine/Human



7,185.50 131.67

23,214.29 103.33

32.55 41.96

33.50 30.00

317.25 41.25

Average Phosphorus Readings

Forest Lake Inlet

Mirror Lake Inlet

Garrison Road Near Morrice Road
Deepest Point In Lake 19'  

Waugh Channel Inlet from Hardy JenningsWaugh Channel Inlet from Hardy Jennings

Average E.coli Readings

Garrison Road Near Morrice Road
In Lake Testing Manitou

Mirror Lake Inlet

Forest Lake Inlet

Everywhere else >300 Hazardous

Overall Average E.coli Readings 

Everywhere else >50 High

40.3131.3

Overall Average Phosphorus Readings

Hardy Jennings Drain >300 Hazardous

13,090.8

Overall Average Phosphorus Readings

Lake Manitou Records

Overall Average E.coli Readings 

Hardy Jennings Drain >50 High

122.2



PPB DATE # of Inches EVENT EXPENSE

26,000.0 8/17/16 3.0 Inches of Rain (8/15/16) 30.00$                

61,000.0 10/17/16 2.0 Inches of Rain (10/15/16) 30.00$                

150.0 11/21/16 25.00$                 

810.0 1/4/17 snowmelt/light rain 25.00$                 

3,700.0 1/12/17 snowfall/snowmelt/ moderate rainfall 25.00$                 

Inconclusive 2/27/17 25.00$                 

840.0 3/1/17 Rain Event 25.00$                 

70,000.0 7/11/17 Morrice Rd            --  light rain the day before 25.00$                 

23,214.3 average

Hardy Jennings Drain (Garrison Road near 

Morrice Road)

300 and above closes beaches for full and partial body contact.

E. COLI
MPN/100ml - CFU/100ml



PPB DATE # of Inches EVENT EXPENSE

5.0 1/24/16 30.00$              

52,000.0 8/17/16 3.0 Inches of Rain (8/15/16) 30.00$              

47.0 8/22/16 30.00$              

42.0 8/29/16 30.00$              

142.0 10/4/16 30.00$              

22,000.0 10/17/16 2.0 Inches of Rain (10/15/16) 30.00$              

50.0 11/21/16 25.00$              

730.0 1/4/17 snowmelt/light rain (01/4/17) 25.00$              

990.0 3/1/17 Rain Event 25.00$              

600.0 3/27/17 Rain Event 25.00$              

620.0 4/20/17 light rain 25.00$              

9,000.0 7/11/17 light rain the day before 25.00$              

7,185.5 average

E. COLI

300 and above closes beaches for full and partial body contact.

MPN/100ml -  CFU/100ml

Hardy Jennings Drain Inlet to Lake 

Manitou



PPB DATE LOCATION # of Inches EVENT EXPENSE

166.0 6/22/16 LUBKIN SHORELINE 30.00$               

3.0 8/22/16 EDDINGTON SHORELINE 30.00$               

20.0 8/22/16 CENTER; BETWEEN HANSEN & FELTON 30.00$               

26.0 8/29/16 LUBKIN SHORELINE 30.00$               

1.0 8/29/16 BRENT SHORELINE 30.00$               

32.0 8/29/16 WOODWORTH SHORELINE 30.00$               

10.0 11/21/16 FRANKS SOUTH BAY 25.00$               

10.0 3/27/17 SPILLWAY OUTLET 25.00$               

10.0 4/20/17 French's shoreline 25.00$               

30.0 7/11/17 4929 Ojibwa - Kokkinakos light rain the day before 25.00$               

50.0 7/11/17 4900 Ojibwa - Espich light rain the day before 25.00$               

32.5 average

MPN/100ml -  CFU/100ml

300 and above closes beaches for full and partial body 

contact.

In Lake Testing Manitou

E. COLI



PPB DATE # of Inches EVENT EXPENSE

104.0 10/4/16 30.00$               

10.0 11/21/16 25.00$               

10.0 1/12/17 snowfall/snowmelt/moderate rain 25.00$               

10.0 3/27/17 Rain Event 25.00$               

33.5 average

Forest Lake Inlet

E. COLI

300 and above closes beaches for full and partial body 

contact.

MPN/100ml -  CFU/100ml



PPB DATE # of Inches EVENT EXPENSE

2,420.0 8/29/16 30.00$                      

8.0 10/4/16 30.00$                      

20.0 11/21/16 25.00$                      

10.0 1/4/17 snowmelt/light rain 25.00$                      

10.0 1/12/17 snowfall/snowmelt/moderate rain 25.00$                      

10.0 2/27/17 25.00$                      

20.0 3/1/17 Rain Event 25.00$                      

40.0 7/11/17 light rain the day before 25.00$                      

317.3 average

300 and above closes beaches for full and partial body 

contact.

E. COLI
MPN/100ml -  CFU/100ml

Mirror Lake Inlet



PPB DATE # of Inches EVENT EXPENSE

60.0 4/27/16 15.00$         

130.0 6/1/16 15.00$         

140.0 6/30/16 15.00$         

120.0 8/11/16 15.00$         

60.0 11/21/16 15.00$         

110.0 1/4/17 light rain and thaw 15.00$         

103.3 average

Hardy Jennings Drain 

(Garrison Road near 

Morrice Road)Total Phosphorus

50 ppb is considered a high phosphorus 

content.



PPB DATE # of Inches EVENT EXPENSE

40.0 12/3/15 15.00$           

130.0 3/9/16 Spring Thaw 15.00$           

200.0 3/25/16 Rain Event 15.00$           

230.0 4/1/16 Rain Event 15.00$           

50.0 4/27/16 15.00$           

130.0 5/13/16 15.00$           

170.0 6/30/16

50.0 8/11/16 15.00$           

90.0 10/4/16 Rain Event 15.00$           

50.0 11/21/16 15.00$           

220.0 3/1/17 Rain Event 15.00$           

220.0 7/25/17 15.00$           

131.7 average

50 ppb is considered a high phosphorus 

content.

Hardy Jennings Drain 

Inlet to Lake Manitou

Total Phosphorus



PPB DATE LOCATION # of Inches EVENT EXPENSE

33.0 4/1/93

31.0 8/1/93

30.0 5/1/99

51.0 5/1/99

30.0 9/1/00

39.0 5/1/02

20.0 8/1/02

60.0 5/1/14 MI Corps

31.0 8/1/14 MI Corps

49.0 5/1/15 MI Corps

68.0 8/1/15 MI Corps

30.0 12/3/15 15.00$         

20.0 3/16/16 MI Corps

40.0 4/27/16 15.00$         

10.0 6/1/16 15.00$         

20.0 6/1/16 Friess 15.00$         

30.0 6/1/16 Thelen 15.00$         

40.0 6/30/16 15.00$         

170.0 6/30/16 Landes 15.00$         

40.0 8/11/16 15.00$         

90.0 8/22/16 15.00$         

47.0 9/18/16 MI Corps

3/1/17 Results available Dec. MI Corps

30.0 3/24/17 Spillway out 15.00$         

10.0 7/25/17 1990 Garrison 15.00$         

30.0 7/25/17 4837 Apache 15.00$         

42.0 average

Deepest Point in Lake 

Manitou

50 ppb is considered a high phosphorus 

content.

Total Phosphorus



PPB DATE # of Inches EVENT EXPENSE

20.0 12/3/15 15.00$         

30.0 3/9/16 Spring Thaw 15.00$         

30.0 10/4/16 Rain Event 15.00$         

40.0 11/21/16 15.00$         

30.0 average

Total Phosphorus

50 ppb is considered a high phosphorus 

content.

Forest Lake Inlet



PPB DATE # of Inches EVENT EXPENSE

20.0 12/3/15 15.00$              

30.0 3/9/16 Spring Thaw 15.00$              

30.0 3/25/16 Rain Event 15.00$              

20.0 5/13/16 15.00$              

100.0 8/11/16 15.00$              

40.0 10/4/16 Rain Event 15.00$              

20.0 11/21/17 15.00$              

70.0 7/25/17 15.00$              

41.3 average

Mirror Lake Inlet

50 ppb is considered a high phosphorus 

content.

Total Phosphorus
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Appendix B: Dissolved Oxygen/Temperature Profiles  
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Appendix C: Cooperative Lakes Monitoring Program Reports 



The CLMP is brought to you by: 

Michigan Lakes– Ours to Protect 

 

2014 Data Report 

for 

Lake Manitou, Shiawassee County  



Questions? 

If you have questions on this report or believe that the tabulated data for your lake in this report are in error please contact:  

Paul Steen (psteen@hrwc.org), MiCorps Program Manager 

 

About this report: 

This report is a summary of the data that have been collected through the Cooperative Lakes Monitoring Program. The contents 

have been customized for your lake. The first page is a summary of the Trophic Status Indicators of your lake (Secchi Disk 

Transparency, Chlorophyll-a, Spring Total Phosphorus, and Summer Total Phosphorus). Where data are available, they have been 

summarized for the past field season, the past five years, and since the first year your lake has been enrolled in the program.  

If you did not take 8 or more Secchi disk measurements or 4 or more chlorophyll measurements, there will not be summary data 

calculated for these parameters. This is because missing measurements result in the data not being indicative of overall summer 

conditions. 

If you enrolled in Dissolved Oxygen/Temperature, the summary page will have a graph of one of the profiles taken during the late 

summer (typically August or September). A late summer graph is used because dissolved oxygen is often depleted in the late 

summer, and identifying this condition and the depth at which it occurs is typically the most important use of dissolved oxygen 

measurements.   

The back of the summary page will be the results of the Exotic Aquatic Plant Watch or Plant Identification and Mapping, if you 

participated in that parameter. 

The rest of the report will be larger graphs, including all Dissolved Oxygen/Temperature Profiles that you recorded. For Secchi Disk, 

Chlorophyll, and Phosphorus parameters, you need to have two years of data for a graph to make logical sense. Therefore if this is 

the first year you have enrolled in the CLMP, you will not receive a graph for these parameters. 

To learn more about these parameters or get definitions to unknown terms, check out the CLMP Manual found at: http://

www.micorps.net/documents/CLMP_Manual.pdf. [Please note: This is a new publication and a printed version will not be available 

until April 2015. The printed version will be available at the CLMP training held during the annual MLSA Conference in early May.] 

 

Thank you! 

The CLMP Leadership Team would like to thank you for all of your efforts over the past year.  The CLMP would not exist without 

dedicated and hardworking volunteers! 

The CLMP Leadership Team is made of: Bill Dimond, Marcy Knoll Wilmes, Jean Roth, Jo Latimore, Paul Steen, Scott Brown, Laura 

Kaminski, and Anne Sturm. 



Lake Manitou, Shiawassee County 

2014 CLMP Results 

Secchi Disk Transparency  (feet) 

Dissolved Oxygen and Water Temperature Profile Summary 

Year # Readings Min Max Average Std. Dev Carlson TSI 

2014 13 4.0 8.0 5.7 0.9 52 

1995 8 7.0 12.0 9.8 1.6 44 

2014 All 
CLMP Lakes 3050 2.0 50.0 13.1 2.1 41 

Chlorophyll-a (parts per billion) 

Spring Total Phosphorus (parts per billion) 

Year # Samples Min Max Average Std. Dev 

2014 1 60 60 60.0 NA 

2014 All 
CLMP Lakes 164 3 W 77 13.2 11.1 

Summer Total Phosphorus (parts per billion) 

Year # Samples Min Max Average Std. Dev Carlson TSI 

2014 1 31 31 31.0 NA 54 

2014 All 
CLMP Lakes 180 4 T 62 13.5 7.9 41 

With an average TSI score of 53 based on Secchi transparency 

and summer total phosphorus, this lake is rated as an 

eutrophic lake. 

Secchi measurements taken in 1995 indicate the lake has lost 

4 feet of transparency.  In 1995 the lake was rated as a 

mesotrophic lake so nutrient inputs have definitely increased 

since that time. 

Average TSI 2014 1995  

Lake Manitou 53 44  

All CLMP Lakes 40 NA  

*= No sample received        W= Value is less than the detection limit (<3 ppb)  T= Value reported is less than the reporting limit (5 ppb). Result is estimated.   

<1 = Chlorophyll-a: Sample value is less than limit of quantification (<1 ppb). 

Site Id: 780233 

No graph: Not enough data 

This lake does not have Chlorophyll-a data available.  Consider 

enrolling in this parameter next year. 

Chlorophyll-a is the green photosynthetic pigment in the cells 

of plants. The amount of algae in a lake can be estimated by 

measuring the chlorophyll-a concentration in the water. As an 

algal productivity indicator, chlorophyll-a is often used to 

determine the trophic status of a lake. 

This lake does not have dissolved oxygen/water temperature 

data available.  Consider enrolling in this parameter next year. 

Fish, insects, mollusks, and crustaceans need dissolved oxygen 

to live in water.  By late summer, many lakes stratify, with cold 

anoxic water on the bottom and warm, oxygen rich water on 

the surface. Anoxic (oxygen-depleted) water occurring too 

close to the surface is a sign of nutrient enrichment.  

Understanding the pattern of dissolved oxygen and water 

temperature in a lake is important for assessing nutrient 

problems as well as the health of the biological community.  

No graph: Not enough data 



Lake Manitou, Shiawassee County 

2014 CLMP Aquatic Plant Results 

Site Id: 780233 

This lake does not have aquatic plant data available for 2014.  Consider enrolling in an aquatic plant parameter next year. 

 

Why is monitoring aquatic plants important? 

 

A major component of the plant community in lakes is the large, leafy, rooted plants.  Compared to the microscopic algae the 

rooted plants are large.  Sometimes they are collectively called the “macrophytes” (“macro” meaning large and “phyte” meaning 

plant).  These macrophytes are the plants that people sometimes complain about and refer to as lake weeds. 

 

Far from being weeds, macrophytes or rooted aquatic plants are a natural and essential part of the lake, just as grasses, shrubs 

and trees are a natural part of the land.  Their roots are a fabric for holding sediments in place, reducing erosion and maintaining 

bottom stability.  They provide habitat for fish, including structure for food organisms, nursery areas, foraging and predator 

avoidance.  Waterfowl, shore birds and aquatic mammals use plants to forage on and within, and as nesting materials and cover. 

 

Though plants are important to the lake, overabundant plants can negatively affect fish populations, fishing and other 

recreational activities.  Rooted plant populations increase in abundance as nutrient concentrations increase in the lake.  As lakes 

become more eutrophic rooted plant populations increase.  They are rarely a problem in oligotrophic lakes, only occasionally a 

problem in mesotrophic lakes, sometimes a problem in eutrophic lakes, and often a problem in hypereutrophic lakes. 

 

However, sometimes a lake is invaded by an aquatic plant species that is not native to Michigan. In these cases, even nutrient 

poor oligotrophic lakes can be threatened.  Some of these exotic plants, like Curly-leaf Pondweed, Eurasian Milfoil, Starry 

Stonewort, and Hydrilla can be extremely disruptive to the lake’s ecosystem and recreational activities. 

 

To avoid a takeover by exotic plants, it is necessary to use Integrated Pest Management (IPM) strategies: monitoring, early 

detection, rapid response, maintenance control, and preventive management.  For more information on these strategies, check 

out Integrated Pest Management for Nuisance Exotics in Michigan Inland Lakes (MSU Extension Water Quality Publication WQ-

56, available at http://www.micorps.net/CLMPdocuments.html.)  

 

The CLMP offers two parameters on aquatic plants.  In the Exotic Aquatic Plant Watch, volunteers concentrate on monitoring and 

early detection of exotic invasive plants only.  In Aquatic Plant Identification and Mapping, volunteers identify all native and non-

native plants. In both parameters, volunteers create lake maps or use digital tools to georeference where the plants are found. 
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The CLMP is brought to you by: 

Michigan Lakes– Ours to Protect 

 

2015 Data Report 

for 

Manitou Lake, Shiawassee County 

Site ID: 780233 

42.92563°N, 84.20300°W 



Questions? 

If you have questions on this report or believe that the tabulated data for your lake in this report are in error 

please contact:  

Paul Steen (psteen@hrwc.org), MiCorps Program Manager 

About this report: 

This report is a summary of the data that have been collected through the Cooperative Lakes Monitoring Pro-

gram.  The contents have been customized for your lake.  The first page is a summary of the Trophic Status 

Indicators of your lake (Secchi Disk Transparency, Chlorophyll-a, Spring Total Phosphorus, and Summer Total 

Phosphorus). Where data are available, they have been summarized for the past field season, the past five 

years, and since the first year your lake has been enrolled in the program.  

If you did not take 8 or more Secchi disk measurements or 4 or more chlorophyll measurements, there will 

not be summary data calculated for these parameters. These numbers of measurements are required to en-

sure that the results are indicative of overall summer conditions. 

If you enrolled in Dissolved Oxygen/Temperature, the summary page will have a graph of one of the profiles 

taken during the late summer (typically August or September).  A late summer graph is used because dis-

solved oxygen is often depleted in the late summer, and identifying this condition and the depth at which it 

occurs is typically the most important use of dissolved oxygen measurements.   

The back of the summary page will be the results of the Exotic Plant Watch or Full Plant Mapping, if you par-

ticipated in that parameter. If you enrolled in the Score the Shore Parameter, a summary will be found after 

the plant page. 

The rest of the report will be larger graphs, including all Dissolved Oxygen/Temperature Profiles that you rec-

orded. For Secchi Disk, Chlorophyll, and Phosphorus parameters, you need to have two years of data for a 

graph to make logical sense.  Therefore if this is the first year you have enrolled in the CLMP, you will not re-

ceive a graph for these parameters.  

Remember that some lakes see a lot of fluctuation in these parameters from year to year.  Until you have 

eight years worth of data, consider all trends to be preliminary. 

To learn more about the CLMP monitoring parameters or get definitions to unknown terms, check out the 

CLMP Manual, found at: https://micorps.net/wp-content/uploads/CLMP-Manual.pdf 

Thank you! 

The CLMP leadership team would like to thank you for all of your efforts over the past year.  The CLMP would 

not exist without dedicated and hardworking volunteers! 

The CLMP Leadership Team is made of: Marcy Knoll Wilmes, Jean Roth, Jo Latimore, Paul Steen, Scott Brown, 

Laura Kaminski, and Katherine Hollins. 



Manitou Lake, Shiawassee County 

2015 CLMP Results 

Secchi Disk Transparency  (feet) 

Dissolved Oxygen and Water Temperature Profile: Sept 2015 Summary 

Year # Readings Min Max Average Std. Dev Carlson TSI 

2015 19 2.5 10.0 6.5 2.0 50 

2010-2014 19 4.0 8.0 5.8 0.9 52 

1995-2009 8 7.0 12.0 9.8 1.6 44 

2015 All 
CLMP Lakes 3018 1.5 42.0 12.6 6.1 42 

Chlorophyll-a (parts per billion) 

Year # Samples Min Max Median Std. Dev Carlson TSI 

2015 5 1.9 15.0 8.7 6.4 52 

2015 All 
CLMP Lakes 628 < 1.0 14.0 2.5 2.1 39 

Spring Total Phosphorus (parts per billion) 

Year # Samples Min Max Average Std. Dev 

2015 1 49 49 49.0 NA 

2014 1 60 60 60.0 NA 

2015 All 
CLMP Lakes 131 <= 3 70 11.5 13.7 

Summer Total Phosphorus (parts per billion) 

Year # Samples Min Max Average Std. Dev Carlson TSI 

2015 1 68 68 68.0 NA 65 

2014 1 31 31 31.0 NA 54 

2015 All 
CLMP Lakes 173 <= 3 68 13.2 8.1 39 

With an average TSI score of 56 based on Secchi transparency, 

chlorophyll-a, and summer total phosphorus, this lake is rated 

as an eutrophic lake. Due to the high nutrient level, the lake 

loses dissolved oxygen in the bottom waters in early summer. 

Manitou Lake has seen a big loss of transparency since 

measurements taken in 1995.  This indicates that nutrient 

levels have greatly increased.  More monitoring is needed to 

determine if these levels are still on the rise. 

Average TSI 2015 2010-2014 1995-2009 

Manitou Lake 56 53 44 

All CLMP Lakes 40 NA NA 

*= No sample received        W= Value is less than the detection limit (<3 ppb)  T= Value reported is less than the reporting limit (5 ppb). Result is estimated.   

<1 = Chlorophyll-a: Sample value is less than limit of quantification (<1 ppb). 

No graph: Not enough data 

Site Id: 780233 



Lake Manitou, Shiawassee County 

2015 Exotic Aquatic Plant Watch Results 

Site Id: 780233 

The Exotic Aquatic Plant Watch was conducted on Lake Manitou in 2015.  

This survey involves sampling at multiple locations around the lake to detect new invaders, and document the extent of known 

invaders. While notes on other plant species may be recorded during the survey, the effort focuses on four highly invasive spe-

cies: Eurasian watermilfoil (Myriophyllum spicatum), starry stonewort (Nitellopsis obtusa), curly-leaf pondweed (Potamogeton 

crispus), and Hydrilla (Hydrilla verticillata). 

The table below summarizes the results of the 2015 Exotic Aquatic Plant Watch on Lake Manitou.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Visit the MiCorps Data Exchange (www.micorps.net) or contact the lead volunteer on your lake for more details on the survey, 

including sampling locations, maps, and abundance information, and for information on past surveys. 

 

 

 

 

Lake Manitou, Shiawassee County 

2015 Exotic Aquatic Plant Watch Results 

Survey Date: July 6 

Species Status Comments 

Eurasian watermilfoil FOUND Found at all survey locations 

Starry stonewort Not found  

Curly-leaf pondweed FOUND Found in 2 adjacent loca-

tions; dense 

Hydrilla Not found  



Manitou Lake, Shiawassee County 

2015 Score the Shore Results 

Site Id: 780233 

This lake does not have shoreline habitat assessment results for 2015.  Consider enrolling in this parameter next year! 

 

Why is the Score the Shore parameter important? 

Healthy shorelines are an important and valuable component of the lake ecosystem. The shoreline area is a transition zone 
between water and land, and is a very diverse environment that provides habitat for a great variety of fish, plants, birds, and 
other animals. A healthy shoreline area is also essential for maintaining water quality, slowing runoff, and limiting erosion.  

 

However, Michigan’s inland lake shorelines are threatened. Extensive development, often combined with poor shoreline 
management practices, can reduce or eliminate natural shoreline habitat and replace it with lawn and artificial erosion control 
such as sea walls and rock. As a result, shoreline vegetation is dramatically altered, habitat is lost, and water quality declines.  

 

Therefore, in 2015 the MiCorps Cooperative Lakes Monitoring Program introduced a new monitoring program – Score the Shore 
– that enables volunteers to assess the quality of their lake’s shoreline habitat.  

 

The information gathered during this assessment will allow lake communities to identify high-quality areas that can be protected, 
as well as opportunities for improvement. Score the Shore data, combined with educational resources describing the value of 
healthy shorelines and how to restore and maintain them, can be incorporated into lake management planning and used for 
educating lakefront property owners.  The Michigan Natural Shoreline Partnership (MNSP) is a collaboration of agencies and 
professionals that promotes natural shoreline practices to protect Michigan’s inland lakes. The MNSP website 
(www.mishorelinepartnership.org) includes materials and information that can be used in educational efforts. MNSP also offers 
training for professional educators and landscape contractors, and maintains a list of trained educators who may be available to 
speak to your community about natural shorelines. 

 

Score the Shore data, just like all CLMP data, will also be available to any interested parties through the MiCorps Data Exchange 
(www.micorps.net). State agency staff and researchers regularly access CLMP data to better understand and manage Michigan’s 
inland lakes.  

 
It is important to understand that Score the Shore is a descriptive process for assessing shoreline quality on Michigan’s inland 
lakes. It is also a valuable educational tool. Score the Shore is not a regulatory program, nor is it intended to tell people what they 
can and cannot do on their property. The Michigan Department of Environmental Quality’s Inland Lakes and Streams Program 
has responsibility for shoreline protection on public lakes. To learn about their shoreline protection program, including 
construction permitting and recommendations for shoreline management, visit www.mi.gov/deqinlandlakes.  
 

 

 

http://www.mishorelinepartnership.org
http://www.micorps.net
http://www.mi.gov/deqinlandlakes
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Name: Manitou

County: Shiawassee

Site ID: 780233

Date: 5/18/2015

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou (Shiawassee Co.)
1 20.4 9.4

1 20.4 9.4

1 20.4 9.4

1 20.4 9.4

1 20.4 9.4

5 20.4 9.4

5 20.4 9.4

5 20.4 9.4

5 20.4 9.4

5 20.4 9.4

10 16.2 8.7

10 16.2 8.7

10 16.2 8.7

10 16.2 8.7

10 16.2 8.7

15 11.7 1.8

15 11.7 1.8

15 11.7 1.8

15 11.7 1.8

15 11.7 1.8

Dissolved Oxygen and Temperature Profile

5/18/2015
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Name: Manitou

County: Shiawassee

Site ID: 780233

Date: 5/26/2015

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou (Shiawassee Co.)
1 20.8 10.4

1 20.8 10.4

1 20.8 10.4

1 20.8 10.4

1 20.8 10.4

5 20.7 10.3

5 20.7 10.3

5 20.7 10.3

5 20.7 10.3

5 20.7 10.3

10 20.7 10.3

10 20.7 10.3

10 20.7 10.3

10 20.7 10.3

10 20.7 10.3

15 13.9 1.3

15 13.9 1.3

15 13.9 1.3

15 13.9 1.3

15 13.9 1.3

Dissolved Oxygen and Temperature Profile

5/26/2015
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Name: Manitou

County: Shiawassee

Site ID: 780233

Date: 6/18/2015

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou (Shiawassee Co.)
1 24 7

1 24 7

1 24 7

1 24 7

1 24 7

5 23.9 7

5 23.9 7

5 23.9 7

5 23.9 7

5 23.9 7

10 21.7 3.6

10 21.7 3.6

10 21.7 3.6

10 21.7 3.6

10 21.7 3.6

15 17.9 0.4

15 17.9 0.4

15 17.9 0.4

15 17.9 0.4

15 17.9 0.4

Dissolved Oxygen and Temperature Profile

6/18/2015
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Name: Manitou

County: Shiawassee

Site ID: 780233

Date: 7/10/2015

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou (Shiawassee Co.)
1 26 12.1

1 26 12.1

1 26 12.1

1 26 12.1

1 26 12.1

5 23.5 13

5 23.5 13

5 23.5 13

5 23.5 13

5 23.5 13

10 22.2 8.4

10 22.2 8.4

10 22.2 8.4

10 22.2 8.4

10 22.2 8.4

15 18.2 0.3

15 18.2 0.3

15 18.2 0.3

15 18.2 0.3

15 18.2 0.3

Dissolved Oxygen and Temperature Profile

7/10/2015
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Name: Manitou

County: Shiawassee

Site ID: 780233

Date: 7/17/2015

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou (Shiawassee Co.)
1 24 9.8

1 24 9.8

1 24 9.8

1 24 9.8

1 24 9.8

5 23.8 10

5 23.8 10

5 23.8 10

5 23.8 10

5 23.8 10

10 23.7 10.3

10 23.7 10.3

10 23.7 10.3

10 23.7 10.3

10 23.7 10.3

15 18.9 0.4

15 18.9 0.4

15 18.9 0.4

15 18.9 0.4

15 18.9 0.4

Dissolved Oxygen and Temperature Profile

7/17/2015
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Name: Manitou

County: Shiawassee

Site ID: 780233

Date: 8/14/2015

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou (Shiawassee Co.)
1 25.6 7

1 25.6 7

1 25.6 7

1 25.6 7

1 25.6 7

5 25 6.7

5 25 6.7

5 25 6.7

5 25 6.7

5 25 6.7

10 24.4 5.5

10 24.4 5.5

10 24.4 5.5

10 24.4 5.5

10 24.4 5.5

15 21.7 0.5

15 21.7 0.5

15 21.7 0.5

15 21.7 0.5

15 21.7 0.5

Dissolved Oxygen and Temperature Profile

8/14/2015
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Name: Manitou

County: Shiawassee

Site ID: 780233

Date: 8/27/2015

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou (Shiawassee Co.)
1 21.7 4.5

1 21.7 4.5

1 21.7 4.5

1 21.7 4.5

1 21.7 4.5

5 21.7 4.6

5 21.7 4.6

5 21.7 4.6

5 21.7 4.6

5 21.7 4.6

10 21.7 4.6

10 21.7 4.6

10 21.7 4.6

10 21.7 4.6

10 21.7 4.6

15 18.8 0.5

15 18.8 0.5

15 18.8 0.5

15 18.8 0.5

15 18.8 0.5

Dissolved Oxygen and Temperature Profile

8/27/2015
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Name: Manitou

County: Shiawassee

Site ID: 780233

Date: 9/1/2015

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou (Shiawassee Co.)
1 26.6 12.6

1 26.6 12.6

1 26.6 12.6

1 26.6 12.6

1 26.6 12.6

5 23.6 13.3

5 23.6 13.3

5 23.6 13.3

5 23.6 13.3

5 23.6 13.3

10 21.7 4.4

10 21.7 4.4

10 21.7 4.4

10 21.7 4.4

10 21.7 4.4

15 20.8 0.8

15 20.8 0.8

15 20.8 0.8

15 20.8 0.8

15 20.8 0.8

Dissolved Oxygen and Temperature Profile

9/1/2015
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Name: Manitou

County: Shiawassee

Site ID: 780233

Date: 9/11/2015

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou (Shiawassee Co.)
1 22.9 11.4

1 22.9 11.4

1 22.9 11.4

1 22.9 11.4

1 22.9 11.4

5 22.7 11.2

5 22.7 11.2

5 22.7 11.2

5 22.7 11.2

5 22.7 11.2

10 22.6 11.1

10 22.6 11.1

10 22.6 11.1

10 22.6 11.1

10 22.6 11.1

15 22.1 1

15 22.1 1

15 22.1 1

15 22.1 1

15 22.1 1

Dissolved Oxygen and Temperature Profile

9/11/2015
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2016 Data Report

for

Manitou Lake, Shiawassee County

Site ID: 780233

42.92563°N, 84.203002°W

Michigan Lakes– Ours to Protect

The CLMP is brought to you by:



Questions?
If you have questions on this report or believe that the tabulated data for your lake in this report are in 
error please contact: 
Paul Steen (psteen@hrwc.org), MiCorps Program Manager

About this report:
This report is a summary of the data that have been collected through the Cooperative Lakes Monitoring 
Program.  The contents have been customized for your lake.  The first page is a summary of the Trophic 
Status Indicators of your lake (Secchi Disk Transparency, Chlorophyll-a, Spring Total Phosphorus, and 
Summer Total Phosphorus). Where data are available, they have been summarized for the most recent 
field season, five years prior to the most recent field season, and since the first year your lake has been 
enrolled in the program. 

If you did not take 8 or more Secchi disk measurements or 4 or more chlorophyll measurements, there will 
not be summary data calculated for these parameters. These numbers of measurements are required to 
ensure that the results are indicative of overall summer conditions.

If you enrolled in Dissolved Oxygen/Temperature, the summary page will have a graph of one of the 
profiles taken during the late summer (typically August or September).  If your lake stratifies, we will use a 
graph showing the earliest time of stratification, becauuse identifying the timing of this condition and the 
depth at which it occurs is typically the most important use of dissolved oxygen measurements.

The back of the summary page will be the results of the Exotic Plant Watch or Full Plant Mapping, if you 
participated in that parameter. If you enrolled in the Score the Shore Parameter, a summary will be found 
after the plant page.

The rest of the report will be larger graphs, including all Dissolved Oxygen/Temperature Profiles that you 
recorded. For Secchi Disk, Chlorophyll, and Phosphorus parameters, you need to have two years of data for 
a graph to make logical sense.  Therefore if this is the first year you have enrolled in the CLMP, you will not 
receive a graph for these parameters.

Remember that some lakes see a lot of fluctuation in these parameters from year to year.  Until you have 
eight years worth of data, consider all trends to be preliminary.

To learn more about the CLMP monitoring parameters or get definitions to unknown terms, check out the 
CLMP Manual, found at: https://micorps.net/wp-content/uploads/CLMP-Manual.pdf

Thank you!
The CLMP leadership team would like to thank you for all of your efforts over the past year.  The CLMP 
would not exist without dedicated and hardworking volunteers!

The CLMP Leadership Team is made of: Marcy Knoll Wilmes, Jean Roth, Jo Latimore, Paul Steen, Scott 
Brown, Laura Kaminski, and Michele Leduc-Lapierre



Site ID: 780233

Secchi Disk Transparency (feet) Chlorophyll-a (parts per billion)

Year

# 

Readings Min Max Average

Std. 

Dev

Carlson 

TSI Year

# 

Samples Min Max Median

Std. 

Dev

Carlson 

TSI

2016 17 4.0 10.0 6.6 2.1 50 2016 5 4.1 11.0 6.8 2.8 49

2014-2015 39 2.5 10.0 6.2 1.5 51 2015 5 1.9 15.0 8.7 6.4 52

1995 10 6.0 12.0 9.7 2.1 44

2016 All CLMP 

Lakes 3116 1.0 56.0 12.9 2.8 41

2016 All CLMP 

Lakes 628 < 1.0 28.0 1.8 4.3 36

No graph: Not enough data No graph: Not enough data

Spring Phosphorus (parts per billion) Summer Phosphorus (parts per billion)

Year

# 

Samples Min Max Average

Std. 

Dev Year

# 

Samples Min Max Average

Std. 

Dev

Carlson 

TSI

2016 1 20.0 20.0 20.0 NA 2016 1 47.0 47.0 47.0 NA 60

2014-2015 2 49.0 60.0 54.5 7.8 2014-2015 2 31.0 68.0 49.5 26.2 59

2014-2010

2016 All CLMP 

Lakes 168 <= 3 74.0 9.5 7.8

2016 All CLMP 

Lakes 173 <= 3 250.0 15.1 21.7 43

No graph: Not enough data No graph: Not enough data

Dissolved Oxygen and Temperature Profile 5/23/2016 Summary

Average TSI

Manitou Lake
All CLMP 

Lakes

* = No sample received  W= Value is less than the detection limit (<3 ppb)  T= Value reported is less than the reporting limit (5 ppb). Result is estimated.  

<1.0 = Chlorophyll-a: Sample value is less than limit of quantification (<1 ppb).

40 43

With an average TSI score of 53 based on 2016 Secchi transparency, 

chlorophyll-a, and summer total phosphorus data, this lake is rated as an 

eutrophic lake.

Due to the high nutrient level, the lake loses dissolved oxygen in the bottom 

waters in the spring and this condition persists through the whole 

monitoring season.

    

Long term trends show that transparency has decreased by about 3 feet 

since Secchi disk monitoring in 1995.

Manitou Lake, Shiawassee County

2016 CLMP Results
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Site ID: 780233

Though plants are important to the lake, overabundant plants can negatively affect fish populations, fishing and 

other recreational activities.  Rooted plant populations increase in abundance as nutrient concentrations increase 

in the lake.  As lakes become more eutrophic rooted plant populations increase.  They are rarely a problem in 

oligotrophic lakes, only occasionally a problem in mesotrophic lakes, sometimes a problem in eutrophic lakes, and 

often a problem in hypereutrophic lakes.

However, sometimes a lake is invaded by an aquatic plant species that is not native to Michigan. In these cases, 

even nutrient poor oligotrophic lakes can be threatened.  Some of these exotic plants, like Curly-leaf Pondweed, 

Eurasian Milfoil, Starry Stonewort, and Hydrilla can be extremely disruptive to the lake’s ecosystem and 

recreational activities.

To avoid a takeover by exotic plants, it is necessary to use Integrated Pest Management (IPM) strategies: 

monitoring, early detection, rapid response, maintenance control, and preventive management.  For more 

information on these strategies, check out Integrated Pest Management for Nuisance Exotics in Michigan Inland 

Lakes (MSU Extension Water Quality Publication WQ-56, available at https://micorps.net/lake-monitoring/clmp-

documents/) 

The CLMP offers two parameters on aquatic plants.  In the Exotic Aquatic Plant Watch, volunteers concentrate on 

monitoring and early detection of exotic invasive plants only.  In Aquatic Plant Identification and Mapping, 

volunteers identify all native and non-native plants. In both parameters, volunteers create lake maps or use digital 

tools to georeference where the plants are found.

Manitou Lake, Shiawassee County

2016 CLMP Aquatic Plant Results

Manitou Lake does not have aquatic plant data available for 2016.  Consider enrolling in an aquatic plant 

parameter next year.

Why is monitoring aquatic plants important?

A major component of the plant community in lakes is the large, leafy, rooted plants.  Compared to the 

microscopic algae the rooted plants are large.  Sometimes they are collectively called the “macrophytes” (“macro” 

meaning large and “phyte” meaning plant).  These macrophytes are the plants that people sometimes complain 

about and refer to as lake weeds.

Far from being weeds, macrophytes or rooted aquatic plants are a natural and essential part of the lake, just as 

grasses, shrubs and trees are a natural part of the land.  Their roots are a fabric for holding sediments in place, 

reducing erosion and maintaining bottom stability.  They provide habitat for fish, including structure for food 

organisms, nursery areas, foraging and predator avoidance.  Waterfowl, shore birds and aquatic mammals use 

plants to forage on and within, and as nesting materials and cover.



Site ID: 780233

Therefore, in 2016 the MiCorps Cooperative Lakes Monitoring Program introduced a new monitoring program – 

Score the Shore – that enables volunteers to assess the quality of their lake’s shoreline habitat. 

The information gathered during this assessment will allow lake communities to identify high-quality areas that 

can be protected, as well as opportunities for improvement. Score the Shore data, combined with educational 

resources describing the value of healthy shorelines and how to restore and maintain them, can be incorporated 

into lake management planning and used for educating lakefront property owners.  The Michigan Natural 

Shoreline Partnership (MNSP) is a collaboration of agencies and professionals that promotes natural shoreline 

practices to protect Michigan’s inland lakes. The MNSP website (www.mishorelinepartnership.org) includes 

materials and information that can be used in educational efforts. MNSP also offers training for professional 

educators and landscape contractors, and maintains a list of trained educators who may be available to speak to 

your community about natural shorelines.

Score the Shore data, just like all CLMP data, will also be available to any interested parties through the MiCorps 

Data Exchange (www.micorps.net). State agency staff and researchers regularly access CLMP data to better 

understand and manage Michigan’s inland lakes. 

Score the Shore is a descriptive process for assessing shoreline quality on Michigan’s inland lakes. It is also a 

valuable educational tool. Score the Shore is not a regulatory program, nor is it intended to tell people what they 

can and cannot do on their property. The Michigan Department of Environmental Quality’s Inland Lakes and 

Streams Program has responsibility for shoreline protection on public lakes. To learn about their shoreline 

protection program, including construction permitting and recommendations for shoreline management, visit 

www.mi.gov/deqinlandlakes. 

Manitou Lake, Shiawassee County

2016 Score the Shore Results

Manitou Lake does not have shoreline habitat assessment results for 2016.  Consider enrolling in this parameter 

next year!

Why is the Score the Shore parameter important?

Healthy shorelines are an important and valuable component of the lake ecosystem. The shoreline area is a 

transition zone between water and land, and should be a very diverse environment that provides habitat for a 

great variety of fish, plants, birds, and other animals. A healthy shoreline area is also essential for maintaining 

water quality, slowing runoff, and limiting erosion. 

However, Michigan’s inland lake shorelines are threatened. Extensive development, often combined with poor 

shoreline management practices, can reduce or eliminate natural shoreline habitat and replace it with lawn and 

artificial erosion control such as sea walls and rock. As a result, shoreline vegetation is dramatically altered, 

habitat is lost, and water quality declines. 
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COOPERATIVE LAKES MONITORING PROGRAM

SUMMER MEDIAN CHLOROPHYLL-A

Vertical bars indicate standard deviation
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 5/15/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 14.5 10.7

5 14.5 10.7

10 13.7 10.7

17.5 4.6 1.2

Dissolved Oxygen and Temperature Profile

5/15/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 5/23/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 19 10.4

5 18.6 9.8

10 14.7 15.3

15 10.1 1.2

17.5 4.7 1

Dissolved Oxygen and Temperature Profile

5/23/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 5/30/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 21.8 8.9

5 24.3 9.2

10 18.5 16.2

15 11.2 1.3

17.5 8.5 1.5

Dissolved Oxygen and Temperature Profile

5/30/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 6/8/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 22.1 9.95

5 21.3 10.2

10 20.7 10.2

15 13.8 19.9

17.5 9.8 1.58

Dissolved Oxygen and Temperature Profile

6/8/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 6/14/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 22.5 8.51

5 22.5 8.32

10 22.4 8.3

15 13.9 12.6

17.5 11.2 1.41

Dissolved Oxygen and Temperature Profile

6/14/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 6/19/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 26.1 8.9

5 25.9 8.83

10 23 12.1

15 15.2 13.1

17.5 11.8 0.7

Dissolved Oxygen and Temperature Profile

6/19/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 6/30/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 24.6 8.2

5 24.3 7.9

10 24 6.9

15 18.1 0.71

17.5 11.9 1.03

Dissolved Oxygen and Temperature Profile

6/30/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 7/8/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 27.2 9.4

5 27 9.6

10 25.2 8.2

15 19.9 5.5

17.5 13.4 0.04

Dissolved Oxygen and Temperature Profile

7/8/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 8/12/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 27.7 8.25

5 27.6 7.5

10 27.3 5.5

15 23.1 0.67

17.5 19.1 0.79

Dissolved Oxygen and Temperature Profile

8/12/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 8/19/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 27.2 7.2

5 27.1 7.7

10 26.7 6.9

15 23.4 0.73

17.5 20.1 0.68

Dissolved Oxygen and Temperature Profile

8/19/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 8/27/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 26.5 9.1

5 26.3 9.1

10 25.2 4.1

15 24.1 0.47

17.5 20.2 0.41

Dissolved Oxygen and Temperature Profile

8/27/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 9/3/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 24.4 9.1

5 24.4 9.1

10 24.3 9.08

15 23.8 3.25

17.5 21.5 0.62

Dissolved Oxygen and Temperature Profile

9/3/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 9/10/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 24.4 7.2

5 24.1 7.5

10 24 7.7

15 22.7 0.42

17.5 18.9 0.46

Dissolved Oxygen and Temperature Profile

9/10/2016
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Name: Manitou Lake

County: Shiawassee

Site ID: 780233

Date: 9/18/2016

Depth (ft) Temp.(C) D.O. (mg/L) Lake: Manitou Lake (Shiawassee Co.)
1 23.8 8.79

5 23.5 8.04

10 22.8 7.44

15 22.6 3.08

17.5 20.9 0.33

Dissolved Oxygen and Temperature Profile

9/18/2016

0

2

4

6

8

10

12

14

16

18

0 5 10 15 20 25 30

D
ep

th
 (

fe
et

)

Dissolved Oxygen (mg/L) / Temperature (C)

Temp.(C) D.O. (mg/L)



Kieser & Assoc iates,  LLC  
536 E .  M ich igan  Ave . ,  Su i t e  300 ,  Ka lamaz oo,  M I  4 90 07  

page 
115 

 

Appendix D: E. coli Sampling Data 



Fred Farkus, July 28, 2017, email correspondence. 

“Attached is my marking on the map of where I collected my latest water sample that resulted in 

70,000 cfu's of E. coli.  

Red dot: Collection point 70,000 cfu's Cattle and Human from 7/11/17. 

White dots: continuation upstream of that drain through the dairy farmers property.  

Circle and Brown dot: Dairy farmers home and dairy operation (5307 Morrice Rd). 

Brown dots: Other homes that might have influence on the drain contaminants. One of the 

properties has several horses. 

Black dot with arrow (on Garrison road): My previous water sample collections site for E. Coli 

and phosphorus. 

Star: Inlet of Hardy Jennings Drain to Lake Manitou. Site of my water sample collections; 9,000 

cfu's on 7/11/17. Also previous water sample collections for E. coli and phosphorus” 



 



   Results Information 

 

28044 James Dr.      Customer ID: Lake Manitou Association 

Warren, MI       Project #: P-283-A 

48092        Sample Date Received: 4/3/17 

Phone: 586-806-4243    Date of Analysis: 4/3/17 - 4/4/17 

Fax: 313- 577-8616    Sample Type: 1 Water 

Email: info@helixbiolab.com Analysis Type: MST 
 

 

 

Procedure: 
 

Submitted water sample was tested for the presence of host source specific Bacteroides 

bacteria using target DNA markers. Sample received was from the March 31, 2017 

collection. The water sample was collected from the Hardy Jennings Drain inlet to Lake 

Manitou. 

 

Submitted water sample submitted for Microbial Source Tracking (MST) testing was given 

the following sample designation and was assayed for the host source markers indicated: 

 

 

Sample     Host Source Markers Surveyed 
Lake Manitou    bovine, deer, human 

Hardy Jennings Drain inlet 

March 31, 2017 collection 

 

 

Procedure: 

 
500 ml of the water sample tested was suctioned filtered through a 0.45 micron filter 

membrane that proceeded to capture any bacteria present in the water samples. The 

individual filter membrane containing captured bacteria was removed from the filter column 

mailto:info@helixbiolab.com


following filtration and bacterial DNA was extracted from the filter membrane using the 

Generite DNA EZ ST1 DNA extraction kit. 

 

The bacterial DNA extraction was then used as DNA template for qualitative PCR analysis 

using the Stratagene Mx 3005P Real Time PCR System instrument. PCR analysis 

incorporated oligonucleotide primers that target specific marker DNA sequences unique to 

host source specific Bacteroides bacteria. Appropriate positive and negative control samples 

were included in PCR experimentation. Following the qPCR procedure, data was analyzed 

and relative proportional fold differences of DNA markers testing positive were calculated. 

 

Replicates of each sample were run for quality assurance purposes and to confirm the 

observed results. 
 

 

Results: 

 
Results of the quantitative PCR testing indicate the presence (positive) or absence (negative) 

of host source specific DNA markers through PCR amplification of host source specific 

DNA marker sequences, as well as the proportional quantities of each host source DNA 

marker in instances where multiple host source DNA markers are detected. 

 

A sample testing positive for a host source specific DNA marker indicates that the host 

source specific DNA marker was detected, thus confirming the presence of that host source 

specific DNA marker in the sample. A sample testing negative for a host source specific 

DNA marker indicates that the host source specific DNA marker was not detected, thus 

confirming the absence of that host source specific DNA marker in the sample. 

 

Sample    Source DNA Marker   Result 

Lake Manitou 033117  Bovine         + 

Lake Manitou 033117  Deer          + 

Lake Manitou 033117  Human         + 

 
A positive result for a host source specific DNA marker at a collection station implies that 

host source is contributing to fecal contamination that may have been determined at the 

collection station during the collection period. A negative result for a host source specific 

DNA marker at a collection station implies that host source is not contributing to fecal 

contamination that may have been determined at the collection station during the collection 

period. 



Proportional Fold Differences of Source DNA Markers Testing Positive 
 

Quantitative MST analysis determines the proportional amounts of each host source specific 

DNA marker where multiple host source specific DNA markers are detected at a collection 

site. 

 

Proportional amounts of host source specific DNA markers are expressed as a fold difference 

between the host source specific DNA marker detected in greater quantity versus the host 

source specific DNA marker detected in lesser quantity. 

 

For example, if host source specific DNA marker "A" has a 2 fold greater proportional fold 

difference than host source specific DNA marker "B", this means that the quantity of host 

source specific DNA marker "A" detected was 2 times greater than the quantity of host 

source specific DNA marker "B" detected at that collection site. 

 

In instances where there are more than two host source DNA markers detected, the host 

source DNA marker that is observed as the host source DNA marker in the lowest quantity in 

the sample analysis is assigned a value of “1”. Fold differences of the other host source DNA 

markers detected are compared to and based on this value. 

 

Sample ID 
Lake Manitou 

Hardy Jennings Drain inlet 

March 31, 2017 collection 

 

 

Host Sources Detected 
Bovine 

*Deer 

Human 

 

 

Proportional Fold Difference 
68.59  Bovine / Deer 

15.03  Human / Deer 

4.56    Bovine / Human 

 

“*” indicates the host source DNA marker detected in the lowest quantity in the sample 

analysis. 



These results were verified by Tom Prychitko, Laboratory Director for Helix Biological 

Laboratory. 

 

 

 



   Results Information 

 

28044 James Dr.      Customer ID: Lake Manitou Association 

Warren, MI       Project #: P-283-B 

48092        Sample Date Received: 7/11/17 

Phone: 586-806-4243    Date of Analysis: 7/12/17 - 7/13/17 

Fax: 313- 577-8616    Sample Type: 1 Water 

Email: info@helixbiolab.com Analysis Type: MST 
 

 

 

Procedure: 
 

Submitted water sample was tested for the presence of host source specific Bacteroides 

bacteria using target DNA markers. Sample received was from the July 11, 2017 collection. 

The water sample was collected from the Hardy Jennings Drain inlet to Lake Manitou. 

 

Submitted water sample submitted for Microbial Source Tracking (MST) testing was given 

the following sample designation and was assayed for the host source markers indicated: 

 

 

Sample     Host Source Markers Surveyed 

Lake Manitou    bovine, human 

Hardy Jennings Drain inlet 

July 7, 2017 collection 

 

 

Procedure: 

 
500 ml of the water sample tested was suctioned filtered through a 0.45 micron filter 

membrane that proceeded to capture any bacteria present in the water samples. The 

individual filter membrane containing captured bacteria was removed from the filter column 

mailto:info@helixbiolab.com


following filtration and bacterial DNA was extracted from the filter membrane using the 

Generite DNA EZ ST1 DNA extraction kit. 

 

The bacterial DNA extraction was then used as DNA template for qualitative PCR analysis 

using the Stratagene Mx 3005P Real Time PCR System instrument. PCR analysis 

incorporated oligonucleotide primers that target specific marker DNA sequences unique to 

host source specific Bacteroides bacteria. Appropriate positive and negative control samples 

were included in PCR experimentation. Following the qPCR procedure, data was analyzed 

and relative proportional fold differences of DNA markers testing positive were calculated. 

 

Replicates of each sample were run for quality assurance purposes and to confirm the 

observed results. 
 

 

Results: 

 
Results of the quantitative PCR testing indicate the presence (positive) or absence (negative) 

of host source specific DNA markers through PCR amplification of host source specific 

DNA marker sequences, as well as the proportional quantities of each host source DNA 

marker in instances where multiple host source DNA markers are detected. 

 

A sample testing positive for a host source specific DNA marker indicates that the host 

source specific DNA marker was detected, thus confirming the presence of that host source 

specific DNA marker in the sample. A sample testing negative for a host source specific 

DNA marker indicates that the host source specific DNA marker was not detected, thus 

confirming the absence of that host source specific DNA marker in the sample. 

 

Sample    Source DNA Marker   Result 

Lake Manitou 071117  Bovine         + 

Lake Manitou 071117  Human         + 

 
A positive result for a host source specific DNA marker at a collection station implies that 

host source is contributing to fecal contamination that may have been determined at the 

collection station during the collection period. A negative result for a host source specific 

DNA marker at a collection station implies that host source is not contributing to fecal 

contamination that may have been determined at the collection station during the collection 

period. 

 

 



Proportional Fold Differences of Source DNA Markers Testing Positive 
 

Quantitative MST analysis determines the proportional amounts of each host source specific 

DNA marker where multiple host source specific DNA markers are detected at a collection 

site. 

 

Proportional amounts of host source specific DNA markers are expressed as a fold difference 

between the host source specific DNA marker detected in greater quantity versus the host 

source specific DNA marker detected in lesser quantity. 

 

For example, if host source specific DNA marker "A" has a 2 fold greater proportional fold 

difference than host source specific DNA marker "B", this means that the quantity of host 

source specific DNA marker "A" detected was 2 times greater than the quantity of host 

source specific DNA marker "B" detected at that collection site. 

 

In instances where there are more than two host source DNA markers detected, the host 

source DNA marker that is observed as the host source DNA marker in the lowest quantity in 

the sample analysis is assigned a value of “1”. Fold differences of the other host source DNA 

markers detected are compared to and based on this value. 

 

Sample ID 
Lake Manitou 

Hardy Jennings Drain inlet 

July 11, 2017 collection 

 

 

Host Sources Detected 
Bovine 

*Human 

 

 

Proportional Fold Difference 
5.28  Bovine / Human 

 

“*” indicates the host source DNA marker detected in the lowest quantity in the sample 

analysis. 

 

 

 



These results were verified by Tom Prychitko, Laboratory Director for Helix Biological 

Laboratory. 
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Appendix E: Historic Herbicide and Algaecide Treatment Amounts 
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Aquatic Macrophyte Treatment History 

Chemical Target Year Application 
Area 

Units Applied 
Amount 

Unit 

Navigate-2,4-D Milfoil 5/26/2009 10 acres 1000 lbs 

Navigate-2,4-D Milfoil 6/21/2010 6.7 acres 1000 lbs 

Navigate-2,4-D Milfoil 5/23/2011 6 acres 600 lbs 

Navigate-2,4-D Milfoil 5/29/2012 10 acres 1000 lbs 

Navigate-2,4-D Milfoil 9/25/2012 10 acres 1000 lbs 

Navitrol DPF Eurasian Watermilfoil 
(EWM) 

6/16/2014 6.5 acres 780 lbs 

Aquathol-K Curly Leaf Pondweed 5/28/2015 2.25 acre-ft 1.5 gal 

Navitrol DPF Eurasian Watermilfoil 
(EWM) 

5/28/2015 12.75 acre-ft 330 lbs 

Tribune Herbicide Potamogetons, EWM, 
Naiad, Elodea 

6/22/2015 1.6 acres 1.25 gal 

Navitrol DPF Eurasian Watermilfoil 
(EWM) 

6/22/2015 16.8 acre-ft 325 lbs 

Tribune Herbicide Potamogetons, Naiad, 
Algae (HAB) 

7/28/2015 9.1 acres 18.2 gal 

Aquathol-K Potamogetons 5/19/2016 6.75 acres 6.75 gal 

Aquathol-K Potamogetons (CLPW) 6/9/2016 0.25 acres 0.25 gal 

Navitrol DPF Eurasian Watermilfoil 
(EWM) 

6/9/2016 4.75 acres 760 lbs 

Aquathol-K Potamogetons 6/9/2016 1.7 acres 2.75 gal 

Tribune Potamogetons, Naiad 8/22/2016 6.1 acres 12 gal 

Aquathol-K Curly leaf pondweed 5/23/17 5.25 acres 5.25 gal 

Triclopyr Eurasian Watermilfoil 
(EWM) 

6/27/2017 1.25 acres 192 lbs 

Aquathol-K Potamogetons 6/27/2017 2.5 acres 2.5 gal 

Renovate Eurasian Watermilfoil Week of July 31, 
2017 

4.5 acres 640 lbs 



Kieser & Assoc iates,  LLC  
536 E .  M ich igan  Ave . ,  Su i t e  300 ,  Ka lamaz oo,  M I  4 90 07  

page 
 127 

 

Aquatic Macrophyte Herbicide Requested for 2017 Treatment 

Chemical Target Application 
Area 

Units Amount 
Requested 

Units 

Diquat 
Dibromide 

Potamogetons, EWM, Naiad, Elodea, Bladderwort, 
Invasive Emergent & Floating-Leaf Plants 

18.5 acres 37 gal 

Diquat 
Dibromide 

Native Emergent & Floating-Leaf Plants 78 1600 ft2 
areas 

5.7 gal 

Aquathol-K Potamogetons 55.5 acre-ft 105.5 gal 

Flumioxazin Potamogetons, FWM Naiad 55.5 acre-ft 116.6 lbs 

Flumioxazin Native Emergent & Floating-Leaf Plants 78 1600 ft2 
areas 

60 lbs 

Flumioxazin Invasive Emergent & Floatin-Leaf 18.5 acres 388 lbs 

2,4-D Ester EWM, Northern Milfoil, Coontails 55.5 acre-ft 3152 lbs 

2,4-D Ester Native Emergent & Floating-Leaf Plants 78 1600 ft2 
areas 

60 lbs 

2,4-D Ester Invasive Emergent & Floatin-Leaf Plants 18.5 acres 388 lbs 

2,4-D Amine EWM, Northern Milfoil, Invasive emergent & 
Floating-Leaf Plants 

55.5 acre-ft 3629 lbs 

2,4-D Amine Native Emergent & Floating-Leaf Plants 78 1600 ft2 
areas 

187 lbs 

Triclopyr EWM, Invasive emergent & Floating-Leaf Plants 55.5 acre-ft 3718 lbs 

Triclopyr Native Emergent & Floating-Leaf Plants 78 1600 ft2 
areas 

191 lbs 

Triclopyr Eurasian Watermilfoil (EWM) 55.5 acre-ft 127.7 gal 

Triclopyr Native Emergent & Floating-Leaf Plants 78 1600 ft2 
areas 

5.7 gal 

Triclopyr Invasive Emergent & Floatin-Leaf Plants 18.5 acres 37 gal 

Glyphosate Native Emergent & Floating-Leaf Plants 78 1600 ft2 
areas 

17.2 pints 

Glyphosate Invasive Emergent & Floating-Leaf Plants 18.5 acres 111 pints 

Imazapyr Native Emergent & Floating-Leaf Plants 78 1600 ft2 
areas 

17.2 pints 

Imazapyr Invasive Emergent & Floating-Leaf Plants 18.5 acres 111 pints 

Diquat 
Dibromide 

EWM, Curly Leaf Pondweed 44 acres 44 gal 

Diquat 
Dibromide 

Invasive Emergent & Floating-Leaf Plants 44 acres 88 gal 

Aquathol-K EWM, Curly Leaf Pondweed 44 acres 44 gal 

Flumioxazin EWM, Starry Stonewort, Fanwort 220 acre-ft 231 lbs 

Flumioxazin Invasive Emergent & Floating-Leaf Plants 44 acres 528 oz 

2,4-D Ester Eurasian Watermilfoil (EWM) 220 acre-ft 12496 lbs 

2,4-D Ester Invasive Emergent & Floating-Leaf Plants 44 acres 924 lbs 

2,4-D Amine EWM, Invasive emergent & Floating-Leaf Plants 220 acre-ft 14388 lbs 

Triclopyr EWM, Invasive emergent & Floating-Leaf Plants 220 acre-ft 14740 gal 

Triclopyr Eurasian Watermilfoil (EWM) 220 acre-ft 506 gal 

Triclopyr Invasive Emergent & Floating-Leaf Plants 44 acres 88 gal 

Glyphosate Invasive Emergent & Floating-Leaf Plants 44 acres 264 pints 

Imazapyr Invasive Emergent & Floating-Leaf Plants 44 acres 264 pints 
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Aquatic Macrophyte Herbicide Requested for 2017 Treatment 

Algaecide Treatment History 

Chemical Target Year Application 
Area 

Units Actual 
Applied 
Amount 

Units 

Cutrine Plus Algae 6/1/2011 N/A N/A 200 gal 

Cutrine Plus Algae 6/1/2012 N/A N/A 200 gal 

Hydrothol 191 Algae 6/16/2014 7 acres 1.875 gal 

Cutrine Plus Algae 6/16/2014 10 acres 15 gal 

Cutrine Plus Algae 7/11/2014 10 acres 15 gal 

Old Bridge 
Copper Sulfate 

Algae, Chara 5/28/2015 12 acre-ft 15 lbs 

Cutrine Plus Algae, Chara 5/28/2015 12 acre-ft 5 gal 

Hydrothol 191 Algae, Chara 5/28/2015 12 acre-ft 4.5 pints 

Cutrine Plus Algae (HAB) 7/28/2015 27.3 acre-ft 17 gal 

Copper Sulfate Algae (HAB) 8/26/2015 28.3 acre-ft 80 lbs 

Cutrine Plus Algae (HAB) 8/26/2015 29.3 acre-ft 8 gal 

Copper Sulfate Algae, Chara 5/19/2016 5.7 acres 50 lbs 

Cutrine Plus Algae, Chara 5/19/2016 5.7 acres 5 gal 

Hydrothol 191 Algae 5/19/2016 5.7 acres 10 pints 

Copper Sulfate Algae, Chara 6/9/2016 4 acres 40 lbs 

Cutrine Plus Algae, Chara 6/9/2016 4 acres 2 gal 

Hydrothol 191 Algae 6/9/2016 4 acres 6 pints 

Copper Sulfate Algae, Chara 6/9/2016 1.35 acres 10 lbs 

Cutrine Plus Algae, Chara 6/9/2016 1.35 acres 1 gal 

Cutrine Plus Algae, Chara 8/22/2016 5 acres 7 gal 

Cutrine Plus Algae, Chara 8/31/2016 5 acres 18 gal 

Copper sulfate Algae 5/23/2017 12.5 acres N/A N/A 

Cutrine Plus Algae 5/23/2017 12.5 acres N/A N/A 

Copper sulfate, 
Cutrine Plus, 

Hydrothol 191 

Algae 6/27/17 15  acres N/A N/A 

Note: N/A = data not available in report 
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Algaecide Treatments Requested for 2017 Treatment 

Chemical Target Application 
Area 

Units Amount 
Requested 

Units 

Copper Sulfate Algae 55.5 acre-ft 144 lbs 

Copper Sulfate Macroalgae 55.5 acre-ft 244 lbs 

Chelated Copper Algae 55.5 acre-ft 33.3 gal 

Chelated Copper Macroalgae 55.5 acre-ft 66.6 gal 

Hydrothol-191 Algae 55.5 acre-ft 37 Gal 

Copper Sulfate Starry Stonewort 220 acre-ft 968 lbs 

Chelated Copper Starry Stonewort 220 acre-ft 264 gal 

Cutrine Plus 
Granular 

Starry Stonewort 221 acre-ft 6600 lbs 

Komeen Crystals Starry Stonewort 220 acre-ft 3410 lbs 

Harpoon Granular Starry Stonewort 220 acre-ft 17600 lbs 

Hydrothol-191 
(granular) 

Starry Stonewort 220 acre-ft 484 pints 

Hydrothol-191 Starry Stonewort 220 acre-ft 2138 lbs 
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Appendix F: Historic Herbicide, Treatment Areas, Vegetation Survey 

Maps and Permitting Information 
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Figure 16: 2016 Treatment Map 

 

Figure 17: MDEQ Revised 2016 Treatment Map 
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Figure 18: May 19, 2016 Algicide Application Map 

 

Figure 19: May 19, 2016 Herbicide Application Map 
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Figure 20: June 9, 2016 Algicide Application Map 

 

Figure 21: June 9, 2016 Herbicide Application Map 
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Figure 22: June 21, 2016 Algicide Application Map 

 

Figure 23: June 21, 2016 Herbicide Eurasian watermilfoil Application Map 
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Figure 24: June 21, 2016 Herbicide Pondweed (Potamogeton) Application Map 

 

Figure 25: August 22, 2016 Algicide Application Map 
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Figure 26: August 22, 2016 Herbicide Application Map 

 

Figure 27: August 31, 2016 Algicide Application Map 
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Figure 28: 2015 Treatment Map 

 

Figure 29: May 28, 2015 Application Map 
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Figure 30: June 22, 2015 Application Map

 

Figure 31: July 28, 2015 Application Map 
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Figure 32: August 26, 2015 Application Map
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Figure 33: July 29, 2017 Aquatic Vegetation Survey 

 

Figure 34: June 6, 2017 Aquatic Vegetation Survey 
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Figure 35: May 23, 2017 Aquatic Vegetation Notes for Treatment Planning 

 

Figure 36: July 20, 2014 Aquatic Vegetation Survey 



Kieser & Assoc iates,  LLC  
536 E .  M ich igan  Ave . ,  Su i t e  300 ,  Ka lamaz oo,  M I  4 90 07  

page 
 142 

 

 

Figure 37: August 30, 2013 Aquatic Vegetation Survey
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Table 5: MDEQ Permits List 

 

 

Table 6: DEQ Aquatic Nuisance Control Permits List 
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Historic Herbicide Treatment Permit from 2009 
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Historic Herbicide Treatment Permit from 2010 
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Historic Herbicide Treatment Permit from 2011 
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Historic Herbicide Treatment Permit from 2012 
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Historic Herbicide Treatment Permit from 2014 
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Appendix G: 2017 Blue Green and Filamentous Algae Blooms  
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Figure 38: July 11, 2017 (Provided by F. Farkus) 

 

Figure 39: July 22, 2017 
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Figure 40: July 22, 2017 
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Appendix H: Watershed Modeling Discussion  
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Watershed Modeling 
An “Event Mean Concentration” (EMC) watershed modeling method was used to estimate surface 

runoff volume and loadings of sediment and nutrients (phosphorus and nitrogen) into Lake Manitou.   

(This method does not estimate bacterial loading.)  EMCs are average pollutant concentrations in non-

point source runoff generated during rainfall events.  Such EMCs are typically derived from extensive 

water quality monitoring programs in various regions of the U.S.  Those applied here were derived for 

Michigan applications.  The EMC method empirically calculates an estimated load of a pollutant 

(expressed as mass/time; e.g., pounds/year) from a specific land use.  Local long-term average 

precipitation, the land use type, and EMC of the pollutant for a specific land use type are combined to 

produce an estimate of total pollutant load from a drainage area by summing loads from all land uses 

within that basin. 

Equation 1 below shows the calculation of load (ML) for a pollutant from any land use (L).  Calculating 

total load for a pollutant within a basin is achieved through the summation of ML for all land uses.  The 

EMCs associated with various land uses are shown in Table 1. Total average annual runoff (RL) from 

associated land uses is calculated using Equation 2 with the land use’s fraction of imperviousness (IMPL) 

(i.e., the amount of land cover with hard surfaces that prevent infiltration but rather create surface 

runoff).  For Lake Manitou, the 30-year precipitation average (I) was calculated based on precipitation 

levels retrieved from NOAA’s National Center for Environmental Information using historically measured 

precipitation at Owosso’s wastewater treatment plant.  This long-term average is 32.69 inches per year 

(in/yr).   

ML = EMCL× RL× K     Eq. 1 

Where: 

ML = load from land use L (pounds/acre/year) 

EMCL = event mean concentration of runoff from land use L (mg/L) 

RL = total average annual surface runoff from land use L 

K = unit conversion factor of 0.2266 

Total average annual surface runoff from land use L is calculated as follows: 

RL = [CP + (CI - CP) × DCIAf × IMPL] × AL × I Eq. 2 

Where: 

RL = Total average annual surface runoff from land use L (acre-inches/yr) 

CP = Pervious area runoff coefficient (0.20) 

CI  = Impervious area runoff coefficient (0.95) 

DCIAf = Fraction of impervious area that is directly contributing (0.50) 

IMPL = Fractional imperviousness of land use L 

AL = Area of land use L (acres) 

I = Long term average annual precipitation (in/yr) 

  



Kieser & Assoc iates,  LLC  
536 E .  M ich igan  Ave . ,  Su i t e  300 ,  Ka lamaz oo,  M I  4 90 07  

page 
 168 

 

Table 1: Event Mean Concentrations and Imperviousness for Associated Land Uses Applied for Lake Manitou* 

USGS Land Use Type 
Imperviousness 
(dimensionless) 

TN  
(mg/L) 

TP  
(mg/L) 

TSS  
(mg/L) 

Pasture/Hay 0.05 5.98 0.37 145 

Cultivated Crops 0.05 5.98 0.37 145 

Developed, High Intensity 0.9 2.97 0.33 77 

Barren Land (Rock/Sand/Clay) 0.05 1.74 0.11 51 

Deciduous Forest 0.05 1.74 0.11 51 

Evergreen Forest 0.05 1.74 0.11 51 

Mixed Forest 0.05 1.74 0.11 51 

Shrub/Scrub 0.05 1.74 0.11 51 

Grassland/Herbaceous 0.05 1.74 0.11 51 

Developed, Low Intensity 0.3 5.15 0.52 70 

Developed, Medium Intensity 0.65 3.29 0.52 97 

Developed, Open Space 0.05 1.74 0.11 51 

Open Water 1 1.38 0.08 6 

Woody Wetlands 1 1.38 0.08 6 

Emergent Herbaceous Wetlands 1 1.38 0.08 6 

Industrial 0.8 3.97 0.32 149 

* Based on MDEQ (2002) with adjustment to accommodate a slightly different USGS land cover/land use 

classifications. 

Surface runoff and pollutant loads of phosphorus, sediment and nitrogen were calculated for each of the 

three specified drainage areas to Lake Manitou (Hardy-Jennings Drain, Cummings Lakes and Lake 

Manitou lakeshore).  Though not necessarily a key concern for Lake Manitou at this time, nitrogen 

loading is a standard output of this model and thus reported here.   

Table 2 shows the estimated annual loading into Lake Manitou for total phosphorus (TP), total 

suspended sediment (TSS) and total nitrogen (TN) based on the EMC method.  Estimated phosphorus 

loads from lakeshore septic tanks are included with the lakeshore drainage area runoff loads to also 

account for estimated sub-surface phosphorus contributions originating from drain fields.  (Discussion 

on septic tank phosphorus loading is provided later in this appendix.)  Also of note, phosphorus loading 

from the Cummings Lakes drainage area was reduced in these Table 2 estimates based on average 

historic total phosphorus concentrations (33 µg P/L) measured at the inlets to Lake Manitou from Forest 

and Mirror Lakes.   These low concentrations suggest substantial phosphorus attenuation in Mirror and 

Forest Lakes compared to default EMC values in the model.  EMCs for various land uses from the 

southern portions of the Cummings Lakes drainage area were not adjusted, rather only the incoming 

concentrations to Lake Manitou.  Future monitoring will help to re-evaluate sediment and nutrient 

loadings from the Cummings Lakes drainage area to account for the natural attenuation of pollutants 

through these upstream water bodies that in essence, serve to protect Lake Manitou.   
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Table 2: Watershed Nutrient Loading to Lake Manitou 

Drainage Area Descriptor Drainage    
Area 

(acres) 

Estimated Loading from Runoff  
(lb/yr) 

TP TSS TN 

Manitou Lakeshore Drainage 89 174 (98*) 13,317 808 

Cummings Lakes Drainage 806 81 122,159 6,549 

Hardy-Jennings Drainage Area 1,515 889 332,513 14,291 

Totals 2,410 1,144 467,989 21,648 

* indicates the contribution from lakeshore septic tanks that is included in the 174 lbs/yr estimate 

Septic System Modeling 
The EMC method does not calculate nutrient loading from septic thanks.  In order to take into account 

the contribution of the septic tanks to the overall Lake Manitou phosphorus load as introduced above, a 

written septic system survey was prepared by K&A and forwarded to the Lake Manitou Association in 

June 2017.  This was distributed by the Association to the 80 homeowners on the lakeshore asking for 

their voluntary participation in responding to the request for information (see Appendix I for a copy of 

the survey form).  The survey was designed to gather confidential but necessary data to estimate 

phosphorus loads from septic systems to Lake Manitou based on an empirical model developed by 

Reckhow et al. (1980).  These authors outlined a method to estimate dissolved phosphorus 

contributions to lakes through septic systems using lakeshore soil properties and various septic system 

characteristics.  Septic tank characteristics include maintenance, age, distance to lake, and other 

residential factors. 

The survey forms were returned to K&A in August 2017 for analysis.  Respondents provided information 

on the number of residents per household (both year-round and seasonal), age of home, age of the 

septic system, septic maintenance schedule, and distance of drain field from the lake.  Forty-four of the 

80 surveys were returned (55%); a very reasonable return for such a survey.  Compiled results from 

these respondents are displayed in Table 3.     
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Table 3: 2017 Lake Manitou Septic System Survey Responses 
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To best account for the unreturned surveys in loading estimates, the returned results were sorted to 

obtain averages for: number of full time residents per dwelling (2.38 capita years), septic system age 

(29.2 years), maintenance schedule (4.6 years), and distance of septic drain field to lake (111 feet).  

Average capita years (2.38) were then multiplied by 36 residences to obtain an estimated number of 

capita years for those residences not accounted for in the survey, resulting in 85.68 capita years.  This 

number was then added to the 104.57 capita years obtained from the returned surveys, yielding an 

estimated total of 190.25 capita years for Lake Manitou.  This number was used in Equation 3 (after: 

Reckhow, et al., 1980): 

Ws = ECst + Ct + AV     Eq. 3 

Where:  Ws = Total phosphorus load to the lake from septic systems (pounds/year) 

  ECst = Export coefficient to septic tank (pounds/(capita year)/year) 

 Ct = Total number of capita years per residence 

 AV = Sum of all variables influencing delivery of phosphorus to lake (dimensionless) 

AV = EV + SSV      Eq. 4 

Where:  

EV = environmental variable (dimensionless) 

 SSV = septic system variable (dimensionless) 

EV = 0.143 [(1 - SP) + (1 - PA) + (1 - DR) + (1 - S)]  Eq. 5 

Where:  

SP = soil permeability factor (dimensionless) 

PA = phosphorus adsorption capacity factor (dimensionless) 

 DR = drainage factor (dimensionless) 

 S = slope factor (dimensionless) 

SSV = 0.143 [(1 - A) + (1 - DS) + (1 - M)]   Eq. 6 

Where:  A = age factor (dimensionless) 

 DS = distance factor (dimensionless) 

 M = maintenance factor (dimensionless) 

The ECst parameter was estimated to be 1.1 pounds/capita-year based on estimates used in Reckhow et 

al. (1980).  This loading estimate also reflects those loads expected with the State of Michigan’s 2010 

ban on phosphorus in dishwashing detergent.  This septic system variable was obtained from survey 

averages (Table 3).  Using these averages, the assigned factors for the septic system variables in 

Equation 4 could be determined.  These are presented in Table 4.  
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Table 4:  Assigned Factors for Septic System Variables for the Lake Manitou Load Assessment 

Range 
Assigned Factors  
(dimensionless) 

Range 
Assigned Factors 
(dimensionless) 

Soil Permeability Phosphorus Adsorption Capacity 

(in/hr)  (lbs/ac/top 3 feet of soil)  

>10 0.75 1,600-2,000 .75 

1-10 0.5 1,300-1,600 .5 

0-1 0.25 1,000-1,300 .25 

Slope Septic System Age 

(%)  (years)  

0 1 0-2.5 1 

>0-6 1 >2.5-5 .75 

>6-12 .75 >5-8 .5 

>12-18 .75 >8-11 .25 

>18-25 .5 >11 .05 

>25 .25   

Maintenance Frequency Distance to Lake 

(years)  (ft)  

0-2 1 <50 .05 

>2-5 .75 >50-75 .25 

>5-8 .5 >75-100 .5 

>8-11 .25 >100-200 .75 

>11 .05 >200 1 

Soil Drainage  

(depth to water table in ft.)    

6 .75   

0.5-1.8 .15   

0 .05   

The environmental variable in Equation 4 was determined from soils information obtained in the Web 

Soil Survey of Shiawassee County, Michigan (USDA, 2016).  The soils within the Lake Manitou watershed 

are summarized in Table 5.  The Soil Survey provides specific information on soil permeability, drainage 

and slope for each soil type.  These parameters were then used to determine the environmental variable 

(EV).  The mid-range of phosphorus adsorption capacity from Table 4 (1,300-1,600 pounds/acre per the 

top three feet of soil) was used for the phosphorus adsorption capacity factor (PA).   
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Table 5: Lake Manitou Watershed Soil Types  

Soil Types Code Estimated % at shore Rating Factor 

Boyer Loamy Sand BmB 14.62 1 

Boyer Loamy Sand BmC 45.99 0.75 

Boyer Sandy Loam BrB 8.32 1 

Boyer Sandy Loam BrC 3.86 0.75 

Boyer Sandy Loam BrD 7.92 0.75 

Conover Loam CtA 1.42 1 

Udorthents and Udipsamments EtmaaE 0.91 0.5 

Fox Sandy Loam FoC 4.06 0.75 

Gilford Sandy Loam Gg 0.41 1 

Miami Loam MuC2 3.45 0.75 

Miami Loam MuD2 2.74 0.75 

Miami Loam MuE2 3.65 0.5 

Miami Clay Loam MvD3 1.42 0.75 

Owosso-Miami Sandy Loam OmB 0.71 1 

Sloan Loam Sn 0.51 1 

 

Based on the calculations from Equations 3-6, it is estimated that annually, the 80 shoreline residences 

contribute 98 pounds of phosphorus to Lake Manitou.  A summary of the estimated phosphorus loading 

and septic survey statistics is presented in Table 6.   

Table 6:  Septic Tank Loading Summary 

Septic System Loading into Lake Manitou 

Total Phosphorus Load (lbs P/yr) 98 

Total Phosphorus Load (lbs P/yr) with maintenance every 2 years 86 

Septic System Survey Data 

Average Household Residency (# people/house) 2.38 

Average Septic Age (yrs) 29.2 

Average Septic Tank Distance to Lake (ft) 111 

Average Maintenance Frequency (yrs) 4.63 

Survey Return Rate 55% 

Lakeshore Soils Data 

Phosphorus Adsorption Capacity (lbs P/acre-ft) 483 

Average Soil Permeability Factor Rating 0.45 

Average Soil Drainage Factor Rating 0.68 

Average Soil Slop Rating Factor 0.77 

 

Lake Manitou Water Balance and Phosphorus Mass Balance Assessment 
A water balance and a phosphorus mass balance assessment were derived for Lake Manitou to aid in 

future lake management decisions.  These complement previously estimated loading inputs to Lake 
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Manitou by estimating lake inflow and outflow volumes as well as rates of phosphorus accumulation 

within the lake.  This provides a more complete picture of how phosphorus enters and leaves the lake, 

providing the critical foundation for planning effective lake treatment and watershed management 

options for the future. 

For Lake Manitou, the basic water balance Equation 7 was used to estimate the annual volume of water 

flowing into and out of Lake Manitou: 

Qin- ER = Qout      Eq. 7 

Where: 

Qin = total average annual surface runoff from Hardy-Jennings, Cummings Lakes, and Manitou 

Lakeshore drainage areas (ac-ft/year) 

ER = total estimated average annual evaporation rate from Lake Manitou (USDA, 1961; ac-

ft/year) 

Qout = calculated average overflow from Lake Manitou Dam (ac-ft/year) 

Additionally, Equation 8 was applied for phosphorus: 

ML-in - Mout = MA      Eq. 8 

Where: 

ML-in = total annual phosphorus load from Hardy-Jennings, Cummings Lakes, and Manitou 

Lakeshore Drainage areas (lbs/yr) 

Mout = total annual phosphorus leaving Lake Manitou from the dam (lbs/yr) calculated using 

historical average in-lake TP concentration (43µg P/L) and calculated Qout 

MA = total annual accumulation of phosphorus within Lake Manitou (lbs/yr) 

Table 7 shows the results of the Lake Manitou flow and phosphorus mass balances from Equation 7 and 

8 computations.   

Table 7: Lake Manitou Mass Balance Results 

Water Balance 

Flow-in (ac-ft/yr) 2,127 

Evaporation (ac-ft/yr) 174 

Flow-out (ac-ft/yr) 1,954 

Phosphorus Mass Balance 

TP load-in (lbs/yr) 1,144 

TP load-out (lbs/yr) 229 

TP Lake retention (lbs/yr) 915 

TP Lake retention (% of load-in) 80% 
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For the water balance, no losses to groundwater from the lake basin itself are assumed here; only 

evaporation and flow out of the lake at the outlet.  These appear to be reasonable assumptions based 

on the calculated annual inflow of 2,127 ac-ft/yr (Table 7) or 2.70 cubic feet/sec (cfs) that compares well 

to limited outflow measurements of 3.17 cfs cited by Fusilier (2000 sic).  These estimated flows suggest 

that the lake hydrologic retention time is approximately 0.48 years or 176.6 days.  This retention time or 

flushing rate refers to the time it takes to fully replace the standing volume of water held in the lake.   

Using this water balance in conjunction with historic in-lake total phosphorus measurements (see 

Appendix A), K&A’s phosphorus mass balance calculations in Table 7 suggest, for example, that an 

estimated 80% of annual phosphorus load to Lake Manitou is retained in the lake.  (The in-lake 

phosphorus concentration is used here to represent water quality conditions at the outflow; future 

monitoring of actual outflows is recommended separately in this report to most accurately define these 

conditions.)  Thus, as phosphorus from surface runoff and septic systems continues to flow into the lake 

year-round, only a limited amount ever leaves.   This is especially relevant considering that Spring wet 

weather conditions that typically contribute the largest amounts of phosphorus runoff to the lake occur 

immediately before the peak summer growing season for aquatic plants and algae. 

Fundamentally, 80% of the phosphorus from all these sources appears to be retained in the lake on an 

annual basis.  This means that there is an abundant over-supply of phosphorus each year that is only 

getting worse under current conditions.  As phosphorus is the primary trigger for plant and algal blooms, 

these mass balance results will help to better identify effective in-lake and watershed management 

needs for Lake Manitou. 
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Appendix I: Septic System Survey  
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June 16, 2017 

 

 

 

Dear Lake Manitou Resident: 

 

The Lake Manitou Association contracted the environmental science and engineering firm of 

Kieser & Associates (K&A) for a Phase I study to preliminarily assess current watershed loading 

and water quality (blue-green algae) concerns in Lake Manitou and to determine next steps going 

forward for the Phase II study to protect this water body. 

 

Our assessment efforts focus on nutrients and bacteria as pollutants that can degrade water 

quality if added to the lake in excess quantities.  Phosphorus is a nutrient and naturally-occurring 

element that is found in soil, plants, food, human and animal wastes and used in fertilizers and 

many detergents.  In order to determine the impact of phosphorus loading on Lake Manitou 

water quality, we are modeling phosphorus inputs from various sources including the watershed 

and shoreline areas.  One potential source of phosphorus to Lake Manitou from these shoreline 

areas is septic systems.  We are asking for your help in estimating phosphorus contributions from 

shoreline septic systems.  The Lake Manitou Association has enclosed a voluntary septic system 

survey form to be completed by Lake Manitou shoreline residents.  All requested information is 

valuable in assessing the magnitude of septic system contributions to Lake Manitou and how 

these contributions may impact the water quality of Lake Manitou.  We would greatly appreciate 

your time to provide the most accurate and complete information that you can. 

 

Please assist us in assessing Lake Manitou water quality and options for improvement.  With 

your participation, these vital data will be available for use in the Phase I pollutant loading 

assessment.  When you complete your survey form, please return it to Fred Farkus by Friday, 

June 30, 2017. 

 

Thank you for your cooperation.  Your responses will be kept confidential.  Please direct your 

questions to Fred Farkus, Lake Management Committee (734-417-1276). 
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Lake Manitou Shoreline Septic Systems 
~ A Survey for Lake Residents ~ 

 

Optional Information: 

 
Date you completed this form: ___________________ 

 

Resident of home: _______________________________________________________ 

 

Owner of home (if different than above): _____________________________________ 

 

Address: _______________________________________________________________ 

 

Necessary Information: 

 
IF YOU ARE PERMANENT YEAR-ROUND RESIDENT, number of permanent  

residents: _____.  

 

-OR-  

 

IF YOU ARE SEASONAL RESIDENT, number of seasonal residents: _____,  

approximate length of stay _____ days 

 

If you are seasonal residents, how many people plan to become permanent residents?  

_____ people in _____ years? 

 

OTHER INFORMATION: 

 

Typical number of annual guests: _____, approximate length of stay _____ days 

 

Age of home: ______ years 

 

Age of septic system: ______ years 

 

Distance of drain field from the lake: _____ feet 

 

Is the septic tank routinely pumped (circle)? Yes or No. 

 

How often?  Every _____ years 
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Additional Optional Information: 

 
_____ years since septic tank last pumped.  Reason for pumping (for example, routine 

maintenance, system filled to capacity, system backed up, etc.) _____________________ 

_______________________________________________________________________. 

 

_____ years since major septic system repairs. (Describe the repair.)________________ 

_______________________________________________________________________. 

 

Please enter the number of each water-using fixture (Please note “w.c.” if designed to conserve 

water): 

 

___Shower head   ___Kitchen sink   ___Laundry machine 

___Bathtubs    ___Garbage disposal   ___Water softener 

___Bathroom sink   ___Dishwasher   ___Utility sink 

___Toilets   ___Other kitchen   ___Other utilities 

 

Are there any plans for changes to the household water fixtures? __________________ 

______________________________________________________________________. 

Are there any known problems with the septic system? _________________________ 

______________________________________________________________________ 

______________________________________________________________________. 

 

Are there any plans to replace your septic system and if so, when? 

______________________________________________________________________. 

 

Thank you for your cooperation. Please return completed surveys to the Lake 

Manitou Association, Lake Management Committee, Fred Farkus. 

 

 

Fred Farkus 

1995 W. Manitou Dr.  

Owosso, MI 48867 

 f.farkas@hotmail.com 

 

 

  

 



Kieser & Assoc iates,  LLC  
536 E .  M ich igan  Ave . ,  Su i t e  300 ,  Ka lamaz oo,  M I  4 90 07  

page 
 180 

 

 

Appendix J: Applied Biochemist Algal Challenge Test   
 



 
 
 

 
 
 
 
 
 

        
 
 

 
 

TAKE THE ALGAL CHALLENGE TEST 
 
 
 
 
 
 
 

Quality Products for Water Quality 
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TECHNICAL SERVICE REPORT 
 

New Considerations and Opportunities for Controlling Algae and 
Cyanobacteria in Lakes,  Potable Water Reservoirs, Irrigation 
Systems, Wastewater Retention Ponds and Other Industrial 

Process Surface Water Systems 
 

Background 
Copper-based algaecides have been used since the early 1900’s as a primary 
active ingredient for controlling algae blooms and problems in a wide variety of 
use sites.  Despite considerable research and attempts to find organic and 
“natural-based” alternatives, copper products continue to be used on a 
widespread basis.  Over the years, a number of refinements have been made in 
copper formulations to overcome some of the drawbacks experienced when 
using straight copper sulfate.  This has included development of liquid chelates 
and complexes designed to increase contact time of the soluble copper, reduce 
toxicity to non-target organisms, improve treatment accuracy and efficiency, and 
increase efficacy.  More recently, adjuvants have been formulated into these 
compounds to enhance their performance, thus offering a wider choice of 
products to meet varying algae control needs.  These inert additives serve to 
improve uptake of copper into algal cells by functioning as penetrants and 
wetting agents.  Sodium Carbonate Peroxyhydrate (SCP), has also been added 
to the list of EPA registered pesticides. It offers a non-copper based alternative 
for more selective control of sensitive species (primarily blue-green / 
cyanobacteria) or for use in conjunction with copper products where alternating 
treatments of these actives have shown promise. 
 
Over 30,000 species of algae and cyanobacteria have been identified throughout 
the world.  Experience and studies have shown considerable variability exists in 
the toxicity of copper and other active ingredients to this wide range of 
organisms.  Typical treatments involve application of  “average” dosage rates, 
providing copper concentrations between 0.2 and 1.0 mg/l known to be algicidal 
to a broad-range of species.  SCP is applied in the range of 0.3 to 1.7 mg/l (as 
hydrogen peroxide) for more specific control of blue-green algae.   
 
Problems and concerns have been encountered by those who find a need for 
controlling algae in industrial, wastewater and potable water sites, but are equally 
responsible for meeting limits on copper levels and other water quality criteria in 
discharge, process and finished water.  The need to control these organisms to 
reduce TSS, lower pH, reduce filter clogging, and/or control taste and odor 
problems associated with MIB’s or geosmin can sometime become critical to 
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avoid fines, public complaints and/or operation shut-downs. In these industrial 
and potable water sites, however, use of copper algaecides is closely monitored 
or restricted within the confines of copper concentrations allowed under site 
specific NPDES permits or the Safe Drinking Water Act.   
 
Recreational waters can experience unsightly algal blooms.  In extreme cases, 
these blooms might contain varying levels of potentially toxic algal species 
threatening fish, wildlife, pets and even humans with illness or even death.  
Monitoring programs have been instituted in a number of states on specific water 
bodies where such blooms have been identified.  There are currently no set 
federal or state guidelines on “safe” exposure levels (cell counts or toxin 
concentrations).  Management programs calling for large-scale algaecide 
treatments have been implemented cautiously due to concerns over the fate of 
the toxins.  
 

Technology Development 
Since 2000, Applied Biochemists has teamed with Clemson University’s Institute 
of Environmental Toxicology and more recently the Dept. of Forestry and Natural 
Resources to conduct research on the differences in toxicity and efficacy 
between various algaecide formulations.  Additional cooperators became 
involved to assess control issues at site-specific locations.  Under the direction of 
Dr. John Rodgers and his research staff, studies have included:  

• Efficacy work on numerous algae and cyanobacteria species 

• Variability of cell counts and biomass density. 

• Toxicity to standard, non-target benthic and planktonic organisms. 

• Copper monitoring to evaluate time associated with loss from the 
water column. 

• “Leaky Cell” research to determine the effects of different formulations 
and rates of algaecides on cell membrane integrity with respect to 
production and release of cellular contents (toxins, MIB’s & geosmin).  

• Evaluation of state-of-the-art fluorometer equipment for on-site 
assessment of chlorophyll a and phycobilin pigment concentrations. 

 
Five of Applied Biochemists’ algaecide formulations have been assessed 
including some comparisons with Copper Sulfate:  

• Cutrine-Plus 

• Cutrine-Ultra 

• Clearigate 

• Algimycin PWF (NSF Certified to ANSI-NSF 60) 

• Phycomycin SCP* (NSF Certified to ANSI-NSF 60) 
*Sodium Carbonate Peroxyhydrate 

As an outcome of this research, technical papers have been published (or are 
under peer review) in pertinent journals including the Archives of Environmental 
Contamination and Toxicology.  Several significant findings have been verified:   

• There are considerable differences between efficacy, non-target 
toxicity and residence times of the various copper formulations.  This 
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has lead to the conclusion that “all copper algaecides are not 
chelated equal”.   

• The total amount of copper required to control an algal infestation is a 
direct function of the species and amount of biomass present.   The 
authors have referred to this as “critical burden”.    

• Treatment rates should be based upon the algae concentration, not 
the water volume.  “Treat the algae, not the water.” 

• Residence time of soluble and/or free copper from the water column 
can be pre-determined by duplicating species, biomass/cell count and 
water quality conditions under laboratory conditions as a part of the 
efficacy testing. 

• Based upon preliminary observations and evaluations, treatment 
impacts to cell membrane integrity can vary. Product formulation and 
concentration exposure affect the cells’ ability to produce and release 
extra-cellular products (MIB’s, Geosmin & toxins).  It appears feasible 
to adjust dosage and choice of formulation to prevent toxin 
production and/or release.  (Research in progress).  

• Recent availability of field test kits for microcystin (toxin) detection for 
the drinking water industry coupled with our Clemson research on 
methodologies to rapidly detect pigment concentrations are aimed at 
developing criteria for more rapid response to managing algal 
blooms. 

 
Application of Technology 
The protocol developed by Clemson for screening algaecide efficacy and toxicity 
has already had several real world applications..  This has included: 

• Treatment and control of cyanobacteria (blue-green algae) blooms in 
four IN and MO drinking water reservoirs with Cutrine-Plus and 
Cutrine-Ultra.  

• Lyngbya sp. control in a southern paper mill pond with Clearigate. 

•  Irrigation canal water treatment for filamentous algae with Cutrine-
Ultra in a California water reclaim project. 

• Evaluations on sediments from WI and IN lakes determined copper 
levels were not toxic to benthic invertebrates in standard (EPA) 
biosassays.   

• Development of a treatment regimen for bloom control in a GA 
rendering plant retention pond with Cutrine-Ultra. 

• Development of a treatment regimen for bloom control in an AZ power 
plant reservoir with Cutrine-Plus and Cutrine-Ultra. 

• An algae control program in power plant ash ponds in NC to meet 
NPDES and operational water quality criteria. 

• Development and implementation of a treatment program for giant 
Lyngbya control in AL Power reservoir systems utilizing multiple 
products to optimize effectiveness.  

• Efficacy and cellular effects of AB product formulations on toxin 
producing algal species from Nebraska reservoirs (work in process). 



 4 

   
More specific information on the above applications in the form of case studies 
for these sites may become available in the future if permission is secured from 
the end-users.  Otherwise, we will maintain confidentiality and have promised not 
to release names and locations of use sites. 
 

The Algal Challenge Test 
Applied Biochemists in conjunction with Clemson University’s toxicology labs 
within the Dept. of Forestry and Natural Resources under the direction of Dr. 
John Rodgers, Jr., offers selective access to these services to potential product 
end-users.  Laboratory evaluations are performed directly on client’s water 
samples utilizing subcultures of the algae species present.  Testing requires ten 
days to two weeks following receipt of water samples.  Recommendations, based 
upon test data, will include the following: 

• Algae identification and enumeration. 

• Algaecide formulation recommendation. 

• Dosage rate based upon cell count or biomass. 

• Expected residence time in water to meet water quality standards. 
 
To secure these services, contact an Applied Biochemists Technical 
Representative at 1-800-558-5106.  We will provide packing and shipping 
information.  Costs for a standard Algal Challenge Test is $1,500.   
 
Information provided on the Algal Challenge Test Site Data sheet will be used in 
determining treatment recommendations for your location.  Please provide 
information pertinent to your site. 
 
 
 
 



ALGAL CHALLENGE TEST SITE DATA SHEET

General Use

(Please complete applicable and/or known information concerning your site)

Company/Agency

Contact Person Title

Address

City State Zip

Phone Fax

e-mail

Water Use(s)

Size:       Surface Acres           Avg. Depth Volume

Retention Time (if applicable) Days     Outflow or Consumption MGD

Hardness Alkalinity pH D.O. Total P

Other Water Quality Parameters

Algae/Cyanobacteria

Provide Ranges for the Following

Cell/Trichome Count Chlorophyll a

TSS        Secchi Disk Geosmin 

MIB's         Algal Toxins

Reporting or Permit Requirements & Concerns

Describe Water Quality/Use Problems Associated with Algae Growth (e.g. Taste & Odor, 

Toxins,TSS,  pH, filter operation, color, process interferences, regulatory, environmental etc)

Describe Current Algae Treatment Methods (if any) 

Additional Comments

(Fax this information to Applied Biochemists at 262-255-4268 

or provide it directly to your  Applied Biochemists Technical Representative. 

We will provide a quotation for your Algal Challenge Test(s) and provide an ACT 

sample kit for your algae  and water samples to be sent to 

Clemson University Dept. of Forestry and Natural Resources for analysis.)  

Recreation

73 acres 9.4 685 acre-ft

117 1.74            (Outflow)

N/A 156 mg/L 8.4
8.9 (0ft),
4.9 (15ft) 43.1 ug/L

Conductivity: 406 uS/cm

4.9-80.5, 
7.7ug/L avg 2015-2016

6.1 ftUnknown Unknown

Unknown

2015 Samples indicated Woronichinia Naegaeliana as dominant taxon

Unknown

Frequent large size cyanobacteria blooms occuring throughout summer.

Near-shore applications

of Cutrine Plus, Copper Sulfate, and/or Hydrothol 191. 2-3 Applications from May 

                                     to August from 2015 to present. Aquatic macrophyte 

herbicide treatments applied co-currently. 

24.4-30.3 million Cyanobacteria cells/L (9/13/2000)
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