
  

 
 

 

 

 

 

 

 

 

 

 

A LAKE IMPROVEMENT FEASBILITY STUDY 

REPORT 

FOR PARADISE LAKE 

EMMET AND CHEBOYGAN COUNTIES, MI 
 

 

DECEMBER, 2011



  

 

 

 
 

 

 

Prepared for:  Paradise Lake Improvement Board 

C/o Mr. Jim Tamlyn, Chair 

P.O. Box 52 

Carp Lake, MI 49718 

 

Prepared by:  Lakeshore Environmental, Inc. 

803 Verhoeks Road 

Grand Haven, Michigan  49417 



  

 

TABLE OF CONTENTS 
SECTION    PAGE 

 

LIST OF FIGURES ............................................................................................................................................. i 

 

LIST OF TABLES .............................................................................................................................................. ii 

 

LIST OF APPENDICES ................................................................................................................................... iii 

 

1.0 EXECUTIVE SUMMARY.................................................................................................................. 6 

  

2.0 PARADISE LAKE BACKGROUND INFORMATION ................................................................. 9 

 

3.0 AQUATIC VEGETATION IN PARADISE LAKE-AN OVERVIEW ........................................ 11 

 

4.0 AQUATIC VEGETATION MANAGEMENT METHODS CONSIDERED ............................. 19 

 

5.0 LAMINAR FLOW AERATION ....................................................................................................... 21 

 

 5.1 Lake Sediment Functions ...................................................................................................... 21 

 

 5.2 Lake Sediment Impairments ................................................................................................. 22 

 

 5.3 The Laminar Flow Aeration System .................................................................................... 24 

 

 5.4 Benefits and Limitations of Laminar Flow Aeration  ......................................................... 26 

 

 5.5 Design of Laminar Flow Aeration System .......................................................................... 27 

 

6.0 CONCLUSIONS AND RECOMMENDATIONS .......................................................................... 30 
  

7.0 References Cited .................................................................................................................................. 31 
  

 

 

 

 

 

 

 

 

 

 
 

 
 
 



 

 

FIGURES 
 
 

FIGURE PAGE 

 

1. Aerial photo of Paradise Lake (State of Michigan Geographic Data Library, 2005) ................ 8 

 

2. Eurasian Watermilfoil with Mature Seed Head and Lateral Branches .................................... 13 

 

3. Eurasian Watermilfoil Canopy on Paradise Lake.................................................................... 14 
 

4. Eurasian Watermilfoil Canopy on Paradise Lake with Filamentous Algae ............................ 14 
 

5. The Milfoil Weevil, Euhrychiopsis lecontei............................................................................ 17 
 

6. Map of Paradise Lake Sediment Types (1961) ....................................................................... 22 
 

7. EWM Locations on Organic Sediments in Paradise Lake (2009) ........................................... 23 
 

8. Laminar Flow Aeration Design of Paradise Lake (Clean-Flo) ................................................ 28 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
 



 

 

TABLES 
 

TABLE PAGE 

 

1. Frequencies of Aquatic Plant Species in Paradise Lake (July, 2009) ..................................... 16 

 

2. Cost Estimates for the West Basin Paradise Lake Laminar Flow Aeration Program ............. 29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Lakeshore Environmental, Inc. 

Paradise Lake Improvement Feasibility Study Report 
December, 2011 

Page 6 
 

 

 LAKE IMPROVEMENT FEASIBILITY STUDY 

REPORT 

FOR PARADISE LAKE 

EMMET AND CHEBOYGAN COUNTIES, MI 
 

 

December, 2011 

 

1.0    EXECUTIVE SUMMARY 

 

A lake improvement feasibility study is required pursuant to part 309 Inland Lake Improvements, 

of the Natural Resources Environmental Protection Act (P.A. 451 of 1994), as amended.  The 

purpose of a lake improvement feasibility is to determine the management methods that are most 

likely to improve the observed problem state of a natural resource.  

 

This feasibility report describes the following information relevant to Paradise Lake: 1.) 

Background information on Paradise Lake, 2.) The aquatic vegetation present within the lake, 3.) 

Management methods considered for the treatment of the exotic, invasive aquatic plant, Eurasian 

Watermilfoil (EWM), 4.) Laminar Flow Aeration and its characteristics, and 5.) Conclusions and 

Recommendations for the management of Paradise Lake EWM. 

 

Paradise Lake (Figure 1) is a 1,878-acre, shallow, eutrophic lake with a maximum depth of 15.1 feet 

(Gannon and Paddock, 1974).   Paradise Lake is located in sections 7, 18, 10-15, 23, and 24 of 

Emmet and Cheboygan Counties (T.38N, R. 3,4W).  In recent years, the lake has become colonized 

with zebra mussels (Dreissena polymorpha), which has resulted in increased light transparency of the 

lake water and has caused accelerated growth rates of all aquatic vegetation, including the exotic 

submersed aquatic plant, Eurasian Watermilfoil (Myriophyllum spicatum).   
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Invasive milfoil has become a threat to the native aquatic vegetation communities within Paradise 

Lake, severely impedes navigation and recreational activities within the lake, creates a swimming 

hazard in areas of dense canopy growth, and has been shown to decrease lakefront property values 

(Halstead et al., 2003).   

 

Previous surveys by aquatic scientists at Lakeshore Environmental, Inc during July of 2009, 

consisted of 609 grid sampling locations located throughout Paradise Lake and determined that 

approximately 497 acres of M. spicatum exists in the lake. Later surveys by other scientists 

determined that the lake may now contain approximately 700+ acres of EWM (Progressive AE, July, 

2011 survey).  The lake also contains a moderate amount of submersed native vegetation that 

includes pondweeds and other native milfoil species. 

 

The recommended approach for treatment of the EWM infestation in Paradise Lake is integrated 

management with weevil stocking in protected areas (such as the east portion of the lake) where their 

reproductive life cycle success is most probable and where the M. spicatum canopy is least likely to 

be disturbed by boat propeller action (i.e. the most highly trafficked and developed areas).  In areas 

where the EWM is highly dense and the canopy is extensive (i.e. West Basin), use of laminar flow 

aeration is recommended.  The laminar flow aeration approach would also not interfere with the 

weevil life cycle and may even provide a favorable habitat for the weevil until EWM food limitation 

is an issue. 

 

It is recommended that the laminar flow aeration system be installed in spring or early summer of 

2012 and that the system be measured, along with weevil activity, for continued program efficacy.  A 

fall 2012 annual progress report shall be prepared to update the Paradise Lake Improvement Board 

(PLIB) of the program progress and any measurable changes in biotic (living) and abiotic (physical, 

chemical) water quality variables. 
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Figure 1.  Aerial photo of Paradise Lake, Emmet and Cheboygan Counties, Michigan (MIRIS, 2006 

aerial photo database). 
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2.0 PARADISE LAKE BACKGROUND INFORMATION 

 

Paradise Lake is approximately 1,878 acres and has a maximum and average depth of 15.1 feet 

and 3.9 feet, respectively.  The shoreline length is approximately 14.3 miles and the volume of 

the lake is approximately 10,358,982 m
3
.  The watershed is approximately 16,685 acres, which is 

nearly 8.9 times the lake surface area.  The shoreline development factor (SDF) is 1.5 (Gannon 

and Paddock, 1974).  Primary land uses in the watershed include wetlands (nearly 50%), 

followed by forested lands (~21.4%).  The watershed contains 3.3% urban land use and 8.3% 

agricultural land use (Tipp of the Mitt Watershed Council, 2008).  Paradise contains one inlet 

(Mud Creek) and one outlet (Carp River).  The Carp River outlet drains Paradise Lake into the 

Straits of Mackinaw. 

 

The land use and water quality study conducted by Gannon and Paddock (1974) from the University 

of Michigan Biological Station noted that Paradise Lake was green and turbid (secchi disk 

transparency ≤ 2 meters) and had high quantities of phytoplankton in 1974.  The introductions of 

zebra mussels after that time, likely contributed to an increase in water transparency and lead to 

accelerated rooted aquatic vegetation growth. 

 

Additionally, mean total alkalinity (based on 4 sampling sites) was between 100-120 mg L-1 of 

CaCO3.  The mean total phosphorus was between 7-37 µg L-1, and mean nitrogen was between 60-

100 µg L-1, indicating that the lake had variable quantities of each but nutrient concentrations above 

the eutrophic threshold. Potential nitrogen and phosphorus loading rates were calculated for 

watershed inputs as 5,598 kg year-1 and 308 kg year-1, respectively.  Potential loads from shoreline 

septic systems for nitrogen and phosphorus were estimated to be 2,657 kg year-1 and 232 kg year-1, 

respectively.  Rainfall was estimated to contribute nearly 5,989 kg year-1 of nitrogen and                

266 kg year-1 of phosphorus.  Thus, the majority of the nitrogen in the lake was derived from rainfall, 

whereas the majority of the phosphorus originated from the watershed.  Comparisons of this water 
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quality data to that collected by Moore et al., 2009, indicates that all nutrient loads in Paradise Lake 

are actually declining and the lake is now considered phosphorus limited. 
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3.0 AQUATIC VEGETATION IN PARADISE LAKE: AN OVERVIEW 

 

The 2009 aquatic vegetation survey by Lakeshore Environmental, Inc. utilized the GPS Point-

Intercept Method for aquatic vegetation sampling, which is used widely among aquatic scientists 

to sample large aquatic ecosystems in an unbiased manner.  The U.S. Army Corps of Engineers 

utilizes this methodology for pre-treatment and post-treatment surveys to assess the efficacy of 

lake improvement programs (Madsen et al., 1994; 1996).  This type of survey is also amenable 

to statistical analysis, which is instrumental in measuring the success of any improvement 

protocol.   

At each of the 609 sampling locations, a WAAS-enabled 50-satellite capacity GPS unit with an 

accuracy of 2.0 feet was used to accurately record geo-referenced data.  At each grid point two 

rake tosses were conducted and all species and relative abundance of rake specimens collected 

were recorded unless bare lake sediments were in view.   The survey determined that 

approximately 497 acres of EWM were present in Paradise Lake; however, more recent surveys 

have determined that the EWM population has significantly increased to nearly 700 or more 

acres (Savin Lake Services, 2010 survey; Progressive AE, 2011 survey). During the 2009 aquatic 

vegetation survey, EWM was located in 41.0% of the GPS sampling locations, with 22% of those at 

the “a” (found) density level, 17% at the “b” (sparse) density level, 16% at the “c” (common) density 

level, and 45% at the “d” (dense) level while utilizing the MDEQ density protocol.  There were five 

distinct beds located throughout the lake that varied in size from 19 acres to 180 acres.  The smallest 

beds were located in the central (19 acres) and southern (39 acres) portions of the lake.  The majority 

of the EWM plants in these two beds are sparse in abundance.  An intermediate-sized bed (102 acres) 

located at the west side of the lake contained primarily dense EWM.  Finally, the two largest beds 

which were located at the northwest side (180 acres) and east side (157 acres) of the lake contained 

common to dense quantities of EWM. Regular rigorous GPS Point-Intercept aquatic plant surveys 

utilizing this protocol are critical for the detection of exotic species such as EWM, which may 

limit more favorable, native aquatic plants and consequently alter the ecological balance and 

biotic integrity of aquatic ecosystems. 
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3.1     Paradise Lake Exotic Aquatic Plant Species 

 

Eurasian Watermilfoil (M. spicatum or EWM; Figure 2) is an exotic, invasive, submersed, 

perennial aquatic plant which was introduced into the United States in the 1880’s (Reed 1997), 

although other reports (Couch and Nelson 1985) suggest it was discovered in the 1940’s.  Exotic 

aquatic plants are not native to a particular site, but are introduced by some biotic (living) or 

abiotic (non-living) vector.  Such vectors include the transfer of aquatic plant seeds and 

fragments by boats and trailers (especially in lakes with a public access site), waterfowl, or by 

wind dispersal.  In addition, exotic species may be introduced into aquatic systems through the 

release of aquarium or water garden plants into a water body.  An aquatic exotic species may 

have profound impacts on the aquatic ecosystem. EWM is a major threat to the ecological 

balance of an aquatic ecosystem through causation of significant declines in favorable native 

vegetation within lakes (Madsen et al. 1991), and may limit light from reaching native aquatic 

plant species (Newroth 1985; Aiken et al. 1979).  The aquatic plant frequently forms dense 

surface canopies on inland lakes such as Paradise Lake (Figure 3).  Additionally, EWM can alter 

the macroinvertebrate populations associated with particular native plants of certain structural 

architecture (Newroth 1985).  EWM beds have been associated with less macroinvertebrate 

biodiversity than native aquatic vegetation beds (Soszka 1975; Keast 1984; Cattaneo et al. 1998).  

The canopy created by EWM creates an unfavorable environment for aquatic biota through the 

creation of stagnant water conditions which lead to increased water temperatures and lower 

dissolved oxygen concentrations (Unmuth et al. 2000; Figure 4).  Cheruvelil et al. (2001) studied 

the macroinvertebrate communities on EWM in six southern Michigan lakes and discovered that 

the amount of macroinvertebrates on the most dominant plant species declines as EWM biomass 

increases.  Since the introduction of EWM, many nuisance aquatic plant management techniques 

such as chemical herbicides, biological control, and in extreme cases, mechanical harvesting, 

have been implemented.  There is new evidence that laminar flow aeration has significantly 

reduced EWM populations, as was determined on Sherman Lake (Kalamazoo County, MI), 
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Maple Lake (Van Buren County, MI), Wing Lake (Oakland County, MI), and Indian Lake (Cass 

County, MI).  These sites have been monitored by Lakeshore Environmental, Inc and are 

actively being researched to discover the possible mechanisms involved in the declines of EWM. 

 

 

Figure 2.  Eurasian Watermilfoil with seed head and lateral branches.   

© Superior Photique 
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Figure 3.  Eurasian Watermilfoil canopy on Paradise Lake (July, 2009).   

 

 

Figure 4.  Eurasian Watermilfoil canopy with filamentous algae and stagnant water  

conditions on Paradise Lake (July, 2009). 
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3.2     Paradise Lake Native Aquatic Plant Species  

 

During the 2009 survey, a total of 13 submersed, 1 floating-leaved, and 1 emergent native 

aquatic plant species were found.  The most dominant native aquatic plant species within 

Paradise Lake were in the Potamogetonaceae family, which included the Pondweeds such as 

White-stem Pondweed (Potamogeton praelongus), and Fern-leaf Pondweed (P. robbinsii).  P. 

praelongus was present in 38.9% of the grid points sampled and thus was the most dominant 

rooted native submersed aquatic plant in the littoral zone.  P. robbinsii was the second most 

abundant species which was present in 25.9% of the sampling locations.  P. robbinsii often 

carpeted the lake bottom and formed a thick layer which makes it difficult for newly formed 

EWM fragments to root in the lake bottom sediment.  Thus, preservation of this and other low-

growing species is critical for the long-term control of EWM and other nuisance species which 

spread through fragmentation.  Another fairly abundant pondweed which occupied 17.9% of the 

sampling locations was P. richardsonii, which resembles a smaller version of P. praelongus.   

 

The pondweeds serve as excellent cover for fish and macroinvertebrates and should be preserved 

to the extent possible to support a healthy fishery.  The submersed aquatic plant, Elodea 

canadensis was present in 18.2% of the sampling locations.  E. canadensis overwinters and has 

small, green, rounded leaves which grow in whorls of three and is often found in sediments with 

high organic matter content.  The submersed aquatic macrophyte Najas flexilis (Slender Naiad), 

which occupied 12.8% of the sampling locations, is a key aquatic plant for many species of 

waterfowl and small mammals.  The majority of the native aquatic plant species in Paradise Lake 

were sparse to common in abundance and do not currently impart a threat to the balance of the 

ecosystem or to the safety of recreationalists on the lake. 

 

 

 



Lakeshore Environmental, Inc. 

Paradise Lake Improvement Feasibility Study Report 
December, 2011 

Page 16 
 

 

Aquatic 

Macrophyte  

Species 

Aquatic Macrophyte 

Common Name 

Aquatic Macrophyte 

Growth Form 

% of Quadrats 

Present             

(of 609) 

Myriophyllum spicatum,1 Eurasian Watermilfoil Submersed 41.0 

Chara vulgaris (macroalga), 3 Muskgrass Submersed 5.4 

Potamogeton pectinatus,4 Thin-leaf Pondweed Submersed 4.1 

Potamogeton zosteriformis, 5 Flat-stem Pondweed Submersed 3.8 

Potamogeton robbinsii, 6 Fern-leaf Pondweed Submersed 25.9 

Potamogeton gramineus,7 Variable-leaf Pondweed Submersed 0.16 

Potamogeton praelongus, 8 White-stem Pondweed Submersed 38.9 

Potamogeton richardsonii, 9 Clasping-leaf Pondweed Submersed 17.9 

Potamogeton amplifolius,11 Large-leaf Pondweed Submersed 2.79 

Vallisneria americana,15 Wild Celery Submersed 1.15 

Ceratophyllum demersum, 20 Coontail Submersed 0.5 

Elodea canadensis, 21 Common Waterweed Submersed 18.2 

Utricularia vulgaris, 23 Common Bladderwort Submersed 2.8 

Najas flexilis,26 Slender Naiad Submersed 12.8 

Nuphar sp., 31 Yellow Water lily Floating-Leaved 2.6 

Typha sp.,39 Bulrushes Emergent 4.8 

    

 

 Table 1.  Frequency table of aquatic vegetation species in Paradise Lake (July, 2009).  

Note: Based on GPS Point-Intercept grid survey of 609 sampling locations on Paradise Lake.  
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4.0    AQUATIC VEGETATION MANAGEMENT  

 METHODS CONSIDERED 

 

4.1 Biological Control with Weevils 

 

The use of the aquatic weevil, Euhrychiopsis lecontei (Figure 5) to control M. spicatum has become 

a viable option for many inland lakes.  The use of the weevil for biocontrol is both inundative and 

classical (Harley and Forno, 1992).  The inundative approach refers to the application of weevils at 

a higher density than the existing population to damage EWM.  The classical approach refers to the 

use of a host-specific herbivore (weevil) to damage the target plant (EWM).  The weevil naturally 

exists in many of our lakes; however, the lack of adequate populations in many lakes requires that 

they be implanted or stocked for successful control of EWM.  The weevil feeds almost entirely on 

EWM and will leave native aquatic species unharmed if adequate amounts of EWM are present.  

The weevil burrows into the stems of EWM and damages the vascular tissue, thereby reducing the 

plant’s ability to store carbohydrates (Newman et al. 1996).  Eventually, the EWM stems lose 

buoyancy and the plant decomposes on the lake bottom.   

 

 

Figure 5.  The “milfoil” weevil.  Imaged used with permission 

From Dr. Ray Newman, University of Minnesota 
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Recent research has shown that the weevils require a substantial amount of aquatic plant biomass 

for successful control of EWM.  In addition, the weevils require adequate over-wintering habitat 

since they overwinter within shoreline vegetation.  Lakes with sparse EWM distribution are not 

ideal candidates for the milfoil weevil.  Recent peer-reviewed scientific research by Newman and 

Biesboer (2000) demonstrated that the requirements for weevil stocking density to obtain adequate 

control of EWM may be as high as 150-300 weevils per square meter.  It is important to note that 

this number refers to a “stocking density”, which implies the number of weevils that should be 

stocked in a stocking area for ultimate population growth.  It does not mean that each acre within 

the lake must have this density stocked to obtain the desired result.  Prior research by Lakeshore 

Environmental, Inc. (2008-2009) has found that stocking areas as little as 144 ft
2
 are all that is 

necessary to grow a suitable weevil population. 

 

4.2 Spot-treatments with Systemic Aquatic Herbicides 

 

The use of aquatic chemical herbicides is regulated by the MDEQ under Part 33 (Aquatic Nuisance) 

of the Natural Resources and Environmental Protection Act, P.A. 451 of 1994, and requires a permit 

from the Michigan Department of Environmental Quality (MDEQ).  The permit contains a list of 

approved herbicides for a particular body of water, as well as dosage rates, treatment areas, and 

water use restrictions.  Furthermore, residents that reside within 100 feet of the proposed treatment 

area must be notified at least seven days, but not more than forty-five days prior to the initial 

treatment date.  A certified herbicide applicator usually notices the residents in advance of the 

proposed treatment date, and during the day of treatment.  Contact and systemic aquatic herbicides 

are the two primary herbicide types used in aquatic systems.  Contact herbicides cause damage to 

leaf and stem structures; whereas systemic herbicides are assimilated by the plant roots and are 

lethal to the entire plant.  Wherever possible, it is preferred to use a systemic herbicide for longer-

lasting aquatic plant control.  There are often restrictions with usage of some systemic herbicides 

around shoreline areas that contain shallow drinking wells.   
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Systemic herbicides such as 2,4-D and Triclopyr could be used to successfully treat localized or 

widely dispersed beds of EWM, but the action of these herbicides results in only season-long 

control of milfoil and is not considered a sustainable option.   Additionally, it would not 

complement the sensitivity of the weevils to chemicals. 

 

4.3 Whole-lake Fluridone Aquatic Herbicide Treatments 

 

Fluridone (trade name, SONAR
®
) is a systemic whole-lake herbicide treatment that is applied to the 

entire lake volume in the spring.  The objective of a fluridone treatment is to selectively control the 

growth of EWM in order to allow other native aquatic plants to germinate and create a more diverse 

aquatic plant community.  Due to the fact that 42.9% of the sampling locations contained no aquatic 

vegetation, a fluridone treatment would not be recommended, as it would likely lead to a reduction 

of too many aquatic plants which could have significant detrimental impacts on the lake fishery and 

entire aquatic ecosystem.  It is also critical that there be adequate support from the community and 

Carp Lake Township as well as Hebron Township for this approach to be possible since the whole-

lake treatment will affect waters of Paradise Lake that lie in both township jurisdictions. 

 

4.4  Mechanical, Hydraulic, and Suction Dredging 

 

Dredging is a lake management option used to remove accumulated lake sediments to increase 

accessibility for navigation and recreational activities.    

Dredging is regulated pursuant to provisions of Part 301 (Inland Lakes and Streams) of the Natural 

Resources and Environmental Protection Act, P.A. 451 of 1994, as amended, and requires a joint 

permit through both the Michigan Department of Environmental Quality (MDEQ) and the U.S. 

Army Corps of Engineers (USACE).   The two major types of dredging include hydraulic and 

mechanical.  A mechanical dredge utilizes a backhoe and requires that the disposal site be adjacent 

to the lake.  In contrast, a hydraulic dredge removes sediments in aqueous slurry and the wetted 

sediments are transported through a hose to a confined disposal facility (CDF).  Selection of a 
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particular dredging method and CDF should consider the environmental, economical, and technical 

aspects involved. The CDF must be chosen to maximize retention of solids and accommodate large 

quantities of water from the dewatering of sediments.  It is imperative that hydraulic dredges have 

adequate pumping pressure which can be achieved by dredging in waters greater than 3 foot of 

depth.  Dredge spoils cannot be emptied into wetland habitats; therefore a large upland area is 

needed for lakes that are surrounded by wetland habitats.  In addition, proposed sediment for 

removal must be tested for metal contaminants before being stored in a CDF.  If the sediment is not 

contaminated, it could be used for habitat restoration, landfill cover, agriculture, strip mine 

reclamation, or in other industrial or construction uses (U.S. EPA/USACE 2004).   

 

Dredging is a very expensive sediment removal method, as dredging operations cost of $22 per 

cubic yard.  In addition, dredging would necessitate a separate dredging feasibility study and 

associated sampling and permitting costs, along with public hearing cots.  

 

Suction Dredging involves removal of selected areas of lake bottom sediment with the use of a 

hand-operated suction hose.  Dredged spoils are dewatered on land or removed via fabric bags to 

an offsite location.  This method is generally recommended for small (less than 1 acre) spot-

dredging of sediments and vegetation since it does not remove sediment as rapidly as the 

standard mechanical and hydraulic dredging methods.  Furthermore, dredging may cause re-

suspension of sediments (Nayar et al., 2007) which may lead to increased turbidity and reduced 

clarity of the water.  Dredging is also not a sustainable option for lake sediment removal if high 

loads to sediment enter the lake from the watershed at a consistent rate.  Suction harvesting is 

similar in that it requires hand-removal of rooted aquatic vegetation which is then fed into a 

suction device.  The process requires a permit and leads to disruption of the benthos. 
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5.0    LAMINAR FLOW AERATION 

 

5.1  Lake Sediment Functions 

 

The majority of inland lake sediment originates from glacial material that was deposited in lake 

basins nearly 8,000 years ago (Straw et al., 1978).  Lake sediments may function as a rooting 

medium and source of nutrients for rooted aquatic vegetation.  In addition, lake sediments are 

active components of the biogeochemical cycles present in aquatic ecosystems in that they 

recycle nutrients and organic matter via microbial metabolism.  Odum (1971) showed that lake 

bottom sediments regulated the metabolism of aquatic ecosystems.  In general, lake sediments 

with coarse particle size are associated with higher water clarity, while those with smaller 

particle size such as silts and clays are usually correlated with increased turbidity.   

 

Sediments with large particle size may inhibit rooted aquatic plant growth through mechanical 

impedance, whereas sediments with smaller particle sizes tend to favor rooted vegetation growth 

unless those sediments are highly flocculent and rooting is not possible.  Some submersed 

species of aquatic plants are able to oxidize the root zone (rhizosphere) to compensate for anoxic 

sediment conditions that could potentially halt plant growth.  A study by Bodelier et al. (1996) 

determined that the emergent macrophyte, Glyceria maxima utilized root aerenchymatous tissue 

to oxidize an anoxic portion of the lake sediment which encourages ammonia-oxidizing bacteria.  

In general, sediments in lake systems are highly heterogeneous having been derived from glacial 

and anthropogenic (man-induced) activities over time.  Lake circulation patterns ultimately 

dictate the distribution of sediments in an aquatic ecosystem.  Coarse sediment particles tend to 

appear near shore, whereas finer particles settle out and deposit in the deeper basins of a lake.  

Sediments may also be utilized as a large source of siliceous diatoms and other macrobiota 

which forms the base of the food chain for higher organisms that feed on benthic biota. 
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5.2 Lake Sediment Impairments 

 

The accumulation of lake sediment in the West Basin of Paradise Lake is rich in organic matter 

and is more than 4 meters thick in many areas (Lakeshore Environmental, Inc, October 30, 2011 

initial sediment survey).  The organic layer closely overlaps with the presence of large EWM 

beds (Figures 6 and 7).   

 

 

 

Figure 6. Map of Paradise Lake sediment types.  White areas denote organic matter. Dark, cross-

hatched areas denote sand and gravel. Light grey solid areas denote only sand. Map courtesy of 

Institute of Fisheries Research, 1961. 
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Figure 7. Polygons with EWM in Paradise Lake.  Note: The EWM 

polygons rest on top of the organic matter sediment types. 

 

Most of the external sources of sediment are derived from the immediate watershed around 

Paradise Lake since it is primarily bordered by wetlands and forests that contribute high organic 

loads to the lake. 

 

A watershed may be defined as an area of land that drains to a common point and is influenced 

by both surface water and groundwater resources that are often impacted from land use activities.  

In general, a large watershed possesses more opportunities for pollutants to enter the lake and 

alter water quality and ecological communities.  In addition, watersheds that contain abundant 

development and industrial sites are more vulnerable to water quality degradation since the fate 

of pollutant transport may be increased and negatively affect surface waters and groundwater.  

Land use activities have a dramatic impact on the quality of surface waters and groundwater. 

Engstrom and Wright (2002) cite the significant reduction in sediment flux of one non-aerated 

lake which was attributed to substantial reduction of sediment loading from the surrounding 

catchment.  The topography of the land and the morphometry of the lake dictate the ultimate fate 
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transport of pollutants and nutrients into the lake within a particular watershed.  Steep slopes on 

the land surrounding a lake may cause surface runoff to enter the lake more readily than if the 

land surface was at grade relative to the lake.  In addition, lakes with a steep drop-off may act as 

collection basins for the substances that are transported to the lake from the land.  Many types of 

land use activities can influence the watershed of a particular lake.  Such activities include 

residential land use, industrial land, agricultural land, water supply land, wastewater treatment 

land, and stormwater management.  All land uses may contribute to the water quality of the lake 

through the influx of pollutants from non-point sources or from point sources.  Non-point 

sources are often diffuse and arise when climatic events carry pollutants from the land into the 

lake.  Point-source pollutants exit from pipes or input devices and empty directly into a lake or 

watercourse.  Residential land use activities involve the use of lawn fertilizers on lakefront 

lawns, the utilization of septic tank systems for treatment of residential sewage, the construction 

of impervious (impermeable, hard-surfaced) surfaces on lands within the watershed, the burning 

of leaves near the lakeshore, the dumping of leaves or other pollutants into storm drains, and 

removal of vegetation from the land and near the water.  In addition to residential land use 

activities, agricultural practices by vegetable crop and cattle farmers may contribute nutrient 

loads to lakes and streams.  Industrial land use activities may include possible contamination of 

groundwater through discharges of chemical or thermal pollution. 

 

5.3  The Laminar Flow Aeration System 

 

Laminar flow aeration systems are retrofitted to a particular site and account for variables such 

as water depth and volume, contours, water flow rates, and thickness and composition of lake 

sediment.  The systems are designed to completely mix the surrounding waters and evenly 

distribute dissolved oxygen throughout the lake sediments for efficient microbial utilization.   

 

A laminar flow aeration system utilizes diffusers which are powered by onshore air compressors.  

The diffusers are connected via extensive self-sinking airlines which help to purge the lake 
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sediment pore water of gases such as benthic carbon dioxide (CO2) and hydrogen sulfide (H2S), 

which is a primary nutrient necessary aquatic plant photosynthetic growth and productivity and 

is also a byproduct of microbial metabolism.  In addition to the placement of the diffuser units, 

the concomitant use of bacteria and enzymatic treatments to facilitate the microbial breakdown 

of organic sedimentary constituents is also used as a component of the treatment.  Beutel (2006) 

found that lake oxygenation eliminates release of NH3+ from sediments through oxygenation of 

the sediment-water interface.  Allen (2009) demonstrated that NH3+ oxidation in aerated 

sediments was significantly higher than that of control mesocosms with a relative mean of 2.6 ± 

0.80 mg N g dry wt day
-1

 for aerated mesocosms and 0.48 ± 0.20 mg N g dry wt day
-1

 in 

controls.   Although this is a relatively new area of research, recent case studies have shown 

promise on the positive impacts of laminar flow aeration systems on aquatic ecosystem 

management with respect to organic matter degradation and resultant increase in water depth, 

and rooted aquatic plant management in eutrophic ecosystems (Lakeshore Environmental, Inc., 

2010; 2011).  Toetz (1981) found evidence of a decline in Microcystis algae (a toxin-producing 

blue-green algae) in Arbuckle Lake in Oklahoma.  Other studies (Weiss and Breedlove, 1973; 

Malueg et al., 1973) have also shown declines in overall algal biomass.   

 

Conversely, a study by Engstrom and Wright (2002) found no significant differences between 

aerated and non-aerated lakes with respect to reduction in organic sediments.  This study was 

however limited to one sediment core per lake and given the high degree of heterogeneous 

sediments in inland lakes may not have accurately represented the conditions present throughout 

much of the lake bottom.  The philosophy and science behind the laminar flow aeration system is 

to reduce the organic matter layer in the sediment so that a significant amount of nutrient is 

removed from the sediments and excessive sediments are reduced to yield a greater water depth.  
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5.4 Benefits and Limitations of Laminar Flow Aeration 

 

In addition to the reduction in toxic blue-green algae (such as Microcystis sp.) as described by 

Toetz (1981), aeration and bioaugmentation in combination have been shown to exhibit other 

benefits for the improvements of water bodies.  Laing (1978) showed that a range of 49-82 cm of 

organic sediment was removed annually in a study of nine lakes which received aeration and 

bioaugmentation.  It was further concluded that this sediment reduction was not due to re-

distribution of sediments since samples were collected outside of the aeration “crater” that is 

usually formed.  A detailed study by Lakeshore Environmental, Inc. of Indian Lake (Van Buren 

County, Michigan) during 2010 also indicated a significant reduction of organic sediments in 

bioaugmented/aerated regions, as well as a decline in the relative proportion of blue-green algae 

and the presence of the rooted, submersed, exotic aquatic plant, Eurasian Watermilfoil 

(Myriophyllum spicatum).  A study by Turcotte et al. (1988) analyzed the impacts of 

bioaugmentation on the growth of M. spicatum and found that during two four-month studies, the 

growth and re-generation of this plant was reduced significantly with little change in external 

nutrient loading.  Currently, it is unknown whether the reduction of organic matter for rooting 

medium or the availability of nutrients for sustained growth is the critical growth limitation 

factor and these possibilities are being researched.  A reduction of M. spicatum is desirable for 

protection of native plant biodiversity, recreation, water quality, and reduction of nutrients such 

as nitrogen and phosphorus upon decay (Ogwada et al., 1984).   

 

Furthermore, bacteria are the major factor in the degradation of organic matter in sediments 

(Fenchel and Blackburn, 1979) so the concomitant addition of microbes to lake sediments will 

accelerate that process.  A reduction in sediment organic matter would likely decrease M. 

spicatum growth as well as increase water depth and reduce the toxicity of ammonia nitrogen to 

overlying waters.  A study by Verma and Dixit (2006) evaluated aeration systems in Lower 

Lake, Bhopal, India, and found that the aeration increased overall dissolved oxygen, and reduced 
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biochemical oxygen demand (BOD), chemical oxygen demand (COD), and total coliform 

counts. 

The Laminar Flow Aeration system has some limitations including the inability to break down 

mineral sediments, the requirement of a constant Phase I electrical energy source to power the 

units and possible unpredictable response by various species of rooted aquatic plants (currently 

being researched by Lakeshore Environmental, Inc.).   

 

5.5 Design of the Laminar Flow Aeration System 

 

The design of a laminar flow system which has been retrofitted to the West Basin of Paradise Lake 

is described below in figure 8.  The system has several components which consist of in-water 

components such as 57 micro-porous ceramic diffusers, 77,000 feet of self-sinking airline, and 

bacteria and enzyme treatments which consist of 400 lbs of C-Flo® bacteria for sediment nutrient 

reduction, and 400 gallons of Clean and Clear® Enzymes as a catalyst for muck reduction.  On-land 

components consist of 3 locally-sourced sheds and one 10.0HP rotary claw compressor and two 

11.5HP claw compressors along with cooling fans and ventilation.  Once the system has been 

installed, the MDEQ has instituted a required minimum sampling protocol to monitor the efficacy 

of the system for the intended purposes as determined by the Paradise Lake Improvement Board. 
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Figure 8. Photo showing locations of circular diffusers.  Red circles onshore 

denote possible compressor locations and red lines show the specific  

diffusers powered by each compressor.  Photo 
©
Clean Flo, Inc.   

Photo used with permission from Lake Savers, Inc. 
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Proposed Paradise Lake Improvement 

Item 

Estimated 

2012 Cost 

Estimated 2013 

Cost 

Estimated 2014-

2016 Cost
 

 

Clean-Flo Laminar Flow Aeration system
1
 

 

$69,550 

 

$69,550 

 

$69,550 

Clean-Flo Shipping and Installation 

Compressor Sheds (n=3) 

Bacteria/Enzymes 

$28,000 

$4,000 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

$20,000 

Electrical (@$0.12 Kw/h)
2
 $15,000 $15,000 $15,000 

Electrical Installation $12,000 N/A N/A 

Professional Services (limnologist surveys, 

oversight, sampling, monitoring, education, 

newsletter)
3
 

$16,500 $16,500 $16,500 

Contingency
4
 $14,505 $10,105 $12,105 

Total Annual Estimated Cost $159,555 $111,155 $121,050 

 

Table 2.  Cost Estimates for the West Basin Paradise Lake Laminar Flow Aeration Program. 

 

Note: 
1
Clean-Flo leasing costs decline to $59,450 annually from years 6-10 and to $47,350 

annually from years 10+.  Clean-Flo shipping and compressor sheds are estimated above and 

could change slightly in cost.  The cost estimates for the lease in years 6-10+ does not include 

the cost of inflation and a buy-out option is available after year 10 (at an estimated cost of 

$95,700).  Clean-Flo promises to maintain and monitor the system for performance and full 

replacement or repair of equipment is at no cost (exceptions include vandalism, lightening 

strikes, and flooding). 

2
Electrical costs may also change due to local power charges and increased demands. 

3
Professional services include professional limnologist services as outlined in the annual contract 

between the Paradise Lake Improvement Board and Lakeshore Environmental, Inc. 

4
Contingency is 10-15% of total budget and may be used for administrative costs and weevils. 
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6.0      CONCLUSIONS AND RECOMMENDATIONS 

 

The urgent control of the EWM infestation throughout Paradise Lake is essential for the long-term 

preservation of the native aquatic plant communities.  Furthermore, the selected methods for the control 

of EWM should also protect native aquatic plant species through targeted control and complement the 

already strong weevil population.  Paradise Lake possesses a strong fishery, with many species of native 

aquatic plants that help to support the associated fishery through housing macro invertebrates (fish food) 

and providing habitat and shelter in the lake. 

 

The preferred aquatic plant management method(s) must also satisfy the needs of lake residents, by 

enhancing recreational activities such as boating (navigation) and fishing, increasing the safety of 

swimming, and  protecting the property values of surrounding homes.  Thus, management options must 

complement the socio-economic climate that influences both riparians and individual components of the 

Paradise Lake ecosystem.   

 

The resident weevil population in Paradise Lake is currently very high and damage of many milfoil 

stems was apparent during the recent October 30, 2011 survey.  Therefore, a treatment approach that is 

compatible with weevil colony protection is strongly encouraged. 

 

The Laminar Flow Aeration system would lead to a reduction in EWM, while reducing sediment 

organic matter and nutrients, and not cause harm to the thriving weevil population.  It is recommended 

that the system be installed during spring or early summer of 2012 and be funded through both lake 

SAD funds and possible initial contributions from Carp Lake Township, or from a Cheboygan County 

revolving fund that can be replenished through SAD collections.  Public hearings must by statute be held 

pursuant to Act No. 162 of P.A. of 1962 within 60 days of receipt and acceptance of this feasibility 

report. 
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