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LINTRODUCTION
A._  PURPOSFE OF STUDY

The purpose of this study is to present the findings of an aquatic plant survey performed on Walled Lake and
a sediment study for limited areas on Walled Lake, Shawood Lake and Meadowbrook Lake. This study was
prepared based upon request by the City of Novi Stormwater F inancial Review Committee. See Appendix 1.

Specifically, this study will review the three subject lakes with respect to water quality and sedimentation,
determine the need for control measures; develop a control measure implementation plan; and prepare plans,
specifications, estimates of costs, and the preparation of appropriate permit applications.

B, STUDY OBJECTIVES

A proposal for professional services was prepared by ICK and Associates, Inc, for the City of Novi. A copy
of the proposal is included in Appendix I1.  The following items, while not all inclusive, were proposed as the

basic requirements of the study:

WALLED LAKE

I Analyze aquatic plant growth in identified arcas and make recommendations for
removal and control. Prepare a map which shows the locations and types of aquatic
vegetation and approximate Jake bottom contours using existing data. Initial aquatic
plant cbservations to be performed in July and a follow-up in September.

2. Determine water quality in these identified arcas, such as inlets and high growth areas,
using the following listed parameters and recommend appropriate actiott to improve
water quality:

a. pH
b. Oxygen Concentration
C. Phosphorus Concentration
d. Nitrogen Conceuntration
€ Chilorophyll @ Concentration
f Secchi Disk Transparency
a. Theoretical Nutrient Budget
3. Evaluate lake bottom sediments and associated nutrients in high plant growth areas,

evaluate their removal and appropriate disposal, if necessary.

4. Investigate alternative methods of plant control including chemical and mechanical
methods, aeration, dredging, etc.
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WALLED LAKE, SHAWOOD LAKE AND MEADOWBROOK LAKE

i. [dentify areas adjacent to the selected stormwater outfall into the lakes that have
deposited sediments into the lakes.

2. Perform a lake bottom topographic survey in the identified areas and perform a
chemical analysis of the sediments to determine removal and disposal requirements, if
appropriate,

3. Prepare 2 report detailing findings along with cost estimates and permit requirements

for the sediment removal, if applicabis,

.. HISTORICAL LAKE CHARAC TERISTICS
Walled Lake

"The Walled Lake area and the adjacent land were influenced by Glaciers approximately 12,300 years ago. At
that tirae, the Huron-Erie Lobe of the Wisconsin glaciation (the [atest in a series of many ice advances) stalled
near the Walled Lake area s it was receding toward the east. Walled Lake was probably develop as a “kettle
lake"”, meaning that it was forraed because a large remnant block of glacial ice meited somelime after the
majority of the glacial ice had receded. (1983, U of M ~ Architecture & Urban Planning and 1984, 0.C.D.C. -
Lake Level Control Study)}

A map of the “Walled Lake Watershed Area” can be seen in Figure 1.1, The tributary area draining to Walled
Lake is approximately 2,614 acres, which consist of three communities; the City of Novi, the City of Walled
Lake and Commerce Township. The surface area of Walled Lake is approximately 645 acres, at a water
surface elevation of appreximately 932.27 (Surveyed level as of 2/2/09). The volume of water contained
within Walled Lake is approximately 358 million cubic feet or 8,22 | acre-feet. The Lake is approximately 50
feet deep at its deepest point, based upon the existing bottom contour map prepared for Walled Lake, dated
1984, 0.C.D.C. - Lake Level Control Study. Much of the near-shore area is very shallow, thus subject to
aquatic plant weed growth. '

Walled Lake is currently within the jurisdiction of two communities; City of Novi and Walled Lake. The land
adjacent to Walled Lake has been developed for residential and some commercial uses. As land development
continued within the watershed, a system of storm drainage systems were constructed as part of those
developments, which discharge directly into Walled Lake. The level of Walled Lake is controlled by a lake
levet control structure located at the southwest end of the lake, that discharges into the Middle Branch of the
Rouge River. The outlet control works are operated and maintained by the Oakland County Drain
Commissioner.

Shawood Lake

Shawood Lake was most likely created during the same period of glacial activity that created Walled Lake.
Historically, Shawood Lake has been known by many names such as Mudd Lake, Pond Lake, Fish Lake and
even platted as “Swamp” in 1825, All of these names have a descriptive commonality to them due to the soft
bottom and shallow depths of the lake.

1.2

[



A map of the “Shawood Lake Watershed Area” can be scen in Figure 1.2 The tributary area draining to
Shawood Lake is approximately 381.7 acres, which consists of land within the City of Novi. The surface area
of Shawood Lake is approximately 34 9 acres, at a water swface elevation of approximately 932.35 (as
surveyed on 2/2/99). The volume of water contained within Shawood Lake is approximately 3.67 million cubic
fect or 84.3 acre-foet. The Lake is approximately 6 feet deep at its deepest point, based upon the lake bottom
contour map prepared for Shawood Lake as part of this study. This lake is considered very shallow, and i3
thus subject to aquatic plant weed growth,

Shawood Lake is located within the sole jurisdiction of the City of Novi. The iand adjacent to the east side
of Shawood Lake has been developed primarily for residential uses, with limited commercial use. The land
adjacent to the west side of Shawood Lake is currently owned by the City of Novi. As land development
continued within the Shawood Lake watershed, & system of storm drainage systems were constructed as part
of the adjacent residential and/or commercial developments. The storm water runoff within the watershed is
directed to Shawood Lake and is discharged directly into Shawood Lake or Shawood Lake canal which runs
from Otd Novi Road to Shawood lake. Shawood Lake discharges into Walied Lake via an existing road
culvert under South Lake Drive. The level of Shawood Lake is also controlled by the Qakland County lake
tevel control structure located at the southwest end of the Walled Lake, which discharges into the Middle

BEranch of the Rouge River.

Meadowbrool; Laké
Meadowbrook Lake was originally a seament of the Walled Lake Middle Branch Rouge River. The land

adjacent to this segment of the Rouge River was excavaied and made into a “lake” as it is known today.
Meadowbrook Lake is located on the southern end of the City of Novi and a large majority of the storm water
runoff from the upstream reaches of the City of Novi will flow through Meadowbrook Lake, due to it’s
location.

A map of the “Meadowbrook Lake Sub-Watershed Area” can be seen in Figure 1.3. The area tributary to
Meadowbrook Lake within the sub-watershed area is approximately acres. The total tributary area draining
to Meadowbrook Lake is appreximately 12,450 acres, which consists of the majority of the City of Novi
Watershed. The surface area of Meadowbrook Lake is approximately 12.9 acres, at a water surface elevation
of approximately 837.00. The volume of water contained within Meadowbrook Lake is approximately 4.5
million cubic feet or 102.7 acre-feet. The Lake is approximately 11 feet deep at its deepest point, based upon
the existing bottom contour map prepared for Walled Lake, dated 1983
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1 E WATER QUALITY

A, INTRODIICTION
BACKGROUND

Lakes are one of the most important resources on our landscapes. Because the natural lake water
quality obviously affects lake uses, an important goal for lake management is to identify and define
the uses a lake could naturally support and to devetop a compatible lake (and watershed) management
plan support to restore a lake ta this natural condition or protect and maintain it’s current condition,
This variability brings up a key point in lake management. Whatever the starting conditions and
whatever the fimitation on what can uitimately be achieved, the goat is always the same, to mimmize
lake water guality problems.

B, WATER QUALITY DISCUSSION

Lake water quality is not only dependent on physical parameters (physical, chemical and biological
condition) of the lake, but also management of the watershed. To determine and recommend proper
lake improvement action, all of these paranseters must be studied to determine the standard of lake
quality required while implementing a cost effective program.

Based on the visual inspection of the three lakes, it would seem that the largest concern is about the
excessive plant life and algae and the sedimettarion would be a close second. Below, are some critical
areas which can contribute the majority of sediments and nuirients to the lakes:

e Flower and vegetable gardens contribute nutrients, sediments and pesticides, if not properly
managed.

L3 Septic tank systems contribute nutrients and bacteria {currently only one known septic tank
is in service in the immediate area of Walled Lake and Shawood Lake.

5y A well manicured lawn contributes nutrients {fertilizers) and herbicides.

- Boat motors contribute nutrients from oils and grease.

vy New construction contributes sediments.

3 Road runcff contributes nutrients ard sediments from oils and grease.

' Shoreline eroston can coniribute nutrients and sediments.

vE Large trees located along the shoreline can contribute nutrients to the lake.
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Construction activities can be significant sources of sediment runcff. Sediment basins are man-made
depressions in the ground where runoff water is collected and stored 1o zllow suspended solids to
settle out. They are used in conjunction with many other erosion control BMP's {Best Management
Practices) to prevent off-site sedimentation. Their primary purpose is to trap sediment and other
course materizl. Secondary benefits can include runoff contro! and preserving the capacity of
downstream reservoirs, ditches, canals, diversions, waterways and streams. Sedimentation Basins
along with their conjunctive measures makes them the most specified and accepted forms of sediment
control. Stormwater and runoff from newer developments around the Lakes have to be routed
through sedimentation basins before entering the Lake or its watershed. Two such examples of newer
development are Bristol Corners and Lilley Pond Subdivisions. Both of these developments have
sediment basing which take in stormwater and runoff from the entire active portion of the sites. Most
of the sediment is settled out into the sump of the basin, then filtered through numerous types
seconddary contrals. Secondary controls can be Buffer/Filter Strips, Geotextile Materials, Standpipes
or Berms of Stone. Afier entering the “sediment basin process” stormwater should have settled out
a large percentage of the sediment. The stormwater can now be released with better water quality
into the Lake or watershed.

In general, the best management practices that can be implemented are these four primary, interactive
Processes: '

O erosion control

) runoff controf

0 nutrient control

O pesticide or toxic controls

There arc three stages to a lake's development; oligotrophic lakes, mesotrophic lakes and eutrophic
lakes. Oligotrophic lakes are typically clear, with little aquatic plant and algae srowth due to fow
nutrients. These lakes are generally deep with a sandy or marly bottom and steep slopes. Eutrophic
lakes have higher nutrient levels therefore, large amounts of aquatic plant life. The water may be
claudy due to the abundance of suspended algae cells, and typically is shallow with a mucky bottom.
Mesotrophic lakes fal somewhere between oligotrophic and eutrophic fakes, exhibiting some signs
of eutrophication.

C. WATER QUALITY PARAMETERS

Bissalved Oxygen - Dissolved Oxygen (DO) is one of the most important water quality factors
because of its effect on aquatic flora and fauna, aod especially on the ability of a water body to
degrade organic wastes. All regulatory agencies within the United States have a DO standard tor
naturat waters, such as the DO shail never be fess than 4 mg/L. The concentration 5 mg/L is often
specified as the acceptable minimum. '

DO content is a measure of the ability of surface waters to support aguatic life. Oxygen is poorly
soluble in water, and the DG is dependent on three primary parameters; temperature, atmospheric
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pressure and dissolved solids. Generally the critical conditions for DO deficiency typically occur
during the late summer months when the temperatures are high, biological processes are enhanced,
and stream flow, if any, is slow. If oxygen demands exceed the rate of production of DO encugh so
that the DO in the water is completely depleted, anaerobic conditions can produce winter and summer
fish kiils and also lead to production of methane and other noxicus gases, During summer months,
the DO in shallow eutrophic lakes may be depleted following a rapid algae die-off. Severe 10
depletions can occur from natural causes, but they can also result from unwise management: for
instance, treating an algae bloom in the entire lake with herbicides can drastically reduce the I} and
cause fishkill. Also, for lakes that freeze at the surface during the winter months, DO can be reduced
by the end of winter to conditions that cause Rshkill,

The dissolved oxygen of Walled Lake is shown to be 8,22 mg/L. This is a reasonable level ta support
small, warm water fish such as bass, bluegill and crappie. The morning reading of DO was
significantly lower than the afternoon due to the daytime photosynthesis. The tes result for DO in
Shawood Lake was 11 mg:L. The higher amount is due 1o the large amount of weed growth in the
lake.

Phosphorous - Phosphorous is an important component of organic matter. In many iakes,
phosphorus is the limiting nutrient that prevents additional productivity (biological activity} from
accurring. When this is the case, the control of phosphorus in run-off waters and non-point-source
pollution is important. Critical levels of phosphorus causing excessive algae and weed growth can be
as low as 0.005 to 0.01 mg/I, but concentrations are more frequently on the order of 0.05 mg/l. The
onigin of phosphorus in lakes is the mineralization of phosphates from the soil and rocks, or drainage
containing fertilizer or other industrial products,

Halled Lake has a phosphorus concenfration of approximately 0.02 mg'L. High concentrations of
phosphorus whether narurally occurring or allowed to enter the lake, can stimulate algas productivity.
Such high productivity, however, may result in nuisance algae blooms, noxious tastes and odors,
oxygen depletion and undesirable fishkills during winter and surmer. Jhe phasphoris concentration
of Shawood Lake is approximately 0.03 mgiL. Notice the concentrations are even hj gher. This does
not mean that Shawood Lake has 4 phosphorus problem, it is just an indicator that the phosphorus
levels in the Shawood Lake have higher naturally occurring levels fiom the mineralization of
phosphates from the soil and rocks, or drainage discharges possibly containing fertitizer,

Since phospharus is most often the nutrient that limits algae productivity, it is usually the element that
i5 the focus of many lake management or restoratian techniques. Phosphorus loading can be reduced
in the watershed by using proper agriculturai and land management practices, improving septic

systems and applying fertilizer carefuily.

Nitrogen - The nitrogen cycle (Figure 2.4) is important to water quality for several reasons.
Nitrification {oxidation of ammonia and nitrite and mitrate) consumes dissolved oxygen in the lake.
Aminonia and nitrate are also important nutrients for the growth of algae and other plants. Excessive
nitrogen can lead to eutrophication. Nitrogen is also an important companent for cell building by
hacteria and other aquatic animals.
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Humans influence the stream nitrogen balance in at least three related ways; {1) Nitrate fertilizers and
ammonia, (2) Nitrogen oxides are released from burning fossil fuels and other industrial activities and
{(3) Tmportant forms of nitrogen include organic nitrogen, ammoenia and nitrate.

The principal water quality criteria for nitrogen is to focus on nitrate and ammonia. The effects of
nitrite are of concern but rarely approach elevations that need to be managed in a water quality
cleanup for lakes. Nitrate concentrations exceeding 10 mg/L present potentially serious public health
problems. Maxinmm concentration in Walled Lake was 1.1 mg/l. (using the Kjeldahi Nitrogen
Method) found at the 43" x 66" outlet pipe. The maximum concertration found in Shawood Lake was
1.4 mg'l af the Austin Road inlet pipe. Ammenia concentrations in lakes are generally in the range
of 0.1 to 3.0 meg/L. Walled Lake has a concentration of approximately 0.0425 mg-L and Shawood
Lake has a concentration of 0.28 mg:l. Concentrations greater than 0.5 mg/L tend to cause
significant ammonia toxicity to fish and other organisms. Ammonia concentrations in groundwater
is normally low because of adsorption of the ammonia into the soil,

Nitrite concentrations in many lakes rarely exceed 0.5 mg/L, most {akes have concentrations much
iower and many times not detectable. Nirrite concemrations in both Walled Lake and Shawood Fake
were not detectahle (less than 0.03 mgL),

Both nitrogen concentration results were well within the standards for lakes. Lakes and streams fad
by shallow groundwater draining agricuitural areas, however, may be more heavily poliuted with
nitrate. Fertilizer use, especially on lawns surrounding a lake contributes high concentrations of
nitrate.

There are a number of ways to measure the various forms of aquatic nitrogen. Figures 2.4 and 2.5
show the relationship between the various types of measurements and the forms of nitrogen in the
water, Typical measurements of nitrogen for lake surveys include Kjeldahl nitrogen (organic nitrogen
plus ammenia), nitrite and nitrate.

pH (Hydrogen lon Concentration) - The pH is meagured on a scale of O to 14 A pH from 0 to 7
indicates “acidic” (0 being the most acidic); and 7 to 14 indicates “basic” (14 being the most basic).
The pH is the negative [ogarithm of the hydrogen ion concentration; therefore, each unit of pH
represents a tenfold increase in acid or base. Most lakes maintain a pH level between 7.5 and 5.0, but
a pH levei anywhere between 6.5 and 8.8 is acceptable, At high or low pH levels (below 4.5 and 2.6),
the water becomes unsuitable for most organisms. Very acidic lake can cause leaching of heavy
metals into the water, which is detrimental to aquatic life.

The concentration of gases, such as oxygen and carbon dioxide, directly influence the pH. A build~up
of carbon dioxide from bacterial respiration causes the lake water to become slightly more acidic in
the absence of oxygen. This is because the carbon dioxide reacts with the water to form carbonic acid
which increases the amount of acid, therefore lowering the pH.
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The pH is also a good indicator of acid rain. About 95% of the rain events in southeast Michigan have
a pH below 5.6, considering them to be acid. However, it appears that no lake in southeast Michigan

is affected by the acid rain.

The pH for Walled Lake varies from 8.4 to 8.8 and Shawood Lake varies between 7.8 and 8.2. This
indicates “basic” lake conditions, however, the pH is within accepiable limits.

Macrophyte Biemass - Aquatic macrophyte communities range from completely submerged stand
of large algae (for example, Chara, Cladophora) to stands of rooted plants with floating leaves
(wateslily), Macrophyte densities vary seasonally, between lakes in an area. Densities aiso vary within
a lake, eutrophic lakes generatly have very high quantities of aquatic plants.

During a macrophyte survey, several tasks are normally accomptished. The first is mapping the
location and extent of the major community types: emergents, floating leaves and submergent plaats
and abundance. Then, plant density, species identification, frequency, and depth of growth can be
determined. This survey is generally another indicator that a lake is in eutorphication. 1t was
concluded that Shawood Lake had significant amounts of aqguatic plant growth, combined with
numerous trees around the lake that this which causes a faster rate of organic matter to be deposited
on the Lake bottom. Resuits of the aquatic plant study can be found in Section 3, Page 3 2.

Secchi Disk Transparency - Secchi depth is probably the most frequently used parameter in lake
water quality testing (imnology). The Secchi disk is a 20 ¢m (8 inches) plastic or metal disk that is
either painted entirety white or divided into alternating black and white quadrants. The disk ts lowered
into the water, and the observer measures the depth at which it can no longer be seen, then raises the
disk again until it comes into view and the depth is read apain. The average between the two depths

is called the Secchi Transparency.

The assumption is that the greater the Secchi depth, the better the water quality of the lake. The
transparency is based on the transmission of light through water and is related, in part, to the natural
light attenuation of the water being measured, the amount of inorganic suspended solids, and the
amount of organic suspended sclids (algae cells). The relationship between the Secchi Transparency
and the amount af algae biomass as expressed in chlorophyll-a has been developed for many regions.
Northern United States lakes with Secchi depth of greater than 30 feet is considersd o be
oligotrophic while eutrophic lakes may have a reading of 7.5 feet or less during the summer algae
blooms. Most lakes in southeastern Michigan have a Secchi Transparency of less than 10 feet.

The Secchi Tremsparency Disk application on Waolled Lake read an everage of 9.0 feet, There was
1o reading done at Shawood Lake because the disk was visible from the surface (o the bottom of the
lake in afl test areas.

Temperature - Temperature patierns and/or thermal stratification influence the fundamental processes
occurring in a lake such as dissolved oxygen depletion {solubility of gases), nutrient release, algae
growth, types of organisms, and biofogical activity.
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Terperature variations in a lake cause it to stratify into layers because the temperature affects the
density of water. Temperature measurements are useful, more so in deeper lakes rather than shallow.
Shallow lakes generally mix periodically throughout the summer. Deeper lakes {(greater than 17 {eel)
generally remain stratified throughout the summer months and as fafl arrives, go through what is
cailed “Fall Turnover”, Fall turnover is when the surface waters cool, become meore dense and sink
to the bottom, Walled Lake has some deep areas, but for the most part, is guite shallfow. Shawood
Lake is a shallow lake and will generally mix throughout the summer.

Theoretical Nutrient Budger - Consider the relative importance and coatributions of point sources
and non-point sources to the lake. The watershed to lake surface area ratio is also important, The
ratio can indicate whether peint or non-point sources are fikely to dominate water quality. This ratio
is quite simple to calculate: Lake area ratio equals the watershed area divided by the lake area
{computed in acres). [f the watershed is small, local point sources and septic tank drainage are
probably quite important. As the watershed to lake surface ratio increases, these sources might stiil
be important, but non-point sources also must be considered.

Assessing point and domestic wastewater sources, with an existing on-lot system, the first step is to
determine whether the system is operating satisfactorily, if'it is. finding out how 10 maintan the
system in good condition is all that is necessary. If the system is not working well, however,
correcting the matfunction will be necessary. The local County or State Health Department can check
a system and generally provide advice or referrals for further information.

Point scurces which had been perceived to contribute to the majority of water quality problems, had
masked non-point source pollution problems. Once point sources were subjected to corrective
actions, the importance of non-point sources became apparent. Ouly by stepping away from the
narrow viewpoint {that point sources caused nearly all water guality problems) were water quality
specialists able to see the iake and watershed as an integrated system being affected by diverse
sources of mfluences.

By approaching the management of lakes from a broader perspective, water specialists found that in
many systems, non-point sources were equal to or greater than point source contributions and, in
general, non-point sources were major contributors of sediment organic matter and nutrients to the
lake, See Figure 2.3, “Poteniial Hydraulic Dredging Areas”. Although, the nutrient concentration in
runoff waters or the amount of nutrients absorbed in the sediments are generally not as great as the
nutrient concentrations in a point source, the total load (concentration times flow) can be substantial
and far exceed point source contributions. The Nuirient Budget describes the amount of nutrients
which flow mito the lake, generafly source of origin, how much accumulates in the water or on the
bottom and how much flows out. This will in part determine the excessive plant growth in a lake,

Phosphorus is the key parameter in Nutrient Budget calculations, this is because it has been identified
as a major nutrient contributing to plant growth. The aquatic plants need more phosphorus than what
naturally occurs in lakes. Phosphorus is also the one autrient that man is able to control through good
lake management practices. Nitrogen 1s generally not considered a controilable source as it occurs
naturally in lakes in sufficient quantities for the aquatic plants.

2.6



Theoretical Nutrient Budget (TNB) calculations are based on a number of parameters linked to
phosphorous foading of a lake within the watershed. One of the key parameters are the number of
septic tanks/fields within the given water shed. Mr. Bruce Jerome with the City of Novi Department
of Public Works told JCK that he believed there was only one (1) septic tank/field currently in use
in the study area. The site is located at 329 Elm Court on the northwest side of Shaweod Lake.
Other parameters locked at are fertilizers applied to lawns and gardens (especiaily properties adjacent
to the lake), stormwater runoff and amount of phosphorus currently in the lake. Walled Lake has a
phosphorous concentration of approximately 0.02 mg/l and Shawood Lake has a phosphorus
concentration of 0.03 mg/l. Acceptable levels range from 0.005 to 6.05 mg/l

Septic tanks/fields are generally the largest contributor of phosphorus to a lake. Since there is only
one septic tank/fleld currently in use in the study area, it is our opinion that the TNB load due to
septic tanks/fields would have minimal effect on the lake water quality.

D, BEST MANAGEMENT PRACTICES

There are a number of options available to improve the water quality of the lake, they range from
picking up litter arpund the lake to the implementation of best management practices {(BMP’s) in the
watershed. BMP’s have been developed for agricultural, sitvicultural, urban and cosastruction
activities. Agricultural practices, for example, have been developed for cropland, pastures, barnyard
or manure tanagement and pesticide control. Silvicultural practices have been deveioped for
activities such as new road and residential construction and pesticides. Urban practices have been
designed to keep city streets and roadsides clean, while construction practices were developed for
erosion and runoff controt.

Water quality specialists for fakes focus on BMP’s to control four primary, interactive processes:

) Erosion control

Q Runoil control

O Nutrient control

O Pesticide or toxic controls

These processes are highly interactive because runoff control, for example, offers benefits for
reducing sediments, nutrients and pesticide contamination in lakes, Control for other factors,

however, may still be necessary.
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i, AQUATIC PLANT SURVEY
A, INTRODUCTION

It is important to note that managing aquatic plants does not mean completely removing them. The
basic goal is to maintain a proper balance of plants and still maintain the lake’s recreation and
economic importance. Aguatic plants convert chemical elements into living plant tissue by
photosynthesis. This process also replenishes the lake with oxygen. The plants are alsc used by
bacteria and animals (zooplankton, fish, waterfowl, insects and water mammals) for tood. Aquatic
plants create an environment in which fish-food organisins can reside. The piants furnish protection
for young animals and fish and are associated with the repreductive activities of certain fish.

Aquatic plants play an important role in lake systems. They supply oxygen and energy to the system,
provide cover for larva! fishes, are an important part of the food chain, and help recycle nutrients.

Aquatic plaats can be divided into two major categories including both algae and macrophytes. An
averabundance of algae often brings numerous complaints about film on the water surface, odor and

taste problems.

The aquatic macrophyte communities can range from completely submerged stands of macro-algae
to stands of rooted plants with floating leaves. Macrophytes can be divided into three types based on
their growth pattern; free-floating, submergent, and emergent.

Free-floating macrophytes float freely, dependent on winds and currents to move their masses. In
Michigan, duckweeds belong to this category.

Submergent macrophytes are typically rooted to the substrate (muck) with the stemg and leaves
floating below the surface of the water. Species commonly observed include elodea, coontail and

milfoil.

Emergent macrophytes grow rooted in shallow waters with the majority of the plant being visible
above the waters surface. These are typical of lake shorelines and wetlands, and include catfails, water
fities, and rushes.

While these plants are important providers of food and cover for fish, waterfowl, and other aquatic
tife, they can interfere with recreation and detract (rom aesthetic values of a lake Significant
quantities of nutrients and organic matter may be introduced to the water column by these plants. This
in turn may increase the dissolved oxygen consumption and stimulate algal blooms.

As there are no native animals found to graze on these planis in sufficient amounts to control them,
alternative methods of control have been utilized for many years,
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B. QBSERVATIONS

The on-site aquatic plant survey was performed on Tuesday, July 7, 1998 and again on Wedresday,
September 23, 1998, by physical sampling and identification by JCK, staff and Mr. Howard Wandell
(Michigan Department of Environmental Quality - Inland Lake Management Unit). Figures 3.1, 3.2
and 3.3 were prepared to record the “Aguatic Plant Survey” and general concentrations of the plant
species that are growing in Walled Lake, Shawood Lake and Meadowbrook Lake.

Piant growth was observed in individual Aquatic Vegetation Assessment Sites (AVAS) around the
lake, Vegetation density was rated from ‘dense’, being present in considerable quantity, to ‘sparse’,
with one or two plants of species located in the AVAS.

Maps of the aquatic plants and their locations is illusirated in Figures 3.1, 3.2 and 3.3, A listing of
plant species found throughout the lake, as well as those found to be dense or moderate is shown in
Figure 3.4.

Aquatic plant growth is dependant upor numerous parameters, including sunlight, dissolved oxygen,
water nutrients, and lake bottom sediment types. Areas of the lake bottom that are sandy produce
little to no plant cover, while areas of the lake bottom thar had organic layers of soil produced
maderate to heavy plant growth. Growth of macrophytic plants in Walied {.ake and Meadowbrook
Lake was found sometimes in large numbers. The plants found were roymally found at shallow areas
around the lakes. They also did not contain many *dense” AVAS's (especially Meadowbrook [ake).
The excessive organic material on the lake bottom that is prominent throughout most of the lake is
probably due to the abundance of aquatic plant growth, decomposing leaves and other vegetation and
the shallowness of the lalke which lets more light ir and increases aquatic plant growth. Growth of
macrophytic plants in Shawood Lake was similar to that of Walled Lake with areas of organic soils
on fake bottom. Due te Shawood Lake’s eutrophication process, the organic over-burdens on the
lake bottoms has accelerated more rapidly. Therefore it is recommended that no aquatic plant
removal be done on any of the lakes in this study.

3.2




PRI N

e,

STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE, MEADOWBROOK LAKE

[II. AQUATIC PLANT SURVEY

FIGURES






VEGETATION DENSITY
| FOR WALLED LAKE
L 7-7-98

7—7-98 Sparse/Light

7—7—88 Moderate/Heavy STORMWA TER SEDIMENT AND AQUATIC PLANT STLDY
WALLED LAKE SHAWOOD LAKE AND MEADOWBROOK LAKE

7-7—48 Denss

[©1959 JC & ASSHCIATES. INC. CITY OF NOV
ﬂ U:@k IOk & ASSOCIATES, INC | prowon - DGM_| e Frge Jab o Fig Ao
DN e wovE wcH czve) 398 — 2000 |Gl EE | 6-2209] 59| WSS 51




VEGETATION DENSITY
FOR WALLED LAKE

(] 9-23-98 Sparse/Light

9-23-98 Moderate Heavy STORMWATER SEDIMENT AND AGUATIC BLANT STUDY |
P K

WAl L FD LAKE SHAWOOD LAKE, AND MEADOWBROOK LAKE

i o
e 9-23-98 Dense

fP 1939 Uek nssacmms. NG, CITY OF NOV!

JCK & ASSOCIATES, INC , S
J@R CONSULTING ENCINEERS Lren —LLM | tute Fhge Sob e F Mo |
W aswotates, ine  NOV/, MICH.  (348) 348 — 2880 | rppron  DAF §-22-991 34 N~E238-00 32




VEGETATION DENSITY MAP

FOR SHAWOOD LAKE
7~7-98

10" STEEL
PLATE

©

!_ Vegetation Density

1 l:! 7-7-98 Sparse/Light

7788 Moderate /Heavy

STOBMWATER, SEDIMENT, AND AQUATIC: FLANT STUDY

! 7-7-98 D

o —7-38 Dense WALLED LAKE, SHAWOOD LAKE, AND MEADGWEROOK LAKE
l@l??‘} JCK & ASSOCIATES. IMC, C!TY OF NOW

JBK. el e N e T o
; Pasigred

| P eciaten, e NOVL, MICH.  (248) 348 ~ 2680 S AP [6-42-98) 35 | w-5238-00 3.3




FIGURE 3.4

Emergent and Submergent
Plant Species - Observed

Seientific Name

Potamogeton confervoides
Spirodella polyrhiza
Pontederia cordata
Myriophyllum verticillatum
Vallisneria americana
Potamogeton filiformis
Potamogeton perfoliotus
Potamogeton amplifolius
Potamogeton zosteriformis
Potamogeton crispus
Potamogeton praelongus
Potamogeton gramineus
Potamogeton richardsonii
Ceratophyllum demersum
Poramogeton illinoesis
Myriophyllum spicatum
Myriophyllum sibiricum
Najas guadalupensis
Najas marina

Flodea canadensis
Nuphar microphylia
Nuphar odorata

Scirpus subterminalis
Lythrum salicaria
Zosterella dubia

Typha angustifolia

Typha larifolia

Chara validus

LCommon Name

American Pondweed
Duckweed

Pickerel Weed

Northern Milfoil

Wild Celery

Thin-leaf Pondweed (Sago)
Clasping Leaf Pondweed
Big-leaf Pondweed
Flat-stem Pondweed
Curly-leaf Pondweed
White-stem Pondweed
Variable Pondweed
Richardson’s Pondweed
Coontail

Hhinois Pondweed

Eurasian Milfoil

Native Milfeil

Southern Water-Nymph (Naiad)
Brittle Water-Nymph (Naiad)
Common Waterweed
Yellow Water Liily

White Water Lilly

Water Bulrush

Purple Loosestrife

Water Stargrass
Narrow-Leaved Cat-tail
Common Cat-tail
Muckgrass

Note: Plants in bold type were found in dense and inoderate quantities.
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IV, LONG & SHORT TERM SEDIMENT & WATER QUALITY CONTROLS
A. INTRODUCTION

Every sediment and water quality controls program should have iwo phases: long-term controls and
shor-term controls. Long-term is the process of nutrient control; short-term involves the direct

manipulation of aquatic plants.

B, LONG-TERM CONTROLS

Long-term effects concenirate on the control of the nutrients entering the lake. It is a more
complicated methad of control than short-term, and it takes years to develop. This method of control
directs itself at what causes the aquatic plants to grow (nutrients), rather than the aquatic plants
therselves. This cordral of nutrient sources in the long run can help reduce the rate of lake aging,

Nutrient sources are natural or cultural. Natural (non-point) autrient sources will enter a lake, even
without human influence, and usually contain small amounts of nutrients. Cultural (point) sources
are usuaily in high volumes and concentrations and can greatly accelerate the rate of eutrophication.

Examples of natural nutrient sources include: wetland runoff, meadow land runoff; forest runoff,
precipitation on the lake surface; soil erosion; aquatic bird and animal wastes, leaf, pollen and dust
deposition; groundwater influxes; nitrogen fixation by plants; and sediment recycling.

Examples of cultural nutrient sources include: domestic and industrial wastewater, agriculturat runoff,
agricultural wetland drainage; managed forest runoff, urban storm water runoff, septic tank
discharges; landfill drainage, construction activities, lake shore fawn runoff; and atmospheric fall-out
of wind-borne fertilizers from land and industry.

Some of the methods of jong-term controls (nutrient source management) are: proper land use; wise
consumer use of commercial products; treatment of the in flowing waters that are high in nutrients;
diversion of the water that is high in nutrients; and municipal and industrial wastewater treatment. A
brief discussion of these methods follow.

Some of the control metheds for nutrient and sediment reduction may not directly apply to Walled
Lake, Shawood Lake or Meadowbrook Lake but are included for the reader’s information.

Proper Land Use

Many units of government are enacting ordinances to regufate land use. The Natural Resources and
Environmental Pratection Act, Act 451 of the Public Acts of 1694, Part 31, Flood Plain Regulatory
Authority and Part 91, Soil Erosion and Sedimentation Control. This act limits the movement of
sediments into surface waters during sarth-moving activities (except agticuitural tilage).
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The following are some examples of fand use practices that can help to reduce the amount of nutrients
entering a lake from the watershed:

i Sediment coatrol from construciion activities; - Novi City Ordinance

Designate wetlands as *“no development” areas; - Novi City Ordinance
g Y

N

Routine inspection and maintenance of catch basins in storm drains;

Lad

4. Prevent storm water drainage from directly entering the lake by subdivision designs which
utilize infiltration;

S, Community coliection and disposal of leaves in urban areas that are adjacent 1o the lake;

6. Fliminate or restrict the use or types of fertilizers on lawns adjacent to a lake or stream,

7. Green belting around the fake and stream banks; - Novi City Ordinance 25" setback from
wetlands .

8. Keep a minimum distance of at least 100 feet between the shoreline and private septic systems

and tile fields; - Regulated by the County Health Department

9. There should be no development in areas where the groundwater is high, or where the soils are
poor notrient traps for private sewage disposal systems - Regulated by the County Health
Department.

Routine inspections of catch basins and storm drains are constantly performed by the Novt Department
of Public Works. Design of new subdivisions and their roads incorporate Best Management Practices
(BMP’s} utilizing temporary sediment basin construction and permanent water quality basins for storm
water detention and discharge therefore, reducing the amount of sediments and or contaminants
discharging directly into lakes and streams,

Wise Consumer Use of Commercial Products

Some products, such as detergents and fertilizers, contribute significant amounts of nitrogen and
phosphorus to the waters, Restricting or decreasing the use of these products, or substituting with the
use of a product with low nitrogen and phosphorus content, will help to reduce the nutrient loading
into the lake. In Michigan, high-phosphate detergents have been banned.

A County Cooperative Extension Agent can provide information on soil testing procedures to

determine which chemical nutrients are needed. If the soil does not require phosphorus, a fertilizer
with fittle or no phosphorus should be used.
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Treatment of in flowing Waters High in Nutrients

An in flowing stream or drain may carry substantial amouats of nutrients from sources such as
agricultural drainage or urban storm water drainage. Instead of trying to control the many nutrient
sources draining into the stream, it may be more feasible to chemically or physically treat the in flowing

water,
Diversion of Waters High in Nuirien!s

The principie of diversion involves re-routing water high in nutrients around or away from a lake. This
method is most often applied to municipal wastewater, but it can also be used for any waters that have
high nutrient levels from other sources. This method has shown a marked increase in water quality

when implemented.

Unfartunately, diversion is not a method of proper land management. Although it works for the lake
where the diversion takes place, it really just transfers the non-treated, nutrient rich waters to

downstream lakes.
Muricipal and Industrial Wastewater Treatment

Municipal wastewater discharge is & major source of nutrients. Even when this wastewater has been
treated, it stiil may be high in nutrients. To completely eliminate the effects of wastewater discharge,
the water would either have to be diverted or land disposal would have 10 be considered.

Industrial wastewater varies in its quality. Most governments require some amount of treatment for
the wastewater, but the wastewater should be tested for the amount of nutrients that it is contributing
to the lake.

C. SHORT-TERM CONTROLS

Short-term coatrol techniques are implemented in lakes that have such serious plant problems that,
without immediate action, recreational and economic interests in the lake cannot be maintained. There
are also lakes or reservoirs in which long-term nutrient control is impractical; short-term practices must
be implemented yearly. Again, it is important to note that, under no circumstances, should complete
eradication of aquatic plants be considered. However, in lakes where nutrient controt is possible, these
short-term management techniques are only temporary measures to replace nuisance plant species with
species that will conflict less with recreational and ecopomic inferests.

Some methods of short-term control include biological control, environmental control, weed harvesting
and herbicides. A discussion of these methods follow.
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Riological Control

- Biological control involves the introduction of an organistn that competes with, preys upon, inhibits
the growth of, causes disease in or parasitizes a plant species.

. Grass carp are an example of biological control. Triploid grass carp, an exotic species from central
Asia, have been introduced into lakes in 31 states. They are sterile when introduced and, therefore,
cannot reproduce. Unfortunately, grass carp are selective feeders; the weed they like to eat the least
iz nilfoil, which is the largest weed problem in Michigan lakes.

Water Resources Commission Act, Act 245 of the Public Acts of 1929 state that the introduction and
release of exoric, foreign or non-native insects, fish or etber animals into Michigan without specific
authorization is strictly forbidden. No specific biological control techniques are being applied in
Michigan waters at this time.

Environmental Manipulation

Environmental manipnlation attempts to alter one or more physical or chemical factors critical to
plant reproduction and growth. These methods vary in economic and environmental practicality in
every lake. If a program to reduce nutrient inputs {s not implemented, the environmental
manipulation methods will only achieve temporary results. Most of these activities require 2 permit
from the Michigan Department of Environmental Quality.

Methods of environmental manipulation inchude dredging, aeration, nutrient inactivation, draw-down,
dilution or displacement, shading, covering of bottom sediments and intensive use and periodic
manual cleaning of shoreline areas. Each method will be discussed in the following paragraphs.

Dredging

Dredging removes the bottom sediments of the lake and deepens the fake. This temporarily removes
the aquatic plants and reduces the growth of new plants by reducing the size of the well-lighted zone
around the shore. Dredging causes a temporary increase in the silt suspended in the water, which may
smaother bottom-living animals when i settles.

Ft is tmportant to find a suitable upland site for the deposition of the dredged material. Depositing
the material too close to the lake will allow it to simply wash back into the lake in a short period of
time, Permits are required for the dredging operation, as well as an approved site for the deposition
of the dredged material.

Costs for dredging vary significantly from site to site. The costs depend on if the spoils must be
hauled from the site or if a nearby spoil site has been set aside. The costs also vary with the
accessibility of the lake for the dredging equipment. Typically, at least 20,000 cubic yards of spoil
need to be removed to get 2 dredping company interested in bidding. A good cost estimate for
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dredging is approximately $15.00/cubic yard of spoil removed. See an example of hydraulic dredging
eguipment in Figure 4.1,

Aeration

Aeration is the introduction of air into the water to increase the dissolved oxygen concentration. This
procedure is most often implemented in lakes where the deep water is devoid of oxygen. By adding
oxygen to the deep water, the release of nutrients from the sediments is prevented. In many instances
following aeration, a decrease in nuisance algal populations and a shift to more favorable species is
observed. However, control of aquatic plants has not been observed with aeration.

There are possible detrimental effects to cold water species if the warm surface waters are mixed with
ool bottom waters; however, there are methods of agrating only the deeper waters. The agrator may
also increase the turbidity of the water by re-suspension of the bottem mud.

Few advantages are recognized by aeration and this procedure is very expensive. See an example of
lake aeration equipment in Figure 4.2

Nutrient Inactivation

Nutrient inactivation is the application of a chemical that will bind with and immobilize the nutrients
necessary for plant growth. These immobilized nutrients seitle to the lake bottom. The chemical
substance used is usually a metal ion such as iron, aluminum or calcium. The process of the
irmobilized Autrients settling may also reduce the suspended solids and decrease the turbidity and

colot.

Nutrient inactivation has been useful for algae control, but has had little effect on the growth of
aquatic plants. It may also have an adverse effect on small animals that live in the bottom sediments
and serve as fish food. It is also fairly expensive.

Draw-Blown

Draw-down s the process of lowering the water level for a period of time and exposing shallow
water areas. This is usually accomplished during the winter ta dry out and freeze the exposed plants
10 kill them. This procedure is generally only applicable to lakes formed by damming a stream, creek
or river. A draw-down for approximately iwo months is necessary for drying and freezing,

Many submergent macrophytes such as milfoil are controlled by this procedure; but, unfortunately,
some emergent macrophytes actually benefit from it. This method also does not control algae. A
concern with draw-down on non stream-fed lakes is the method of refilling the lake. See, “Effects of

Lake Draw-Down on Aquatic Plant Species”, Figure 4.3.
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Dilution or Displacement

Dilution or displacement of low quality water with high quality water helps to lessen algae problems.
By replacing water high in nutrients with water low in nutrients is an acceptable means but there must
be a source of low nutrient water easily accessible and a method to discharge water high in nutrients.

Shading

Shading s the process of imiting the amount of light passing through the surface to reduce plant
growth, Two methods of shading have been employed: dyes and black plastic sheeting as a floating
shade. The shading technique has been etfective for submergent macrophytes, and lirmited control
has been abserved far emergent macrophytes. The floating plastic shade is more effective in small
ponds because the wave action and currents of larger lakes move the floating shade around. The
plastic sheeting should remain in place for 5 to 6 weeks. This method does not effectively control
algae. Great care must be used if children are in the area, when using this technique.

Covering of Bottem Sedimenis

The covering of battom sediments is accomplished with a sheeting material such as black plastic
and/or a particulate material such as sand or olay. This is effective in two ways the sheeting prevents
the exchange of nutrients from the sediments to the water, and it retards the establishment of rooted
plants. Sheeting is available that has pores to allow gases to escape ro prevent the sheeting from
floating to the surtace. This technique results in good temporary control.

Disadvantages of covering are that the bottom-dweiling animals are usually killed when the sediment
is covered. Also, the aquatic plants gradually re-cotonize over the covering unless the sheeting is
removed periodically and cleared of growth.

Intensive Use and Periodic Mannal Clearing of Shoreline

This is an effective means of plant control in beach areas. This works because the rooted plants must
produce food in their leaves to maintain their rootl systems. When the leaves are frequently cut off or
destroyed by wading and swimming, the root system eventually dies. This techmique is particularly
effective with emergent vegetation. This care must be implemented often, similar to weeding a

garden,
Mechanical Harvesting

Mechanical harvesting employs the pulling or cutting and removal of aquatic plants from selected
areas of a lake, This procedure is similar {0 mowing a lawn. A barge-like boat with a sickle bar-type
attachment is used, The weeds are cut and removed from the water by a series of conveyors. When
the plants are cut, most float to the top and must be removed and taken off site. The plants make a
good compost for farmers. In removing the cut material from the lake, water quality occasionally
improves somewhat it the amount of nutrients removed in plant material is greater than the amount
of nutrients entering the lake from the watershed.
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Advantages of mechanical harvesting are that no additional chemicals are added to the lake {the
process is somewhat natural). There is also no waiting peried after mechanical harvesting has been
implemented, so recreational areas uses can be immediately restored. A large organic load is removed
when the dying cut plants are removed from the water, and the cut plants can be used by farmers as
fertilizer. See an example of weed harvesting equipment in Figure 4.4.

Some disadvantages of weed harvesting are that the harvester has no specificity; it cuts everything
in its path, including desirable aquatic plants. The harvester cannot be implemented in shallow areas
or near docks. During the process of removing the cut vegetation, fish and other invertebrates may
also be removed. The fragments of certain plants may actually promote additional growth. The
cutting equipment rental and removal equipment rental is quite expensive. Also, weed harvesting
is not effective for the removal of plankionic and filamentous algae.

The cost of mechanical harvesting will vary depending on the accessibility to the lake, and the type
of equipment that can be put in the lake. A cost estimate for weed harvesting is approximately

$200.00/acre harvesied.

Herbicides

Herbicides are an effective method of removing aguatic plant and algae growth, There are a number
of chemicals available which offer varying degrees of action time, persistence, cost, selectivity and

safety.

Advantages of herbicides are that there is a degree of selectivity, meaning that noxious plants can be
eliminated while desirable plants can stit! be preserved. State approved herbicides have a very low
toxicity to humans or fish, if any. The application of herbicides early in the year kills the plants before
they reach maxinmm growth; and also resulting in less vegetation to decompose on the bottom.
Systemic herbicides kill plants from the root, not ieaving any fragments (o continue growing.
Herbicides give relatively immediate results and the costs are limited to paying for the application of
the hetbicide.

Disadvantages of herbicides are that the chemicals are prone to wind or current action and may
concentrate near a beach area. The chemicals may also affect wells near the lake. The Michigan
Department of Environmentai Quality (MDEQ) imposes limits on recreational activities on a lake for
a period of typicafly 24 hours after application. The decomposition of plants settling to the bottom
may deplete the dissolved oxygen level in the water, potentially causing a fish kill. An MDEQ permit
must be obtained prior to application of chemical herbicides. .

Tt is important with chemical herbicides that they are properly used in every way. Improper use can
result in harm to humans or wildlife.

Chemical herbicide costs vary from lake 1o lake. The costs for chemicals alone, say 2,4-D is
approximately $250.00/acre or approximately $50.00/acre for copper sulfate, which is used for algae
control. There are usually additional costs for the service of the chemical application, varying with
the size of the lake, and the accessibility for the applicator. Accordingly, since each lake is unique,
a cost proposal shall be solicited from a qualified licensed contractor for each lake.
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FIGURE 4.1
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FIGURE 4.3
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FIGURE 4.4
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A.

Findings -

1.}

V. FINDINGS AND RECOMMENDATIONS

WALLED LAKE

Upon review of the data coliected within the scope of this report, we find that Walled
Lake is in relatively good health, This statement is made based upon the water quality
and sediment data collected and analyzed, as well as a review of the aqualic plant
survey that was performed on Walled Lake,

Rased upon the data collected, Walled Lake can be classified as an “Oligotrophic”
Lake, which means that Walled Lake is low in plant nutrient, minerals and organisms
and rich in oxygen at all depths, which can average from 15 to 25 feet. A summary
of the data collecied is listed as follows:

Aguatic Plant Survey

As can be seen in Figure 5.1, the southwestern part of Walled Lake located just north
of the Walled Lake - Lake Level Control Structure, shows that Walled Lake had
experienced significant levels of “emergent” (above water) plant growth. The most
frequent species of emergent plant growth that was identified in July and September
of 1998, in this area was Common Cat-tail {7ypha latifolia) and Eurasian Milfoil
{Myriophyllum spicatum).

The land adjacent to the southwestern shoreline of Walled Lake, which has been
observed to experience relative higher aquatic plant growth, s currently
undeveloped. The recenily approved Bristol Corners development proposes to
conserve the wetlands contiguous and adjacent to this part of Walled Lake.

In addition, it is recommended to retain certain areas of a Jake in their current plant
growth cycles, in order 10 provide shelter for small fish and to take advantage of their

oxygen producing capabilities.

Accordingly, at this time i would not be recommended to perforim mechanical weed
harvesting of to use the application of herbicides in this area, in order to control
aqualtic plant growth,

L
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Water Ouoality Anglvgis

Four water samples were taken at the areas shown in Figure 2.1 and tested for pH,
dissoived oxygen, nitrogen {nitrite & nitrate), phosphorus and coliform bacteria. It
should be noted that the source of coliform bacteria in a typical water body being
tested 15 usually attributed to warm blooded animals, The coliform bacleria is
analyzed in order to determine the total bacterial count that is present in the water
sample. Results of these tests shows an excellent correlation to the lakes ability to
support life.  These samples were analyzed by Brighton Analytical, Tnc., a State of
Mitchigan certified laboratory.

After companing the sampies to the “Michigan Water Quality Standards Handbook”,
it was found that all parameters were within acceptable limits, For a copy of the
laboratory results and Chatn of Custody, see Appendix [11,

Although E. coli tests were not performed as part of this study, recent water testing
conducted by the Oakland County Health Department in fune 1999, recorded
excessive levels of E. coli present in Walled Lake at E.V. Mercer Beach (Walled
Lake} and Lakeshore Park (Novi). It is recommended thar the water quality testing
program as implemented by the Qaldand County Health Department, be continued
and the resuits watched carefully. It should be noted that it can be difficult to
determine the source(s) of E. coli, which 15 a organism present in ali warm blooded
animals. It could be speculated, that the recent high levels can be attributed to the
number of nesting waterfowl (geese), pets and other animals on the lake dusing this
time of year, coupled with a short term heat wave - immediately followed by a heavy
rainfall. This combination of events can trigger bacteria blooms resulting is temporary
spikes in E. coli bacteria levels, therefore requiring public beaches to be closed until
acceptable levels are reached.

It ts recommended that the City of Novi investigate possible sources of bacteria
discharge into Watled Lake, after continued and sustained high levels of E. col
readings. I the high levels of bacteria were to continue, potential sources of bacteria
such as failed septic tanks, public use of beaches and possible contral of geese
populations would need to be identified and addressed. Due to the sensitive nature
of the public use of lake park and beach areas, it is advisable that the City of Novi
conduct independent test in these areas, in an effort to periodically confirm the
County Health Department’s test results.
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Sediment and Nutrient Analysis

Sediment samples were collected at various locations from the lake bottom at the
locations as shown in Figure 2.1, Most of the sediment sampling locations were at
or near the storm water pipe discharge points into Walled Lake, All of the parameters
tested for within the scope of this report, were within acceptable limits. For 2 detailed
listing the analytical results of the lake bottom sediment samples and Chain of
Custody, see Appendix IV,

The depths of sediment in the areas of the storm water pipe discharge points into
Walled Lake were also measured in the fleld. When compared to fake bottom
topographic maps of Walled Lake prepared as part of prior lake studies conducted for
Wailed Lake dated December 1983, no significant change in the depths of sediment
could be determined near the storin water pipe discharge points into Walled Lake.
It was observed that the lake bottom sediments in the areas adjacent to the storm
water pipe discharge points into Walled Lake consisted primarily mainty of sand,
rather than silts or clays.

Accordingly, at this time it would not be recommended to perform hydravlic dredging
around the storm water pipe discharge points into Walled Lake. It has been noted
that previous lake bottom contours recorded in 1983 show little to no significant
change to the lzke bottom contours recorded as part of this study.
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SHAWOOD LAKE

Upon review of the data collected within the scope of this report, we find that
Shawood Lake, refatively speaking, is in it’s declining years as a Lake. This statement
is made based upon the water quality and sediment data collected and analyzed, as
well as a review of the aquatic plant survey that was performed on Shawood Lake.

Based upon the data collected, Shawood Lake can be classified as a “Eutrophic”
Lake, which means that Shawood Lake is rich in plant mutrients, minerals and
organisms and often deficient in oxygen, especiaily during the mid summer months.
Shawood Lake is also considered a very shallow lake, due to depths ranging from 4
to 6 feet. The eutrophication process on Shawood Lake has been an ongoing process
leng before the City of Novi was been settled by earlier pioneers. It should be noted
that during the early days when the City of Novi was being settled, Shawocd Lake,
was called and known as Mud Lake. This name can be observed on old UJSGS
topographic maps. The name can be attributed to the thick layer of soft mucky lake
bottom sediments. The extent of emergent amd submergent plant growth 13 a clear
indication of the amount of nutrients available for plant growth. There are many
wetlands that are contiguous to the lake.

The natural status and refative age of a lake must be taken into consideration before
any type of improvements can be considered. A summary of the data collected is listed
as follows:

Aquatic Plant Servey

As can be seen in Figure 3.3, the entire lake has significant areas of plant growth. The
most frequent species of emergent and submergent plants that were observed in July
of 1998, were Common Waterweed (Elodea canadensis) to Commeon Cat-tail
{Typha latifolia). Dueto the variety and abundance of other species within the lake,
the remaval or control of the aquatic plant species would be a very expensive and
difficult operation.

It can be noted that the large amount of decaying plant matenaf decreases the water’s
oxygen supply. The plant material is also rich in nitrogen and phosphate compounds
which settle to the lake bottom when they die, and in-turn add to the zlready nutrient
rich lake bottom.

Bue to Shawood Lake’s shaltow waters and nutrient rich bottom, it would not be

recommended to pertarm mechanical weed harvesting or to use the application of
herbicides on this lake in order to control aquaric plant growth.

3.4

B amms

e .!E

B



2.)

3.)

Water Quality Analysis

A water quality sample wag taken from mouth of the Austin Road Canal where it
discharges into Shawood Lake in November 1998, and was analyzed by Brighton
Analytical, fnc., z State of Michigan certified laboratory, and tested for pH, dissolved
oxygen, nitrogen (nitrite & nitrate), phosphorus and coliform bacteria.  Adter
comparing the samples to the “Michigan Water Quality Standards Handbook™, it was
found thar all parameters were within acceptable limits. It was determined that the
water quality of Shawood {ake was suitable to support aquatic plaat and animal life.
For a copy of the laboratory results and Chain of Custody, see Appendix V.

Sediment and Nutrient Analysis

A meeting between the City of Novi and the Lake Area Residents Association
(LARA) was heid with prior to the November 1998 water sampling. As a result of
the meeting, the residents requested that both water quality sampling and lake bottom
sediment samples be acquired and analyzed for Shawood Lake. Of particular interest,
the residents were concerned about the type of water and sediment being discharged
into Shawood Lake from the Austin Road Canal.

A lake bottom sediment sample was collected from the Austin Road Canal where it
discharges into Shawood Lake. The sample was analyzed for Volatiles and the 10
Michigan Metais.

The Volatile’s test, is a test to analyze the sample for alcohols, benzenes, propanes,
athanes and other harmful organic compounds. The results of the Volatile's test were
non-detectable limits for all parameters tested, using EPA method number 8200, For
a detailed Jisting the Volatile’s results and Chain of Custody, ses Appendix V1.

The 10 Michigan Metals test, is a test to analyze the sample for arsenic, barium,
cadmium, chromiutmn, copper, lead, mercury, sefenium, silver and zinc. The results
of the 10 Michigan Metals test were non-detect or below acceptable limits, except for
arsenic.  The arsenic analysis of the sediment sample revealed 98 mg/Kg. The
detection limit for this test is 0.1 mg/Kg, and the acceptable limit is 6.6 mg/Kg. For
a detailed listing the 10 Michigan Metals test results and Chain of Custody, see

Appendix VIL

Based upon the arsenic test, three additional sediment sample were collected up
gradient and analyzed for the 10 Michigan Metals. The location of the up gradient
sediment samples were located; 16 teet east of Austin Road culvert, 150 east of
Austin Road culvert, and 25 west of Old Novi Road. See Figure 2.2 for “Shawood
Lake Water and Soil Sample Locations”. The results of the 10 Michigan Metals test
performed on the three additional up gradient samples were non-detect or below
acceptable limits. For a detailed tisting the 10 Michigan Metals test results and Chain
of Custody, see Appendix VILL
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Arsenic {5 a naturaliv occurring element in soils. According re the “Background Soil
Survey” report prepared April 1991, by the Michigan Department of Environmental
Quality (MDEQ), formerly known as the Department of Natural Resources (MDNR)
shows background mean arsenic level of topsoil 1n Southeast Michigan to be 11.0
mg/Kg. Other possible sources are historic orchards which quite often used a lead-
arsenate based pesticide for spraying trees. Arsenic in soils does not generally migrate
in solution. Possible sources of arsenic from old orchards within a one half mile
radius of Shawood Lake were reviewed on historic photographs and are as follows,
East side of Dixon Road berween Twelve to 12%% Mile Road, north of 12% Mile Road
and “& mile west of Qld Novi Road, northeast corner of Thirteen Mile Road and New
Novi Road (Decker Road) and numerous sttes south of Thirteen Mile Road Between
Novi and Meadowbrock Roads.

A topographic survey of the existing bottom and silt depths was conducted in order
to estimate the depths of soft lake bottom sediments. It was found that the depths
of sediment in the entire lake were very thick and rich in nutrients. When the field
data was analyzed, Shawood Lake averaged 3-7 feet of soft bottom lake sediment,
with fess soft battom lake sediments nearer to the shoreline ranging from 1-3 feet.
The amount of sediment in Shawood Lake appears to be naturally occurring from
decaying plant matter and not from sediment loading from recent storm water runoff
events.

The level of eutrophication was discovered te be at a fevel expected, based upon the
amount of weed growth and thickness of lake bottom sediments. Considering the
extensive amount of weed and soft lake sediments that exists in Shawood Lake, it is
not recomiuended that a lake dredging program be considered. In addition, an
extensive geotechnical evaluation would have to be performed in order to determine
the stability of the shoreline, subsequent to completion of dredging operations. There
is a risk the existing shoreline “sluffing” off into the lake, dus to the counter weight
effect of the existing lake sediment being removed.
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MEADOWBROOK LAKE

Meadowbrook Lake is considered to be an “in-line lake™, meaning that it is basically
a widening of the river. Meadowbrook Lake was designed and constructed in the
summer of 1984, The lake discharges water to the downstream river via an outlet
weir structure.  The lake is fed by two water course systems one being the Walled
Lake Branch of the Middle Rouge River and the other being Ingersol Creek.

There were no water quality or lake sediment samples collected or analyzed for
Meadowbrook Lake, within the scope of this report. In addition an aquatic plant
survey was not performed on Meadowbrook Lake, however informal observaticns
were poted. The objective of this phase of the study was to estimate the amount of
sediments that have been deposited intc Meadowbrook Lake ard to determine the
feasibility of rernoving the sediments.

Weed Growth Observations

The were no significant aquatic plant growth areas, either emergent or submergent,
on Meadowbrook Lake that were observed during the several site visits to the Lake
while investigating the sediment deposit locations . It can easily be speculated that
due to the high levels of Total Suspended Solids (TSS) {very cloudy water),
submergent plant-life is not able to flourish due to the lack of sunlight penetration.
The shorelines appeared to be well maintained to the waters edge, allowing little
opportunity for aquatic plant beds to develop.

Water Quality Analysis

Water quality analysis was not requested as part of this study for Meadowbrook Lake.
Water quality testing was performed on Meadowbrook Lake by the Rouge River Wet
Weather Demonstration Project. Water sampies were collected in 1994 and 1993 for
water quality analysis. In general, according to the report prepared in July 1996,
entitled “RPO-MOD-TM10.00", it was found that the water quakity in Meadowbrook
i.ake and has not changed substantially from historical data collected in 1973, The
water quality parameters tested in 1994 and 1995 were all within acceptable limits.
See Report “"RPO-MOD-TM10.00", in Appendix IX.

Sediment and Nutrient Analysis

Field data was collected for Meadowbrock Lake, for the purpose for determining the
general locations of where sediments are being deposited. Upon review of the field
data collected and visual observations, it was determined that most of the sediments
were being deposited at the points where the Rouge River and Ingersol Creek
discharge into Meadowbrook Lake.
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A visual inspection of several upstream segments of the Rouge River, revealed several
areas which may have contributed to the sediment being transported in the lake over
the past years. Some of the processes that were noted as occurring are, stream bank
erosion, streambank slope failures, streambank erosion caused by fallen trees and root
systems, and sediments that may originate from upstream construction sites.

The ¢roded soils generated upstream of Meadowbrook Lake are transported to the
Lake via the Rouge River and ingersol Creek. During periods ot higher flows, the
streams “bed load”, may also move downstream into Meadowbrook Lake. During
periods of high flow, higher velocities occur in the streams, and therefore the
sediments generally do not settle in the stream, but are carried downstream 10
Meadowbrook Lake.

Ounce the sediment laden stream flows enter Meadowbrack Lake, the velocity of the
water stows down and the result is that the sediments “settle out,” into the lake
bottom. Accordingly, the predominant area of sedimentation is on the north end,
where the Rouge River and Ingersol Creek discharge into Meadowbrook Lake. For
a general location of areas identified as having sediment deposited in the Lake, see
Figure 2.3.

Recommendation: Based upon the field data collected and the visual observations of
the conditions present in the north portion of Meadowbrook Lake where the Rouge
River and Ingersof Creek discharge into i, it is recommended that the sediment which
has been deposited in Meadowbrook Lake at the north end be removed.

Cost Estimate: Tt should be noted that lake dredging projects can be very expeasive
and time consuming projects. There are many factors that affect the construction
activities associated with lake dredging projects. The cost estimate shown below
represents the estimated cost to remove the sediment by hydraulic dredging methods.
There may be other removal methods that will be considered if the project is
authorized to continue, however the feasthility of those methods will not be known
uniil several engineering issues are resolved during the preliminary design stage.

Since Meadowbrook Lake has limited access, a construction access site, even

temporary in nature, needs to be established prior to the pursuing this activity as a
project. In addition, permit acquisition from the State of Michigan Department of
Environmental Quality (MDEQ), for these types of projects are notorious for taking
a “very loag time.” An permit for a recently proposed lake dredging project ina
neighboring community took three (3) vears to acquire, and in addition the
community had great difficulty in acquiring qualified bids.
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It must be noted that a final “project” cost estimate, which consists of construction
and engineering cost {hard and soft costs), will oniy be known after additional design
survey data is collected, rights-of-way/easement conditions are determined, and
permit requirements are fully known. The “project” cost estimate listed below is
general and should be used for budgeting purposes only.

Hydrawlic Lake Sediment Dredging Programn

3 acres (43,560 sq. ft.) x 10" dredging depth / (27 cu. fi./eu. yd.} = 48,400 cu yds

Estimated 70% solids {pay item} = 48,400 cy yds x 0.70 = 34,000 cu yds
Estimated cost to dredge @ $12.00/cu yd = § 408,000
Access Site and Dewatering Site Preparation = $.100.000

Sub-Total $ 508,000

Contingency (15 %) $.77.000
Sub-Taoal $ 385,000

Engineering/ Administration (35% of Site Work) ~ § 35,000

Estimated Project Cost = % 620,000

This estimate yields a general project cost of approximately $18 - $20 per cubic
yard of sediment removed. This estimate does not include any cost asseciated
for right-of way or any easements that may be required.

It is recommended that the City of Novi apply for a Rouge Program Oflice (RPO)
grant to help offset the cost for this lake dredging project. It is recommended that the
focus of the grant request should be based upon the fact that the geographic location
of Meadowbrook Lake, enables the lake to act as a community wide sedimentation
basin and as such benefits the downstream communities. In addition the grant request
should focus on a proposal to establish a permanent sediment reroval program, which
is to include the establishment of permanent sediment removal staging areas and
ngress and egress for the sediment dredging operations.

Lake Access

The initial use will be 1o aliow reasonable access for hydraulic dredging equipment to
gain ingress and egress from the lake, and as well as a multitude of cther potential
benefits from having a peint of access to a lake. Without a point of access, the type
of equipment used to improve the lake bottom or shoreline in the future will be
exiremely limited, and wil} be reflected in the cost of pursuing such projects.
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Currently, the City of Nowi still owns two parcels on the north end of the lake, which
was acquired for the initial dredging project back in 1984, A much larger area is
owned by the Meadowbrook Lake Subdivision Assoctation, located on the southwest
end of the lake, near the outlet weir structure, Both areas may be suitable to be
inciuded in a hydraulic dredging program, however a conclusion as to the actual
suitability of either site can be made until the preliminary design phase. Figure 5.5,
iltustrates the general location of these sites.
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FIGURE 5.4

STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for |
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STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE, MEADOWBROOK LAKE

APPENDICES

Appendix T ..o Stormwater Financial Review Committee Minutes
for 1/27/97 and 10/6/07.

Appendix T ..o (RFP) Request for Professional Services.
Appendix III ... Analytical Results for Walled Lake Water Quality.
Appendix IV oo Analytical Results for Walled Lake Sediment

Metals Analysis.
Appendix V e Analytical Results for Shawood Lake Water Quality.
Appendix VI .........cooovueveerrenonnen.... Analytical Results for Shawood Lake Volatile's Tests.
Appendix VI .o Analytical Results for Shaweod Lake Sediment

Metals Apalysis.
Appendix VIII ... S Additional Tests of Shawood Lake Sediments.
Appendix IX. o Rouge River National Wet Weather Demonstration Project

Technical Memorandum - RPO-MQD-TM10.00. (July 96).

Appendix X. ..o Inland Lake Improvements - Act No. 451, Public Acts of 1994












STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE, MEADOWBROOK LAKE

APPENDIX I

Stormwater Financial Review Committee
~Minutes-

(1) January 27, 19%7

(2) October 6, 1997

(3) January 13, 1998

(4) Notice of Meeting, February 9, 1998

(3) Imperviousness Study, September 24, 1997

(6) September 23, 1997

() Netice of Meeting, April 2%, 1397

(8) April 25, 1997

(9) April 25, 1997, Sedimentation and Weed Study
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Member Ross asked about water going inta Walled Lake; the sediment going in the lake fmm\ ¢

development going on arcund there. Is there any plan to take any sediment out of Walled Lake
where the drainage goes im at the outfall? This is across Decker Road. He feels if that was
cleaned and restored where it goes into Walled Lake, it probably wouldn't have to be done again
for a long time. We peed to discuss that again to see if there is money in the budget for that.

Chairman Black said the Lakes Area Residents Association people have asked this Committee to
fund a study regarding the weads in the lake. Some sort of survey may be the starting point to
determine the bad areas. The siltation by the Woods of Novi is the major spot. Member Ross
pointed out that moneys have been budgeted for water testing and clarity, and he just doesn't
want this dropped completely and bave Walled Lake become just another basin,. Where these

inlets are located, there is sediment that needs to be taken care of. Member Black mentioned |

there is an area on the east needing atiention.

Tony mentioned that one of the concerns expressed by JCK was that the Vistas of Novi would be
developing, and we should wait to look at a comprehensive plan to address this entire thing. The
feeling was to delay that type of a study. We can put mcneys in for a preliminary study of the
area and wait until the development is a liftle further down the road for actual finalizing of a plan.
He suggested Iooking at Shawood Lake as well as Meadowbrook Lake, and perhaps a review of
all the lakes in the area. Member Ross just wanted to bring it back up so it doesn't shp through
the cracks. Packaging it like Tony had described sounded like a good plan. Tony said to setup a
work program with estimated budgets, with looking for funding for some of it from the Rouge for
Meadowbrook Lake. Tony will get an estimate and include it in the budget presentation to
Council with weeds being put in as a separate thing. Tony suggested setting up a program, get it
ready for implementation with dates. We don't want ancther study sitting on the shelf

If the Committee is satisfied with what Bruce has presented in the budget contingent upon getting
with the Finance Director for updated figures, Member Ross wanted to make a Motion.

It was moved by Member Ross and seconded by Chairman Black to approve the budget as
presented by Bruce with moneys budgeted in to address the Mark Adams memorandum
expressing LARA's concerns. Motion was unanimously approved.

Bruce explained that staffing levels and having only one piece of equipment is the problem and
reason why we are so far behind in our goals for maintenance. He talked about the recent Council
directive for enhanced mowing duties with additional areas to be mowed as their goal, but they
did so without increasing employees and equipment to do the extra work ordered to be done.

CIP:
Tony gave a brief introduction. This CIP is something we have prepared for 6 years now, and this
Committee was the front runner in developing this type of program. It deals with all the major

Searm Wrr Review Notes
2397 Miesting



have and mesh ther with the study proposed and include all of that in the Stormn Water Master
Plan so the information gets to the people who need to have it. That's the whole purpose of the
Storm Water Master Plan.

Michelle understood that the imperviousness study requested by the Planning Commission was
made due to information they had received regarding the Davis Creek. [t was stated that the -
Davis Creek is a true impervicusness study, not a water quality study. It's part of the Huron
Watershed. Doug explained the correlation of the Middle One Swudy done by SEMCOG and the
RPO.

Member Christoff wants 1o go with Tony™s recommendation of doing a study on a couple of
areas in more of a sampling type of thing rather than doing the whole city. and come up with the
data. Chairman Black asked for some parameters to be set. It was decided that Dave and Doug
will come up with a program. a scope of services. and Tony will go over thar with them and yet
that to the Committees. The name will be changed from Imperviousness Study and retitled,
Chatrman Black made a few titly suggestions.

Walled Lake Sedimentation und Weed Studs: Chairman Black pointed out that we hm@
of them w congider. Tt was decided this can be done at a later date when this requested
information from Dave and Doug o the Imperviousness Study has been divested by the
Committee.

Harvest Land Development Request: Tony had another issue to throw on the able for the
Committee to consider. A tentative proposal has been made by Harvest Land to remove the
gravel pit from the Storm Water Master Plan. Options have been considered. Dave and Doug
explained what is involved, pointing out the aren in questian, Harvest Land wants to use the lake
as a private development and remove it from the Cit)‘-@ JCK has been asked to evaluate
the request. and see if it can be removed froin the Storm Water Master Plan. Another wrinkle is
that it’s also a County dra?_ﬁ Doug said Harvest Land's concern is water quality. They are
putting in their own water quality conirols for their own storm water discharges, Member
Christoff asked what's the major advantage to them for doing this? Dave said their gaal is to
leave the lake as pristine as possible by controlling water quality and rot using it as a water
quality control basin. Half million dollar houses will be built around it. The questior was asked

as to what recreational usage would be allowed on that lake? The RUD allows only boats under —

sail, no motors.

Doug said there is a concern as to how much of the development is in the watershed. Doug said
it turns out to be at least 75-80% of it is in the watershed. Joela expressed her concern that if we
don’t have control of the water quality in that lake, we are defeating our purpose. She cited what
happened to Meadowbrook Lake as an example. There are maintenance issues, and future
controls of that area that would be out of the City's hands. Tony said en the other end, there will
be half-million dolfar homes around that lake, and our standards may not meet their standards.
Joela said if they are going to accept the maintenance over the next 100 years, and we can test
their water quality to make sure it’s up to par, then fine. We have to be assured of the water

~ quality, that they are not discharging anything downstream that shouldn’t be, and that they are

)

\




- F¥ave Potter - Storm Water Financial Review CommiticeMeeting __ Pagel]

From: Kathy Kendra

To: Craig Smith, Dave Potter, Doug Pakkala, Tonni B...
Date: 1/13/98 1:47PM

Subject: Storm Water Financial Review Commiftee Meeting

Attached is the agenda for the next meeting scheduled for
Monday, February 8, 1998 at 4:30 p.m. in the Activities Room.

CC: Sue Blumer, Tony Nowicki



Dave Potler -Agenday, N s e _raye 1|

i

STORM WATER FINANCIAL REVIEW COMMITTEE
NOTICE OF MEETING

Monday, February 9, 1998 ?
4:30 P.M.
Activities Room - Community Center Wing
45176 W. Ten Mile Rd.

AGENDA |
1. Audience Participation E.
I Discussion of meeting Notes taken10/6/97
t. Projects Update - JCK
. Discussion and Approval of 1898 Capital Improvements Program

and Storm Water Budget

V. Schedule next meeting date/time

Fils Agerela
(Die)StomWir
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"Save Poter - Storm Watet Financial Review Commitiee -Forwarded __Paged]

From: Dave Bluhm

Tao: Novi_GW.City_Hall.JWahl, Novi_GW.City_Hall.SCohen,...
Date: 9/24/97 8:08AM

Subject: Storm Water Financial Review Committes -Forwarded
Jiny.

Tony has scheduled presentation of the previously proposed lmperviousness Study for the Stormwater
Committee meeting on October 8, 1007, It is my opinion that members of the Environmental Committee
andfor the Planning Commission be present and invelved in the presentation along with our office.
Please call to discuss,

Dave B.

CC: DaveP



| Dave Potter - Storm Watter Financial Review Committee

. Paget’

From: Kathy Kendra

To: JCK_Headguarters. JCK_PQ.Davel, JCK_Meadquarers.JC...
Date: 8/23/97 5:12FM

Sizhject: Storm Water Financial Review Committee

The next meeting has been scheduled for October 6th at 4:30 p.m. in the Activities Room.

Dave Bluhm's Imperiousness Study will have to be preserited at that meeting and the written report must
be available for packet distributicn.

Thanks.
ce: ThNowicki



Tave Poller - Storm Water Commities Meetng ...Page 1]
From: Kathy Kendra
To: JCK_Headquarters.JCK_PO.DougP, JCK_Headquarters.JC...
Date: 4/20/97 2:25PM
Subject: Storm Water Committee Meeting
Gentlemen:

The mesting of this committee has been canceled until further notice. The Issue requasted for review by
Councit has been resolved.

Until next time,

! Kathy K.



[ Dave Poter - Storm Water Review Commitieo Meefing oo

From: Kathy Kendra

To: JCK_Headquarters.JCK_PO.DeougP, JCK_Headguarters.JC...
Date: 4{25/97 5:06FM

Subject: Storm Water Review Committee Meeting

Gentlemen:

The Council has requested an immediate meeting be convened of the Storm Water Committee o
discuss the imperiousness study being cortempiated for funding as part of this year's budget process.
Please review the study narrative prepared by your firm as weidl as the Storm Water Master Plan and be
prepared to discuss both at the meeting on Wendesday, April 30, at 4:30 pum. | will advise you of the
reom location as saon as one has been securad.

Thanks, Kathy
cC: TNowicki




rJavePatter—Sedtmerntahon&WaedContmIStudy - — Page_ﬂ

From: Tony Nowicki

To: JCKﬂHeadquarier&JCK_ﬂPO.DaveP. JCK _Headquarters.JC...
Date: 4/25/G7 7:54AM

Subject: Sedimentation & Weed Cantrol Siudy

Gentlemen - At last night's budget meeting, Council fad requested details and deliverables for the
referenced. Please recall that the Storm Water Committee had placed this in the budget and had
requested that JCK prepare a prograrm narrative, scope of services and budget amouni. To the best of
o my knowledge, ihis has not been done. ¥ true, then please prepare such and forward to me by 1:.00 pm
Monday April 28, 19897, Othetwise, just farward another copy of the material. Call if you have any

questions.
Thanks — Tony.

cc: BJerome












STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE, MEADOWBROOK LAKE

APPENDIX 1I
(RFP) Request for Professional Services

{1) Walled, Shawoaod and Meadowbrook Lake Weed
and Sedimentation Study RFP - Revised.

(2) Updated status for the study, September 16, {998,

(3} Continuance Authorization, December i, 1997.

{4) Initial Request for Professional Services.






Mr. Anthony Wowicki

Page ]
May I, 1997
ESTIMATED STUDY COST 315,200
SEDIMENTATION STUDY :
IDENTIFY PROBLEM AREAS $1,500
TOPOGRAPHIC SURVEY $4,500
SEDIMENT SAMPLING $4,000
ANALYZE DATA $4,500
REPORT AND COST ESTIMATE 53,500
ESTIMATED STUDY COST 518,000
PERMIT PREPARATION, PLANS AND 56,000
SPECIFICATIONS
TOTAL ESTIVIATED COST 539,200

The costs above do not include design of a speils site, weed harvest site or any property acquisition costs
that may be identified in the study.

It should also be noted that the above costs are preliminary estimates for budgetary purposes. A more
detailed estimate of costs will be prepared once a scope of service is determined.

If you have any questions or need any additional information, please do not hesitate to call.
Very truly yours,

JCK and Associates, Inc.
Consulting Engineers for the City of Novi ’

Doilaﬂ% i

Project Manager

¢c: - B.Jerome, DPS
D. Potter, JCK
file



Cansulting Engineers + Architects + Land Surveyors
« Environmental Services - Planrers -

Main Ciffep
45550 Grand Rlver Avo.
Pt B 150

& associates, inc. | m i 375

Fleld {248} 1285008
Fax {248} 348-2777

SEptembeI‘ 16, 1998  Branch Offler
g
Mr. Anthony Nowicki, Director of Public Service frand 16l v84-270
C lt}f Df‘ Novi Fas {516) 954.2777
43175 West Ten Mile Road

Novi, MI 48375

RE:  Staws of Walled Lake Weed and Sedimentation Study
JCK Jab No. N -6238

Dear Mr. Nowicki,

In response to your request, this letier is to update vou on the current status of the Walled Lake Weed
and Sedimentation Study. As you may recall, this study requires a multi-phase approach to determine
weed types and densities and the sediment accumulation that has occurred. The first phase of the weed
study was performed in June of 1998. The weed types and densities were determined along with bottom
characteristics. Water quality samples were alsa coliected and are being analyzed. The second
inspection is scheduled for September 24, This inspection will be similar to the first to determine weed
types, densities and water quality parameters. Also included in the is a survey of the lake bottom in the
areas of the major stormwater outfalls to determine the level of sedimentation that has occurred
compared with historical data.

After all of this dara has been acquired, including the laboratory analysis of the water quality samples a
report will be prepared detailing the findings and recommendations for control of the weed growth and
sediment removal as necessary.

1t is our understanding that there is a meeting scheduled for Tuesday, Septemnber 22, 1998 with
representatives of the Lake Area Residents Association to discuss the status of the investigation and
report. A representative of JCK and Associates will be attending to provide a status repart answer any
questions from the residents.

Please do not hesitate to contact our office if you have any questions or need any additional information.

Very truly yours,

JCK and Associates, [nc.
Consulting Engineers for the City of Novi

glag A Pakkala, P.E.
irector of Municipal Design Services

oot . Potter
. Farnham

file




Consulting Engineers « Architects - Land Surveyars
« Ernvironmental Services - Planners -

"\ M Bt Offcy
. S0 Grarwd) Rarsr Ave,

: . P, Box 759
& associates, inc. N, Mi 46378

o) - 2680
Fiokd (810 ME-9008
Fax (@i0y WE-27TT

Bk O
2525 E, Pans 5E, 51 160

May I, 1997 ' awm@m:‘d‘%
Fax [B1E) 5542177

Mr. Anthony Nowicki
Director of Public Warks
Ciry of Novi

45175 West Ten Mile
Novi, MI 48375

RE: Walled Lake, Shawood and Meadowbrook Lake Weed and Sedimentation Study (Revised)
JCK Job No. 5400-13

Dear Mr. Nowicki: .

At the Stormwater Financial Review Comminee meeting held on January 27, 1997, a request was
presented to perform a weed study for Walled Lake and a sediment study for limited areas on Walled
Lake, Shawood Lake and Meadowbrook Lake. The original scope and cost estimate prepared on
February 24, 1997 has been revised to reflect the addition of permit preparation and plans and
specifications for bid purposes.

WALLED LAKE WEED STUDY - OBJECTIVES AND REQUIREMENTS QF STUDY

Objective of Study - The objective of this study is to identify weed growth areas near stormwater outfalls
and drainage channels, recommend solutions to control growth in the idenrified areas and o prepare cost
estimates for the various solutions, '

The following are the basic requirements of the study:

A, Analyze aquatic weed growth in identified areas and make recommendations for removal and
control. Prepare 2 map which shows the locaticns 2nd types of aquatic vegetation and
approximate lake bottom contours using existing data.

B. Determine water quality in these identified areas using the following listed parameters and
recommend appropriate action to improve water qualiry,

pH

Oxvgen Concentration
Phosphorous Concentration
Nitrogen Concentration
Chlorophyll Concentration
Secchi Disk Concentration
Theoretical Nutrient Budget

fm Wl S —

~] Oh th



Mr. Anthony Mowicki
Page 2
May 1, 1997

C. Evaluate the sediments and assaciated nutrients in high weed growth areas, their removal and
apprapriate disposal if necessary.

D. Investigate alternative methods of weed contral including chemical and mechanical methods,
eration, dredging, etc.

SAMPLE WORK PROGRAM
The following is a sample work program for the above mentioned project,

Coordinate and perform field survey of plant types, locations and density. The initial inspection
will be performed in May-June and a follow-up inspection in August.

Perform water quality testing at inlets and high growth areas

Prepare report and cost estimate

WALLED LAKE, SHAWQOD LAKE AND MEADOWBROOK LAKE - SEDIMENTATION
REMOVAL STUDY - OBIECTIVE AND REQUIREMENTS OF STUDY

Objective of Study - The objective of this stiidv is to identify areas in the lakes that are experiencing
sedimentation adjacent to stormsvater outfalls and other discharge points, The sediments in these areas
will then be tested and quantified to determine methods and estimated costs for removing sediments
deposited by the stormwater outfalis.

The following are the basic requirements of this portion of the stucly:

A [dentify areas adjacent to the stormwater outfall into the lakes that have deposited sediments
into the lakes

. Perform a lake bottom topographic survey in the identified areas and preform a chemical
analysis of the sediments to determine removal and disposal requirements

C. Prepare a report detailing findings along with cost estimates and permit requirements for the
sediment removal,

[
“The studies will be presented to the City for review and comment. If the City desires to proceed with the
work identified in the studies, JCK and Associates, In¢, will prepare and submit permit applications for
the permits identified in the study. After receipt of permits, we will prepare final plans and

specifications for bid purposes.

SUMMARY OF COSTS

WEED STUDY
FIELD IDENTIFICATION ' $5,200
WATER QUALITY SAMPLING AND ANALYSIS  $7,500
REPORT AND COST ESTIMATES $2,500




December [, 1997

David Potter

JCK & ASSOCTATES, INC.
45650 Grand River

Novi, Michigan 48376

RE:  Walled Lake, Shawood and Meadowbrook Lake
Weed and Sedimentation Study

Dear Mr. Potter:

Regarding the referenced, you were authorized to proceed with conceptual phase of
this study, as well as most other Projects contained within the Capital Improvement
Program, on June 10, 1997. As you had indicated, I did receive your facsimile of
October 6, 1997 on this matter, however, it was a transmittal of a previous letter and

only requested a telephone call if T had any questions. In any case, please get this,
study moving forward.

Also, as a point of clarification, this stady should include everything to the point that
we can solicit propesals for the work. Your budget for the study is $39,200.

Should you have any quéstions, contact she as needed.
Sincerely, : -
4 : /
Anthony W. Nowicki
Director of Public Services

AWN:kk
Enclosures:  DPS letter dated 610197

JCK fax dated 10/6/97
ce: C. Smith

File Tri-Lake Siy
t0r RO wi S tudies



Consulting Engineers + Architects « Land Surveyors
= Environmentai Services « Planners «

Main Olfce

45680 Grand River Ave.
. . PO, Bem 752
& associates, inc. o, M1 48375
{870} 348-2660

Fiokl {870) 348-0004
Fax (510} 348-2777

Hranch Ctiigg

2526 £ Farfs S8, Ste 180

Grand Aapidz, M) 49548

(816} 9538770

February 24, 1957 Fax (916 9502777

Mr, Bruce Jerome
Superintendent of Public Service
City of Movi

26300 Delwal

Novi, MI 48373

i

L,

RE: Walled Lake, Shawood and Meadowbrook Lake Weed and Sedimentation Study
JCK Job No. 5400-13

Dear Mr. Jerome:

At the Stormwater financial review Committee meeting held on January 27, 1997, a request was
presented to perform a weed study for Walled Lake and a sediment study for limited areas on Walled
Lake, Shawoaod Lake and Meadowbrook Lake. Subsequent o this meeting JCK and Associates was
requested to prepare a cost estimate for this work,

WALLED LAKE WEED STUDY - REQUIREMENTS AND OBJECTIVES OF STUDY
The following are the basic requirements of the study:

A Analyze aquatic weed growth and make recommendations for remeval and control. Prepare a
map which shows the locations and types of aquatic vegetation and approximate lake bottom
contours using existing data.

B. Determine lake water quality using the following listed parameters and recommend appropriate
action to improve water quality.

pH

Oxygen Concentration
Phosphorous Concentration
Nitrogen Concentration
Chlorophyll Concentration
Secchi Disk Concentration
Theoretical Nutrient Budget

R

C. Evaluate the lake bottom sediments and associated nutrients, their removal and appropriate
disposal.

— 5




Mr. Bruce Jerome
Page 2
February 24, 1997

D. Investigate alternative methods of lake improvements including chemical and mechanical weed
control, aeration, dredging, etc.

SAMPLE WORK PROGRAM

The following is a sample work program for the above mentioned project.

Coordinate and perform field survey of plant types, locations and density. The initial inspection
will be performed in May-June and a follow-up inspection in August.
Perform water quality testing at inlets and high growth areas

Prepare report and cost estimate

|!|p ll!;‘

WALLED LAKE, SHAWQOD LAKE AND MEADOWBROOK LAKE, SEDIMENTATION
REMOVAL STUDY - REQUIREMENTS AND ORBJECTIVES OF STUDY

The following are the basic requirements of this portion of the study:

Al Identify areas adjacent to the stormwater outfalls into the lakes that have deposited sediments
into the lakes

B. Perform a lake bottom topographic survey and chemical anatysis of the sediments to determine
removal and disposal requirements

C. Prepare a report detailing findings along with cost estimates and permit requirements for the
sediment removal.

SUMMARY OF COSTS

WEED STUDY
FIELD IDENTIFICATION 55,200
WATER QUALITY SAMPLING AND ANALYSIS  $7,500
REPCRT AND COST ESTIMATES 32,500

ESTIMATED STUDY COST $15,200

SEDIMENTATION STUDY
IDENTIFY PROBLEM AREAS 31,500
TOPOGRAPHIC SURVEY 34,500
SEDIMENT SAMPLING $4,000
ANALYZE DATA $4,500
REPQRT AND COST ESTIMATE $3,500

ESTIMATED STUDY COST $18,000



Mr. Bruce Jerome
Page 3
February 24, 1997

[t should be noted that normally studies of this nature are paid for by establishing a L.ake Board and
assessing the adjeining residents. It should also be noted that the above costs are praliminary estimates
for budgetary purposes. A more detailed estimate of costs will be prepared once a scope of service is
determined.

1f you have any questions or need any additional information, please do not hesitate to call.
Very truly yours,

JCK and Associates, Inc.
Consylting Engineers for the City of Novi

Ly

L]u LII

Douglas A. P
Project Manager

ala, P.E.

o A, Nowicki, DPS
3. Potter, JCK

file










STORMWATER SEDIMEN’I‘ AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE, MEADOWBROOK LAKE

APPENDIX 111

Walled Lake Analytical Results For:
Water Quality
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STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE, MEADOWBROOK LAKE

APPENDIX IV

Walled Lake Analytical Results for:
Sediments {10 Michigan Meials)
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STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE, MEADOWBROOK LAKE

APPENDIX V

Shawood Lake Analytical Results for:
Water Quality
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STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOQOD LAKE, MEADOWBROOK LAKE

APPENDIX VI

Shawoed Lake Analytical Results for:
Sediments {Volatile’s)
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STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE, MEADOWBROOK LAKE

APPENDIX VII

Shawood Lake Analytical Results for:
Sediments (10 Michigan Metals)
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APPENDIX VIII

Shawood Lake Analytical Results for:
Additional Sediment Testing {10 Michigan Metals)






33 SR (£)

A pasjaasy (g}

s g gl ()

i#q pmprmbuyay (£}

sy et (1)

D

hq paafassy (2

s 1 e ()

14q paysmrburay (7D

g R @,

i

s

ré @%a paysmbagpay {1)

. L uﬁ&qﬁhﬁ nfﬁqf

=

By ﬂawu._ M aeﬁﬁkﬁ'ﬁ u&.&t&&% u_uhanh aﬂ;u.. .«x__u u.%au.. y

-+

M._w £ MWiNTw...&s&E

i
£

(a1

{s

(g

2

(2

{5

(

F

| {7 A

1/ 300 40 45977 | Foog,

| S04/ \

MBTH 70 3,057

A,

) 9777

$b-21-2 By

VB0 g 01 | Ty,

MO wz.ﬂwu‘%m

7€

A&b I-3€ ~&¥7 v
{ 9BFT-8E 37 ous

SHYLTL) I U el

| exaupeprory 30 #

podureg aumy, | papdures ;eg

uvonduas] Adieeg # O vontag

#ALONOMNIININ 0 d

sAep ssauisny (] :PpIEPOEIg
=fep ssoursly

HIEWAN LYER0Ed

$0-00-B£T7 -

(8] [iLn &)idea) slap Sseursng g-1 .,Amsm-
(a0 spna) N ADWYNHEAL GELSTNDEYE

(7 mw\ ?Emdw.ﬁ

SHAWYN .m.U.,H—.Qﬁm

I

ANYN ANVAWOD

pasanbay sisA|eny




e S

66/$1/20

e

R .

MO GILT-0 LSV % s'TH PHGGa;,

B/ TIT0 od PaIsIBI( {uonsadp} Linasam
66/91/20 ST posadiq (wonsedip) j1os ey
H6/9L/20 og 0709 9P8MS 0l B3y 9% M7 [RI0],
66/91/Z0 -q 209 9PEMS 056 Tyy/dw PAIRIP 10N IDAIS RIOL
66/91/20 okt 0709 958M.8 0570 I 0L0 Wu|ag [F10L
66/8L/CO M0 TLFL IFBMS Gro Fy/8um PR3P 10N AINOIa [R10L
66/9L/20 og 0709 IFEMS 71 T3/ g peaT [E10L
H6/9L/E0 od 0¢a9 9rEMS gt Sy 0z taddoy 1oL
56/91/20 og 0209 9r8MS DT dy/Aur oA | WNWOIY) [B10],
66191170 o8 0209 9¥8MS 00 &y/3wm Lvo WIHUERTY [RI0L
HE/91IT0 o4 0009 SEEMS 01 dyy/duw rE wWneEg [e10],
GE/9TIT0 ot | 0709 9F9MS B]81] dy/8uw 8'c JIUASTY {e10],
SISAJROY [EjR}y

B SWATEUY EAEYY FUBIEY POYIAN el 5 1ify! spnsayl siopawRIeg

S0-00-8£29-N  “TOQUINN 303f0ug

el Py unsny SUEN ~0®.—.Ohm

T6O0dY (3] Fdues vy

PRGOS equny rodn vy

Py unsay jo - 01 (1] orduweg

PLERR T ‘TaON

6ELX0H "O'd

SUUIAY IaaTy] PURIO GCOLE
T SIIRIDOSSY W MTYT

0T,

059%-622(018) XV $£5L-62E(018) :quoud
OLI8y uEBnpHA ‘wondug

3ali(] 359id SOIT

Uy ‘fednAleny uoyydag

B6/ZL/Z0  paduieg aze(]

SBCT/E0

IpOnIEGNS 238¢T

66/81/20 133ed

DUy
oLy
LIOICITLAST




; %\“ﬁws o

P A .
\.\\J\m\w‘v\@ 4o pasesiay "DHAW Aq popUsmUogs s ¢ I UonIIn =1

“1gdiam AIp 10 PIseq SRS [0S [V IR
JODLLEIOY §

Ay

‘- m— e am [P [T ————— > .O..




66/51/20

[ JR— _———

MO YO LSY % g5 PIOS%
66/LT/TD od paisasig] (uonsafp) Anvisp
HOMT/IT0 51 PHsaIy {uonsosp) rog EPW
66/IL/TO od 0209 9P8MmS o'l By/du SL 7 210,
6ofeL/TH od 009 9FRMS as'0 /8w [13213p JoN] J2ATTSG 10T
66/ LITH od 0T05 9¥SMS 080 Tydw P3P 10N RS 1210
BA/BLICO MD ILBL OFBMS oo B3/ Pa1310p JON Aanorop 210,
66/9LT0 o G209 9FSMS o1 831/dw 9z pre] RIOY
66/9LIE0 o (09 9FIMS 01 /A 5T seddony re10],
66/91/20 og 0T09 9F8M5 920 ayj/dw 6s WALOIY) [BIOL
66/91/20 og (T09 OPRMS =133 3y/Fw 60 HIMIWPED) [B10],
66/91/20 ol 0709 9F8MS ol gyy/dwt € umizeg B0,
66/9T/20 og (209 9FEMS nro gy /A LT MESIY [P10],

SISA[eny (e1agy
(] HusA[Buy ISAEIY aOAINIAY POYIAMN 1 spany HnsayT 1910 g

SG-00-8E< 9N

IoquIny 1waforg

E60E0dY I a[dwrg vg

‘P unsoy jog 0sf 1 Dm&m.m.mm

ugma(] ‘py apsny  SWRN 105[04] PE6LE Iaquiny wrodey v

PLERY TN TWON

65 %04 °O'd

INUIAY IdAn PURIS) JCOSH
UL SAWDOWY B YT 0L

66/TL/Z0  padums ;g
66/T1ED  pARIUNg 2R

66/RT/CD F1Rg

0$98-672(018) "X SL5L-672{018) :euoyy
SLISY WSOt “wolydirg
2ALICT 5591 SOTT
M ‘[EINAlRRY O SIEg

o214
jpougney
ML



. P
\u%\bﬂ& h“ gt

W
— VN % Ko paseaqy YA AQ popUSUIiIodsT $8 WU uonosed =14
e ATp U0 paseq symsal [0S Y Wi
Jon iy
QLT




8651120 MD 9177-0 INLSY % FIL PiIOSY
S6/L1FT0 og pasadiq (wonsadip) Lm0y
66/9 /20 1 pa3sadiq {wonssdip) 10g [PIa
66/91/20 OF 07069 9FSMS eNi M3 ¥L w7 [e0],
86/ L0 g 0709 SFEMS s By /dw PIPNAD 10N JIAJIS fBiO),
66/91/T0 od 0709 SPRMS 050 sy/dm PIRAIP JON USRS fB10T,
66/81T0 MO TLbL 9FEMS u1o B/ PARNIP 10N Arnoia] IO
BB/ L/Z0 o6 0709 SFPEMS o1 Ty 58 peary jei0 ],
66/91/20 od 0709 SFSMS ol Ey/fu 7z saddory =101,
66/91/20 od 0709 9FEMS (oco y/du i WHTORT} 1210,
66/91/20 og 0Z09 9FRMS SO0 Eae fiahit LE°6 BINMWpET) 1250,
66/91/20 e 0209 9FEMS o1 dy/duwr g€ WnRUeg (210
66/31/20 o4 0709 9bEMS Nro /3w ot NUISIY [BI0L,
SISAJEUY [E19A

e sisdEUy 1sfeuy AURIBIAY POUISI glei sKup s)nsay SI9IVRIES

S0-0-8€29-N  -OqUITNN 103(01g

ugea( py upsny SWEN 103(01g

YOSV Q] oldres vg

PRGEC gy U0day vy

"py 1aop Jo gsap (] opduieg

PLERY I TAON
05 X0 "O'd

SRUBAY [DATY PURID) (059SP

UL SRIVIINSSY Y T

o,

0S98-622(D18) XV §L5L-677(Dig) PUong
OTIRF UEdRPIN ‘wonydug

ST $99{d SDIT

U] [RonA[euy uojyilag

66/ZL/TO peldules areg
GH/TL/TO PSIENG 2te]

66/81/20 P®O

14}

JoondpiaLey
UCKISLAST



5 7e]

fq pesesiryd TYECT AG PRPUSUREGDDT §1 JHIN] UoIIa =1

e AIp 2O pIseq SHOSAT 108 [y gy
JoonpLy
o vonge N e













AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE,

STORMWATER SEDIMENT
MEADOWBROOK LAKE

APPENDIX IX

Rouge River National Wet Weather Demonstration Project

Technical Memorandum - RPO-MOD-T ™ 16.00






THE ROUGE RIVER FROJECT

A WORLD CLASS EFFORT Rouge River National Wet
| & @y e Weather Demonstration
BRNGING OUR RIVER BACK TO UFE . '

Project

Wayne County, Michigan

TECHNICAL MEMORANDUM
Modeling Special Studies 1994-1995:
Impoundment Limnological Report

RPO-MOD-TM10.00

July 1996







Rouge River National Wet
Weather Demonstration Project

Wayne County, Michigan

TECHNICAL MEMORANDUM
Modeling Special Studies 1994-1995:
Impoundment Limnological Report

Authors; Joseph E. Rathbun, Sarina G. Aryan, Gary W. Mercer

Rouge River MNational Wet Weather i July 31, 1946
Dremonstration Project

Modeling Special Studies: Impoundment Limnological Report gwpaaditnitm 10,98






ACKNOWLEDGMENTS

The authors would like to thank the following people for their contributions to this study: Dennis
Prevo, ECT; Mike Harrington, ASI, Romulo Aguino, MP&S,; Peter Meier, University of
Michigan; Lou Regenmorter, RPO; V. Eliiott Smith, AScl: Laura L. Huellmante!, AScl; Russ
Krets, Jr., U.S. EPA-LLRS; Fred Wnght, Meadowbrook Lake Subdivision Association, and Tom
Quasabarth, Sue Morea, Khalil Atasi, and Tom Pedersen, RPO. Valuable reviews of this
document were provided by Vyto Kaunelis, Noei Mullett and Lou Regenmorter,

The Rouge River National Wet Weather Demonstration Project is funded, in part, by the United
States Environmental Protection Agency (EPA) Grant #X995743-01. The views expressed by
individual authors are their own and do not necessarily reflect those of EPA. Mention of trade names.
products, or services does not convey, and should not be interpreted as ceonveying, official EPA
approval, endorsement, or recommendation.

Rouge River National Wet Weather Demonstration Program

MISSION STATEMENT

The mission of the Rouge River National Wet Weather Demonstration Project is to restore the
water quality in the Rouge River as necessary to:

. provide a safe and healthy environment for ourselves and future generations,
«  protect downriver water resources such as the Detroit River and Lake Erie, and
. re-establish a heaithy and diverse ecosystem within the Rouge River Watershed.

This will be accomplished through the development, implementation, and financial integration of
a technical, social and institutional framework Jeading 1o cost efficient, and innovative, watershed
based solutions to control the wet weather problems in the Rouge River Watershed.
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PREFACE

The Rouge River and its watershed are a primary source of pollution to the Great Lakes. The Clean
Water Act of 1972 intended to make waterways "fishable and swimmable" by 1972. Although that
goal has not been reached, great progress has been made in improving water quality in most
waterways. The Rouge River Remedial Action Plan (RAF) provided a basis for which The Rouge
River National Wet Weather Demonstration Project (Rouge Project) efforts were created: it
identified the major sources of poliution and measured the relative contributions of each. The RAP
is the cominuing foundation for the Rouge Project and presents a framework for addressing the
problems within the Rouge River by looking beyond treatment and focusing instead on prevention
methods.

The Rouge Project was established. under the initial Rouge Grant 1 from the United States
Environment Protection Agency, Region 5, and enabled Wayne County to initiate a comprehensive
watershed-wide pollution-control approach that addresses combined sewer averflow (CS0), storm
water management, and othigtr“nonpoint source controls through the application of innovative
technologies, progressive financial and institutional arrangements, and creative public involvement

and education programs.

Rouge Grant 2 provides the framework for the progression and implementation of Project goals as
Wayne County contines its mission to develop potential solutions and implement projects which will
jead to the restoration of water quality in the Rouge River. The Project will address both
conventional and toxic pollutants t0:

« provide a safe and healthy recreational river resource for present and future generations;

. re-establish a healthy and diverse ecosystem within the Rouge River Watershed;

«  protect downstream water resources such as the Detroit Rjver and Lake Erie; and

+  help ensure compliance with federal, state, and local environmental laws which protect human
health and environment.

This wil! be accomplished through the development, implementation, and financial integration of
technical, social, and institutional frameworks leading to cost-efficient and innovative watershed-
based solutions to wet weather problems. This watershed-based national demonstration project will
provide other municipalities across the nation facing similar problems with guidance and potentially
effective solutions.

Under Rouge Grant 2, the Rouge Project will build on lessons learned from Grant 1 efforts and focus
on further integration of the goals of the overall Mission. To this end, Rouge Grant 2 concentrates
on the following key Project areas;

+« Watershed Management will continue under Rouge Gramt 2 with the development and
evaluation of wet weather and storm water alternatives, the planning of long-term monitoring

Rouge River Nationa} Wet Weather v Juby 31, 1996
Demonstration Project

Modeling Special Studies: Impoundment Limnological Report grovpimaditmm16.00



programs, and the ongoing efforts to enhance instream water quality, monitor rain and flow
levels, interpret data anaiysis, and present recommendations,

*+ Nonpoint Seurce Poilution Cantrol will provide for the storm water management, permit
applications, and development of financial and institutional alternatives for wet-weather
watershed management in concert with enhanced efforts to establish institutional partnerships.
Toward the goal of institutional partnering, several community projects will be undertaken
with watershed comimunities. Additional efforts include the inventory of wetlands and
measurement of poliutant loads from abandoned dumps and air deposition with possible
remediation of some sites. '

*= C30 Construction Coordination will continue to monitor the construction of CSO
demonstration projects established under Grant 1. Additional planning and assistance will
allow project coardinators to make additional recommendations on the design criteria of
future CSO abatement facilities.

*+ Public Involvement and Information will reach and interact with more stakeholders,
institutions, and regulatory agencies, thus fostering a renewed understanding and continued
commitment to reducing pollution, and continuing the transfer of watershed management
approaches way beyond the project. It will be the central mechanism for transmittal of the
Project's Decision Support System toals, processes, and information necessary for sustaining
a watershed management support system directly to varied sudiences both within and outside
the Rouge watershed.

Additioral information on the Rouge River Project is available from many sources, including the
Wayne County Department of Environment (WCDOE) and the Rouge Program Office (RPO).

This document has been generated under the Modeling Program Element, Its purpose is to provids
an overview of existing water quality and environmental conditions in Walled Lake, Meadowbrook
Lake, Phoenix Lake, and Newburgh Lake along the Middle Branch of the Rouge River in 1994-1993,

Rouge River National Wet Weather v July 31, 1996
Demcnstration Project
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ABSTRACT

Limnological analyses (nutrients, dissolved oxygen, water clarity, totat suspended solids, algae
communities) and mactophyte distribution and abundance measurements were performed at four lakes
(Walied Lake, Meadowbrook Lake, Phoenix Lake, and Newburgh Lake) along the Middle Branch
of the Rouge River, between Septembet/October 1994, and Angust 1995, Most of the data indicated
that ail four lakes are moderately to highly eutrophic, especially when judged by secchi depth, total
phosphorous, total nitrogen, chicrophyll &, and algae community composition. Overall, Walled Lake
was the least eutrophic and Meadowbrook Lake the most, with Phoenix Lake and Newburgh Lake
being intermediate. Nitraie and total phosphorous concentrations increased sharply between Walled
I ake and Meadowbrook Lake, partly due to the Walled Lake wastewater treatment plant discharge.
All four lakes were strongly stratified during the summer of 1995, with epilimnetic dissolved oxygen
concentrations near or exceeding saturation, and hypolimnetic concentrations less than 2 mg/L. The
presence of an anoxic hypolimnion influenced the concentrations of nitrate, ammonia, and total
phosphorous, through various microbially-mediated and sediment-associated physicochemical
phenomena, Algae characteristic of eutrophic conditions were common in all lakes, especially
Meadowbrook Lake, Phoenix Lake and Newburgh Lake. The macrophyte community in Wailed
Lake was diverse and abundant in shallow waters along the shore, while the Newburgh Lake
corumunity was dominated by the macroalgae Chara, along with lily pads in the western quarter of
the lake. Macrophytes were missing from Meadowbrook Lake and Phoenix Lake, for unknown
reasons. Based on limited historic data, algae communities and most nutrient concentrations have
not changed substantially in the last 20 years. Tt is recommended that limnological conditions in these
lakes (and perhaps others along the Middle Branch) be reexamined in three to five years, to assess
the impacts of land nse changes i the Middle Branch watershed. [i is also recommended that
Newburgh Lake be reexamined in 1997 and perhaps yearly thereafter for several years, to assess the

impact of the 1996 sediment remediation project.
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1.0 INTRODUCTION. A unique feature of the Middle Branch of the Rouge River is the
presence of a lake and several impoundments along its length. All are or have the potential
to be valuable ecological and recreational resources for the Rouge River Watershed.
Previous studies (SEG, 1974; SEMCOG, 1978; varous, cited in RPO, 1996b) have
indicated that these lakes and the river waters flowing into them share a number of problems
to varying degrees, including nutrient enrichment, low water transparency, high primary
productivity, and seasonally low dissolved oxygen concentrations.

Limnological features of four of the lakes; one natural lake and three impoundments; were
studied in the fall of 1994 and the spring/summer of 1995, Walled Lake is a natural lake,
and makes up the headwaters of the Middle Branch of the Rouge River (Figure I-1).
Meadowbrook Lake, Phoenix Lake, and Newburgh Lake are artificial impoundments
located in the middle of the Middle Branch. All four lakes were sampled once a month, in
September/October 1994 and May, June, July, and August 1995, for a variety of chemical
and biclogical parameters.

The objectives of this project were to:

Collegt water samples from the lakes on the Middle Branch and analyze them for
temperature, nutrients, dissolved oxygen (DO), in-situ transparency, total suspended solids
(TSS), and algae taxa, :

»  Measure diurnal changes in DO in vertical profiles in each of the lakes;
- Measure macrophyte productivity once in each of the four lakes.

Data from the 1994-1995 Impoundment Limnological Special Studies will be used in the
Rouge River National Wet Weather National Demonstration Project (Rouge Project) for
the following purposes:

»  Nutrient concentrations and algae communities were assessed to evaluate the traphic
status of the lakes.

- Algae were identified to provide taxa-specific photosynthesis and respiration rate data
for the water quality model.

+  Diurnal DO measurements were made to investigate the daily fluctuations of oxygen
within the lakes.

+  Macrophyte community produetivity was measured to assess the trophic status of the
lakes.

«  Total nitrogen and total phosphorous data were used to assess the limiting nutrient
in each lake.

»  Nutrient data were used to determine rates and processes for the water quality
modeling.
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MIDDLE BRANCH ROUGE RIVER
Lakes Sampled in 1994/1995
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Figure 1-1: Middle Branch of the Rouge River
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2.0

2.1

2.1.1

2,1.2

2.1.3

2.2

221

INVESTIGATIVE APPROACH.

STATION SELECTION. A brief account of the issues considered in establishing
sampiing stations is provided below. Further detai! is contained in the Impoundment
Limnological Studies Field Sampling Plan (FSP) (RPQ, 19944a),

Impoundment Limnological Studies. Three issues influenced sampling site selection in
the impoundment limnologcal studies: water column depth; potential spatial heterogeneity
in the distribution of nutrients, algae, and DO within each impoundment; and the question
of whether each impoundment may act as a source or sink of nutrients to the river as a
whole. Based on these considerations, samples for the limnological analyses were collected
from four sites in or near each lake {(Figures 2-f through 2-4Y

» One station in the Rouge River, immediately upstream of the impoundment and
downstream of the closest known point source {e.g., combined sewer overflow or
industrial outfalf};at which a subsurface (~ 6" below the surface) grab sample was
collected.

« Two stations within the impoundment, at which subsurface grab samples were
collected:

- at mid-water column, if there was no thermal/D¥O stratification;
- at both above and bejow the thermocline, if present.

+ One station in the Rouge River, immediately downstream of the impoundment dam or
lake outlet (Walled Lake) and upstream of the closest known point source, at which
a single subsurface (~ 6" below the surface} grab sample was collected.

Diurnal Dissolved Oxygen Profiles. Diurnal DO profile data were collected from the
deepest known part of each lake, because this is the location most likely to exhibit
temperature stratification and maximum DO concentration heterogeneity,

Macrophyte Biomass Measurements. A preliminary survey of each lake established
macrophyte distribution, and this information was used to select representative stations at
which species composition and biomass measurements were made.

SAMPLING SCHEDULE.

Impoundment Limnological Studies. Water samples were collected from each lake once
per month in September and October, 1994, and May through August, 1995, A single grab
sample from each lake was also collected in February, 1995. This schedule provided
information from all seasons, with emphasis on the spring, summer, and fall period of
maximum productivity, temperature vanability, precipitation variability, etc.
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1995 Limnological Sampling Stations
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1995 Limnological Sampling Stations
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1995 Limnological Samipling Stations
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2.2.2  Diurnal Dissolved Oxygen Profiles. Diumal DO profile measurements were taken at
times of minimum and maximum photosynthetic DO production {sunrise and early
afternocn). Samples were generally collected on the same days as the impoundment
limnalogical samples were collected in May through August, 1995,

2.2.3  Macrophyte Biomass Measurements. Macrophyte species composition and hiomass
measurements were made in August 1995, the time of maximum macrophyte productivity
in the Great Lakes region (Herdendorff, 1987).
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3.0 METHODS. A brief account of the methods used in this study is provided below.
Further detail is contained in the Impoundment Limnological Studies FSP {RPO, [9%4a).

3.1 IMPOUNDMENT LIMNOLOGICAL STUDIES. Grab water samples were collected
at the depths and stations described in Section 2.1.1, and analyzed for the parameters listed
in Table 3./ Details of the analytical methods are in the Field Sampling Plan (RPO,
1994a).

Plankton were quantified only to phylum: Cyanophyta (bluegreen algae, more properly
termed Cyanobacteria under current taxonomic schemes), Chiorophyta {green algae);
Chrysophyta (diatoms and their allies); Pyrrhophyta (dinoflagellates), Euglenophyta
(euglenoids); and Cryptophyta (cyrptophytes}. Prominent genera were identified using the
following taxonomic references: Greeson, 1982; Prescott, 1978, and Taft and Taft, 1971.

3.2 DIURNAL DISSOLVED OXYGEN PROFILES. DO and temperature measurements
were taken at one 00T intervals at Meadowbrook Lake, Phoenix Lake, and Newbhurgh
Lake, and at five foot intervals in Walled Lake, along a vertical transect at the deepest part
of each lake. A membrane electrode was used to measure DO at times of maximum and
minimam photosynthetic oxygen production (1.e., mid-day and just before sunrise).

3.3 MACROPHYTE BIOMASS MEASUREMENTS. Macrophyte species compoesition and
wet and dry biomass was measured at three representative locations in Walled Lake and
Newburgh Lake in August, 1995, Significant macrophyte populations were not present in
Meadowbrook Lake and Phoenix Lake. Representative stations were selected based on
preliminary surveys of macrophyte distribution performed prior to the collection surveys.
Plants were collected from 1.0 m® quadrates, using a rake (Newburgh Lake) or by
snorkeling (Walled Lake). Wet and dry biomass was measured, and prominent macrophyte
species identified using the following taxonomic references: Fassett, 1957, Hotchkiss,
1972; Voss, 1972; and Voss, 1985,

It should be noted that Wayne County operated a mechanical "weed harvester” on
Newburgh Lake near the fishing dock on the northwest share of the lake during the summer
of 1993, to provide open water for recreational paddie boat operation. This greatly reduced
the plant populations in certain parts of the lake, and these areas were not sampled in this
survey.
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Table 3.1

Anaiytical Parameters for the Impoundment Special Studies

Study

Parameter

Impoundment Limnological Studies

Total phosphorous
Orthophosphorous
Total Kjeldahl nitrogen
Nitrate-N
Nitrite-N
Ammonia-N
Algae taxa
Chlorophyll &
Secchi disk transparency
Dissolved oxygen
Total suspended solids
Water terperature

Diurnal Dissolved Oxygen Profiies

Disscived oxygen
Water temperature
Water depth

Macrophyte Biomass Measurements

Wet weight/square meter
Dry weight/square meter
Water depth

Rouge River National Wet Westher 19
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4.0 RESULTS AND DISCUSSION.

4.1 PHYSICAL LIMNOLOGICAL PARAMETERS. Data for two physical limnoclogical
parameters were cottected in this study: warer temperature and secchi disk transparency.

4.1.1  Water Temperature. Water temperature in the four lakes fluctuated seasonally, being
lowest in February 1995 and highest in July or August 1955 (note: not all months of the
year were monitored), Water termperztures in Walled Lake and its outlet wers fairly
yniform in any specific month, but in most months there was a noticeable increase in water
temperature as the water passed through any of the three impoundments (7able £ /). When
the lakes were stratified, epilimnetic water temperatures were always higher than
hypolimnetic temperatures, by 2 to 13 °C, even when only a few feet separated the
measurements.

41,2  Secchi Disk Transparency. Secchi disk transparency was measured at two stations in
each lake (Table 4.2). It was not measured at the lake inlets and outlets, because these
waters were either inaccessible (deep and beneath tall bridges) or so clear that the bottom
was visible. Secchi depth was also not measured during the winter sampling survey
{February 1995) because ice prevented transmission of light into the lake.

Water transparency varied considerably both between lakes and within a lake over time.
Walled Lake secchi depths were generally greatest, averaging 5.3 feet {range = 4.7' to
14.5", and Phoenix Lake was usuafly the most turbid, with secchi depths averaging 2.0 feet
(range = 0.6' to 3.5"). Newburgh Lake {average = 4.1; range = 0.8' to 6.5 and
Meadowbrook Lake {(average = 3.1 range = 0.6' to 5.5") were intermediate. For
comparison, the United States Environmental Protection Agency (EPA) (1983) considered
mean secchi depths of greater than 9.9 ' to be indicative of oligotrophic conditions, and less
than 2.4' to indicate eutrophic conditions.

Some lzke-specific observations are as follows:

» A rainfall evert immediately prior to sample collection often decreased the water
transparency in the three impoundments, as did algae blooms in Walled Lake. This is
further discussed in Section 4.2, 1.

+ The shallow westemn end of Newburgh Lake {station D22), nearer the river inlet, was
consistently mare turbid than the deeper eastern station (D23},

» Increasing macrophvie growths generally increased secchi depths in Newburgh Lake,
by slowing the water flow and causing suspended particies to settle out, Macrophytes
were absent from Meadowbrook Lake and Phoenix Lake (see Section 4-4), and did not
influence water transparency at the Walled Lake stattons because of its great depths
(35" to 50%.
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Table 4.1

Water Temperature (°C) in the Four Lakes: 1994.1995

(Stations refer to figures 2-1 to 2-4)

Walled Lake Phoenix Lake
Date Llet D41 D42 Outlet Date talet D32 D33 | Outlet
i0/12/94 Walled Lake 148 14.9 13.2 FO/4/04% 114 11.6 12.3 23
does not
5/17/95 have an inlet 13.7 1a.17 16.9 513495 13.8 173 15.2 16.0
9.3
af19/95 22.0 21.2 Dutlet not 6/20/93 210 22.5 20.8 248
141 13.3 flowing
7125195 256 251 251 LT 9s* 195 220 124 224
15.3 15.6 20.3
3/16/H5 279 281 26.8 8/17/95+ 225 243 243 25.3
{7.9 5.2 214
Meadowbraok Lake Newburgh Lake
Date Inlet Ds2 D53 Qutlet Date Inlet D2z D13 Cutlet
10/19/94* 154 15.6 12.2 144 Q2T I94= 16.0 6.4 19.3 19.6
5725195 130 13.4 14.3 14,5 3722095 16.2 173 i8.4 201
6/22/95 94 2.4 217 247 B/23/95 21.5 24.6 25.3 231
14.1
7/31/95 20,1 242 243 244 TI25/95* 220 225 251 24.5
121 15.8
8/29/95 201 216 224 2.2 8/15/95% 253 257 277 26,7
183 254

* Recent rainfall event
T Upper vaiue = epilimnicn; lower value = hypolimnion
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Secchi Disk Transparency (Feet) at the Four Lakes: 19%4-1995
(Stations refer to Figures 2-1 to 2-4)

Table 4.2

Walled Lake
10/12/94 3/17/95 6/19/95 7/26/95% 8/16/95
Did 1 Q.0 6.0 13.0 5.0 120
D42 10.0 6.5 14.5 4.7 12.2
Meadowbrook Lake
10/19/94%* 5/25/98 6/22/85 7/31/95 8/29/95
D52 0.5 1.1 4.0 3.2 3.2
D353 09 1.5 5.0 3.5 5.5
Phoenix Lake
10/4/94** 5/23/95 6/20/95 7/27/G5%* B/17/95%*
D32 0.8 2.0 3.5 1.5 2.0
D33 0.6 5.0 1.2 1.5 1.7
Newburgh Lake
QI27/94** 5/22/93 6/23/95 7/25/95%* B/15/95%%
D22 2.3 3.0 [Weeds] 0.8 4.0
D23 6.3 3.3 6.5 {Weeds] 6.5
* Algae bloom present.
** Recent rainfall event.
[Weeds] = Secchi disk obseured by macrophytes
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4.2

4.2.1

Comparison of the 19941995 Secchi Depth Data to Qther Studies. The secchi depths
measured during the 1994-1995 study were generaily comparabie to data for Phoenix Lake
and Newburgh Lake collected in 1973-1974 (SEG, 1974), where the average secchi depth
was 2.5" {range = 1'to 5'). Apparently, water iransparency in these two lakes has not
changed substantially in the last 20 years.

CEBEMICAL LIMNOLOGICAL PARAMETERS. A principal issue in this study was
whether the four lakes are sources or sinks for the chemical parameters measured, especially
nutrients or TSSs. (Le. Are the concentrations of nutrients and TSS at the lake inlet higher,
lower, or comparable to the concentrations in the lake cutlet water 7) For example, a lake
could be a source or sink of TSS to the tiver, depending on the batance of solids in the
water entering the lake versus the settling of solids and the algae productivity within the
lake. It should be noted that Walled Lake is part of the headwaters of the Middle Branch,
and has no inlet. Therefore, it can only act as a source of nutrients and solids to the river
when its water level is sufficiently high for the water to flow out of the lake. Graphs of the
chemical limnological parameter data collected during the study are included in Appendix
A. These graphs illustrate the spatial distribution of each parameter by month, starting at
the upstreamn end of the study reach (Walled Lake) and proceeding to the downstream end
(Newburgh Lake Outlet).

Total Suspended Selids. Concentrations of TSS varied considerably between lakes, within
a lake over time, and between the inlet and outlet. Mean in-lake TSS concentrations
(excluding inlet and outlet river samples) were highest in Phoenix Lake, intermediate in
Meadowbrook Lake, and lowest in Wailed Lake and Newburgh Lake (Table 4.3 and
Appendix Figure A-1). In-lake TSS concentrations in Walled [ake, Meadowbrook Lake,
and Phoenix Lake on a specific date were fairly consistent, while in Newburgh Lake, TSS
concentrations at the lake station closest to the intet were always higher than those at the
lake station nearest the outlet. This is consistent with the secchi depth data (Section 4.1.2).

Mean lake infet TSS concentrations were comparably high at Phoenix Lake (36 mg/L) and
Newburgh Lake (33 mg/L), and lower at Meadowbrook Lake (16 mg/L), Walled Lake
does not have an inlet. Mean outlet TSS concentrations were lowest at Walled Lake (5.6

mg/L),

ey W ®

R - N .

e R
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Table 4.3
Concentrations of Total Suspended Solids (mg/L} in the Four Lakes: 1994-1995
(Stations refer to Figures 2-1 to 2-4)

Walled Lake Phoenix Lake
Date Inlet Dd1 D42 Outlet Date Inlet D3 D3l Outlet
10/12/94 | Walled Lake 10 P2 4.0 1044/ % 64 53 30 33
doss not &0
have an mlet
8/17/95 5.4 7.4 5.5 5/23/95 12 23 17 16
6/19/53 1 37 Outlet not G20/95 20 9.1 (Samp 12
10 6.0 flowing la losth
172698 15 6.8 88 Fi2T95% 44 47 36 20
19 H 40
B/16/95 36 | 60 40 8/17/25% 3% 34 31 21
10 3.6 36
Meadowbrook Lake Newburgh Lake
Date Inlet D52 D53 Outlet Date Inlet D2 D23 Crutlet
101594 12 06 30 25 0/27/94% 40 I g.n 12
*
5/25/95 23 23 20 36 5/22/03 it 92 5.1 13
8/22/95 7 55 6.0 15 &/23/95 7.1 9.1 3.6 16
19
1315 20 11 13 15 T/25/95% &7 KR 4 1%
44 16
R/29/95 89 1.8 4.0 .0 §/13/95% 4] ii 7.2 7.5
k]| 714
* Recent rainfall event
T Upper value = epilimnion; lower value = hypolimnion
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hugher at Meadowbrook Lake (20 mg/L) and Phoenix Lake (25 mg/L), and lower again at
Newburgh Lake (10 mg/L). Given the orientation of the lakes (Walled Lake -
Meadowbrook Lake - Phoenix Lake ~ Newburgh Lake), these data indicate that:

* There i5 a substantial increase in TSS between Walled Lake and Meadowbrook Lake;
* Another substantial increase berween Meadowbrook Lake and Phoenix Lake,
* A smalier increase between Phoenix Lake and Newburgh Lake, and,

*+ 158 concentrations at the Newburgh Lake outlet are comparable to those in Walled
Lake and its outlet, in the headwaters of the Middle Branch.

Where there was a thermocline, TSS concentrations were tugher in the hypolimnion (i.e.,
below the thermocline) than in the epilinnion (above the thermocline) in 1Q of 13 cases (77
o), by an average of 10.7 mg/L (range = 2.6 to 33, mg/L.}. This may be due to nocturnal
settiing of plankton inte deeper water, since almost all of the TSS samples were collected
near sunrise.

Rainfall events seemed to have a greater impact an TSS concentrations than on other
parameters. According to the field logs, rainfall events within 48 hours of sample coliection
correspond to the highest in-lake TSS concentration in Meadowbrook Lake; the three
highest inlet and in-lake TSS values in Phosnix Lake; and the three highest inlet TSS vaiues
at Newburgh Lake.

The contribution of the four lakes to the TSS load in the river was also variable (Table 4.4).
Meadowbrook Lake was alternately a source or sink, depending on the month, and overall
may be & small source of solids to the Middle Branch; over the five months monitored,
Meadowbrook Lake outlet water solids concentrations were higher than inlet
concentrations by an average of 5.0 mg/L.. Phoenix Lake and Newburgh Lake, in contrast,
were usually TSS sinks, with outlet TSS concentrations at Phoenix ke [ower than inlet
concentrations by an average of 10.9 mg/L, and at Newburgh Lake by an average of 23.1
mg/l.. Apparenily particle settling rates exceeded particle "production” by phyto and
zooplankion productivity in these highly eutrophic lakes, Walled Lake is a headwater for
the Middle Branch of the river, and therefore can only be a source of TSS, and oniy when
its water Ievel is high enough to produce an outflow (four of five months sampled). Its
outlet TSS concentrations of 4.0 1o 8.8 mg/LL were rather low compared to the inlet and
outlet samples from the other lakes, and this combined with the small discharge from the
lake indicates that Walled Lake is not a major source of solids to the Middle Branch.

Rouge River National Wet Weather i6 July 31, 1595
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Table 4.4

Lake Inlet and Qutlet Total Suspended Solids Concentrations (mg/L): 1994-1995

Meadowbrook Lake Phoenix Lake Newburgh Lake

Date Inlet | Ouilet A Inlet | Qutlet A Inlet | Outlet A

9 or i2.0 250 | +13.0 § 640 55.0 -90 46.0 12.0 | -28.0
10/94

3/93 22.5 360 | 4135 11.9 16.0 +4.1 111 12.5 +14
6/95 27.0 9.2 -17.8 | 200 12.0 -8.0 7.1 162 | +91
7/95 9.0 154 | +64 43.7 197 | -240 § 667 18 §-649
8§/93 89 6.0 2.9 38.] 205 | -176 )| 408 2.5 -333

4.2.2

Comparison of the 1994-1995 TSS Daia to Other Studies, 1994-1995 T8S concentrations
were comparabie to those reported by RPO (1996b) for the Middle Rouge River waters
under dry conditions in 1993-19%94; < 1 to 25 mg/L. TSS concentrations were much more
variable at all 10 stations sampled by RPO in 1993-1994 under wet weather conditions
(station averages = 2 to 1,102 mg/L) and in CSO discharges to the Middie Branch (15 to
1,060 mg/L). Average wet weather TSS concentrations at selected RPO river stations in
1993-1994 were comparable to the 1994-1995 lake data; for example, stations nearest the
Meadowbrook Lake inlet (32 mg/L), the Phoenix Lake inlet (98 mg/L), and the Newburgh
Lake inlet (48 mg/L) and outlet (% mg/L); but these values are averages of extremely
variable data sets. For example, the TSS concentration at RPO station DOZ, downstream
of the Meadowbrook Lake outlet, averaged 83 mg/L but ranged from 2 to 39¢ mg/L.

Dissolved Oxygen. DO concentrations were generally high in all of the lakes at alt times
of the year, except for the anoxic hypolimnia in the summer (Table 4.5). Excluding the
hypolimmion values, 69 of 73 DO values (95 %) were greater than 5 mg/l..

On 11 occasions, an oxycline (a zone of rapid change in DO concentration between an
aerobic epilimnion and an anaercbic hypolimnion) was observed, sometimes at both in-lake
stations on the same day, and always in the summer months (June, July, and August 1993).
Walled Lake, the deepest of the four lakes studied (maximum depth = 507, was most
frequently stratified {both stations in each of the three summer months). In each of the 1]
cases of stratification, epilimnetic DO concentrations exceeded ¢ mg/l., while the
hypolimnetic DOs were less than 1 mg/l. . These data indicate that during the summer
months the consumption of oxygen by bacterial decompostition of organic matter in all four
lakes was
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Tahie

4.5

Dissolved Oxygen Concentrations {mg/L) in the Four Lakes: 1994-1995
{Stations refer to Figures 2-1 to 2-4)

Wailed Lake Phoeniy Lake
Date Inlet D41 | D42 Outlat Date Tnlet D32 D33 | Outlet
101294 | WalledLake | 10.9 11.3 8.1 10/4/94 10.1 8.9 8.7 9.7
d t
501795 | paenion | 86 | 103 93 5/23/95 9.1 o | &7 94
6/19/95 1070 | 11.0 | Ouwletnot || 6/20/95 Nat " "o ™
0.1 0.03 flowing measured
7426495 8.5 8.4 5.8 HLTG5* 9.4 70 6.2 93
0.2 0.2
R/16/95 8.4 8.2 2.0 8/17/95" 9.0 5.8 6.1 90
0.9 0.1 0.1
Meadvwhrook Lake Newhureh Lake
Date Inlet 0352 D533 Qutiet Date Inlet D22 n23 Qutlet
10/19/94 3.5 8.3 97 19.6 %2744 8.5 5.7 6.8 7.9
E
5/25/95 £.9 7.4 7.3 8.6 5/22/95 8.8 6.0 9.9 8.9
6/22/95 7.2 7.7 ok 8.6 6/23/35 6.3 3.9 13.7 9.0
7131495 7.3 10.4 10.0 9.7 7/25/95* 7.8 8.3 42 6.0
0.1 0.1
8/23/95 7.5 7.8 8.3 8.3 8/15/95% 7.0 2.5 8.5 7.8
0.1 0.5

* Recent rainfall event
#* Supersaturated (> 20 mg/L}
t Upper value = epilimpiomn, lower value = hypolinmion
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sufficient to deplete the DO in the thermally-stratified hypolimnion. In the three smaller
lakes (Meadowbrook, Phoenix, and Newburgh) it was cbserved that storms or perhaps just
strong winds could temporarily eliminate the anoxic hypolimnion, presumably by causing
a turnover of the stratified water layers. This was especially evident at Newburgh Lake,
whose maximum fetch lies in the direction of the typically dominant winds (east-west).

The hypolimnion in Walled Lake may be anaercbic for most of the year, although evidence
for this is tmited and contradictory:

+ Near-bottom DO was not accurately measured in Walled Lake in February 1995 dunng
investipation of winter-time total phosphorous concentrations due to sample cotlection
problems (Section 4.2.7). However, what was assumed to be an anomalously low
reading {~ 0.2 mg/L) at about 30" at station D41, attributed to DO meter malfunction,
is now believed to have been an accurate measurement of anoxic conditions at this
depth,

« DO was 10.9 mg/L near the bottom (~ 40" at station D41 in October 1994, a2 month
when no stratification was observed at either D41 or D42,

It i possible that a zone of anoxic water exists in Walled Lake for most of the year, perhaps
especially in the deepest part of the lake, near station D42, and that it disappears briefly in
some or most springs and autumns.

Supersaturated DO concentrations, sometimes > 20 mg/L. (the maximum reading of the DO
meter used), were observed in four cases; at station D33 on Meadowbrook Lake in June
1995, and at both lake stations and the lake outlet on Phoenix Lake in June 1995, These
supersaturated concentrations were due to photosynthetic DO production by the dense
algae populations present in these lakes (see the chlorophyll a data in Section 4.2.9) during
these months, Supersaturated DO was also observed during the diurnal DO profile studies
(Section 4.2.10) and the dam reaeration swdies (RPO, 1996a).

In the three lakes with both an inlet and an outlet, outlet DO concentrations were similar
to (within 0.4 mg/L) the inlet DO concentrations in 12 of 15 cases (80%). Outlet DO
concentrations were usually high; = 5.8 mg/L in 18 of 19 cases (95%), one exception was
Walled Lake (August 1995). The Walled Lake outlet is actually two small streams which
drain the lake, and station D43 is the larger of the two (the western-most stream). In
August 1995, the DO at this station was 2.0 mg/L, while the DO mn the smaller eastern-most
outlet stream was 6.4 mg/L. The western-most outlet stream is more circuitous and drains
through more wetland than does the smaller eastern-most outlet, and there may have been
a source of unusually high oxygen demand in the wetland on the sampling date (8/16/95).
In any event, the inlet/outlet data indicate that reaeration processes at the three dams
(Walled Lake does not have a dam) were sufficient to maintain high DO concentrations at
the lake outlets regardless of the [XOs within the lake. Any DO problems downstream of
the takes, then, are due to instream cenditions (e.g., high SODs, low reaeration, etc.} and

Rouge River Mational Wet Weather 19 July 31, 1996
Demonstration Project

Medeling Special Studies: Impoundment Limnological Report grwpimediminm 10,00



4.2.3

not to the release of low DO water from the lakes. See the Stream and Dam Reaeration
Report (RPO, 19962} and the Sediment Oxygen Demand (SQD) Report (RPO, 1996¢) for
a more thorough discussion of these issues.

Comparisen of 19941995 Dissolved Oxygen Lata to Other Studies. DO concemrations
in the epilimnion of these four lakes, or under unstratified conditions, in 1994-1995 were
comparable to the DO concentrations reported by SEG (1974} for Phoenix Lake (7.5 to
13.0 mg/L.) and Newburgh Lake (6.5 to 12.4 mg/L) i June and Qctober 1973, and
February and May 1994, SEG did not sample in midsummer, however, and so probably
missed the period of maximum temperature/maximurs productivity/minimum DO. RPO
(1996b) also reported comparabte DO concentrations in nver waters of the Middle Branch
under dry weather conditions (8.0 to 8.6 mg/L), although their sampling was limited {n =
3).

Nitrate-Nitrogen. Nitrate-N concentrations exhibited a strong spatial pattern: all values
i1 Walled Lake and at the Walled Lake outlet were less than the method detection limit
¢0.05 meg/L in 1994 and .10 mg/L in 1995); increased dramatically by the Meadowbrook
Lake inlet in all months, to 2.4 t0 9.7 mg/L, and remained elevated within Meadowhrook
Lake and at the Meadowbrook Lake outlet: and then declined 1o s 1 me/L. throughout
Phoenix Lake and Newburgh Lake in alt months (Table 4.6 and Appendix Figure A-2).
The substantial increase in nitrate concentration between Walled Lake and Meadowbrook
Lake is apparently due to the Wailed Lake wastewater treatment plant discharge. The
decline in nitrate within Meadowbraok Lake and berween Meadowbrook Lake and Phoenix
Lake is probably due to 2 combination of algai uptake and bacterial denitrification within
Meadowbrook Lake, and dilution between Meadowbrook Lake and Phoenix Lake.

In six of eight cases (75 %) where an oxycline was present and nitrate concentrations were
measurable, epilimnetic nitrate concentrations were higher than hypolimnetic
concentrations. This is probably due to increased denitrification in the anaerobic
hypolimnion, in which nitrate is reduced to ammonia,

The stretch of the Middle Branch between Walled Lake and Newburgh Lake is appareatly
a smail source of nitrate to the rest of the Rouge River, with Newburgh Lake outlet
concentrations of 0.1 to 0.3 mg/L.

Comparison of 1994-1993 Nitrate-Nitrogen Concentrations to Other Studies. Nitrate
concentrations in these lakes in 1994-1995 were comparable to combined nitrite/nitrate
concentrations in Middle Branch river water under dry and wet weather conditions in 1993
and 1994 (0.07 to 3.60 mg/L), and in Middle Branch CSO discharges in 1994 (0.05 to 1.80
mg/L.), reported by RPO (19960b). The RPOs' Middle Branch river water monitoring alse
found elevated nitrate concentrations between Walled Lake and Meadowbrook Lake, at
Nine Mile Road under dry weather conditions and at 9 Mile Road and 10 Mile Road under
wet weather conditions. Nitrate concentrations in Phoenix Lake and Newburgh Lake in
1994.1995 were comparable to those reported by SEG (1974) for these lakes in 1973-1974;
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Table 4.6
Nitrate-Nitrogen Concentrations (mg N/L} in the Four Lakes: 1994-1993
(Stations refer to Figures 2-1 to 2-4)

Walled Lake FPhoenix Lake
Date Tniet D41 D42 Outiet Date Iplet Da2 D33 Ontlet
LO/1 2594 Walled Lake ND ND ND 10/4/04% {368 083 0.89 .93
does not 0.76
have an inlet
5£17/95 ND ND N 5/23/95 .83 {66 0.67 068
G6/195935 D ND Chutlet not 6/20/95 0.73 .52 0.37 0.41
ND ND flowing
712695 ND ND ND TIXTios* Nel Q.66 .59 Q.61
ND ND 098
R/L6/95 ND | ND ND 8/17/95% 0.48 044 | 044 0.43
NP ND WD
Meadowbrook Lake Newburzh Lake
Date Inlet D52 |+ LK ] Qutlet Date Inlet D2 D23 Outlet
10/19/94 - 2.40 1.12 2.25 2.70 QATI04* 088 (.62 0.15 014
E ]
5/25/95 3.41 .60 1.94 1.74 5/22095 0.63 .32 026 .26
6/22/95 071 580 5.02 5.22 6/23/95 026 al12 ND HND
2.10
7131/85 7.58 5.04 4,52 4,15 7125/95% 0.76 0,62 {40 0.32
4.4] (.22
8729/95 9,70 6.20 4.50 4.20 B/15/95% .53 .50 .26 0.30
049 0.27

NI = Below method detection limit (3,05 mg/L in 1994 and 0.10 mg/L in 1995}
* Recent rainfall evenl
T Upper value = epilimmnion; lower value = hypolimnion
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4.2.4

4.2.5

0.16 to 1.0 mg/L for Phoenix Lake and 0.01 1o 0.38 mg/1. for Newburgh Lake. Apparently
nitrate concentrations in these lakes have not changed substantially in 20 years.

Nitrite-Nitrogen. Nitrite-N concentrations were very low; 77 of 88 values (88%) were less
than the methad derection limit (0.05 mg/L in 1994 and 0.10 mg/L in 1995, Table 4. 7 and
Appendix Figure 4-3). Eight of 11 detectable nitnte concentrations were found in
Meadowbrook Lake, where the highest nitrate and ammonia concentrations were also

found.

Nene of the available historic reports (SEG, 1974, SEMCOG, 1978; RPO, 1926b) report
nitrite concentrations.

Ammeaia-Nitrogen. Ammonia-N concentrations were fairly low, usually ranging from
nondetectable to 0.6 mg/L. Thirty-six of the 88 values (41%) were less than the method
detection limit (0.10 mg/L). The measurable ammonia concentrations did not exhibit strong
seasanal or spatial patterns { Table 4.8 and Appendix Figure A-4), aithough the fate sumimer
1995 (July and August) concentrations in the lower part of the study reach (downstream
of Meadowbrook 1.ake) were higher than concentrations found elsewhere in the study area
in the rest of the year.

In 12 of 14 situations (86%) where an oxycline was present, hypolimnetic aunonia
concentrations were higher than epilimnetic concentrations, This was probably due to
bacterial denitrification in the anaerobic hypolimnien (nitrate and nitrite ~ ammonia}, or t0
anaerobic bacterial decomposition of settling algae celis (organic nitrogen - ammonig). The
highest individual ammonia concentrations observed, 1.45 and 1.67 mg/L, were in the
hypolimnion at station D53 in Meadowbrook Lake in July and August, 1995. Ammonia
concentrations in the impoundments were usually lower in the outlet samples than in the
leke sarmples. This may have been due to volatilization and/or oxidation of ammonia as the
water passed over the dam (the outlet stations at the three impoundments were downstream

of the dams).

The stretch of the Middle Branch between Walled Lake and Newburgh Lake is apparently
not a significant source of ammonia to the rest of the Rouge River; in four of five menths
monitored, the ammonia concentrations in the Newburgh Lake outlet samples were less
than the method detection hmit.

Comparison of 1994-1995 Ammonia Nitrogen Congentrations to Other Studies. Ammonia
concentrations in these fakes in 1994-1995 were comparable to ammonia concentrations in
Middle Branch river water samples under wet conditions {station averages = 0,10 to 0.23
mg/L} and dry conditions (< 0.10 to 0.12 mg/L) in 1993-1994, and less than the variabie,
but generally higher concentrations in CSO discharges in 1994 (0.1 to 12.0 mg/L), reported
by RPO (1996b). Ammonia concentrations in these lakes in 1994-1995 were also
comparable to those reported by SEG (1974) for Phoenix Lake {0.05 to 1.0 mg/L) and
Newburgh Lake (0.01 to 0.61 mg/L) in 1973-1974. Apparently, ammonia concentrations
in these lakes have not changed substantizally in 20 years,
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(Stations refer to Figures 2-1 to 2-4)

Table 4.7
Nitrite-Nitrogen Concentrations {mg N/L) in the Four Lakes: 1994-1995

Demeonstration Project

Modeling Spectal Stdies: Impoundment Limnological Report

Walled Lake Phoeniz Lake
Date Inlet P41 D42 Cutlet Date Inlei n3iz Da3 Outlet
/1294 | Walled Lake N ND ND 10/4/54 NI N ND ND
does not .
51795 | pave an intet N2 ND ND 5/23/95 ND 1 ND ND ND
A1 9/95 NI ND Cutlet not 65/20495 ND ND ND ND
ND ND flawing
126195 NI ND ND XTS5 ND NI ND ND
ND ND M
- 8/16/95 ND W KD B/17/95 ND ND NI ND
ND ND ND
Meadaowbrook Lake MNewburgh Lalke
Pate Inler D52 D53 Outlet Douate {nilet D22 D23 Qutlet
10/15/94 ND D.079 | Dost ND 9127/94 0.060 o057 N ND
*
52593 ND ND NG ND S5£22/95 ND ND ND ND
6/22/95 0.1l ND ND NB 6/23/95 ND ND ND ND
N
T39S Q.13 0.12 0.13 Q.12 7i25/95 WD 0.12 ND ND
0.11 ND
8/29/95 ND ND ND ND 8/13M93 ND ND ND ND
ND WD
N = Below method detection limit (0.05 mg/l m 1994 and .10 mgL. in 1995)
* Recent rainfall event
T Upper value = epilimnion; lower value = hypelimnion
Rouge River National Wet Wealher 23 July 31, 1996
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Table 4.3
Ammonia-Nitrogen Concentrations (mg N/L} in the Four Lakes: 1994-199% ﬁ
(Stations refer to Figures 2-1 to 2-4)
|
Walled Lake Plivenixt Lake
Date Talet D41 | D42 | Outlet Date Infet | D32 | D33 Outlet |
10/12/94 | Walled Lake 6.37 0.30 ND 10/4/94* Q.24 NE 021 ND §|
Goes not .11 s
have an miet
317793 0.32 0.15 ND 5/23/95 ND ND ND ND g-
6/19/95 034 | 037 | Ouwdetnat || 62005 [ 027 | ND | ND ND
0.50 0.14 flowing :
-
T26/95 ND ND 0.53 Ti27/95% 0.24 0.13 a1l 0.0 ’
0.23 .14 (.44 + |
R/16/95 ND 0.13 0.20 8/17/93+ .33 0.46 .49 WD ﬂl
0.22 0.1% .57
Meadewhrook Lake Newbhurpgh Lake
Date Inlet 152 D533 O utlet Date Inlet n22 N3 Outlet
10/19/94 0.33 0.93 ND ND 9/27/94> ND ND 0.13 ND ;‘
= -
5/25/95 0.34 (.29 Q.11 3,12 5722195 N ND ND ND P
6/22/35 (.80 0.30 ND (.13 6/23/95 ND 022 ND ND
023
73185 0.29 ND 0.29 ND Ti25/95% 0.15 016 ND .20 |
0.57 | 145 !
8/29/95 0.14 ND N ND 8715095+ .11 0.20 ND ND
' 1.67 0.13
ND = Below method detection limit (0.1 mg/L)
* Recent rainfall event , |
T Upper value = epilimnion; lower vaiue = hypolimnion E i
|
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4.2.6

4.2.7

Total Kjeldahl Nitrogen. Total Kjeldahi nitrogen {TKN) concentrations did not exhibit
either seasonal or spatial distribution patterns (Table 4.9 and Appendix Figure A-5). TKN
concentrations were generally unitorm, between 1 and 3 mg/L, throughout the study area
in almost every month sampled. Exceptions were:

+ Wailed Lake and its outlet in October 1994 (5.1 - 7.4 mg/L);
+ Meadowbrook Lake in June 1995 (5.6 - 20.6 mg/L),
+ Newburgh Lake in June 1995 (21.3 - 30.8 mg/L).

Field notes indicate a lack of recent rain immediately prior to sample collection in all three
cases, 50 the cause of these elevated TKN concentrations is not immediately apparent.
Where an oxycline was present, hypelimnetic TKN concentrations were generally higher
than epilimnetic concentrations.

The stretch of the Middle Branch between Walled Lake and Newburgh Lake is apparently
a source of TKN to the rest of the Rouge River; TKIN concentrations were ne higher at the
Newburgh Lake outlet than in the Branch headwaters at Walled Lake, but the larger stream
discharge at Newburgh Lake results in a greater mass of TKI exiting Newburgh Lake.

Comparison af the 1994-1995 TKN Data to Other Studies. TEKN concentrations in these
lakes in 1994 and 1995 were within the wide concentration range reported by RPO (1996b)
for Middle Branch river waters under dry weather conditions {0.2 - 17 mg/L) and the more
uniform wet weather concentrations (0.7 - 4 mg/L.) in 1993 and 1994, and iess than most
of the concentrations in Middle Branch CSO discharges sampled in 1994 (1.2 - 15 mg/L,;
15 of 25 [60%)] values > 5 mg/L). TKN was not measured in the two earfier studies (SEG,
1974 and SEMCOQG, 19738).

Orthophosphorous. Orthophosphorous concentrations (as P) were very low; 66 of 52
values {72%) were less than the method detection limit (0.0 mg/L. in 1994 and 0.02 mg/L

" in 1995, Table 4-10 end Appendix Figure A-6).  Twelve of 26 measurable

orthophosphorous concentrations (46 %) were found in Meadowbrook Lake, and another
nine (35%) were found in Newburgh Lake. Orthophosphorous is the only significant form
of inorganic phosphorous in most freshwaters (Wetzel, 1975), and is apparently absorbed
rapidly by algae and macrophytes in these four lakes.

Comparison of the 1994-1995 Orthophosphorous Data to Other Studies. These 1994-19935
Jake concentrations are comparable to those reported by RPO (1996b) for Middle Branch
river waters under dry weather conditions (< 0.01 - 0.06 mg/L} and under wet weather
conditions (0.01 - 0.06 mg/L) in 1993 and 1994. They are lower than those reported for
Middle Branch CSO discharges in 1994 (0.02 - 1.4 mg/L). They are also comparable to the
concentrations reported for Phoenix Lake (0.02 to 0.05 mg/L) and Newburgh Lake {~ 0.0!
to 0.06 mg/L) in 1973-1974 by SEG (1974).
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Table 4.9
Total Kjeldahl Nitregen Concentrations (mg/L) in the Four Lakes: 1994-1995
{Stations refer to Figures 2-1 to 2-4)

Wailed Lake Phoenix Lake
Date Inlet D41 D42 Qutlet Date Injet 3z D33 Outlet
16/12/94 | Walled Lake 7.4 ;.75 5.1 1044794 0.45 0.69 3.1 0.39
does not 0.6
have ant infet _
5/17/95 2.7 L6 1.8 3/23/95 {.46 1.2 2.5 17
6/19/95 ND? NI Outletpot | 620095 3.23 255 3.66 3.00
.51 ND flowing
7/26/95 .98 079 2.31 TIZTIGS 1.22 1.13 {193 .42
0.20 (.99 {.21
8/16/95 115 1.3 1.14 BTG5 2.54 1.35 1.74 2.30
1.53 1.69 1.87
Meadowbrook Lake Newborgh Lake
Date Inlet D52 D53 Quilet Date Inlet D22 D23 Outlet
10F19/94 1.7 3.0 0.74 1.3 9/27/94 035 (.33 .46 0.51
E S
525495 2.4 1.9 16 1.7 5/22/95 28 2.9 1.7 2.6
6/22/98 2.93 20.8 562 4.97 672395 2.16 213 308 3.89
6.02
7531195 2.4%9 2.99 1.73 1.95 772595 1.33 1.23 2.25 0.90
2.88 3192
B/29/95 1.89 L7838 .82 222 2/15/95 1.41 119 1.21 1.1¢
367 1.86
NI = Below method detection, lmmit (0.1 mg/L)
* Recent rainfall event
T Upper value = epilimnion; lower value = hypolimnion
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Table 4.10
Orthophosphorous Concentrations (mg P/L) in the Four Lakes: 1994.1995
(Station refer to Figures 2-1 t0 2-4)

Walled Lake Phoenix Lake
Bate Inlat LY D42 Outlet Date Inlet D32 D33 Qutlet
10/12/94 | Walled Lake ND ND N FfA/Ga ND ND ND WD
does not ND
have an inlet
2724195 NI Not Not 2422195 Not Nol N Not
sampled | sampled sampled | sampled sampled
SI17/95 ND N ND 5/23/95 ND WD N ND
6/19/95 N ND Outet not 5/20/95 ND NI ND NI
WD ND flowing
77126/85 ND | ND ND 121195 ND ND ND ND
ND 0.692 ND
8/16/95 NI ND ND 8/17/93% 0.050 0.024 0039 0.022
. N> N ND
Meadowhrook Lake Mewburgh Lake
Date Inlet D5l D53 Outlet Date Infet ni? n23 Outiet
10719594 0.067 G.084 Q012 ND 02794 ND (.023 0.023 0.023
E ]
2/24/95 | Not sampled Not NI Not 2722795 Mot Not ND Not
samplad sampled sampled | sampled gampled
5/25/95 0. 18 WD ND ND 5/22/95 ND ND ND (.26
&22/95 0.055 ND N ND 6/23/95 N[ ND NI ND
NI
7431095 0.067 ND ND G.069 TIA5/05% (.87 0.23 Np ND
ND NI
8/29/65 0.070 0.045 0.028 0.025 8/15/05% 0.024 0.020 ND 0.028
0.040 N

NI = Less than method derection limit (0.01 mp/L in 1994 and 0.02 mg/. in 1995)
* Recent rainfall event
¥ Upper value = epilimnion; lower value = hypolimnion
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Apparently, orthophosphorous concentrations in these two lakes have not changed
substantially in the fast 20 years.

4.2.8  Total Phosphorous. Total phosphorous (total P) concentrations exhibited strong spatial
and seasonal patterns (Table 4.// and Appendix Figure 4-7). Total P increased
dramatically between the Walled Lake outlet and the Meadowbrook Lake inlet in zll months
sampled; were refatively consistent downstream to the Newburgh Lake inlet in four of five
months sampled; and remained uniform or declined within Newburgh Lake such that the
total P concentrations at the lake outlet were comparable to those at the headwaters arca
below Walled Lake. The dramatic increase in total P between Walled Lake and
Meadowbrook Lake is apparently due to the Walled Lake wastewater treatment plant
discharge. Total P concentrations were highest in Tune, July, and August 1995 (0.02 to
0.16 mg/L), and lower in October 1994 and May 1995 {< 0.02 mg/L). A number of factors
may account for this summer maximum of total P conceatration, including storm runoff,
fertilizer use, input from growing macrophytes, and desorbtion from anaerobic sediments
{see below).

Twenty-six of 92 total P values (28 %) exceeded the guideline value indicative of eutrophic
conditions; 0.084 mg/L (U.8. EPA, 1985).

In six of 13 cases where an oxycline was present {46 %), hypolimnetic total P
conicentrations were higher than epilimnetic concentrations. This may have been due to
release of phosphorous from the lake sediments under anaerobic conditions. Phosphorous
concentrations in sediments can exceed those in water by several orders of magnitude
(Wetzel, 1975), and anaerobic conditions decrease or eliminate the oxidized microzone
normally present in aerobic sediments, Elimination of this layer reduces the ferric oxides
and hydroxides that bind phosphorous in sediments under aerobic conditions, releasing the
absorbed phosphorous to the water column.

The stretch of the Middie Branch between Walled Lake and Newburgh Lake is appacently
a source of totai phosphorous to the rest of the Rouge River; total P concentrations were
no higher at the Newburgh Lake outiet than in the Branch headwaters at Walled Lake, but
the larger stream discharge at Newburgh Lake results in a greater mass of total P exiting
Newburgh Lake.

Investigation of Phosphorous Release from Lake Sediments in the Winter. 1n a related
study, samples were collected in February 1995, to evakiate whether phosphorous
concemtrations in the winter, under the ice, were different from the other seasons. Tt was
hypothesized that oxygen reaeration would be minimal in lakes covered by ice, and although
the lakes would not be thermally stratified, the near-bottom waters would become
anaerobic. This would eliminate the oxidized microzone, resulting in a release of absorbed
phosphorous from the sediment. Ice covered 100 % of the lake surface on the samphing
date at Walled Lake and Meadowbrook Lake, and all but small areas near the inlets at
Phoenix Lake and Newburgh Lake.
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{Station numbers refer to Figures 2-1 to 2-4)

Table 4.11
Total Phospherous Cencentrations (mg P/L) in the Four Lakes: 1994-1993

Walled Lake Phoenix Lake
Datc Inlet D41 142 Outlet Date Injet D32 33 Outlet
10412/94 | Walled Lake ND NB NP [0/4/94% ND NG NI ND
does not have . N
inlet
2424195 e 0.027 Not Nt 2/22/95 Naot Mot D.0RE Nat
gampled | sampled sanpled sampled sampied
SI1T/S5 0.08 ND ND 5/23/95 ND ND WD ND
6/19/95 0.046¢ G035 Outlet 6/20/95 0.053 0.030 0028 0042
0.032 0.038 not
flowing
TH6/95 ND ND Q.030 || 727/95* ¢.10 0.12 0.049 0.0%4
ND (.030 £.14
8/16/95 . ND ND NI 8/17/95* Q.16 0.12 0.18 012
NI ND 017
Meadowbrook Lake Newbureh Fake
Date Inlet D52 D§3 Outlet Date Injet D212 D23 Outlet
10/15/94 0.13 0.14 ND ND RITIS4* ND ND ND ND
*
2724795 Not Naot .04 Not 2UT2R95 Not Mot 0.037 Not
sampled sampled sampled sampled | sampied sampled
5/25/95 ND 0.028 0.21 0.035 5/22/95 0.029 0,034 0.027 0.032
6/22/95 Q.11 0.039 ND 0.039 &/23/95 0.635 0.048 0.026 6.035
0.028
143195 0.13 0.11 D.o7Y 0.075 TI25/95% 014 .10 WD §.021
.27 0.015
R/29/95 0.15 012 Q10 0.12 B/15/95% 0.1¢ 0.084 0.023 0.031
C.14 0.051
N[ = Lass than method detection limit (0.01 mg/L in 1994 and 3.02 mg/L in 1995)
* Recent rainfall event
+ Upper value = epilimnion; lower value = hypolimnion
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Results were mixed (Zable 4.11). Total phosphorous concentrations were higher in
February than in the other mouaths at Phoenix Lake and Newburgh Lake, but not
substantially different in Walled Lake or Meadowbrook Lake. This does not correspond
to the February 1995 DO values (Table 4.12); Phoenix Lake and Newburgh Lake were
aerobic throughout the water column, while Meadowbrock Lake and Walled Lake exhibited
signs of depressed DOs in deeper waters. Note that the DO data for Phoenix Lake and
Walled Lake were incomplete, as explained in Table 4./2. Further sampling is required to
fully investigate the magnitude of phosphorous release from sediments in these fakes under
the winter ice.

Table 4-12
Winter PO Concentrations in the Four Lakes; February 1995
Lake Depth po Temp. Comuoients
(Fo) (mg/L) O
Walled Lake 5 14.4 3.2 Station depth = 40°. DO
{TP sampied @20 10 13.6 3.1 meter cable insufficient to
15 149 3.0 measure DO deeper.
Meadowbrook Lake 3 1.0 33 Station depth = 11.5".
(TP sampled @ 6% 6 54 3.6
9 4.9 3.7
Phoenix Lake 1 10.1 1.0 Tee ungafe; could not sample
{TP sampled (@} 2"} deeper area,
MNewburgh Leke 0.5 12.8 1.9 Station depth = 8.5
{TP sampled (@ 4"} 2 12.3 38
4 148 32
s 14.7 3.0

Comparison of 1994-1995 Total Phosphorous Data to Other Studies. Total P values
observed in these lakes in 1994-1995 were comparable to those reported by RPO (1996b)
for Middle Branch river waters under dry weather conditians (< 0.01 to .13 mg/L), and
the higher total P values observed in the lakes (> 0.10 mg/L.) were comparable to the
average concentrations observed in the river under wet weather conditions (0.10 - 0.13
mg/L). Total P concentrations in CSO discharges in 1994 were substantially higher than
any of the lake or river concentrations (0.40 to 5.3 mg/L). The 1994-1995 lake total P
concentrations were also generally comparabte to the concentrations in Phoenix Lake (0.05
to 0.36 mg/L) and Newburgh Lake (0.03 to 0.14 mg/L) in 1973-1974 (SEG, 1974).
Apparently the concentrations of total P in these lakes has not changed substantially in 20
years.
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4.2.9

4.2.16

Nitrogen\Phosphoreus Ratios and Total Nitrogen. Nitrogen and phosphorous are both
"macronutrients” in aquatic systems; both are plant nutrients present in ug/L {ppb) or mg/L
{ppm) concentrations in most natural waters. Either may act as a "limiting nutrient”; that
is, the ambient concentrations of one element may be so low as to limit the amount of
primary productivity a waterbody can support, even though concentrations of the other
element could support higher productivity. A procedure for deterrmmng which element is
the limiting nutrient is to calculate the ratio of total nitrogen (niirate + nitrite + total
Kjeldah! nitrogen) to total phosphorous (N:P). In theory, an NP ratio of greater than 7.2
would indicate phosphorous is limiting potential photosynthetic productivity, while an N:P
ratio of less than 7.2 would indicate that nitrogen is limiting. In practice, an N:P ratio of
less than five is considered nitrogen limiting; greater than 10, phosphorous limiting; and
between five and t0, both N and P are limiting {U.S. EPA, 1985).

Overall (Table 4.13), the N:P ratios indicate that phosphorous was the primary limiting
nutrient in each lake at almost every sampiing date in 1994-1995.  In ail four lakes
combined, the N:P ratio was greater than 10 in 85 of 87 samples (98 %5). Nitrogen was the
miting nutrient only once, in the hypolimnion at station D42 in Walled Lake on 6/19/95,
and both N and P were limiting in one sample, also from Walled Lake, on 5/17/95. Figure
4-7 indicates that there was a substantial input of phospherous between the Walled Lake
outlet and the Meadowbrook Lake inlet in four of the five months sampled, apparently due
to the Walled Lake wastewater treatment plant discharge. This may the major source of
phesphorous to the Middle Branch (Section 4.2.7).

Most of the 1994-1995 total nitrogen concentrations in the Middle Branch {akes equaled
or exceeded the guideline for eutrophic waters {1.9 mg/L total nitrogen) recommended by
the U.S. EPA (1985): five of 20 valves in Walled Lake (25 %}, 24 of 24 values in
Meadowbrook Lake (100 %), 17 of 23 values in Phoenix Lake (74 %), 14 of 21 values in
Newburgh Lake (67 %), and 62 of 88 values overall {70 %). This generally corresponds
to the other nutrient data, wherein all four lakes are eutrophic, but Walled Lake is less
eutrophic than Phoenix Lake and Newburgh Lake, and all three are less eutrophic than
Meadowbreok Lake,

Chlorophyll 2. As would be expected from the nutrient data, the chicrophyll a data
indicated that all four lakes are highly eutrophic. Sixty-eight of 88 samples (77 9%)
contained chlorophyll @ concentrations exceeding the eutrophic guideline value of 14 ug/L
(U.S. EPA, 1985), Nineteen of 88 sample concentrations (22 %) were greater than 100
1g/L, and the highest value observed was 1,084 g/l (Meadowbrook Lake on 6/22/95).
Both scasonal and spatial patterns were apparent. Chiorophyll & concentrations were
relatively low (<20 pg/L) in all lakes in Septernber/October 1994 and May 1995, while
during the summer months of 1995 Meadowbrook Lake exhibited substantially higher
chlorophyll @ concentrations than any of the other three lakes (Table 4. /-4 and Appendix
Figure A-8). Both Meadowbrook Lake and Phoenix Lake were sources of chlorophyll
during the summer of 1995; ie., inlet sample concentrations were less than outiet
concentrations; while Newburgh Lake was usually neither a source nor a sink.
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Nitrogen\Phosphorous Ratios from the Four Lakes: 1994-1995
(Station numbers refer to Figures 2-1 to 2-4)

Table 4.13

Walled Lake Phoenix Lake
Date Infet Ddi D42 Ouilet Date Infet D32 N33 Qutlet
101274 Wailed *» o bl 10/4/94% o w* * **
Lake dom=s -
act have
5717193 an imlet 53.7 i ** 5/23/95 o ' x -
B/ 19795 T4 10.6 Outlet pot &120/95 30.2 1193 143.9 1.2
219.1 2.6 flowing
TH6/93 b ok 101.3 TI2T95* 20.7 15.6 18.3 327
x| 377 183
8/16/95 b e b 3/17/95¢ 21.1 9.1 14.3 228
o * 14.4
Meadawhrook Lake Newhuroh Lake
Date Injet ns2 D33 Cutlet Date Infet D22 D23 Outlet
10/19/94* 4.0 310 *oh ek G794 wox *or wh i
| 5725095 ok 1154 17.4 102.0 5122495 118.3 94.7 7.0 894
6/22/95 1232 684.6 i 264.6 6/23/95 69.} 4308 1184.6 {11
2379
7131495 807 659 | 84.4 82.9 7425095% i6.0 213 fad 67.6
295 § 3727
8/29/95 8.2 66.3 63.2 5315 8/15/95* 205 22.3 61.9 481
41.6 44.3
* Recent rainfall event
*+ Total phosphorous concentration Jess than method detection limit, NP ratio ==
¥ Upper value = epilimnion; lower value = hypolimnion
Rauge River Mational Wet Weather 32 July 31, 1996
Demeonstration Project
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Table 4.14
Chiorophylt a Concentrations {ug/L) in the Four Lakes: 1994-1395
(Station numbers refer to Figures 2-1 to 2-4)

Walled Lake Phoenix Lake
Date Inlet D41 N4z Qutlet Date Injet D32 D33 Qutfet
10/12/94 Walled Lake 124 13.7 49 10/4/94* 2.7 1.3 36 34
does not 3.2
bave an inlet
5117493 205 148 16.8 5/23/95 11.4 10.9 16.9 22.4
&/19/95 3047 41 8 Qutlet not 6/20/93 875 171.5 1713 133.4
[34.1 | 1418 flowing
FI204/95 73.9 56.3 43.9 TI2TIo5#* 545 48.5 479 804
NI 56.3 48 4
8/16/95 209 | 25.1 14.8 817/95% | 352 | 616 1 704 12,1
25.1 ND 1037
Meadowbrook Lake Newburph Lake
Date Iniet Ds2 D43 Outlet Pate Inlet ) s D23 Crutlet
19094 % 4.2 12.4 135.% 211 2TOq 3.1 2.9 9.9 10.3
5425/95 203 - 22.0 203 23.5 522195 335 [2.9 2530 18,0
&/22/05 104.2 120.9 150.2 175.1 B/23/55 8.4 80.0 36.9 S8.4
O8R4,
2
173193 153 4054 I 198.7 393.9 T125/05% 54.5 54.5 BL7 52.1
041 2111
8/29/95 24.4 440 9.9 277.1 &/15/95* 79.2 55.0 445 114.5
729 79.2

ND = Less than methaod detection limit
* Recent ramnfall event
1 Upper value = epiliinnion; lower velue = bypolimnion
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As with the nutrient data, chiorophyll a concentrations in the Watled Lake outlet samples |
were similar to those of the Newburgh Lake outlet, so that overall, this stretch of the (}‘ %
Middie Branch is a source of chlorophyll to the rest of the river, given ihe larger discharge g
at the Newburgh Lake outlet. [

Comparison of the 19941995 Chiorophyil a Data to Other Studies. Aside from the :
extremely high values in Meadowbrook Lake (> 1,600 pg/L in June 1993), the 1994-1995 |
lake chlorophyll @ concentrations were generally comparable to those reported by SEG i
(1974) for Phoenix Lake (0 to 50.6 ug/1.) and Newburgh Lake (2.9 to 59.3 g/} in 1973-

1974. Apparently the chlorophyll  concentrations, like many of the nutrients, have not |
changed substantially in these lakes in the last 20 years.

4.2.11 Diurnal Dissolved Oxygen Profiles. DO concentrations were measured at sunup and at
midday at the deepest {ocation in each lake in May, June, July and August, 1955 (but not
the fall of 1994), as described in Section 3.2. Data for the diurnal DO profiles are in Fables
4.16 through 4.79. General conclusions are below.

Most of the lakes exhibited strong DO stratification (e.g., Figure 4-1) for much of the 1995
field season. DO concentrations in the epilimnion were near or above saturation, and very
low (< 2 mg/L}) in the hypolimnion. This condition ocourred in two of the four sampling
months at Newburgh Lake, and in all four months at Welled Lake, Meadowbrook Lake, and
Phoenix Lake (Table 4.15). 1In 1995, the extent of hypolimnetic anoxia appeared to
increase as the summer progressed.

Table 4-18 .
Extent of Hypolimnetic Anoxia (DO < 2 mg/L} in Reuge River Lakes; 1995 !
(Date and Extent of Low-DO Layer) '

Walled Lake Meadowbrook Lake Phoenix Lake Newbuirzh Lake '
May = lower ' May = lower 2’ May = lower [ July = lower
Tane = lower 25 June = {ower 3* Early July =lower 1'  [August = lower 3-4° ;
July = lower 20"+ | July = [ower 3' Late July = jower 2-3' '
August = lower 20' + | August = lower §' August = [ower 3-4' |

Afternoon DO concentrations at a particular depth in a particular lake were usually higher

than morning readings (Walled Lake = June, July, and August; Meadowbrook Lake = July !
and August; Phoenix Lake = early Iuly and August: Newburgh Lake = May, July, and
August), typically by 1 or 2 mg/L. though sometimes by as much as 5 mg/L. This daily
fluctuation is probably due to 2 buildup of DO from increased primary productivity later in |
the day, and its effects were greatest in the upper water column. This datly fluctuation !
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Table 4,16
Diurnal DO Profile Data for Walled Lake (Station D42): 1995

331495 /159795 7/26/95 8/16/93
Depth DO Temp. || Depth DO Termp. Depth DO Temp. Depth DO Temp
(Faet) (mg/ly | £°0O) (Feet} [ mgl) | £0) (Fest) {rug/L) {°C) {Feet) | (mg/l) {"Cy
{Sunrise] [Sunrise] [Sunrise] ISunrise]
3 8.3 18.7 5 9.5 244 3 2.3 26.1 3 8.4 B4
10 88 187 10 11.0 21.2 Lo 8.4 25.1 1o 8.2 281
15 8.4 17.1 15 9.0 19.3 15 6.0 239 L5 &.1 233
20 79 16.8 20 32 16.7 20 1.5 21.0 20 1.0 225
25 6.4 16.1 23 0.1 146 25 0.8 18,1 23 1.1 18.3
215 5.3 i5.3 30 0.3 13.3 30 0.2 15.6 30 0.l 158
30 05 12.3 33 0.01 {26 35 Q.1 15.0 35 0.1 152
35 02 9.9 40 0.2 14.2 40 0.1 14.7
40 0.3 97 45 0.2 14.1 45 0.04 14.7
43 0.1 9.5
[Mid-day] K Mid-day] Mid-day] Mid-day]
19 9.9 17.3 5 ikl 233 5 0.3 67 5 8.7 28 8
20 8.2 16,5 18 12.0 216 10 97 256 10 3.8 28.0
30 5.7 155 15 115 201 15 7.7 24.1 I3 6.6 23'5
32 34 14.6 20 68 17.9 20 17 21.0 20 1.3 22'?
33 1.2 4.1 25 16 16.1 25 0.4 17.3 25 1.0 JSIT
30 003 13.8 30 0.3 15.6 30 0.1 IGII
5 .00 129 |- 35 0.3 152 35 0.1 ]5:]
40 0.2 153 40 0.01 145
45 0.1 15.2 '
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Table 4.17
Diurnal DO Profile Data for Meadowbrook Lake (Station D33): 1995
8725195 622195 7/31/95 §i291935
Depth DO Temp. || Depth DO Temp. Depih Do Temp. Depth Do Temp.
Feed | (mgly | (°C) 1| (Feett | (medy 1 () (Feet) | (mgl) 0 {Fret) gLy 1 °C)
[Sunrisc] [Sutrise] [Sunrise] [Buntise]
1 7.1 14.8 I 103 249 i 154 248 1 2.5 224
2 7.1 147 2 11 24.9 2 14.7 248 2 B3 24
3 7.1 14.7 3 * 237 3 10.0 242 3 7.1 218
4 71 14.3 4 * g 4 9.5 23, 4 5.8 LA
3 7.1 §4.3 ] * 20.7 5 63 233 5 32 a0
[} 7.3 14.2 & * na & 1.4 213 & 1.2 0.6
7 73 14.0 7 " i7.0 7 5.5 18.6 ? .1 202
g 0.5 137 B 2.9 153 -3 Dl 172 8 0.1 154
9 a.n 12.4 9 1.1 4.1 9 0.1 158 9 0.1 18.3
i0 0.1 129 i0 0z 14.0 10 0.1 16.7
8 0.1 126 11 0.04 14.7
DMid-duy] +{ piid-day] [Mid-day] [Mid-day]
| 7.0 14.7 1 . 258 1 170 256 ! <118 | 234
2 a.% 4% 2 . 256 2 133 24.7 2 12.2 22,8
3 1.0 [4.8 3 * 24.5 3 12.6 24.2 3 - 10.5 25'1
4 6.9 14.7 4 * 2.3 4 1.5 231 4 ~ 8,7 )
5 74 146 5 - 21.2 5 83 234 5 23 216
6 73 14.5 6 . 18.7 6 20 216 6 18 21.1
7 7.0 144 7 * 169 7 37 19.2 7 0.6 20.7
g i.5 14.3 8 29 15.3 g 0.1 17.1 8 Q.1 19.9
9 0.0 122 9 1.4 143 9 a1 152 4 .03 189.2
10 0.3 13.1 10 .03 13.3 10 0.02 18.6
1 0.1 119 1 00z | 161
14,5
* Supersaturated; DO readings fluctuated between 10 to > 20 mg/L.
#* Data pot recorded.
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Table 4.18
Diurnal DO Profile Data for Phoenix Lake (Station D33): 1993

5/23/95 7/3/95 T35 8/17/93
Depth DO Temp. | Depth Do Termp. Depth Do Temp Depth DO Temp.
{Feet) (mgl) | CO) (Feet) {mg/L) ) (Feet) {fmgrly | . (CC) {Feer} {mg/L) e
[Sunrise] [Sunzise] [Sunrse] [Sunrise]
I 10.6 16.9 1 7.3 200 1 T.6 226 ! 9.6 236
2 0.7 173 2 7.2 200 2 1.5 226 2 7.0 48
3 88 16.6 3 7.2 20.0 3 6.2 220 3 5.1 243
4 7.4 159 4 53 19.1 4 6.1 215 4 46 238
5 6.7 5.2 5 4.7 13.8 5 48 211 3 1.6 233
&3 5.7 14.5 6 5.0 18.6 ] 2.4 20.6 6 0.1 222
7 42 14.] 7 4.7 18.3 1 1.0 203 7 0.1 210
8 10 13.7 8 24 18.1 8 0.1 197 g 0.03 207
9 0.8 18.0
iid-day] [Mid-day] hiid-day] [Mid-day]

! 9.5 17.6 1 6.4 20.7 ! 6.4 22.9 1 21 254
2 2.5 17.4 2 7.4 20.0 2 8.2 21.9 2 77 25.1
3 97 16.1 3 1.3 19.35 3 5.4 2l.a 3 7.3 248
4 i t5.6 4 5.4 8.7 4 5.2 z1.2 4 il 23.3
5 6.1 14.8 5 52 18.6 5 3.6 20,8 3 3. 25.1
] 58 145 6 5.1 18.3 6 1.5 204 4 a1 323
1 4.6 14.1 7 3.5 17.9 7 0.] 19.8 7 Q.04 213
8 3.0 13.5 8 5.4 17.7 8 0.01 19.0 8 0.02 203
9 05 13.1 9 St 17.6

** Nata not recorded.
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Table 4.19
Diurnal DO Profile Data for Newburgh Lake (Station D23): 1995

5724195 6/23/95 7425/95 8/1595
Depth DO |Temp. | Depth Do Temp. Depth DO Temp. | Depth Do Temp.
{Feet) | (mglh)y CO) f (Feel) | (mgll) | (°C) (Feet) (mg/) | {7C) J| Feell | (mpl) | (°C)
[Sunrise] (Sunrise] [Sunsise] [Sunrise]
] 110 | 15.4 1 13.7 25.6 i g9 25.4 1 85 27.7
2 110 | 194 2 137 25.5 2 &8 25.4 2 85 273
3 110 | 194 3 13.7 243 3 88 2513 3 4. 265
4 1140 ] 194 4 137 25.5 4 8.1 253 4 3.2 264
3 107 | 194 5 - 50 3 82 253 5 1.3 259
6 1.1 | 185 & * 236 6 5.3 25.0 6 0.3 254
7 95 | 184 7 * 22.5 7 43 247 7 0.1 248
8 ~40 178 8 1.7 24.1 8 0.1 235
[Mid-dey] [Mid-day] [Mid-day] [Mid-day]
z 102 | 188 4 1 126 | 266 1 « | a6s | 06 | 207
Z 12 | {83 2 13.0 263 2 127 25.1 2 2.6 28.3
3 103 | 1839 3 134 259 3 ~11.2 | 254 3 0.3 278
4 102 | 189 4 » 25.6 4 11 252 4 6.0 26.7
3 103 { 185 5 * 25.0 5 ~82 | 251 5 13 260
6 0.1 | 189 5 * 234 6 7.1 24.9 & .7 25.4
7 8.5 18.2 7 * 2253 7 ~al 24.8 ? 11 250
8 74 | 180 8 4.9 47 8 0.7 218
* Supersaturated; DO readings fluctuated between 8 to > 20 mg/L.
Rougs River Mational Wet Weather 3B July 31, 1996
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Figure 4-1: Diurnal DO Profile Newburgh Lake; August 1995
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sometimes reduced the extent of hypolimnetic anoxia in the afterncon compared 1o the eatly
merning, but it never completely eliminated the low-DO layer nearest the bottom.

Supersaturated DO concentrations were often observed dunng the summer of 1993,
sometimes throughout most of the water columan. Concentrations of over 20 mg/l. {the
maximurmn DO meter reading), equal to over 200% saturation at ambient temperatures, were
sometimes chserved. These extremely high readings were the result of photosynthetic DO
production by phytoplaniton and/cr macrophytes. Lake water can become supersaturated
with DO, up to several hundred percent saturation, particularly at depth (= | meter) where
hydrostatic pressure inhibits bubble formation and DQ escape (Wetzel, 1975). DO
measurements in this study were sometimes highest at depths of greater than 3'. The extent
of epilimnetic DO supersaturation in all of the lakes appeared to decrease as the summer
progressed {Table 4.20). This corresponded to the increase in hypolimnetic anoxia during
the same time period.

Table 4.20
Extent of Epilimnetic DO Supersaturation in Rouge River Lakes: 1995
(Date and Extent of Supersaturated DO Layer)

Walled Lake Meadowbrook Lake FPhoeniz Lake Newhureh Lake
May = upper 10' June = upper 7' May = upper 2' May = upper 6-7'
June = upper 10-[5' July = upper 4' Aggust = upper 1' { June = upper 7'
July = upper 10" August = upper 3’ July = upper 3-5*
. August = gpper 3-10 August = upper 2-3'

Supersaturated DO concentrations sometimes decreased significantly as the water passed
over the impoundment dam; see the Stream and Dam Reaeration Studies Report (RPO,
1996a) for detals. Obtaining a steady DO measurement when the concentration was
supersaturated was often difficult, apparently due to oxygen degassing caused by the
movement of the DO probe in the water.

In one instance, at Meadowbrook Lake on 7/31/95, zooplankton respiration might have
substantially lowered the DO at a particular depth. DO at the &' depth at station D53 was
i.4 mg/L at sunrise and 2.0 mg/L in the early afternoon, while DO concentrations at the 3'
depth ranged from 6.3 10 8.3 mp/L over the day, and at the 7' depth from 5.5 t0 5.7 mg/L,
This situation was not encountered at any other time, although zooplankton are moderately
common in all of the Takes (Section 4-3).

Comparison of the 1994-1995 Diurnal DO Profile Data to Other Studies. SEMCOG
(1978) sampled Phoenix Lake and Newburgh Lake (and other lakes, but not Walled Lake
or Meadowbrook Lake} periodically from July 1976 to September 1977 and found little or
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no thermal or DO stratification. They sampled only in the historic strearn channe! where
water circulation would be greatest, however, and so may have missed the quiescent areas
where stratification is most likely to occur. SEG {1974) collected DO profile data from
Phoenix Lake and Newburgh Lake in February and May, 1974, and also failed to find [B18]
stratification. Their early season sampling dates, however, missed the period of maximum
water temperature, maximum algal productivity, and maximum bacterial respiration that
typically results it hypolimnetic anoxia,

4.3 PHYTOPLANKTON COMMUNITIES. 7ables 4.21 through 4. 24 list the composition
of the 1994-1995 lake phytoplankton communities by phyla. Qualitative observations of
the zooplankton community are also below. Algae habitat and trophic preference
information are taken from Greeson (1982) and Palmer (1977). '

Plankton population counts were not performed. The chlorophyll & data (Section 4.2.9),
however, indicated very high planiton densities were present in mos. of the lakes
throughout the summer of 1995,

Walled Lake exhibited a fairly diverse phytoplankton community (Figure 4-2 and Table
4.21). Bluegreens, greens, diatoms and dinoflagellates were prominent in all five months
sampled; with blooms of the pennate diatom Centronella in May 1995 and the green algae
Plecdoring in August 1995, Algae indicative of eutrophic conditions were less common
in Walled Lake than in the other lakes, reflecting this lake's generally lower nutrient
concentrations.  Prominent zooplankton in Walled Lake included daphnids, rotifers,
copepods, and nauplii larvae.

Meadowbrook Lake phytoplankton were less diverse than those in Walled Lake, with cne
algae group or another accounting for 60 % or more of the total community in each month
sampled (Figure 4-3 and Table 4.22). Cryptomonads dominated the phytoplankton in
October 1994 and May 1995 {the only times these algae were observed in any of the lakes):
the June 1995 sample was a near-monoculture of the pennate diatom Asterionefla; and
green algae (Pandorina, Chlorella, Chroocoecus) dominated in July 1995 and August
1995 Asterionella, Pandorina, Chlorella, and Chroococeus are either indicators of
eutrophic conditions and/or known to cause taste and odsr problems in water. The
presence of these eutrophic algae corresponds to the extremely elevated nutrient
concentrations also found in Meadowbrook Lake.  Prominent zooplankton in
Meadowbrook Lake included cladocerans, ciliates, rotifers, copepods, nauplii larvag, and
foricas from the amoeboid protozoan family Difflugiidae.

Phoenix I.ake exhibited an even less diverse phytoplankton community than Meadowhrook
Lake in four of the five months sampled {Figure 4-4 and Tuble 4.23). The October 1994
sample was fairly diverse, but the May 1995, June 1995 and July 1995 sampies were
dominated by the chrysophyte Dinobryon while the August 1995 comimunity was
dominated by green
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Table 4.21
Percent Composition of Phytoplankton Communities in Walled Lake: 1994-1995

Date | Cyn | Chi | Chr | Eug ; Pyr | Prominent (enera

10/12/94 § 205 | 418 | 195 | 0.9 | 17.2 | Dinobryon, Asterionella, Fragilaria, -
Anabaena, Lyngbya, Pleodoring, Ceratium

5/17/95 | 0.5 | 50 | 886 O 2.0 | Centronella (> 90 % of chrysophytes),
Tabellaria. Staurastrum, Chlorella,

Pediastrum

6/19/95 | 313 | 379 | 17.1 0 137 | Chroococcus, Anabaena, Dinobryon,
Staurastrum, Pediastrum, Ceratium

7/26/95 | 44.0 1 510 | O 0 49 | Pleodoring, Lyngbya, Chroococcus,
Merismaopedia

8/16/85 | 169 | 776 0 0 5.5 | Lyngbya, Merismopedia, Anabaena; Most
| greens = Pleadorina

Cyn = Cyanophyta; Chl = Chlorophyta; Chr = Chrysaphyia;, Eug = Buglenophyta, Pyr = Pyrrhophyta

Tabie 4.22
Percent Compesition of Phytoplankton Communities in Meadowbrook Lake: 1994-1995

Date Cyn | Chl | Chr | Eug | Pyr | Cry | Prominent Genera

10/i19/94 | 04 § 1.5 | 1301} O 0.4 | 82.7 | Chroomonas, Crypiomonas,
Rhodomonas, Dinobryon

5/25/95 0 32 {215 0 0 75.3 | Chroomonas, CryptomoRas,
Rhodomonas, Dinobryon

6/22/95 0 28 1971} @ 0 0 | Virtuaily 8 monoculture of
Asterionelia

7/31/95 275 | 606 | 119 ¥ 0 0 Chlorella, Chroococcus

8/29/95 1.0 | 9621 19 0 1.0 0 Pandorina, Chlorella
Cyn = Cyanophyta, Chi = Chloraphyta, Chr = Chrysophyta, Eug = Euglenophyta; Pyr = Pyrrhophyta; Cry = Cryptophyta
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Table 4-23

Percent Composition of Phytoplanikton Communities in Phoenix Lake: 1994-1995

Date Cyn { Chl | Chr { Eug | Pyr | Prominent Genera
10/4/94 | 0 | 169 (5371 0 | 308 { dsterionella, Ceratium
5/23/93 0 1O 19901 0 0 | Virtually a monccuiture of Dinobrvon
6/20/95 0.5 14 1982 | 0 0 | Virtually a monoculturs of Dinebryon
7127195 2.3 4.6 | 931 () O 1 Dinobryon
8/17/95 1.4 | 8771 ¢0 0 1.9 | Coelasirum, Closteriopsis

Cyn = Cyanophyta; Chl = Chiorophyta; Chr = Chrysophyta; Eug = Euglenophyta; Pyr = Pyrrhophyta

algae like Coelastrum and Closteriopsis. Dinobryon is know to cause taste and odor
problems in potable water, and Coelastrum is indicative of eutrophic conditions. The
presence of these eutrophic algae coincides with the elevated nutrient concentrations also
found in Phoenix Lake. Prominent zooplankton in Phoenix Lake included cladocerans,
rotifers, copepods, ostracods, nauplii larvae, and loricas from the amoeboid protozoan
family Difflugiidae.

Newburgh Lake phytoplankton were fairly diverse in May 1995 and June 1993 (Figure 4-3
and Table 4.24), but were dominated by the pennate diatom Fragilaria in July 1995 and by
green algae like Pandoring and Pediasirum in August 1995, Fragilaria is common in hard
waters, and Panderina is associated with both eutrophic conditions and taste and ador
problems. Asterionelia, Qscillatoria, and Spirulina, cbserved in May 1993 and June 1995,
are also indicative of eutrophic conditions. The presence of these eutrophic algae
correspond to the elevated nutrienmt concentrations also found in Newburgh Lake.
Prominent zooplanktan in Newburgh Lake included cladocerans, rotifers, copepods, nauplii
larvae, and loricas from the amoeboid protozoan family Difflugiidae.

Companson of the 1994-1995 Phytoplankton Data to Other Studies. SEG (1974) sampled
Phoenix Lake and Newburgh Lake (and Wilcox Lake, but not Walled Lake or
Meadowbrook Lake} for phytoplankten periodically between June 20, 1973 and May 30,
1974, They found 2 mix of eutrophic and oligotrophic diatom and flagellate green algae
species in both lakes, and green and bluegreen species characteristic of highly eutrophic
waters on only one occasion (6/20/73). They state that these samples may give a false
indication of water guality because they were not collected during the late summer, and that
the lakes may be more eutrophic than indicated. MDNR (1975, quoted in RPO, 1996b)
found high numbers of diatoms and euglenoids in the tiver waters of the Middle Branch, and
concluded that water quality was fair in the headwater area and poor in the lower part of
the Branch,
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Table 4.24
Percent Composition of Phy{oplankton Communities in Newburgh Lake: 1994-1995 @

Date Cyn { Chl Chr | Eug | Pyr | Prominent Genera

Sampie lost; peor preservation —

9727794 “- - -- - -

3/22/95 13.2 | 321 34.2 Q 0.5 | Asterioneila, Closteriopsis. Oscillatoria
6/23/95 | 422 | 43 53.1 0 0.5 | Spiruling, Dinobryon. Asterionella
7123193 1.5 6.9 91.6 0 0 Fragilania, different Volvocaceae

8/15/95 0 787 | 2L.3 i 0 Fragilgria, Pandoring, Pediastrum
Cyn = Cyanopliyta, Chl = Chiorophyta; Chr = Chrysophyta; Eug = Euglenophyta; Pyr = Pyrrhophyta

4.4 MACROPHYTE DISTRIBUTION AND ABUNDANCE. Table 4.25 lists the common
and scientific names of the macrophytes collected from or observed in Newburgh Lake and
Walled Lake in 1995; Table 426 lists the species composition of the macrophyte
communities in both lakes; Table 4.27 lists the wet and dry macrophyte biomass in both
lakes; and Figures 4-6 and 4-7 show the approximate distribution of macro phytes in each
lake, and the biomass sampling stations.

Tahle 4-25
Scientific and Common Names of Macrophytes Collected from or Observed
in Newburgh Lake and Walled Lake (August 1995)

Scientifie Name Comnron Name(s)*

Anacharis canadensis Waterweed (formerly Flodea)

Ceratophyllum demersum Caomntail

Chara sp. Muskgrass, stopewort
Lemns sp. Duckweed
Myriophylium spicatum Evrasian water mitfoil
MNajas flexilis Bushy pondweed
Nymiphaea odorata White water lily
Potamogeton amplifolius Pondweed
Patamogeton crispus Cnisp pondweed
Potarnogeton illionensis Pandweed
Potemogeton pectinatus Pondweed
Potamogeton zosteriformis Pondwesd

Vallisneria americana

Eel grass, wild celery

*Taken from Fassett, 1957,
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Tabie 4-26

Species Composition of Macrophyte Communities Collected from
Newburgh Lake and Walled Lake (August 1995}

Station Species Percent Composition®
{Depth; Sediment) {(Wet weight)
Newburgh Lake
D20 Charu sp. 100 %
(7", otly silt)
D28 Chara sp. 100 %
(5.5";, oily silt)
D29 Nymphaea odorata 68 %
(1.5 oily silt) Chara 3p. 32 %
Walled Lake
D45 Anacharis canadensis 59 %
{5 siit) Myricphyllum spicatum 28 %
Potamogeton zosteriformis 8%
Chara sp. 5 Yo
Najas flexilis <1%
D46 Najas flexilis 71 %
(8" gilty sand) Myriophyllum spicaium 22 %
Vallisneria americana 5%
Charg sp. 3%
Potamogeton pectingtus <1%
Da7 Potamogeton pectinatus 31 %
(8" silty sand}) Vallisneria americana 28 %
Chara sp. 26 %
Potamaogeton illionensis 8 %
Anacharis canadensis 3%
Myriophvllum spicatum 3%
Najas flexilis 2%
Ceratophyllum demersum <1%

* May not sum to 100 %, due to rounding.
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Table 4-27
Wet and Dry Biomass of Macrophyte Communities Collected from
Newburgh Lake and Walled Lake (August 1995)

Station Wet Weirht Dry Weight
{g/m”) {pfm?)

Newburgh Lake

D20 2957 366

D28 5621 385

D29 1408 111
Walled Lake

D45 1236 178

D46 1801 261

D47 1737 263

Meadowbrook Lake and Phoenix Lake lacked significant growths of macrophytes in both
1594 and 1993. A few scattered plants of Potamogeion ampiifolius were present in
Meadowbrook Lake in both years, along the margin of the lake. The general absence of
macrophytes from Meadowbrock Lake may be due to the application of aquatic herbicides
by local residents, although this has not been substantiated, The reason for their absence
from Phoenix Lake is unknown.

Macrophytes in Walled Lake occurred primarily along the northern and western shores, in
water less than 20' deep (Figure 4-6). Macrophyte diversity was much higher in Walled
Lake than in Newburgh Lake, with up to eight species at a single station. Unlike Newburgh
Lake, no single species dominated any of the three Walled Lake stations, and the prevalence
of certain species varied considerably between stations. For example, Najas flexifis
accounted for 71 % of the total macrophyte wet weight collected at station D46, but only
2 Yo and < 1 % at the other two stations.

Macrophytes in Newburgh Lake were distributed throughout the lake {Figure 4-7}, with
only small areas of open water, primarily where the "weed harvester" had been operating.
Macrophyte diversity was extremely low, with near-monocultures of the macroalgae Chara
dominating much of the lake. A mix of water lilies and Chara occurred in the shallow
western third of the lake (Figure 4-7). Scattered plants of 4nacharis sp., Potamogeton
amplifolius, Potamogeion crispus, and Lemna sp. were also observed, as was a thick
floating mat of fillamentous algae in limited focations. Emergent aquatic vegetation (e.g.,
Tushes, cattails) was uncommon in Newburgh Lake in both years, except for isolated areas.
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of some macrophytes collected from Newhurgh Lake (i.e., those stems and
leaves nearest the sediment) were ofien discotored (darker than normatl) and felt gtiffer than
prants from higher in the water column. This was especially noticeable at stations D78 and
D79, and was also observed in macrophytes from the eastern end of the jake. This may be
atiributable to tOXIC effects from the thick (1'-2') layer of oily, metal- and PCB-contaminated
silt that covers much of the bottom of Newburgh Lake (RPO, 1994b).

The lower parts

Macrophyte blomass was generally higher in Newburgh Lake than i Walled Lake. The
biomass at station D29 -1 Newburgh Lake would have been substantially higher if it had
been possibie w0 collect all of the wates fily roots (see below). Five of the six dry biomass
values in the two lakes fall within the range of 100 to 500 g/m? reported by Wetzel (15753)
for macrophyte productivity in representative hardwater lakes,

It should be noted that collection of macrophyte roots was incomplete, and that the biomass
values in Table 4.27 therefore underestimate the true productivity of these macrophyte
populations. Roots of most submerged macrophyte species account for less than 10 %o of
their total biomass, while the roots of water filies can account far 50 to 80 % of their total
biomass (Wetzel, 1975). Consequently, failure to completely collect all the plant roots
should significantly affect the biomass value for only station D29 in Newburgh Lake, where

water lilies were dominant.

1t should also be noted that the seasonal senescence of the dense macrophyte populations
found in Walled Lake and Newburgh Lake could be a significant, short-tenm source of
phosphorous 10 the lakes. Leaching of phosphorous from dead macrophytes is rapid, with
20 10 50 %o of the tissue phosphorous content released within a few hours (Werzel, 1975},
Macrophyte senescence in these lakes pccurs in late October to early November in most
years. The use of a "weed harvester” in Newburgh Lake to maintain open water near the
paddie hoat concession in the western half of the lake {observed during the summer of
1993) may alsa cause release of phosphorous from the plants into the water ¢column., both
from destruction of the plants and resuspension/oxidation of the sediments.

Comparison of 1994-1 9035 Macrophyte Data to Other Studies. SEMCOG (1978) did not
evaluate macrophyte populations in their studies of southeast Michigan lakes and
impoundments, but SEG (1974) sampled Phoenix Lake and Newburgh Lake. They
reponted that both 1akes had been sprayed with the herbicide 2, 4-D in garly May 1973, and
that only 1010 15 % of the lake surface area was covered with macrophytes on June 1,
1973, This suggests smaller macrophyte populations than were found in this study,
although the early sampling time and/or herbicide application probably account for the
difference. The presence of macrophytes in Phoenix Lake in 1973 contrasts with their
absence during this study. MDNR (cited in RPCO, 1996h) found limited numbers of

macrophytes in the Middle Branch above Newburgh I.ake n the 1950s, and higher numbers
in the early 1960s.
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5.0 CONCLUSIONS AND RECOMMENDATIONS.  Water samples ware
gollected from four lakes along the Middle Branch of the Rouge River (Walled Lake,
Meadowbrook Lake, Phoenix Lake, and WNewburgh Lake} once a month in
September/October 1994 and May, June, July, and August 1995, and analyzed for a variety
of limnological parameters. Most of the data indicate that all four lakes are somewhat to
highly eutrophic. Secchi depths, algae communities, and nutrient concentrations were
generally indicative of eutrophic conditions, especially concentrations of chlorophyll a, total
phospherous and the sum of the measured nitrogen compounds (total nitrogen, nitrate +
nitrite + total Kjeldahl nitrogen). Concentrations of nitrate and total phosphorous increased
sharply between Walled Laks and Meadowbrook Lake, probably reflecting nutrient inputs
from the Walled Lake wastewater treatment plant. Highest concentrations of chlorophyll
a and many of the nutrients occurred in Meadowbrock Lake, while Walled Lake was

generally the least eutrophic.

Diumal DO profiles indicated strong stratification in all four lakes in May through August
1995. Epilimnetic DO concentrations were typically at or above saturation, while
hypolimnetic concentrations were less than 2 mg/L.. As the summer progressed, the size of
the hypolimnetic ancxic zone increased, and the depth of supersaturated DO concentrations
decreased, as the summer progressed. Midday DO concentrations at all depths were
routinely higher than those at sunrise, due to photosynthetic activity, although the near-
sediment anoxic zone never completely disappeated. Rainfall events and strong winds,
however, may have temporarily disrupted stratification In the three shaliower impoundments
(Meadowbrook Lake, Phoenix Lake, and Newburgh Lake).

When the lakes were stratlﬁcd,\ mtrate concentrations were routinely lower in the
hypolimnion than the epilimnion, and ammonia was higher in the hypolimnion, probably due
to reduction of nitrate to ammonia. <Fiypolimnetic total phosphorous concentrations were
also higher than those in the epilimnion, probably due to release of phosphomus from the
anoxic sediments. Release of phosphorous in winter from sediment in ice-covered lakes
was investigated, but remains an open question. Any actions taken to remediate water
quality that minimize hypolimnetic anoxia should also reduce phosphorous concentrations
in the water, by preventing its desorbtion from the lake sediments. Nitrate and
orthophosphorous concentrations were usually below thetr method detection limits.
Orthophosphorous is probably absorbed very quickiy by the aguatic plants in these lakes.

Algae communities varied seasonally and between lakes, but in general were indicative of
gutrophic conditions, especially in Meadowbrook Lake, Phoenix Lake, and Newburgh
Lake. Green, bluegreen, and golden-brown algze known to cause taste and odor probtems
in potable water were also common in all four lakes. These conditions correspond 1o the
elevated nutrient concentrations observed in these lakes, and were similar to conditions
reported for Phoenix Lake and Newburgh Lake in 1973-1974.
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Macrophytes in Walled Lake were diverse and abundant in shallow waters along the north
and west shores, with up to eight species in a single 1 m? quadrate. The macrophyte
community in much of Newburgh Lake was esseatially a monaoculture of the macroalgae
Chara, with a mix of Chara and water lilies in the western quarter of the lake. The lower
portions of some of the Chara plants were discolored and unusually stiff, probably due o
the high amounts of oil and other contaminants in the sediments. Macrophyte productivity
(g dry masz/nt’) was slightiy higher in Newburgh Lake than in Walled Lake Macrophytes
were missing from Meadowbrook Lake and Phoenix Lake, for unknown reasons.

Although concentrations of most parameters at the Walled Lake outlet in the headwaters
of the Middle Branch were comparable to those at the Newburgh Lake outlet (the
downstream boundary of the study area), the Middle Branch between Walled Lake and
Meadowbrook Lake was apparently a source of ritrate, TKN, total p, and chiorophyil @ 1o
the rest of the river because the stream discharge at the Newburgh Lake outlet is greater
than at the Walled Lake outlet. This stretch of the Middle Branch is not a measurable
source of ammania or orthophosphorous; concentrations of these nutrients at the Newburgh
Lake outlet were always less than the method detection limit.

Based on limited historic data, phytoplankton commurities and concentrations of nitrate,
ammonia, orthophosphorous, total p, and chlorophyll @ in these lakes have not changed
substantially between 1973-1974 and 1994-1995.

This and previous studies indicate that water quality in these four lakes, especially in the
three impoundments, substantially decreases their value as ecological and recreational
resources. For the most part the current water problems in the three impoundments are
more a reflection of water quality in the Middle Branch as a whole, rather than due to site-
specific conditions (point sources, etc.). Consequently, improved water quality in the
impoundments will onty follow water quality improvements in the upper Middle Branch,
General steps which would improve water quality throughout the Middle Branch include
reducing nutdients and solids inputs; contrelling storm water inputs; controlling streambank
erosion; preventing further destruction of riparian habitat, especially streamside wetlands
and forests; and possibly deepening selected areas of one or more impoundments to
improve fish habitat.

It is recommended that the limnological conditions in these fakes (and perhaps others along
the Middle Branch) be investigated again in another three to five years, to assess the impact
of land use changes in the Middle Branch watershed. It is also recommended that
Newburgh Lake be resampled in 1997, and perhaps every year thereafter for three to fve
years, to investigate the impact of the 1996 sediment remediation project (RPQ, 1995),
Swce the remediation project will seriously disrupt the fish and macrobenthos ia the iake,
an evaluation of these communities should be added to the suite of imnotogical parameters
examined in this study.
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APPENDIX A

GRAPHS OF MONTHLY CONCENTRATIONS OF LIMNOLOGICAL PARAMETERS
IN THE MIDDLE BRANCH LAKES: 19%94-1925
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APPENDIX A
Graphs of Monthly Concentrations of Limnological Parameters
in the Middile Branch Lakes: 1994-1995

Notes:

&  In Appendix Figures A-1 through A-8, the plotted data for the lake inlet and outlet
stations are discrete values, while the data points for the lakes are averages of all the
data from the two lake stations for that month. This could be as few as two data
points or as many as four data points, depending on whether the lake was stratified.

e  Sampling locattons not showing a bar represent parameter concentrations which were
less than the method detection, not a lack of data, unless otherwise noted.

¢  The x-axis is not to scale; refer to Figure i-1 for an illustration of the distances
between the lakes.

®  The Walled Lake outlet was not flowing in June 1993
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Figure A-1. Monthly Total Suspended Solids Concentrations
in the Middle Branch Lakes: 1994-1995,
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Figure A-1. Monthly Total Suspended Solids Concentrations
in the Middle Branch Lakes: 1994-1995. (Continued)
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Figure A-1. Monthly Total Suspended Solids Concenirations
in the Middle Branch Lakes: 1994-1995. (Concluded)
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Figure A-2. Monthly Nitrate Concentrations in the Middle Branch Lakes:
1994-1995. (Continued)

June 1995
10 B
g 8
o 7
E -
<
Z ,.
g - R l_‘-__ﬂ_llul_m _____ _
w W M '] [T T Fin " Ao Nk ] =T}
Location
July 1995
10 -
3 87
= - ;
E 6+ |
z | |
0 W WO MR M OmMOw AW #  Fouw Nk N Ntk
L.ocation

(W = Walled Lake; M = Meadowbrook Lake; P = Phoenix Lake; N = Newburgh Lake)



Figure A-2. Monthly Nitrate Concentrations in the Middle Branch Lakes:
1994-1995.
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Figure A-3. Monthly Nitrite Concentrations in'the Middle Branch
Lakes: 1994.1995
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A-2. Monthly Nitrate Concentrations in the Middle Branch Lakes: ,
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Figure A-3. Monthly Nitrite Concentrations in the Middle Branch
Lakes: 1994-1995, {Continued)
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Figure A-3. Monthly Nitrite Concentrations in the Middle Branch
Lakes: 1994-1895. (Concluded)
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Figure A-4. Monthly Ammonia-Nitrogen Concentrations in the
Middle Branch Lakes: 1994-1995.
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Figure A-4. Monthly Ammonia-Nitrogen Concentrations in the
Middle Branch Lakes: 1994-1995. (Continued)
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Figure A-4. Monthly Ammonia-Nitrogen Concentrations in the
Middle Branch Lakes: 1994-1995. {Conciuded)
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Figure A-5. Monthly Total Kjeldahi Nitrogen Concentrations in
the Middle Branch Lakes: 1994.1995.
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Figure A-5. Monthly Total Kjeldahl Nitrogen Concentrations in
the Middle Branch Lakes: 1994-1995. (Continued)
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Figure A-5. Monthiy Total Kjeldahl Nitrogen Concentrations in
the Middle Branch Lakes: 1994.1995. (Concluded)
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Figure A-8. Monthly Orthophosphorous Concenfrations in
the Middle Branch Lakes: 1994-1995.
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Figure A-6. Monthly Orthophosphorous Concentrations in
the Middle Branch Lakes: 1994-1995. {Continued)
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Figure A-6. Monthly Orthophosphorous Concentrations in

the Middle Branch Lakes: 1994-

1995. (Concluded)
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Figure A-7. Monthiy Total Phosphorous Concentrations in
the Middie Branch Lakes: 1994-1995. (Continued)
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Figure A-7. Monthly Total Phosphorous Concentrations in
the Middie Branch Lakes: 1994-1995.
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Figure A-7. Monthly Total Phosphorous Concentrations in
the Middle Branch Lakes: 1994-1995. (Concluded)
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Figure A-8. Monthly Chlorophyll a Concentrations in the
Middle Branch Lakes: 1994-1995,
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Figure A-8. Monthly Chiorophylli 3 Concentrations in the
Middle Branch Lakes: 1994-1995. (Continued)
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Figure A-8. Monthly Chiorophyli a Concentrations in the
Middle Branch Lakes: 1994-1935. {Concluded)
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STORMWATER SEDIMENT AND AQUATIC PLANT STUDY
for
WALLED LAKE, SHAWOOD LAKE, MEADOWBROOK LAKE

APPENDIX X

[nland Lake Improvement Act No. 451, Public Acts of 1994






Act No. 451
Public Acts of 1994

PART 308 INLAND LAKE IMPROVEMENTS

Ser. 30901. As used in this part:

(a) “Benefit” or “benefits” means advantages resulting from & project to public corporations, the inhabitants of
public sorporations, the inhabitants of this state, and property within pubiic corporations. Benefit inctudes benefits that
result from elimination of pollution and elimination of floed damage, elimination of water conditions that jeopardize the
publi¢ health or safaty; increase of the value or use of lands and property arising from improving a lake or lakes as 2
resuit of the lake project and the improvement or development of a lake for conservation of fish and wildlife and the
nse, improvement, or development of 8 lake for fishing, wildlife, boating, swimming, or any gther recreational,
agricultural, or conservation uses.

) “Inland lzke” means 2 public inland lake or 3 private inland lake.

(¢) “Interested person™ means a person who has a record interest int the title ko, right of ingress to, or reversionary
right to a piece or parcel of land that would he affected by 2 permanent change in the battomland of & natural or
artificial, public or private inland lake, or adjacent wetland. In all cases, whether having such an interest ar not, the

department is an interesied person,

{d) *Local governing body” means the lepislative body of a loca) unit of government.

(s) "Preliminary costs” includes costs of the engineering faasibility report, economic study, estimate of total cost, and
cost of setting up the assessment district.

(£} “Private inland lake™ means an inland lake other than a public inland lake.

(g} “Fublic intand lake™ means & lake that is aceessible to the publie by publicly owned lande or highways conbigticus
to publicly owned lands or by the bed of a stream, except the Great Lakes and eonnecting waters,

Sec. 30902, (1) The lueal governing body of any local unit of government in which the whale or any part of the waters
of any publie inland lake is situated, upon its own motion or by petition of 2/2 of the frecholders owning Jands abutting
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the lake, for the protaction of the public health, welfaré, and safety and the conzervation of the natural reseurces of this
gtace, ar to preserve property values sround a lake, may provide for the improvement of a lake, or adjacent wetland,
and may take steps necessary to remove and properly dispose of undesirable accumiulated matertals from the botiom of
tha lake or wetland by dredging, ditching, digging, or other related work,

(2) Upon receipt of the petition or upon its awa motion, the loeal geverning body within 80 days shall set up a lake
hoard a9 provided in section 30903 that shall proceed wilh the necessary steps for improving the lake or to void the
proposed project.

Sec. 30903, (1) The lake board shall consist af all of the following:

{a) A memper of the county beard of commissioners appointed by the chairperson of the county board of
commissioners of ench eounty alfected by the lake improvement project; s representative of each local unit af
government appointed by the legisiative bady of each local unis of government, other than a county, affected oy the
project; the county drain commissivner, or a member of the county road cornmisgion in counties not having a dreain
commissionter: and & representative of the department.

(b} A member electad by the membars of the lake bourd serving pursuant to subdiviaion (al at the Arst meeting of
the board or at any time a vacancy exists under this subdivision. Onfy a person who has an mterest in a [and contract
at a record interest in the title to a piece or parcel of land that abuts the lake to be improved is eligible to be slected
and to sarve under this subdivision. An organization composed of and representing the majority of lakefrent property
awners on the affected lake may submit up te 3 names to the board, from which the board shall make it3 selection, The
terms served by this member shail be 4 years in length.

{2} The lake board shall elect a chairperson and a seeretary. A majority of the mambers of the lake board conatitites
a quorum. The concurrence of a majerity in asy mattar within the dutles of the Doartl shall be required for the
determination of 3 matter.

{3) The department, upon request af the lake buard, shall provide whatever technical data it has available and make
recommendations in the interests of conservatian,

Sae, 30004, Action may be initiated under section 30002 relating to any private inland lake only upon petition af 213
af the frecholders owning lands zbutting the lake,

Sae, 30905. The eounty board of commissioners may provide for a revolving fund to pay for the preliminary costs of
improvement projects within the county. The preliminary costs shall be assessed to the property owners in the
assessment district by the lake board after notice of the hearing is given pursuant to Act No. 162 of the Public Acts of
1962, being sections 211.741 to 211.746 of the Michigan Compiled Laws, and shall be repaid to the fund where the projeet

is not Anally constructed.

Sec, 30906. (1) Whenever a local governing body, in accordance with section 20902, considers it expadient to have a
lake improved, it, by resolution, shall direct the lake board to institute proceedings as prescribed in this part.

(2} When the waters of any inland lake are situated in 2 or more local units of government, the improvement af the
lake may be determined jointly in the same manner as provided in this pact, If the local governing bodies of all local
unita of government involved determine it to be expedient in acrordance with section 30802 and, by resolution, direct
the lake hoard to institute procsedings as prescribed in this part. Where local ordinances and charters conflict, this part
shall gavern.

. See. 30907. If the departinent considers it expedient, in accordanes with section 20902, to have 3 lake dredged or
improved, the department may petition the local gnverning bedy ar governing bodies in which the lake is located for an
improvement of the lake. The department may also join with the local governing body of any local unit of government

in instituting proceedings for improvements as set forth in this part.

See. 30008. The lake hoard, when instructed by resolution of the locsl governing body, shall determine the scope of
the project and shalt establish a special assessment distriet, including within the special asseasment district all parcels
of land and loeal unita which will be benefited by the improvement of the lake, The lacal governing body may delegate
to the lake board other ministerial duties including preparation, assembling, and cormputation of statistical data for use
by the board and the superintending, comstruction, and maintenance el any project under this gart, as the local
governing body considers nevessary.

Sec. 30909, (1) The lake board shall retain a licensed professional engineer to prepare an engineering fansibility

report, an economic study repart, and an estimate of cost. The repart shall include, when applicable, recommendations
for normal lake levels and the methods {or maintaining those levels,
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(2) The engineering leasibility report shail include the methods propnsed to implement the recommended
improvements, such as dredging, remaval, disposal. and disposal areas for undesirable materials from the take. The
renort shall include an investigation of the groundwater conciitions andl possible effects on lake levels from cemaoval of
bottom materials. A study of existing nutrients and an estimate of passicle future conditions shall be included. Estimate
of eogts of right-of-way shall be included.

(3) The estimate of cost prepared under subsection (1) shail show prohable assessments for the project, The
economie repart shall analyze the existing local tax structure and the affects of the proposed assessrnents on the locai
units of governmant involved. & copy of the report shall be furnished to each member of the lake hoard.

Sec. 30810, Within B0 days after his or her receipt of the reports, the chairperson shall hold a meeting of the lake
hoard to review the reports required under section 30809 and Lo determine the practicability of the projset. The hearing
shall be public, and notice of the hearing shall be published twics in a newspaper of general eirculation in each local unit
of government to be affected. The first publication shall be no less than 20 days prier to the time of the hearing. The
baard shall determine the practicability of the project within 10 days aiter the hearing unless it is determined at the
kearing that more information is needed before the decermipation can be made. Tmmediately upan recsipt of the
additionad information, the board shall make its determination.

Sec. 50911 The county board of camrnissioners may provide np to 25% of the cost of a izke improvement project on
any public inland lake,

Sec, 30912 If the lake board passes a resclution in which it determines the project tu be practicable, the lake board
shall determine o proceed with the project, shall approve the plans and estimate of costs as originally presented or as
revized, correctad, amended, or changad, and shall determine the suiliciency uf the petition for the Improvement, The
resolution shall be published once in a newspager of general circulation in exch fncal unit of government to be aifected
After the regeltition has been published, the sufficlency of the petition shail net he subject to attack sxcept in an action
brought. in 2 court of competent jurisdietion within 30 days after publication, The lake board, after finaily accepting the
special assesament district, shall prepare an assessment roll based upnn the benefits to ba derived from the proposed
lake improvement, and the lake board shall direct the assessing official of ench local unit of government Lo be affectad
ta jein in making an assessment roll in which shall be entered and descripent all the pareels of land to be assessed, with
the names of the respective swnars of the parcels of land, if known, and the total umount to he assessad against exch
parcel of land and against each local unit of government to be affected, which amount shall be such relative portion of
the whole surm to be levied against all pareels of land and loeal units of government in the speuial asgegsmant distriet as
the benefit to such parcel of land and local unit of government bears to the total benefit to all pareels of lamd and loeal
units of government, in the special assessment distriet. When the assessment roll hag been completed, each assessing
afficiai shail affix to the asgessmant rofl his or her certifieate stating that it was made pursuant to a reseluticn of the
lake hoard adopted o & specified date, and that in making the assessmant roll he or she has, according to hiz or her
best judgment, conformed in all regpects to the directions contained in ths resnlution 2nd the stafntes of the stace.

See, 20813, The assessment roll shall be reported to the lake board by the assessing official of the local unit or units
of government, initiating the proceeding and Slad in the office of the clerk of 2ach loeal unit of government to be affecred.
Before confirming the assessment roll, the lake board shall appoint a time and place when it will meet and review the
assedgment roll and hear any objections to the assessment roll, and shall publish notice of the hearing and the fing of
the assessment roll twice prior to the hearing in 2 newspaper of genera! circulation in each local unib of government to
be affected, the frst publication to be at least 10 days before the hearing. Notice of the hearing shall aiso be given in
secordance with dct No. 162 of the Public Acts of 1968, being sections 2I1.741 to 211748 of the Michigen Compilad
Laws. The hearing may ke adjourned from time to time withuut further notice, Any person or local unit of government
objecting to the assesament voil shall {ile his or her objection in writing with the chairperson before the ciose of the
hearing or within such further Lime period 23 the lake beard may grant. After the hearing, the luke board may confdrm
the special assessment roll aa reported to it or as amendad or carrected by it, may refer it back to the assessing officials
for revision, or may annul it and direct 3 new roll to be made. When u speciai assessment roll hag bean eonfivmed, the
clerkc of €ach loeal unit of government shall endorse on the assessment roil the date of the confirmation. After
canfirmation. the special agsessment roll and all assessments on the asgessment roil shall be fAnal and conclusive unless
attacked in a court of competent juriadiction within J0 daye atter notice of confirmation liag been published in the same

manner as the notiea of hearing.

Swe, 30014, Upon the confirmation of the assessmenc roll, the lake board may provide that the assessments be
payable in 1 or more approximately equal annual installments, not axceeding 30, The amaunt of eacit installment, if more
than L, need not be extended upon the special assessment roll until after contirmation. The frst instaliment of 3 special
assessmant shaill be due on or before such kime after confirmation as the board shall establizh, and the severs|
imatallments shall be due at intervals of 12 menths from the due date of the first instaltment or from such

subsequent
the board shail establish. All unpaid inseallments, prior to their transfar ta the tax roll of each local unit

other dats as
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of government, involved. shall hear interest, payable annuaily un each ingtaliment due date, at 3 rate to be g8t by tha
board. ot exceeding G% per annum. from such date as sstablished by the ponrd. Future due installments of an
assessment against a parcel of land may be paid to the treasures of each locul unit of government il any time in tull,
with interest acorued to the due date of the next nstailment. If any installment of # spedint assessment i aot paid when
due, then [t shall be considered to D delinquens and thers shall he cullacted on the instailment, in addition to interest
as abave provided, 3 panalty at the rate of 12 of 1% far ench meath or fraction of a month that it remains unpaid before
being reported to the township board fur reassessment upon the tax roil.

See. 30915, All spacisl assessments contained in any special assessment roll. including any part of the special
assessment payment that (s geferred, constitute a lien. from the date of sonfirmation of the roil. upon the respective
parcels of land sssessed. The len ahall be of the same character and effecs as the lien created fur taxes in each leend unit
of government, and shall include accrued interest and penalties. A judgment, deeree, or any act of the board vacating a
special assessment does not destroy or impair the fien upon the premises assessed fur the amount of the assessment as
may be equitably charged aguinst the premises, or 03 by a regular mode of proceeding migit be tawiully assessed on

the premizes.

Seg. 30214 When any speuvizl assessment roll is confirmed, the lake board shall direct the sssessments made in the
roll Lo be eollacted. The elerk of each local unit of governmant invuived shall then deliver to the trensurer of each local
unit of governrment the special assessment roil, to which he or she shall attach his or her warrant comptanding the
treasurer o collect the assessmants in the rofl in accordance with the diractions of the loke board. The warmant shall
further require the treasurer, on September | following the date when any assesgmencs or any part of an assessment
have become due, to submit to the lake board a sworn stztemaent setting forth the names of delinquent persons, if
known, a deseription of the parcels of lamd upon which there are delinquent assessments, and the amount of the
delinquency, incluiling accrued intereal and penaities comptited to September 1 of the yeur. Upen reveiving the special
aszessment roil and warrant, the treagurst shall collect the amounts asgessed a3 they become lue,

Qap. 20817. If the tressurer reparts a3 delinquent any sssessment or part of an assessment, the lake boord shall
certify the delinquency to the assessing afficinl of each loeal unii of governmens, who shuil reassess, on the anpual tax
rall of the locs! unit of government of that year, in a column headed “special assessments”, the delinguent sum. with
interest and penalties to September 1 vf that year, and an additional penalty nf 8% of the total amount. Therearter, the
statutes relating to taxes shall be applicable to the reassessments in each local unit of government.

Sac. 30913, If any pareel of land is divided after 2 specinl assessment on the land has beun eonfirmed and before the
calleetion of the assessment, the lake board may require the assessment officiul to apportion the uncellected amounts
batwesn the divisions of the parcel of land, and the report of the apportionment when confirmet by the lake board shall
he conclusive upon all parties. [f the interested parties do nob agree in writing to the apportionment, then, before
confrmation, notice of hearing shall be given to all the interested parties, either by persanal servics or by publication
as pravided in the ease of an ariginal sagessment roll.

TFea, 30010, If the agsessments in 3ny special aszesament roil prove insufficient for any reasen, including the
noncollection of the assessment, to pay for the improvement for which they were made or to pay the principal and
intarast an the bonds issued in anticipation of the collection of the assessment, then the lake board shall make additional
pro mata asgessments to supply the deficiancy, but the totai amount agsessed against any parcel of tand shall not exceed
the value of the Henefits recsived from the improvement,

Sac. 30020, Whenever, in the opinion of the lake board, any special assessment is invalid by reason of irregnlarities
ar informalities in the proceadings, or if any court of competent jurisdiction adjudges such assessment illegal, the [alke
thoard, whather the improvement has been made or not and whether any part of the assessment hag been paid ar not,
may proceed from the st atep at which the proceedings were legnl und cause a new assessment to be mude {or the
same purpose for which the former agsassment was made. All proceedings on that reassessment and for the callection
of the assessment shall be vondusted in the same manner as provided for the original assessment. Whenever an
assessrnent or any part of an assesgment levied upon any premises has been set 2side, if the assessment or part of an
23seagmant has been paid and not refunded, the payment shall be applied upon the reassessment.

Jee. 30921, The gaverning body of any department of the state or any of its poiitical sundivigions, municipalities,
school districs, townships, or counties, whose lands are exempt by law, may by resolution agres to pay the apecial
asgessments againsc the landa, in which case the assessment, inctuding all the installmanta of the assessment, shall be

a valid claim againat the local unit of government. -

Qaq, 20922, The lake bosrd may barraw money anil issua lake level orders oo the bands of the special assessment
district therefor in anticipation of the apllection of special zssessments to defray the cost of any improvement made
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under this part after the special assesament roll has been confirmed. The bands or lake level orders shall not exceed the
amount of the special assessments in anticipation of the collection of which they are issued and shall bear interest at 2
rate not excesding 5% per annum, Callections on special ussessments to the extent pledged fur the payment nf bonls
or lake level orders shall be set aside in a special fund for the payment of the bonds or [ake level orders. The issusnce
of apecial assazsments bonds ar lake level orders shall e govarned by tha general laws nf the state applicable to the
igsuance of special assessments bonds or lake level orders and in accordance with the municipal finance act, Act Mo, 202
of the Public Acts of 1942, being sections 1211 to 139.3 of the Michigan Compiled Laws. Bonde or lake level orders may
e iasued in antieipation of the collection of special assessments levied in respect to 2 nr move public improvements, but
no special assessment district shall be compelled to pay the ghligation of any other special agsessment district, The locai
governing body may pledge the full fith and credit of a local unit of government for the prompt payment of the
principal of and interest on the bonds or lake leval orders a8 they become due. The pledge of full Faith and eredit of the
loeal unit of government shall be included within the total limitation preseribed by section 3 of chaprer 5 of Are Mo, 202
of the Public Acts of 1943, being section 135.5 of the Michigan Compiled Laws, Bonds and lake level orders issued under
thiz part shall he executad by the chairperson and secretary of the iake board, and the {nterest coupons to be attached
to the bonds and orders shail be executed by the officials ausing their facsimile signatures to be affixed thereto.

See, 30823, Whenever the lake board determines by proper resolution that it is necessary to condemn private
property for the purpose of this part, the eondemnation proceedings shall be commenced and conducted in adcordance
with Act No, 149 of the Pultic Acts of 1811, being sections 21321 to 21325 of the Michignn Compiled Laws.

Sec. 30924, (1) The lake board may receive and accspt gifts or grants-in-aid for the pﬁrposa of Implemanting thiz
part.

(2) The lake board may contract or make agreement with the federal government or any agency of the federal
govarnment whereby the federal government will pay the whole or any part of the costs of 3 project or will perform alt
or any part of the work connected with the project. The contract or agreement may inelude any spscific terms required
by act of congress or federal regulation as a condition for the participation of the federal government.

Sec. 30925, The department in carrying out the purposas of this part may receive and accapt, on behalf of the state,
pifts and grants-in-aid.
See. 30926. (1) Kxeapt as provided in subsection (2), the chairperson of the lake board shall arlvertise for bids, A

contract shall be et to the lowest bidder giving adequate security for the performunce of the contract, but the ke
board shail reserve the right to rejeat any and all bids.

{9) The lake board may let a contract with a loeal, incorperated, nenprofit homeowner association, the membership
of which {a open en a nendiseriminatory basis to all residents within the geographic area to be assessad or serviced,
without ad¥ertising for pubiie hids. The homeowner asgoeiation shali give adequate security for the performance of the

toncract.
(3} The locai geverning bedy may imprave a fake as a work ralisf project pursuant to applicable provisions of law.

Sae, 30927, (1) Within 18 days after the letﬁng; of contracts or, in cuse of an appeal, then immediately after the appeal
has been decided, the lake board shall make 2 computation of the entire cost of a project urder this part that includes
all prefiminary costs and engineering and inspection costs incurred and il of the following:

(a) The fees and expenses of specizl commiasioners,

(h) The rompensation to be paid the heard.

(e} The contracts for dredging or obher work ta be dore on the project.

(d)} The estimated cost of an appeal if the apportionment mada by the lake board is not sustained,
(e} The estimatad eost of inspection.

(1) The eost of publishing 1l notices required.

{g) All zosts of the ¢ireuit court.

{F) Attorney fees for legal services in connection with the project.

(i} Interest on bonds for the {rst year, if bonds are to be issued.

2} In addition to the amounts computed under subsaction {1}, the lake board may add not less than 10% or more
than 15% of the gross sum to cover contingent expenses, including additional necessary hydrolngieal studies by the
department, and the entire surm so ascertainad shail be considered to be the cost of the lake improvement peoject.

See, 30929, Whenever a public inland lake is to be improved, the department may intervene for the protection and
conaervation of the natural resocurces of the atate.
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