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Overall Trends in the Efficacy of Inversion Oxygenation Aeration and

Bioaugmentation as a Treatment for Aquatic Vegetation Growth, Organic Matter
Accumulation, Nuisance Algae, and Water Quality in Indian Lake, Cass County,
Michigan
20122014

1.0 INTRODUCTION AND SUMMARY:

Indian Lake is located in Sections 30 and 31 of Silver Creek Township (T.5S, R.16W) in (ss
County, Michigan. The lake surface area is approximately 499 acres (Michigan Departmerg of
Natural Resources, 2001) and may be class#ged eutrophic aquatic ecosystem with a central degp
basin and a moderasgzed littoral zone. Indiahake has a maximum depth of 3@e®t(confirmed

by RLS in 2014 through depth contour mappingyhe lake bottom consists primarily of sand
substrate,along with marl and organic matter deposits. Indian Lake has a lake perimetef§ of
approximately 4.65 miles

Indian Lake is a welfecreated lake and is utilized by many for fishing, swimming, boating, agid
waterfront living. In recent years, the lake h@some dominated by aggressive hybrid watermilfoi
growth and nuisance cyanobacteria algal blooms. Previous aquatic plant herbicide and Rlgae
treatments have proven ineffective and the local residents have desired a more holistic approfich t
addressing kb the algae and aquatic plant issues as well as the dissolved oxygen depletion ifisues
associated with lake stratification later in the summer season on the lake.

1.1  Summary ofindian Lake Aeration Operations:

Laminar Flow Aeration (LFA) was instatlein the South Basin of Indian Lake in 2010 and was
evaluated and determined to be effective at improving water quality. During July of 2012, a whple
lake aeration system was installed throughout the North Basimdiain Lake which consisted of 27
twelve-inch ceramic diffusers thawere supplied air from two onshore air compress8oientists
evaluated the efficacy of this expanded aeration system in-2Q2 and are now compiling an
overview of performance data from 202014 to determine overadifficacy of the LFA system on

the entire lake to assist in future lake management degisaimg.

1.2  Summary ofindian Lake Aeration Operation Purpose/Goals:

The Indian Lake waterfrontesidents desired a lake restoration strategy that would thakkake
healthier and accomplish the following objectives:
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The primary objectives of the implemented LFA systemridranLake include:
1) Reduction of nuisance rooted submersed aquatic vegesatobnas milfoil and pondweed

2) Increase in top to bottom didged oxygen concentrations

3) Increase in water clarity

4) Reduction of bluggreen algasuch asvlicrocystissp.

5) Reduction of muck accumulation in problem (shallow) areas

2.0 INDIAN LAKE WATER QUALITY SAMPLING METHODS

2.1  Summary of Equipment/SamplinBevices/ReplicatéBarameters

Restorative Lake Sciences has routinely samplededp basin sampling sitédsroughout the main

lake (North Basin)and 5 sampling sites in the Southdt in June, July, ar@ctoberof 2012, 2013,

and 2014 to evaluate the efficacy of the aeration system. Baseline conditions of Indian Lake ghave
been previously reported and extensively documented amdissesd and consest of excessive
invasiveaqguatic vegetation growth, nuisanceesireen and green planktonic algal blooms, dissolve
oxygen depletion during stratification (DO < 5.0 mg/| at de$.5 feet) decreasedvater claity

( mean s ecchi4.5tfaety ansrgamicnmaick depositdn shallowrecreational areas.

All chemicalwater samplegsuch as totgbhosphorus, orttphosphorus, and total suspended solids
were collected at the specified deptbse each at theiddle depths of eaclof the sampling sites
using ad-liter VanDorn horizontal water sampler with weigtitmessenger (Wild@brand). Water
physical parameters (such as water temperature, dissolved oxygen, conductibsityity, total
dissolved solidsoxidative reduction potentizdnd pH) were measured with a calibrated H&na
multi-probe meterTotal phosphorusvas titrated and analyzed in the laboratory according to tige
method by Menzel and Corwin (1965; page 97 in Wetzel and LiR&@9). Otho-phosphorusvas
titrated and analyzed in the laboratory according to the method by Murphy and Riley{a§é24

in Wetzel and Likens, 2000). ofal suspended solids were analyzed for each sanspig ASTM
Method D5907.

Chlorophylta was analyzed with the use offlmorimeter according to the fluometric method
described by Welschmeyer (1985)

2.2  Samping Dates and Locations

During each sampling year in 202P14, samples were collected by RLS staff in June, July, and
October. For these dates, all samples were collected flasampling locationaccording to Figure
1.
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Figure 1. Deep basin sampling locationdmtianLake, CassCo, M1 (20122014)
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3.0 INDIAN LAKE WATER QUALITY DATA ANALYSIS AND DISCUSSION

3.1 Dissolved Oxygen

Dissolved oxyger(DO) is a measure of the amount of oxygen that exists in the water column. §§in
general DO levels should be greater than 5 mg tb sustain a healthy warmater fishery or higher

for better overall water qualityDO is generally higher in colder waters. Dhgisummer month§0O

at the surface is generally higher due to the exchange of oxygen from the atmosphere with th@ lake
surface, whereaBO is lower at the lake bottom due to decreased contact with the atmospherefand
increased biochemical oxygen demand B@om microbial activity. A decline ilDO may cause
increased release rates of phosphorus (P) from lake bottom sedini@@t¢eNels drop to near zero
milligrams per liter.

Under lowDO conditions, the imminent accumulation of BéHammonia) may resuin toxicity to
aguatic organisms (Camargo at, 2005; Beutel, 2006).Prior to implementation of the aeration
system in Indian Lake, the D€bncentrationsn the lake declinegharplywith depth after around
mid-June from a depth beyond 10 feet whiahted the depth of the fishery. Additionally, it allowed

for release of P from bottom sedimentSraphs 1-3 below show the relative stability of the DO

levels in 20132014 relative to 2012 due to destratification of the water column and complete
mixing of lake water and uniformity of DO levds which increased DO throughoti the entire

lake. The DO levels in the South Basin have beenconsistenty O 8. 3 mg / | S i
implementation of the LFA system due to destratification. Elevated of the DO levels
throughout the entire lake has resulted in a decline in overatjuantities of blue-green algae.

Indian Lake June 2012-2014 Dissolved Oxygen
Concentrations in the Main Lake
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Graph 1. Changes in Main Lake June DO concentrations-2012.
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Indian Lake July 2012-2014 Dissolved Oxygen
Concentrations in the Main Lake
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Graph 2 Changes in Main Lakéuly DO concentrations 2012014.

Indian Lake October 2012-2014 Dissolved
Oxygen Concentrations in the Main Lake
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Graph 3 Changes in Main Lak®ctoberDO concentrations 2012014.
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3.2  Water Temperature

The water temperature of lakearies within and amongeasons.When the upper layers of the lake
begin to warm in the spring, the colder, dense layers remain at the bottom. This process resul in ¢
Aithermoclined that acts as a transition | awer
season, the upper layers begin to cool and becdemser than the warmer layers, causing a
inversion known as Afall turnovero. I n er
experience single or multiple turnover cycles. Water temperature is measured in degrees Celsiug (°C
or degees Fahrenheit (°F) with the use of a submersible thermometer. Differences in wter
temperatures are due to seasaffdcts of sunlight penetration, water level changes, and degreegof
particles and color in the water that absorb h8dte main challengaith wholelake aeration is to

aerate the entire waterbodyithout causing thermal stress throughout the entire water colu
Although water sampling in June, July, and October showed a modest change in overall water
temperature (variation of between 37 degrees F) during operation of the aeration system, the
overall water temperatures did not exceed water temperatures that accompany a healthy
warm-water fishery. There were also no fish kills reported during the aeration evaluation period.

3.3 Conductivity

Conductivity is a measure of the amount of mineral ions present in the water, especially those ofsalts
and other dissolved inorganic substances. Conductivity generally increases as the amoynt of
dissolved minerals and salts in a lake inoesagnd also increases as water temperature increages.
Conductivity is measured in mic®iemens per centimeter (US €with the use of a conductivity

probe and meter.

The overall conductivity of Indian Lake have traditionally been moderate for an inland lake.
Mean values for theNorth Basin (main lake) for 20122014 were 231 mS/cm and mean values
for the South Basin were 217 mS/cm for 2022014. The overall trend for both regions ofthe
lake is that the conductivity has declined slightly with time with use of the LFA system. The
reason for this effect is unclear but the result may be beneficial Graphs 4 and 5 show the
relative changes over time in conductivity for the North Basin and South Basin, respectively.
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Changes in Conductivity with time in the Main Portion of
Indian Lake 2012-2014
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Graph 4 Changes in Main Lakeonductivity20122014.
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Graph 5. Changes in South Basin conducti2y22014.
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3.4 Total Dissolved Solidand Total Suspended Solids

Total Dissolved Solids (TDS) i@measure of the amount of dissolved organic and inorganic particgg
in the water column. Particles dissolved in the water column absorb heat from the sun and rai
water temperature and increase conductivity. Total dissolved solids are often measutbd use
of a calibrated meter in mg'L TDS measurements have fluctuated in Indian Lake both iNdinn
Basin and in the SouthaBin and ranged from §6/4 mg/l. This number caffuctuate numerous
times daily due to scattering of light partidesin the water and reuspension of fine particles from
the lake bottom during the time of measurement.

Total Suspended Solids (TSS) isn@asure of the amount of suspended particles in the water colu
Particles suspended in the water column absorb heat from the sun and raise the water tempe
Total suspended solids is often measured in mand analyzed in the laboratory. Thedabottom
contains many fine sediment particles that are easily perturbed from winds and wave turbAliencg
of the TSS samples collected in Indian Lak&éetween 20122014 in the South Basin and Main
Portion of the lake were < 10 mg/l which is low.Graph 6 below showghe decline in TDS from
20122013. There was a negligible increase in 2014 which is within normal fluctuations for an
inland lake.

Changes in Total Dissolved Solids with Time in the
North Basin of Indian Lake 2012-2014

TDS (mg/l)

2013
Time

Graph 6. Changes in North Basin TR&122014.
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3.5 Total PhosphorusQOrtho-Phosphorus and Sediment Nutrients

Total phosphorus (TP) is a measure of the amount of phosphorus (P) present in the water cd
Phosphorus is the primary nutrient necessary for abundant algae and aquatic plant growth.
which contain greatethan 20 pg [ of TP are defined as eutrophic or nutrientiched. TP
concentrations are usually higher at increased depths due to higher release rates of P fro
sediments under low oxygen (anoxic) conditions. Phosphorus may also be releassediroants
as pH increases. Total phosphorus is measured in micrograms per litet)(pgih milligrams per
liter (mg LY). Orthophosphorus refers to the soluble reactive portion of phosphorus tha
bioavailable to algae and other biotdigher concatrations of orthphosphorus concentrations in the
lake result in increased uptake of the nutrient by aquatic plants and algae.

Most of the orthophosghorus samples collected in the lake have been < 0.010 mg/lI which is the
lowest detectable level. Thiss not uncommon for many inland lakes that are Himited. The
TP values show annteresting response irboth the South Basin andNorth Basin of Indian Lake

in that there was a slight increase in 2014 due to theeleaseof nutrients from the massive
nutrient release associated with natural and herbicideelated milfoil death in both regions of
the lake.

Change in Total Phosphorus in the North Basin of the
Indian Lake 2012-2014

0.02

Total Phosphorus (mg/l)

2013
Time

Graph 7. Changes in North Basin water colum20B22014.
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Change in Total Phosphorus with Time in the South
Basin of Indian Lake 2012-2013

2013
Time

Graph 8. Chargs in South Basin water column 2B122014.

When phosphorus enters Indian Lake from the atmosphere, runoff, the inletpr wetlands, it

falls to the bottom and seeps into the sedimemire water where it is assimilated by the aquatic

plant roots, especially milfoil, pondweeds, and lily padsThis is why the sediment TP and TKN
(nitrogen) concentrations are much higher than the water columrconcentrations throughout

the entire lake. Nutrients adkere to sediment particles and solubilize in thgore water where

they can be directly assimilatedby plant roots for metabolism and growth. Sediment TP is
measured in milligrams per kilogram (mgRgvith EPA method 6010BA study by Krogerus and
Ekholm (2003) measured the release rates of P from sediment in shallow, open, agriculturglly
impacted lakes and found that the mean daily rate of gross sedimentation wa<48.947 day* of
phosphorus.

The sediment TP concentrations of both the South Basiand North Basin have however,
declined with time due to assimilation by rooted aquatic vegetation for growth. It will be
interesting to see if these values continue to decline if rooted aquatic vegetation also declinegjover
time given that they wouldot be present to utilize the sediment phosphorus and nitrogen sourg@es.
Sediment nitrogen was measured in the South Basin during the 2012 study and sistesatly a
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decline with theeffects of the LFA system due tdenitrification which is a commonly observed

effect of the aeration ooxidationof lake sediments.

Changes in Sediment TP (mg/kg) in the North Basin of
Indian Lake 2012-2014
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Graph 9. Changes in NorBasin sedimentP 20122014.
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Changes in Sediment TP (mg/kg) in the South Basin of
Indian Lake 2012-2014

Sediment Total Phosphorus (mg/kg)

2013
Time

Graph 10. Changes in South Basin sedimen2E-2014.

3.6 pH

pH is the measure of acidity or basicity of water. The standard pH scale ranges from 0 (acidic) go 14
(alkaline), with neutral values around 7. Most Michigan lakes have pH values that range from &b to
9.5. Acidic lakes (pH < 7) are rare in Michigan ard most sensitive to inputs of acidic substance

due to a low acid neutralizing capacity (ANC). pH is measured with a pH electrode andtpHin
Standard Units (S.U). The pH of Indian Lake water has remaina@ remarkably consistent
throughout the evaluation of the LFA system with a mean of 8.5 S.U. and a range of 8% S.U.

Thus, the LFA system does not appear to be influencing pH.

3.7  Secchi Transparencgnd Turbidity

Secchi transparency is a measure of the clarity or transparency of lakeandtés, measured with

the use of an-#hch diameter standardized Secchi disk. Secchi disk transparency is measured iffifeet
(ft.) or meters (m) by lowering the disk over the shaded side of a boat around noon and taking the
mean of the measurements of dissgmance and reappearance of the disk.
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Elevated Secchi transparency readings allow for more aquatic plant and algae growth. Eutr@iphic
systems generally have Secchi disk transparency measurements less than 7.5 feet due to t@bidit
caused by excessive planktonic algae growth. These Secchpdrancy values are adequate tg
allow abundant growth of algae and aquatic plants to a depth of 12 feet in Indian Lake. Sdcchi
transparency is variable and depends on the amount of suspended patrticles in the water (oftenflue 1
windy conditions of lake war mixing) and the amount of sunlight present at the time (
measurementThe overall mean secchi transparency measurements in Indian Lake have
increased since implementation of the LFA system, largely due to a decline in blgesen algal

blooms. Graph 11 shows the significant increase (nearly 5.5 feet) in clarity in the North Basin

and Graph 12 shows the nearly 4.5 increase in clarity in the South Basin since the
implementation of the LFA system.

Changes in Mean Secchi Transparency (feet) with Time in
the North Basin of Indian Lake 2012-2014

[
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Secchi Transparency (feet)

2013
Time

Graph 11. Changes in NarBasin secchi transparen29122014.
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Changes in Mean Secchi Transparency (feet) with Time in
the South Basin of Indian Lake 2012-2014

N o o
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Secchi Transparency (feet)

%)

2013
Time

Graph 12. Changes in South Basin secchi transpagfi3/2014.

Turbidity is a measure of the loss of water transparency due to the presence of suspended pagticles
The turbidity of water increases as the number of total suspended particles increases. Turbiditlg may
be caused by erosion inputs, phytoplankton bloons;ms water discharge, urban runoff,- re
suspension of bottom sediments, and by large betéaaing fish such as carp. Particles suspenddg

in the water column absorb heat from the sun and raise water temperatures. Since higher@vate

Turbidity is measured in Nephelometric Tur @i d
World Health Organization (WHO) requires that drinking water be less thaim B 8l s ; hove v
recreational waters may be significantly higher than thate turbidity of Indian Lake water is
moderate to low and has ranged from 0.41.6 N T U Gas mid-depth during the 20122014
evaluation period and was highest during 2012 prior to LFAImplementation due to increased
blue-green algal bloomsand values were also higher in June than in October due to seasonal
growth of algae.

3.8 Oxidative Reduction Potential

The oxidationrreduction potential (g of lake water describes the effectivenessertain atoms to
serve as potential oxidizers and indicates the degree of reductants present within the watef. In
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general, the Eh level (measured in millivolts) decreases in anoxic (low oxygen) waters. n Lo
values are therefore indicative of recugienvironments where sulfates (if present in the lake wat
may be reduced to hydrogen sulfidee@ Decomposition by microorganisms in the hypolimnio
may also cause thenalue to decline with depth during periods of thermal stratificafidre E
values in Indian Lake fluctuate substantially within a single day, seasonally, and anAygdigal
values have anged as low as betweef25.0 mV t0390.0 mV with lowest values recoded during
June of 2010 near the lake bottom. In general, most of thenEzalues recorded today are (+) due
to oxidative effects of the LFA system, especially at the sediment water interface.

3.9 Algal Composition and Chlorophyla

Water samples for phytoplankton (algae) and chloroghghalysis were collected at all sites aa
composite sample from above the sediment to the surface using a composite sampler as descr
Nicholls (1979). Samples were placed in dark brown polyethylene bottles and maintained at
until microscopic analysis could be executed. All samplegewpreserved with buffered
glutaraldehyde and analyzed within 48 hours of collection. Prior to microscopic analysis, §
sample bottle was inverted twenty times prior to selection of each aliquot to evenly distri
phytoplankton in the sample. A catitbted SedgwiciRafter counting cell (50 mm x 20 mm in area
with etched squares in mm) withud aliquots was used under a briglgld compound microscope to
determine the identity and quantity of the most dominant phytoplankton genera at the sampling
For identification of the individual dominant algal taxa, algal samples were keyed to genus level
Prescott (1970).

Algal genera were analyzed under a compound bright field microscope. Genera were record
abundance and are listed in order bfiadance. The genera present included the Chlorophyta (gre
algae):Chlorella sp., Gleocystissp., Pandorinasp., Scenedesmusp., Euglenasp., Protococcussp.,
Zygnemasp., Chroococcusp.,Aphanothecap.,Ulothrix sp.,Rhizocloniunsp., Pediastrumsp., and
Chloromonassp.; the Cyanophyta (bltgreen algae)Microcystis sp., andGleocapsasp, and
Oscillatoria sp; the Bascillariophyta (diatoms)Naviculasp., Cymbellasp., Eunotiasp., Cyclotella
sp.,Fragilaria sp.,Nitzschiasp.,Synedrasp.,Agerionellasp., Tabellariasp., andStephanodiscusp.

Graph 13 below shows the changes in relativ@bundance of algal taxa before and after
implementation of the LFA system. There was aignificant decline in bluegreen algae from
2012 (preaeration) to 2014 and asignificant increase in beneficial diatomgost-aeration. Also,
the relative abundance of green algae has declined over the past two years.

)
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Changes in Indian Lake Algal Taxa Pre and Post
Aeration (2012-2014)
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Graph 13. Changes Indian Lake algal taxa0122014.

Chlorophyll -a is a measure of the amount of green plant pigment present in the water, often i
form of planktonic algae. High chlorophdlconcentrations are indicative of nutriertriched lakes.
Chlorophylla concentrations greater than 6 ug &re found in eutrophic or nutrieetriched aquatic
systems, whereas chlorophygliconcentrations less than 2.2 ug are found in nutriespoor or
oligotrophic lakes. Chlorophyh is measured in micrograms per liter (ug)Lwith the use of an
acetone extraction method and a spectrometer. The chlor@ptoticentrations in Indian Lake were
determined by collecting a composite sample of the algae throughout the water colunimaditteac
sampling sites from just above the lake bottom to the lake surf@brophyll-a concentrations
have declined over the past few years but increased #014 due to nutrient release from the
decaying milfoil biomass.Graphs 14 and 15 below show # changes in chlorophyHa in the
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North and South Basins, respectively.

Changes in Mean Chlorophyll-a in the North Basin of
Indian Lake 2012-2014
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Graph 14. Changes in North Basin chloroptayd0122014.

Changes in Mean Chlorophyll-a in the South Basin of
Indian Lake 2012-2014

o
n

2014
Page?l

Chlorophyll-a (pg/I)
= N w
= N W




Restorative Lake Sciences
Indian Lake Aeration Report
2014
Page22

Graph 15. Changes in South Basin chlorophy0122014.
3.10 Organic Matterand SedimenMuck Depth

Organic matter (OM) contains a high amount of carbon that is derived from biota such as dedg
plant and animal matter. Detritus is the term for all dead organic matter which is different than lig

organic and norganic matter. OM may be autochthonous or allochthonus in nature wher
originates from within the system or external to the system, respectively. Sediment OM is mea:
with the ASTM D2974 method and is usually expressed in a percentage (%)l dfulataolume.
Indian Lake sediment samples were collected at the sampling locations with the use of an
hand dredgeSediment OM has steadily declined in sampling areas in both the South Basin and
North Basin since implementation of the LFA system. In the North Basin, there has beamet
loss of 8% OM in South Basin sediment samples since 2012 and a net loss of 14.8% OM i
North Basin sediment samples since 2012.

Sediment Muck DepthMeasurements

Sedimentdepths have been monigarby RLS scientistsn GPS locations in the South and North

Basins of Indian Lake. Table 1 below shows some of the original sampling locations with re
sediment measurements collected in October of 2014. The valbexckets indicate the net loss of
sediment since the LFA system has been in operafitvere has been a mean muck reduction of
7.20 in the North Basin over the past two
Basin. These numbers are satiattory considering the amount of mineral in the bottom mixed

in with the organic faction of sediment.

ent
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North Basin Sediment South Basin| Sediment
Sediment Sampling | Thickness Sediment Thickness
Site (feet) Sampling (feet)
Site
1611 95 [ 6 0] |1601 941 7
1612 9.6 [4.80] | 1602 6.2[ 9
1613 7.2 [9.60] 1603 92 9
1614 75[ 6 0] | 1606 9.3[ 8
3
6
4

20]

. 60]
. 60]

40]
60]
0]

.80 ]

1617 6.7 3. 611608 9.7 [
1619 78[ 14. 11609 9.5
1620 95[ 6 0] |1610 9.6 [

Table 1. Sediment depth measurements showing relative initial measurements
and losses in brackets due to LFA activity.

4.0 Indian Lake Hybrid Watermilfoil Treatment and Distribution

On May 30 of 2014, dowrance® 56satellite GPS HDS 8 WAA®nabled unit (accuracy within 2

feet) was usedo scan the entire bottom of Indian Lake and record all of the aquegeetation
throughout Indian Lake and to generate a complete lake aquatic vegetation aquatiavi@ovap
(Figure 3. The red and orange colors indicate dense growth, while the yellow is moderate growttgland
green is light growth and blue color is no growth.

On June 20, 2014, approximately 155 acrebydirid Eurasian Watermilfoil wergeated in Indian

Lake using the systemmquaticherbicide, Triclopyr (liquid Navitréd) at a dose of 3.0 gallons per
acre. Some additional milfoil and pondweed acreage (Approx. 3 acres was treated with tot cofit
herbicides diquat, hydrothol, and chtgld copper algaecifléen the small canals due to watering
restrictionsassociated with triclopyr Figure 3 shows the relative change in milfoil biovolume afte
systemic herbicide treatment. It is evident that the treatment was highly effective ahgedufil

but the lakewill be re-surveyed in 2015 to determine if further treatment is needed and to asgess
impact of the 2014 treatment on the germination on native aquatic plant species.
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Figure 2. Indian Lake aquatic plamiovolume map showing EWM locations (5/30/14).
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Figure 3. Indian Lake (postreatment) aquatic plant biovolume map (October, 2014).
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5.0 Indian Lake Inlet Water Quality and Management Recommendations

The inlet flowing into the northern region of Indian Lake continues to contribute neficBnivater

to the lake that is ricln nitrogen, phosphorus, chlorophglpigment, total dissolved solids, and
conductivity. The water that is entering the lakealso lower in dissolved oxygen which is likely due
to the increased water temperature and increased biochemical oxygen demand (BOD) fro

nearby farmlan@dnd wetland effluentsFigure 4shows the marked plume of solids that enter the lakg

from the inkt, especially after a heavy rainfall evefigure 5 shows the drainage path to Indian Lak
as it traverses the landscape through farmland, wetlands, and urban lAnthading rate of
approximately 0.35 kg/L/day of phosphorus was estimated based on a ameflow rate of

approximately 2.0 cfs from the inlet during the sampling dates and the mean of the phosphorus
prior to implementation of the buffer.

Figure 4.A closeup aerial view of the inlet plume at the north end of Indiake (RLS, 2014).
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