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INTRODUCTION

Purpose of Study

A petition for maintenance and improvements to the Corey Lake Intercounty Drain (Drain)
under Chapter 8 of the Michigan Drain Code (Act No. 40, Public Acts of 1956, as
amended) was filed by 18 freeholders of land within St. Joseph County on July 8, 2019.
The petition was determined practicable by the Corey Lake Intercounty Drain Drainage
Board (Board) on August 20, 2019. Landowners voiced concerns over high water levels

and flooding in Corey Lake, Clear Lake and
Long Lake, failing infrastructure (lake control
structures and conduits), and lack of adequate
drainage outlet(s). Long Lake residents
complained of flooding and would like a gravity
outlet. Clear Lake residents are concerned
about the volume and quality of stormwater
pumped from Long Lake as well as lack of an
adequate outlet for Clear Lake. Residents
from Harwood Lake indicated they had no Corey Lake near channel to Kaiser Lake

issues with water levels and are adamantly
against receiving storm water from Long Lake.

Some residents consider the channel
connecting Corey Lake to Kaiser Lake to be
the primary outlet for Corey Lake (since under
normal precipitation years, groundwater
naturally flows toward Kaiser Lake) and view
the Drain as an overflow during major
precipitation events.

Land & Resource Engineering (LRE) was Looking north toward Clear
retained by the Board on September 24, 2019 || Lake control structure.

to conduct an engineering study in preparation

for the Hearing of Necessity, scheduled for December 4, 2019. The purpose of the study
is to assess flooding issues along the various lakes, identify impairments/deficiencies in
the current drainage system and evaluate feasible alternatives to better connect and
regulate water levels (including a potential gravity outlet for Long Lake). The findings and
recommendations of our engineering study are presented in this report.
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Watershed Description

The Corey Lake Intercounty Drain Drainage District (District) encompasses 8,563.9 acres
in Sections 11-14 and 23-26 of Newberg Township, Cass County and Sections 7-8, 16-
21 and 28-33 of Fabius Township, St. Joseph County as shown in Exhibit B-2. The
watershed includes the roughly 630 acre Corey Lake, 90 acre Kaiser Lake, 105 acre Mud
Lake, 230 acre Clear Lake, 210 acre Long Lake and 90 acre Harwood Lake. In addition,
the Corey Lake Intercountry Drain serves as an outlet for Profile Lake and the Profile
Lake Drain, which are also located within the District.

Land use consists of dense residential cottages around the various lakes, with the
remaining area consisting of agricultural lands, large residential tracts, and forested /
wetland areas. M-60 cuts east to west across the southern tip of the District. Soils are
primarily composed of sands and loams with moderate to high infiltration rates (hydrologic
soil group ratings B and A). The topography of the watershed is comprised of rolling hills
and depressions with wetland complexes (including lakes). Groundwater flows
predominately toward the southeast.

Route and Course

The Corey Lake Intercounty Drain, also known as the Peterson Drain, is a tributary to Mill
Creek within the St. Joseph River watershed. The Corey Lake Intercounty Drain serves
as the outlet for Corey Lake and the upstream connecting lakes including Long Lake,
Clear Lake, Mud Lake, and Kaiser Lake in St. Joseph County as well as Harwood Lake
in Cass County. In addition, the Profile Lake Drain (which serves as the outlet for Profile
Lake), enters the Corey Lake Intercounty Drain near the east quarter corner of Section
31, Fabius Township, St. Joseph County.

Currently, the Drain is legally established from the east-west quarter line of Section 30,
Fabius Township, St. Joseph County to the south line of Section 31, Fabius Township,
St. Joseph County (Harder Road). The roughly half-mile stretch of pipe enclosure and
open channel from the south shore of Corey Lake to the east-west quarter line of said
Section 30 is no longer a public utility (county drain). Plan Specifications for Cleaning
Out Corey Lake Drain, dated August 26, 1903 required:

e Slopes of the banks to be constructed at a one-foot rise per one-foot run, unless
existing banks are well vegetated and don’t have to be reshaped.

e Average profile gradient of approximately 0.15%.

e Minimum bottom width to be 3 feet wide downstream of the railroad right-of-way
and 2 feet wide upstream of the railroad right-of-way. The now abandoned railroad
right-of-way cut across the north 1/2 of Section 31, Fabius Township, St. Joseph
County.
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Drain History

The Corey Lake Intercounty Drain has a long and storied history, the accounts of which
are summarized in several unofficial written histories on-file at the St. Joseph County
Drain Commissioner’s office. In addition, the law firm of Fahey, Schultz, Burzych and
Rhodes prepared a legal opinion for the Drain dated October 30, 2018.

The watercourse south of Corey Lake was originally established as a St. Joseph County
intra-county drain in 1867. The Corey Lake Intercounty Drain, consisting of Cass and St.
Joseph Counties, was officially established in 1883.

A 1903 petition resulted in the St. Joseph County Circuit Court decreeing that the portion
of the Drain lying north of the east-west quarter line of Section 30, Fabius Township, St.
Joseph County “cease to be of any public utility and is therefore void and abandoned so
far as being a public or County drain”. This ruling abandoned the portion of the Drain
from Corey Lake to the east-west quarter line of said Section 30.

A failed intercounty drain petition project in 1950 attempted to reverse the 1903 Circuit
Court ruling and re-establish the Drain from the east-west quarter line of said Section 30
to Corey Lake. However, after a lengthy legal battle, the petition was ultimately
determined not necessary by the previous Board on September 28, 1950.

A subsequent outlet improvement project for Corey Lake was undertaken by the St.
Joseph County Board of Supervisors in 1951. The project included construction of the
current Corey Lake outlet control structure, 610 linear feet of 36-inch by 22-inch asbestos
bonded corrugated metal steel pipe (CMP) arch, several culvert replacements, open
channel excavation and related work. Correspondences from the project engineer, T.A.
Smith indicate that some of the proposed 36-inch by 22-inch CMP arch may have been
replaced with 24-inch pipe to save cost, which is consistent with our field reconnaissance.

Since the 1950’s there have been numerous legal actions taken regarding the level of
Corey Lake and the connecting lakes. T.A. Smith, the registered civil engineer who
worked on the Corey Lake projects in the 1950’s stated on November 6, 1952 that “it
should be adopted policy to hold both Corey and Kaiser Lakes rather high in the spring
and overflow into the Corey Lake (Intercounty) Drain only when the level gets excessively
high, saving all the surplus water possible for the use of Kaiser Lake”. The current legal
lake level of Corey Lake was established at 874-feet NGVD 29 in 1974. An additional
control structure (concrete weir / “dam”) was constructed in the channel between Corey
and Kaiser Lakes in 1974 to help maintain Corey Lake at its legal lake level.
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Drainage District Delineation

Historic Drainage District: The Historic District consists of approximately 3,790.2 acres
and comprises of land in Section 14 and 23-26 of Newberg Township, Cass County and
Section 7-8, 16-21, and 28-30 in Fabius Township, St. Joseph County, Michigan. The
Historic District, as shown in Exhibit B-1 — Lands Added/Removed Map, is based on
the “Drainage District Map for Corey Lake Outlet” prepared by T.A. Smith, dated
September 5, 1950. It's worth noting that the special assessment district from the 1903
Drain project essentially included those parcels bordering the Drain from the revised
upstream terminus at the east-west corner line of Section 30 to the south line of Section
31, Fabius Township, St. Joseph County.

Revised Drainage District: Revised District
boundaries were developed by Fleis &
Vandenbrink in 2019. LRE reviewed the
Revised District boundaries using GIS
contours provided by Cass and St. Joseph
Counties. Micro-topography and depression
storage areas that may provide for some
infiltration within the larger boundary were
included in the Revised District.

Harwood Lake near control structure

The Revised District has been increased to
8,563.9 acres to accurately reflect the
contributing drainage area. The Revised
District now includes Long Lake, which pumps
excess stormwater to Clear Lake as well as
lands along the established Drain, south of
Corey Lake. Approximately 1,600 parcels
are located within the Revised District
(roughly 300 in Cass County and 1,300 in St.
Joseph County). The Revised District
includes 2,590.9 acres (30%) in Newberg
Township, Cass County and 5,973.0 acres
(70%) in Fabius Township, St. Joseph County, as shown in Exhibit B-2 — Drainage
District Map. A total of 4,862.7 acres are recommended to be added to the District and
89.0 acres are recommended to be removed from the District as shown in Exhibit B-1 —
Lands Added/Removed Map.

Long Lake looking southwest
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EXISTING CONDITIONS

LRE conducted an initial site visit and preliminary survey of lake levels on August 8, 2019.
Subsequent field reconnaissance was performed by staff from LRE and Streamside
Ecological Services (SES) on November 14, 2019. In Addition, LRE conducted a
topographic survey of the Drain and lake control structures / connecting channels
between November 11, 2019 and November 18, 2019. Survey Drawings of the Drain
and connecting water courses are enclosed.

COREY LAKE INTERCOUNTY DRAIN

The Corey Lake Intercounty Drain is legal established from the east-west quarter line of
Section 30, Fabius Township, St. Joseph County to the south line of Section 31 (Harder
Road) in Fabius Township, St. Joseph County. The
roughly %2 mile of enclosed pipe and open channel
that serves as an outlet for Corey Lake in the
northeast quarter of Section 30, Fabius Township,
St. Joseph County was abandoned in 1903 and is
currently not part of the established Drain.

Culvert Obstruction near Sta. 25+00

LRE conducted a field inspection, including
topographic survey, of the established Drain to
identify impairments including potential hydraulic
restrictions, structural deficiencies, erosion and / or sediment buildup. The results of our
field reconnaissance confirm that there is sufficient fall throughout the Drain to provide an
adequate outlet for Corey Lake and the connecting lakes. The upstream invert of the M-
60 culvert, which is more than one mile downstream of Corey Lake, is approximately 12.5-
feet below the legal lake level. In addition, the centerline of M-60 is more than 7-feet below
the legal lake level of Corey Lake. While the M-60 culvert is prone to debris build-up,
which requires frequent maintenance, even if the culvert was completely obstructed and
flood waters overtopped M-60, a free discharge could still be provided for Corey Lake.

Although there is sufficient fall from Corey Lake to M-60, several deficiencies were noted
that may impede flow and not allow the Drain to function at its optimum performance. The
gradient of the Drain varies considerably from being virtually flat in the upper reaches to
approximately 0.3% near M-60. More than 2-feet of sediment has built-up in areas
upstream (north) of M-60. In addition, there are several private culverts that are
improperly set (too high or too low) and are restricting flow. The proposed grade from the
preliminary plans by T.A. Smith, that were part of the failed 1950 petition, are shown on
the Survey Drawings and provide a reference to the optimum channel gradient.
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LAKE CONTROL STRUCTURES / OUTLETS

In general, Corey Lake serves as the downstream collection point for Harwood Lake,
Kaiser Lake, Mud Lake, Clear Lake, and Mud Lake. Harwood Lake in Cass County
discharges directly into Corey Lake from the west. Excess water from Long Lake is
pumped south into Clear Lake. Clear Lake outlets into Mud Lake which is directly
connected to Kaiser Lake. A channel and control structure on the east side of Corey Lake
regulates flow between Kaiser / Mud Lakes and Corey Lake. At times, water from Corey
Lake can backflow into Kaiser Lake because the groundwater naturally flows to the
southeast. Details of the surveyed lake control structures and connecting channels from
Corey Lake, Kaiser Lake and Clear Lake are provided in the Survey Drawings and
Appendix 3.

Corey Lake Outlet: The control structure and
outlet for Corey Lake was constructed in the
early 1950’s. Subsequent repairs and
modifications appear to have been made over
the last 60 to 70-years but much of the original
infrastructure remains in place, though
nearing the end of its service life. The pipe
diameters vary along the roughly 760-feet
outlet enclosure from a 36-inch by 22-inch
CMP arch at Corey Lake to 24-inch CMP and
ultimately 36-inch CMP at the downstream
outlet. The degree of head build-up at the inlet
to the control structure relative to the amount
of flow observed in downstream drainage
structures would indicate that there may be
partial failures or obstructions within the pipe
system. Sink holes were noted around each
drainage structure, indicating that the
drainage structures or pipe joints are not
properly sealed and allowing sediment to
enter the system. In addition, sediment build-
up and obstructions (including private culverts
in poor condition or improperly set relative to
the channel bottom) along the downstream
open channel create tailwater conditions,
which commonly submerge the outlet pipe
and limit the capacity of the control structure
(thereby raising water levels in Corey Lake).

Sinkhole near basin at Sta. 63+50

Submerged outlet pipe near Sta. 60+00
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On August 5, 1974, the legal lake level of
Corey Lake was lowered from 874.5-feet to
874-feet above sea level, based on the
National Geodetic Vertical Datum of 1929
(NGVD 29). There is more than 4-feet of fall
from the legal lake level to the outlet pipe
invert, which is more than 760 linear feet
downstream (south) of Corey Lake. During
the time of our survey on November 18,
2019, the water surface elevation of Corey Corey Lake Control Structure to Drain
Lake was 875.14-feet NGVD 29 and the steel
boards (stop logs) were set a crest elevation of 874.45-feet, which is approximately 6-
inches above the legal lake level. Interestingly, historic records indicate that Corey Lake
residents expressed concerns in the 1980’s that the steel boards were set too high (to an
elevation of 874.5-feet).

Corey Lake — Kaiser Lake Connection:
The legal lake level of Kaiser Lake was set at
an elevation of 874.5-feet NGVD 29 on
August 21, 1953. A control structure (“dam”)
was constructed in 1974 along the channel
connecting Corey Lake and Kaiser / Mud
Lakes, between the east side of Corey Lake
and Shafer Brothers Road. The intent of the
control structure was to allow for the release
of excess water from Corey Lake into Kaiser
Lake, during times of low water in Kaiser
Lake. The concrete structure is in poor
condition. It appears as though stop logs
may have been utilized at some point to
regulate water levels but no longer function.
The bottom of the roughly 8-feet wide
concrete control structure is approximately
873.8-feet NGVD 29. Much of the concrete
structure is covered in sediment and a large
sediment bar / leaf debris has formed at the
confluence with Corey Lake, which appears
to be further restricting flow.

Kaiser — Corey Control Structure:
filled with sediment and leaves

Corey — Kaiser channel looking
east from Shafer Brothers Road
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Water was observed flowing from Corey Lake to Kaiser Lake during the time of our survey
on November 18, 2019. The surveyed elevation of Corey Lake was 875.14-feet NGVD
29 (more than 1-foot above the legal lake level), while the surveyed elevation of Kaiser
Lake was at approximately the legal lake level of 874.5-feet NGVD 29. As previously
discussed, the natural groundwater flow within the area is to the southeast (toward Kaiser
Lake). As a result, it is difficult to manage Kaiser Lake at the legal lake level, without
increasing the water surface in Corey Lake. Historically, Corey Lake and Kaiser Lake
were established at the same legal lake level (from 1953 to 1974). Some historic reports
even recommended that the legal level of Kaiser Lake should be set lower than Corey
Lake.

Clear Lake Outlet: The legal lake level of Clear Lake was set at an elevation of 874.75-
feet NGVD 29 on October 29, 1953. The control structure and outlet for Clear Lake
consists of a 20-inch by 20-inch steel orifice
set at an elevation of 872.47-feet NGVD 29
with upstream debris catcher steel grate.
The orifice regulates flow through a 24-inch
CMP set at an adverse grade, which
discharges into a 30-inch CMP that crosses
under Coon Hollow Road and ultimately
flows south into Mud Lake. The controlling
elevation (high-point in the outlet pipe
system) is the 30-inch CMP outlet, just south
of Coon Hollow Road, which has an invert
elevation of 874.14-feet NGVD 29.

Clear Lake Control Structure

Sinkholes along Clear
The current outlet control structure and pipe Lake outlet pipe alignment

system does not efficiently convey flow from
Clear Lake to Mud Lake because it relies on
the invert (bottom) of the downstream pipe
system to control water levels in Clear Lake,
which cannot be adjusted. The current
system design can only convey
approximately 1 cubic foot per second (CFS)
or 450 gallons per minute (GPM), while
maintaining legal lake levels. As a result,
head pressure must build-up (the water must rise) in Clear Lake in order to convey higher
flows through the pipe system.
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During the time of our survey on November 18,
2019, the water surface elevation of Clear
Lake was approximately 875.4-feet NGVD 29,
which is approximately 8-inches above the
legal lake level. The elevation in Mud Lake
downstream (south) of Coon Hollow Road
(approximately 300-feet from Clear Lake) was
approximately one-foot lower at roughly
874.5-feet. It is our understanding that Long
Lake recently ran.the pump into Clear Lake for Clear Lake outlet south
4-days at approximately 1,800 to 2,000 GPM of Coon Hollow Road

(4 to 4.5 CFS), which would explain why levels
in Clear Lake are still high. These field observations confirm our hydraulic analysis in that
the current outlet system does not efficiently convey flow from Clear Lake to Mud Lake.

Long Lake: The legal lake level of Long Lake was set at an elevation of 887-feet NGVD
29 on May 16, 1952. Long Lake has no natural outlet. A pump system was installed in
the 1950’s and replaced in the 1980’s to convey 1,800 to 2,000 GPM (4 to 4.5 CFS) from
Long Lake to the wetland complex on the north side of Clear Lake, west of the intersection
of Clear Lake Road and Lone Tree Road. At maximum output, the pump can lower water
levels roughly Y2-inch per day.

The St. Joseph County Drain Commissioner (SJCDC) controls pumping operations from
Long Lake to Clear Lake. Given the limited capacity of the Clear Lake outlet, pumping
from Long Lake to Clear Lake is only conducted when water levels in Clear Lake are no
more than 6-inches above the legal level of Clear Lake (i.e. so long as the water surface
of Clear Lake is below 875.25-feet NGVD 29). A study evaluating potential outlet
alternatives for Long Lake was conducted in the 1980’s, a copy of which is provided in
Appendix 4.

Harwood Lake: The legal lake level of Harwood Lake was set at an elevation of 877-
feet NGVD 29 on March 15, 1932. The outlet control structure consists of a 5-feet wide
weir with crest elevation of 878.35-feet NGVD 29. It should be noted that the control
structure is more than one-foot above the legal lake level and the elevation of the water
surface on November 18, 2019 was 878.69-feet. The control structure has a free
discharge into the channel / culvert that crosses under Corey Lake Road (County Line
Road) and into the west end of Corey Lake in Section 19, Fabius Township, St. Joseph
County. Itis our understanding that residents along Harwood Lake do not have any water
level or water quality issues and desire no modifications to be made that would adversely
impact Harwood Lake. As as result, Harwood Lake was not evaluated in detail as part of
our study.
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PRELIMINARY ECOLOGICAL ASSESSMENT

LRE contracted Streamside Ecological
Services, Inc. (SES) to perform a preliminary
ecological assessment using existing
information to determine what data is
available and what data must be collected to
justify proposed improvements to the Drain or
lakes.

Harwood Lake Control Structure

SES obtained data and/or reports from
Michigan Department of Natural Resources —
Fisheries Division (MDNR); Michigan
Department of Environment, Great Lakes and
Energy (EGLE); Michigan Clean Water Corp
(MiCorps) and Long Lake residents. Based
upon the data found to date, the aquatic
communities of Long, Clear and Corey Lakes
appear to be quite similar in nature, with a few
exceptions discussed below. Results of water quality monitoring in Long and Clear Lakes
show similarities in chemical composition; no data were found for Corey Lake. A
summary of the preliminary water quality data is provided below in Table 1.

Table 1 — Preliminary Water Quality Data

Long Lake Clear Lake Corey Lake Notes
alkalinity (mg/L) 98 120
TP (mg/L) 0.011 0.011
chlorophyll a (mg/L) 0.0039 0.0089
Secchi depth (ft) 15.5 15.5
Stratification (ft) 12 12

Eurasian water milfoil;

Invasive plants

Eurasian water milfoil;
curly leaf pondweed;
Cabomba

Eurasian water milfoil;
curly leaf pondweed;
starry stonewort;
Cabomba

curly leaf pondweed.
Treated in 2019 for
first time in over a
decade

Confirm presence of Cabomba and
starry stonewort in Corey, or
develop solution that will not result
in transfer

Invasive animals

none documented

none documented

zebra mussels

Fish possibly impacting permit

muskellunge

cisco

Develop solution that will not result
in muskellunge escaping Long;
Water temperature and dissolved
oxygen must remain suitable in
Corey (deeper water has to be cold
and well oxygenated)

Recommendation

Survey for starry
stonewort and
Cabomba; Test
alkalinity, TP,
chlorophyll a, secchi
depth
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Regarding the possibility of reducing flooding of Long Lake by transferring water into
either Clear or Corey Lakes, the following issues must be considered:

e Obtain or collect water chemistry data
from Corey Lake to assure that no
degradation would occur under project
alternatives. Based upon existing data,
neither Long nor Clear Lakes have
major issues with water quality, in
terms of excessive nutrients. Thus, it is
unlikely that project alternatives would
have a negative impact on the water gf;?r:rnggggei Z;Zh Z’;;‘;;f/’ ";gezw
quality of Corey Lake. EGLE may, || ,utetfrom LongLake’ P graviy
however, request water quality data for
Corey Lake as part of the permitting
process. This data cannot be collected
until late spring/early summer of 2020.

e The water temperature and dissolved
oxygen profile of Corey Lake must
remain unchanged, since the lake is
known to harbor the state threatened
cisco (require water temperature below
68°F with at least 3 ppm of dissolved Walnut / Oak intersection - potential
oxygen. Based upon existing data, inlet for Long Lake gravity system
there is no reason to expect that water
from either Long or Corey Lake would be excessively warm or depleted of oxygen,
though MDNR Fisheries may request assurance as part of the permitting process.

e Confirm the presence of starry stonewort and Cabomba in Corey Lake, invasive
species known to occur in both Long and Clear Lakes. If the species are not
presentin Corey, itis unlikely that an EGLE permit will be issued without assurance
that the project alternatives will prevent the spread of these species. Surveys could
be completed in late spring/early summer of 2020.

e Long Lake is stocked with muskellunge by the DNR. Transfer of the species should
be prevented.

In addition, wetland data must be collected, specific to project alternatives. The
alternatives must not have negative impacts to the size or quality of wetlands, unless
compensatory mitigation is possible.
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HYDROLOGIC AND HYDRAULIC ANALYSIS

A hydrologic and hydraulic analysis was performed to review the hydraulic capacity of the
Drain as well as various lake level control structures and evaluate proposed conveyance
improvement alternatives to better regulate water levels. Data from our hydrologic and
hydraulic analysis are provided in Appendix 2.

The study area was broken down into sub-catchments for hydrologic analysis purposes.
Peak discharges for a range of 24-hour rainfall events including the 1-, 2-, 5-, 10-, 25-,
50-, and 100-year storm (100%, 50%, 20%, 10%, 4%, 2% and 1% return frequencies)
were obtained at critical design locations, including the lake outlets. Peak Discharges for
locations with contributing areas greater than 2 square miles were providing by the
Environment Great Lakes and Energy (EGLE) Hydrologic Studies and Dam Safety Unit.
Peak Discharges for locations with contributing drainage areas less than 2 square miles
were calculated using the methods prescribed by the EGLE report Computing Flood
Discharges for Small Ungaged Watersheds (Sorrell, 2010).

The EGLE flows do not account for the storage within each lake, which help to attenuate
flows dramatically. As a result, the actual flow rates coming out of each lake are
significanlty lower than those predicted by EGLE.

In order to better analyze flow dynamics, LRE developed a hydrologic model of the
watershed using HydroCAD computer software. The pond and flood-routing capabilities
of the software allowed us to more accurately account for storage volume in the chain of
lakes and more accurately predict estimated peak flows for various rainfall frequency
events. In addition, the hydrologic model allows us to evaluate the effectiveness of
various improvement alternatives in terms of reducing flooding, improving drainage and
regulating water levels between lakes.

A summary of the existing 100-year floodplain elevations for each lake are provided for
both LRE’s hydrologic model as well as historically published values from the Michigan
Department of Environmental Quality (now EGLE) in Table 2. During rainfalls of greater
magnitude and reduced frequency, such as the 100-year rainfall event (5.28-inches in 24-
hours), the chain of lakes consisting of Corey Lake, Kaiser Lake, Mud Lake and Clear
Lake act more as a uniform body of water; thereby, equalizing water levels between lakes.
The EGLE 100-year floodplain elevations were most likely computed without the use of
pond routing hydrologic software, which explains the higher predicted peak water surface
elevations.



Table 2 - 100-Year Floodplain Elevations
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Legal Level 100-Year Floodplain (NGVD 29)
Location NGVD 29

( ) EGLE / Year LRE Model
Corey Lake 874.0-ft 878.5-ft / 2000 876-ft
Kaiser Lake 874 .5-ft Same as Corey 876-ft
Clear Lake 874.75-ft 876.5-ft / 1995 875.9-ft
Long Lake 887.0-ft *892.0-ft / 1991 NA

Harwood Lake 877.0-ft NA 880-ft

Regulating the court ordered water levels between lakes is difficult given the dynamic
relationship as well as seasonal variations in terms of precipitation, evaporation,
infiltration and groundwater water. As the Corey, Kaiser, Mud and Clear Lakes Level
Control Preliminary Engineering Investigation by the Michigan Department of
Conservation Engineering and Architecture, and dated July 1953 stated “Natural
conditions will not permit holding one lake within a few hundredths of a foot above or
below an established level ... but it should be possible to maintain generally satisfactory
levels if the whole group of lakes is considered in the operational procedures for the
several control units and connecting channels”. A summary of the outlet flow rate for
each lake during both observed (surveyed) conditions on November 18, 2019 as well as
existing conditions when all lakes are at their legal level are provided below in Table 3.

Table 3 — Flow Rate at Lake Outlet Control Structures

Legal Level 11/18/19 Level
Location Lake Elev. | Flow Rate | Lake Elev. | Flow Rate
(NGVD 29) (CFS) (NGVD 29) (CFS)

Corey Lake 874-ft 0 (Below Weir) | 875.14-ft 15 to Drain
Kaiser Lake 874 .5-t 5 to Corey 874 .49-ft -5 from Corey
Clear Lake 874.75-t 1 to Mud 875.40-ft > 4 to Mud
Long Lake 887-ft NA 887.22-ft 0 (Pump Off)

Harwood Lake 877-ft 0 (Below Weir) 878.69-ft 4 to Corey

Note — 1 cubic foot per second (CFS) is approximately equal to 450 gallons per minute (GPM)
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EVALUATION OF ALTERNATIVES

The goals of our engineering study based on input from residents within the District and
the Board include:

1. Ensure the Corey Lake Intercounty Drain provides an adequate outlet for the
District, including the chain of lakes.

2. Investigate alternatives to better manage legal lake levels within Corey Lake and
the connecting lakes.

3. Review the feasibility of providing a gravity outlet for Long Lake.

Numerous alternatives or combinations thereof were considered to accomplish these
goals. Following are four of the alternatives that we evaluated in detail.

Alternative 1 — Do Nothing

The established Corey Lake Intercounty Drain currently stops more than %2 mile short
(south) of Corey Lake. Neither the Corey Lake control structure nor the more than 760
linear feet of outlet pipe are currently under the jurisdiction of the Board. Under the “Do
Nothing” scenario, individual lake associations would continue to be responsible for the
maintenance and operation of their respective lake control structures and outlets. The
“do nothing” alternative may be acceptable if property owners within the District determine
that the current water level fluctuations are acceptable, or the proposed improvements
are too costly.

Alternative 2 — Extend Drain to Corey Lake

Numerous deficiencies including sediment deposition, failing pipes and culverts, and
other obstructions were identified along both the Drain and Corey Lake outlet, upstream
(north) of M-60. The primary focus of Alternative 2 is to provide an adequate, free
discharge outlet for Corey Lake, which will help to better manage water levels in
connecting lakes. Alternative 2 consists of extending the Drain to Corey Lake and more
than one-mile of maintenance and improvements from M-60 to Corey Lake. Below is a
list of major elements included in Alternative 2.

Drain Extension: The Drain would be legally extended from the current upstream
terminus at the east-west quarter line of Section 30, Fabius Township, St. Joseph County
to the current control structure at Corey Lake. The Drain extension would require at least
2 permanent easements and a resolution from the St. Joseph County Road Commission
to locate the Drain within the Corey Lake Road right-of-way.
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Open Channel Excavation: Approximately 6,000 linear feet of open channel excavation
is proposed from M-60 to the pipe outlet, south of Corey Lake Road. An average of 2-
feet of sediment will be removed from the Drain to provide grade similar to the 1950
proposal. A trapezoidal channel with minimum bottom width of 3-feet, average depth of
4-feet, 2:1 (H:V) side slopes, and 0.1% grade is capable of conveying approximately 100
CFS, which is more than necessary to provide an adequate outlet for Corey Lake and the
upstream contributing drainage area. It should be noted that the private and public
culverts will act as the limiting factor in regard to the capacity of the Drain.

Culvert Replacement: Deteriorated/undersized crossings would be replaced with 36-
inch diameter culverts, with capacities similar
to that of the proposed open channel.
Replacement of the M-60 culvert should be
considered and reviewed with the Michigan
Department of Transportation (MDOT). LRE
has a strong working relationship with MDOT
and it's likely that MDOT funds would be
available to cover this cost.

Storm Sewer Replacement: Approximately
760-feet of deteriorated storm sewer would
be replaced with 36-inch storm sewer to
increase the outlet capacity from Corey Lake
by more than 50% and provide for
approximately 25 to 30 CFS discharge during
normal legal lake levels (assuming stop logs
were removed).

Culvert Obstruction near Sta. 40+50

Control Structure: Assuming the outlet pipe
is replaced and enlarged, the existing control
structure will need to be reconfigured and
weir opening lengthened to provide a greater
hydraulic opening. In addition, the operation
of stop logs in regard to the legal lake level
should be reviewed. Work on the control
structure could be assessed directly to Drainage Structure near Sta. 63+50
residents with access to Corey Lake.

Estimated Project Cost: The preliminary estimate of probable cost to implement the
improvements associated with Alternative 2 is approximately $520,000. Please note that
this estimated cost does not include administrative, land/easement acquisition or
financing costs. A detailed project cost breakdown is provided in Appendix 1.
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Alternative 3 — Extend Drain and Improve Lake Connections

Alternative 3 includes all the work proposed in Alternative 2 along with improved
connections between Clear, Mud, Kaiser and Corey Lakes to better manage lake levels.
Additional items of work beyond the scope of Alternative 2 include:

Drain Extension: The Drain would be legally extended from the current upstream
terminus at the east-west quarter line of Section 30, Fabius Township, St. Joseph County
through Corey Lake, Kaiser / Mud Lakes, and into Clear Lake. The Drain extension would
require at least 7 permanent easements and a resolution from the St. Joseph County
Road Commission to locate the Drain within county road right-of-way.

Corey Lake to Kaiser Lake: At a minimum
the channel, including concrete control
structure (“dam”) should be cleaned-out of
sediment and debris to restore it's designed
hydraulic capacity. While maintaining the
legal lake level in Kaiser Lake is nearly
impossible without increasing the water
surface in Corey Lake above its legal lake
level, improvements could be made to the
channel to improve the hydraulic connection Channel between Kaiser / Mud Lakes
between the lakes. Removal of the existing
control structure (“dam”) and replacement with an adjustable weir that allows for a
significantly deeper channel would help equalize water levels between Corey Lake and
Kaiser Lake.

Clear Lake to Mud Lake: The current outlet
from Clear Lake does not provide sufficient || Clear Lake outlet — pipes set too high
capacity to convey discharges from Long
Lake during pumping operations without
increasing the water surface of Clear Lake
above its legal lake level. The installation of
a 30-inch diameter (minimum) pipe outlet set
at a deeper grade (873-ft +/- NGVD 29) with
adjustable in-line weir would allow for up to 10
CFS (4,500 GPM) to be conveyed under
normal legal lake level conditions.

Estimated Project Cost: The preliminary estimate of probable cost to implement the
improvements associated with Alternative 3 is approximately $695,000. Please note that
this estimated cost does not include administrative, land/easement acquisition or
financing costs. A detailed project cost breakdown is provided in Appendix 1.
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Alternative 4 — Long Lake Gravity Outlet

Alternative 4 includes all the work proposed in Alternative 3 with the addition of a gravity
outlet from Long Lake. Additional items of work beyond the scope of Alternative 3 include:

Drain Extension: The Drain would be legally extended from the current upstream
terminus at the east-west quarter line of Section 30, Fabius Township, St. Joseph County
through Corey Lake, Kaiser / Mud Lakes, Clear Lake, and into Long Lake. The Drain
extension would require at least 5 permanent easements and a resolution from the St.
Joseph County Road Commission to locate the Drain within county road right-of-way.

Long Lake Gravity Outlet: A study was conducted in the 1980’s to evaluate potential
outlets (both pump and gravity) from Long Lake, a copy of which is included in Appendix
4. Harwood Lake property owners are insistent that they will not accept any drainage
from Long Lake. This eliminates the vast majority of the gravity outlets from the 1980’s
study. However, the following options are still feasible:

e Option 8 (with direction bore instead of pump): There is approximately 10-feet of
fall from the legal level of Long Lake to the wetland complex, north of Coon Hollow
Road, which is hydraulically
connected to Corey Lake. The == “ O
proposed  alignment  would uﬁﬂfﬁ?‘i{_ﬁ :
extend from Long Lake, near the <
intersection of Walnut Drive and
Oak Drive, southeast across the
agricultural fields and into the
wetland complex, north of Coon
Hollow Road. This alternative
would require more than 1,600
linear feet of boring through
depths of up to 45-feet.

ik

e Option 10: Provides for a gravity
outlet along Corey Lake (County
Line) Road to the west end of
Corey Lake, near the Corey Lake |
Marina.

Long Lake — potential gravity outlets
=\ W " T

Estimated Project Cost: The preliminary estimate of probable cost to implement the
improvements associated with Alternative 4 is approximately $1,600,000 based on the
modified Option 8. Please note that this estimated cost does not include administrative,
land/easement acquisition or financing costs. A detailed project cost breakdown is
provided in Appendix 1.
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RECOMMENDATIONS & IMPLEMENTATION

LRE will work with the Board to develop a final project scope, if the petition is found
necessary. We tentatively recommend proceeding with Alternative 3 as the most cost-
effective way to better manage lake levels and provide an adequate outlet for the District.
Implementation of the recommended scope of improvements to the Drain, as presented
in this report, requires consideration of the following:

Easement Acquisition: Additional easements will be required along the proposed Drain
extension to access and complete the work.

Permitting: The proposed Drain extension will require an Environment Great Lakes and
Energy permit pursuant to Part 301, Inland Lakes and Streams and Part 303, wetlands
protection of the Natural Resources and Environmental Protection Act, PA 451 of 1994
(NREPA).

Legal Lake Levels: Lake control structure improvements may be separate from actual
Intercounty Drain Project. Given that Harwood Lake and Corey Lake are routinely
operating above their legal lake level and Kaiser Lake is rarely operating up to its legal
lake level, adjustments to the legal lake levels may be considered independently of the
Drain project through Part 307, Inland Lake Levels, of NREPA.

Drainage District Revisions: The District should be revised as shown in Exhibits B-1
and B-2 to accurately reflect the contributing drainage area. Project costs would be
apportioned between counties and assessed to municipal entities, including MDOT, as
well as roughly 1,600 private properties.

Final Design and Construction: Establish a project schedule, complete the final design
and prepare contract documents for bidding and construction.
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EXHIBIT A

COREY LAKE INTERCOUNTY DRAIN
DRAINAGE DISTRICT

TOWNSHIP OF NEWBERG
CASS COUNTY, MICHIGAN

TOWNSHIP OF FABIUS
ST. JOSEPH COUNTY, MICHIGAN

THE DESCRIPTION OF THE COREY LAKE INTERCOUNTY DRAIN
DRAINAGE DISTRICT CONSISTS OF ALL THAT LAND LOCATED IN
SECTIONS 11-14 AND 23-26 OF TOWNSHIP 06 SOUTH, RANGE 13 WEST,
NEWBERG TOWNSHIP, CASS COUNTY, MICHIGAN AND SECTIONS 7-8, 16-
21 AND 28-33 OF TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS
TOWNSHIP, ST. JOSEPH COUNTY, MICHIGAN BOUNDED BY A LINE
DESCRIBED AS FOLLOWS:

BEGINNING AT A POINT ON THE EAST LINE OF SECTION 25, TOWNSHIP
06 SOUTH, RANGE 13 WEST, NEWBERG TOWNSHIP, CASS COUNTY,
MICHIGAN AT THE NORTHEAST CORNER OF SAID SECTION;

THENCE NORTH 85° 05' 02" WEST 738.87 FEET;

THENCE NORTH 45° 26' 32" WEST 25.45 FEET TO THE NORTH LINE OF
SECTION 25, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG
TOWNSHIP, CASS COUNTY, MICHIGAN AT A POINT 758 +/- FEET WEST OF
THE NORTHEAST CORNER OF SAID SECTION;

THENCE CONTINUING NORTH 45° 26' 32" WEST 396.01 FEET INTO
SECTION 24, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG
TOWNSHIP, CASS COUNTY, MICHIGAN;

THENCE SOUTH 53° 57" 13" WEST 453.81 FEET;

THENCE SOUTH 53° 57' 13" WEST 19.93 FEET TO THE SOUTH LINE OF
SAID SECTION AT A POINT 1375 +/- FEET WEST OF THE SOUTHEAST
CORNER OF SAID SECTION;

THENCE NORTH 90° 00' 00" WEST 1416.21 FEET ALONG THE SOUTH LINE
OF SAID SECTION;

THENCE NORTH 55° 00' 11" WEST 579.97 FEET;

THENCE SOUTH 40° 15' 27" WEST 427.70 FEET TO THE SOUTH LINE OF
SAID SECTION AT A POINT 1681 +/- FEET EAST OF THE SOUTHWEST
CORNER OF SAID SECTION;

THENCE CONTINUING SOUTH 40° 15' 27" WEST 1105.46 FEET INTO
SECTION 25, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG
TOWNSHIP, CASS COUNTY, MICHIGAN;

THENCE SOUTH 73° 01' 24" WEST 702.95 FEET,;

THENCE SOUTH 20° 23' 33" WEST 686.63 FEET;



THENCE SOUTH 50° 04' 43" WEST 80.63 FEET TO THE WEST LINE OF SAID
SECTION AT A POINT 1772 +/- FEET SOUTH OF THE NORTHWEST
CORNER OF SAID SECTION;

THENCE CONTINUING SOUTH 50° 04' 43" WEST 436.64 FEET INTO
SECTION 26, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG
TOWNSHIP, CASS COUNTY, MICHIGAN,;

THENCE SOUTH 02° 56' 55" EAST 954.13 FEET;

THENCE SOUTH 54° 25' 45" WEST 1347.70 FEET,;

THENCE NORTH 13° 54' 17" WEST 4.16 FEET,;

THENCE SOUTH 46° 46' 36" WEST 0.79 FEET;

THENCE NORTH 24° 12' 17" WEST 54.85 FEET,

THENCE NORTH 72° 06' 15" WEST 198.18 FEET;

THENCE SOUTH 56° 02' 58" WEST 61.32 FEET;

THENCE NORTH 59° 22' 19" WEST 381.89 FEET;

THENCE SOUTH 86° 00' 10" WEST 234.37 FEET;

THENCE NORTH 02° 14' 14" WEST 199.61 FEET;

THENCE NORTH 07° 43' 47" WEST 185.07 FEET;

THENCE NORTH 57° 30' 27" EAST 215.59 FEET;

THENCE NORTH 62° 44' 51" EAST 194.15 FEET,

THENCE NORTH 09° 06' 56" EAST 181.61 FEET;

THENCE NORTH 20° 19' 33" WEST 337.28 FEET;

THENCE SOUTH 57° 09' 46" WEST 305.09 FEET,;

THENCE NORTH 01° 46' 37" EAST 300.21 FEET,

THENCE NORTH 10° 41' 22" WEST 543.64 FEET;

THENCE NORTH 74° 33' 35" WEST 762.55 FEET;

THENCE NORTH 56° 43' 07" WEST 99.23 FEET,

THENCE SOUTH 89° 48' 08" WEST 158.39 FEET;

THENCE NORTH 45° 54' 24" WEST 247.29 FEET;

THENCE NORTH 62° 41' 59" WEST 167.85 FEET;

THENCE SOUTH 82° 41' 54" WEST 268.09 FEET,;

THENCE NORTH 79° 13' 57" WEST 925.65 FEET;

THENCE NORTH 12° 27' 13" EAST 169.41 FEET;

THENCE NORTH 25° 41' 50" WEST 115.35 FEET;

THENCE NORTH 31° 15' 53" EAST 603.05 FEET;

THENCE NORTH 19° 02' 22" WEST 384.21 FEET;

THENCE NORTH 88° 07' 34" WEST 339.24 FEET;

THENCE NORTH 15° 42' 00" EAST 62.67 FEET TO THE NORTH LINE OF
SAID SECTION AT A POINT 268 +/- FEET EAST OF THE NORTHWEST
CORNER OF SAID SECTION;

THENCE CONTINUING NORTH 15° 42' 00" EAST 591.65 FEET INTO
SECTION 23, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG
TOWNSHIP, CASS COUNTY, MICHIGAN;

THENCE NORTH 58° 11" 11" WEST 473.65 FEET;

THENCE NORTH 00° 31' 31" EAST 1339.71 FEET;

THENCE NORTH 27° 52' 42" EAST 501.08 FEET;



THENCE NORTH 40° 14' 02" WEST 356.07 FEET TO THE WEST LINE OF
SAID SECTION AT A POINT 2397 +/- FEET SOUTH OF THE NORTHWEST
CORNER OF SAID SECTION;

THENCE NORTH 00° 57' 51" EAST 1213.01 FEET ALONG THE WEST LINE
OF SAID SECTION;

THENCE NORTH 15° 31' 29" EAST 383.31 FEET;

THENCE NORTH 78° 47' 34" EAST 410.20 FEET,

THENCE SOUTH 80° 19' 55" EAST 992.35 FEET;

THENCE NORTH 24° 09' 33" EAST 615.65 FEET,

THENCE NORTH 42° 21' 19" WEST 429.04 FEET TO THE NORTH LINE OF
SAID SECTION AT A POINT 1466 +/- FEET EAST OF THE NORTHWEST
CORNER OF SAID SECTION;

THENCE CONTINUING NORTH 42° 21' 19" WEST 353.10 FEET INTO
SECTION 14, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG
TOWNSHIP, CASS COUNTY, MICHIGAN;

THENCE NORTH 64° 17' 06" EAST 1087.74 FEET;

THENCE SOUTH 86° 39' 39" EAST 579.70 FEET;

THENCE NORTH 05° 16' 50" EAST 186.86 FEET;

THENCE NORTH 79° 43' 35" WEST 321.94 FEET;

THENCE NORTH 10° 50' 51" WEST 778.82 FEET;

THENCE NORTH 39° 03' 08" EAST 1286.36 FEET;

THENCE NORTH 79° 32' 05" EAST 735.32 FEET;

THENCE NORTH 72° 54' 49" EAST 1011.34 FEET;

THENCE NORTH 48° 05' 23" WEST 524.11 FEET;

THENCE NORTH 33° 22' 45" EAST 1511.28 FEET TO THE EAST LINE OF
SAID SECTION AT A POINT 479 +/- FEET SOUTH OF THE NORTHEAST
CORNER OF SAID SECTION;

THENCE CONTINUING NORTH 33° 22' 45" EAST 110.74 FEET INTO
SECTION 13, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG
TOWNSHIP, CASS COUNTY, MICHIGAN;

THENCE NORTH 08° 37' 48" WEST 376.85 FEET TO THE WEST LINE OF
SAID SECTION AT A POINT 14 +/- FEET SOUTH OF THE NORTHWEST
CORNER OF SAID SECTION;

THENCE CONTINUING NORTH 08° 37' 48" WEST 13.94 FEET INTO SECTION
14, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG TOWNSHIP, CASS
COUNTY, MICHIGAN TO THE NORTH LINE OF SAID SECTION AT A POINT 2
+/- FEET WEST OF THE NORTHEAST CORNER OF SAID SECTION;
THENCE CONTINUING NORTH 08° 37' 48" WEST 162.27 FEET INTO
SECTION 11, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG
TOWNSHIP, CASS COUNTY, MICHIGAN;

THENCE NORTH 82° 08' 15" EAST 28.32 FEET TO THE EAST LINE OF SAID
SECTION AT A POINT 164 +/- FEET NORTH OF THE SOUTHEAST CORNER
OF SAID SECTION;

THENCE CONTINUING NORTH 82° 08' 15" EAST 962.80 FEET INTO
SECTION 12, TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG
TOWNSHIP, CASS COUNTY, MICHIGAN,;



THENCE NORTH 17° 09' 14" EAST 269.92 FEET,
THENCE NORTH 12° 51' 10" EAST 445.14 FEET;
THENCE NORTH 47° 44' 55" EAST 193.91 FEET,
THENCE NORTH 50° 56' 17" WEST 102.80 FEET;
THENCE NORTH 02° 18' 28" WEST 65.23 FEET,

THENCE SOUTH 87° 21' 16" EAST 306.76 FEET;
THENCE NORTH 61° 31' 16" EAST 90.39 FEET,;

THENCE SOUTH 73° 00" 43" EAST 209.02 FEET;
THENCE NORTH 45° 44' 09" EAST 108.46 FEET,
THENCE NORTH 70° 51' 11" EAST 135.33 FEET;
THENCE NORTH 54° 20' 20" EAST 74.92 FEET,

THENCE NORTH 16° 12' 26" EAST 164.12 FEET;
THENCE NORTH 01° 10' 32" WEST 234.54 FEET;
THENCE SOUTH 86° 50' 29" EAST 314.70 FEET;
THENCE NORTH 46° 03' 08" EAST 132.93 FEET,
THENCE NORTH 81° 21' 25" EAST 52.62 FEET,;

THENCE SOUTH 33° 12" 17" EAST 160.50 FEET;
THENCE SOUTH 79° 41' 31" EAST 131.58 FEET;
THENCE SOUTH 21° 58' 19" EAST 279.25 FEET;
THENCE NORTH 66° 41' 38" EAST 144.70 FEET;
THENCE SOUTH 57° 05' 01" EAST 208.50 FEET;
THENCE NORTH 70° 15" 17" EAST 70.94 FEET,;

THENCE NORTH 07° 48' 37" WEST 139.51 FEET;
THENCE NORTH 25° 05' 43" EAST 176.11 FEET;
THENCE NORTH 65° 18' 35" WEST 195.76 FEET;
THENCE NORTH 36° 26' 52" EAST 271.23 FEET;
THENCE NORTH 59° 52' 23" EAST 223.35 FEET,
THENCE NORTH 26° 06' 50" EAST 245.85 FEET;
THENCE NORTH 35° 14' 55" EAST 134.82 FEET,
THENCE SOUTH 62° 51' 19" EAST 119.32 FEET;
THENCE NORTH 72° 18' 54" EAST 131.11 FEET,
THENCE NORTH 22° 11' 06" WEST 283.78 FEET;
THENCE NORTH 52° 49' 40" EAST 286.84 FEET,;
THENCE NORTH 41° 13' 03" EAST 74.62 FEET,;

THENCE NORTH 84° 17' 32" EAST 128.43 FEET,
THENCE NORTH 06° 49' 38" WEST 142.89 FEET;
THENCE SOUTH 60° 11' 53" EAST 65.28 FEET;

THENCE NORTH 76° 05' 36" EAST 195.98 FEET;
THENCE NORTH 31° 29' 14" WEST 138.95 FEET;
THENCE NORTH 28° 59' 37" EAST 36.58 FEET,;

THENCE NORTH 53° 15' 38" EAST 174.63 FEET,;
THENCE NORTH 22° 55' 24" EAST 105.64 FEET;
THENCE SOUTH 72° 01' 31" EAST 203.26 FEET;
THENCE NORTH 43° 43' 22" EAST 283.67 FEET;
THENCE NORTH 40° 36' 23" WEST 237.21 FEET;



THENCE NORTH 70° 10" 19" EAST 543.67 FEET TO THE EAST LINE OF SAID
SECTION AT A POINT 1198 +/- FEET SOUTH OF THE NORTHEAST CORNER
OF SAID SECTION;

THENCE CONTINUING NORTH 70° 10" 19" EAST 347.61 FEET INTO
SECTION 7, TOWNSHIP 6 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP,
ST. JOSEPH COUNTY, MICHIGAN;

THENCE SOUTH 70° 25' 16" EAST 429.25 FEET;

THENCE NORTH 02° 58' 21" EAST 627.03 FEET;

THENCE SOUTH 70° 45' 31" WEST 459.69 FEET;

THENCE CONTINUING NORTH 563° 16' 35" WEST 406.91 FEET TO THE
WEST LINE OF SAID SECTION AT A POINT 509 +/- FEET SOUTH OF THE
NORTHWEST CORNER OF SAID SECTION;

THENCE NORTH 53° 16' 35" WEST 74.54 FEET INTO SECTION 12,
TOWNSHIP 06 SOUTH, RANGE 13 WEST, NEWBERG TOWNSHIP, CASS
COUNTY, MICHIGAN;

THENCE NORTH 40° 28' 37" EAST 93.01 FEET TO THE EAST LINE OF SAID
SECTION AT A POINT 387 +/- FEET SOUTH OF THE NORTHEAST CORNER
OF SAID SECTION;

THENCE CONTINUING NORTH 40° 28' 37" EAST 458.66 FEET INTO
SECTION 7, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP,
ST. JOSEPH COUNTY, MICHIGAN TO THE NORTH LINE OF SAID SECTION
AT A POINT 299 +/- FEET EAST OF THE NORTHWEST CORNER OF SAID
SECTION;

THENCE SOUTH 88° 51' 06" EAST 3939.50 FEET ALONG THE NORTH LINE
OF SAID SECTION;

THENCE SOUTH 01° 02' 07" WEST 315.64 FEET,;

THENCE SOUTH 26° 05' 28" WEST 101.81 FEET;

THENCE SOUTH 74° 07' 38" WEST 154.84 FEET,;

THENCE SOUTH 01° 04' 42" WEST 521.06 FEET;

THENCE SOUTH 16° 00" 12" WEST 63.97 FEET;

THENCE SOUTH 16° 39' 28" EAST 350.73 FEET;

THENCE SOUTH 47° 41' 11" EAST 166.62 FEET;

THENCE SOUTH 58° 37' 48" EAST 81.35 FEET;

THENCE SOUTH 03° 17' 04" WEST 33.20 FEET;

THENCE SOUTH 14° 26' 58" WEST 151.28 FEET;

THENCE SOUTH 63° 14' 41" WEST 102.39 FEET;

THENCE SOUTH 22° 21' 04" EAST 183.73 FEET;

THENCE NORTH 47° 59' 46" EAST 124.84 FEET;

THENCE NORTH 47° 59' 47" EAST 20.31 FEET,;

THENCE NORTH 63° 43' 57" EAST 105.88 FEET;

THENCE NORTH 70° 29' 39" EAST 70.22 FEET,

THENCE NORTH 79° 40' 47" EAST 211.75 FEET;

THENCE SOUTH 68° 41' 10" EAST 86.18 FEET;

THENCE NORTH 76° 41' 28" EAST 104.02 FEET;

THENCE SOUTH 70° 58' 53" EAST 106.07 FEET;

THENCE SOUTH 88° 13' 22" EAST 163.31 FEET;



THENCE SOUTH 51° 43' 59" EAST 205.84 FEET TO THE EAST LINE OF SAID
SECTION AT A POINT 1889 +/- FEET SOUTH OF THE NORTHEAST CORNER
OF SAID SECTION;

THENCE CONTINUING SOUTH 51° 43' 59" EAST 41.70 FEET INTO SECTION
8, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP, ST.
JOSEPH COUNTY, MICHIGAN;

THENCE NORTH 87° 37' 11" EAST 1618.17 FEET;

THENCE SOUTH 01° 14' 18" WEST 831.02 FEET,;

THENCE SOUTH 30° 37' 44" EAST 445.84 FEET;

THENCE SOUTH 07° 58' 24" WEST 204.54 FEET,;

THENCE NORTH 58° 55' 17" EAST 169.95 FEET,

THENCE NORTH 86° 13' 15" EAST 114.05 FEET;

THENCE SOUTH 40° 24' 27" EAST 831.05 FEET;

THENCE SOUTH 25° 12' 07" WEST 582.52 FEET,;

THENCE SOUTH 36° 17' 09" EAST 288.01 FEET;

THENCE SOUTH 44° 03' 18" EAST 820.55 FEET;

THENCE SOUTH 84° 57' 53" EAST 561.24 FEET;

THENCE SOUTH 37° 05' 07" EAST 203.92 FEET TO THE SOUTH LINE OF
SAID SECTION AT A POINT 1486 +/- FEET WEST OF THE SOUTHEAST
CORNER OF SAID SECTION;

THENCE CONTINUING SOUTH 37° 05' 07" EAST 1076.32 FEET INTO
SECTION 17, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP,
ST. JOSEPH COUNTY, MICHIGAN;

THENCE SOUTH 83° 45' 45" EAST 546.13 FEET;

THENCE SOUTH 22° 36' 53" EAST 719.09 FEET TO THE EAST LINE OF SAID
SECTION AT A POINT 1540 +/- FEET SOUTH OF THE NORTHEAST CORNER
OF SAID SECTION;

THENCE CONTINUING SOUTH 22° 36' 53" EAST 900.43 FEET INTO
SECTION 16, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP,
ST. JOSEPH COUNTY, MICHIGAN;

THENCE SOUTH 32° 17" 36" WEST 397.19 FEET;

THENCE SOUTH 83° 55' 21" EAST 1043.17 FEET;

THENCE SOUTH 12° 06' 23" EAST 634.10 FEET;

THENCE SOUTH 19° 58' 59" WEST 1181.72 FEET,;

THENCE SOUTH 24° 57' 42" EAST 284.29 FEET;

THENCE SOUTH 43° 13' 14" WEST 627.14 FEET,;

THENCE SOUTH 41° 49' 10" EAST 30.09 FEET TO THE SOUTH LINE OF
SAID SECTION AT A POINT 656 +/- FEET EAST OF THE SOUTHWEST
CORNER OF SAID SECTION;

THENCE CONTINUING SOUTH 41° 49' 10" EAST 443.38 FEET INTO
SECTION 21, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP,
ST. JOSEPH COUNTY, MICHIGAN;

THENCE SOUTH 01° 13' 29" WEST 941.95 FEET;

THENCE NORTH 64° 39' 45" EAST 266.43 FEET;

THENCE SOUTH 26° 06' 18" EAST 315.67 FEET;

THENCE SOUTH 01° 31' 00" WEST 933.00 FEET;



THENCE SOUTH 30° 53' 04" EAST 210.24 FEET;

THENCE SOUTH 63° 36' 00" EAST 179.73 FEET;

THENCE SOUTH 87° 23' 57" EAST 472.42 FEET;

THENCE SOUTH 42° 38' 06" EAST 114.52 FEET;

THENCE SOUTH 16° 44' 54" WEST 755.71 FEET;

THENCE SOUTH 13° 39' 39" EAST 499.68 FEET;

THENCE SOUTH 55° 39' 19" EAST 766.63 FEET;

THENCE SOUTH 02° 20" 46" WEST 880.92 FEET TO THE SOUTH LINE OF
SAID SECTION AT A POINT 2677 +/- FEET EAST OF THE SOUTHWEST
CORNER OF SAID SECTION;

THENCE CONTINUING SOUTH 02° 20' 46" WEST 1735.08 FEET INTO
SECTION 28, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP,
ST. JOSEPH COUNTY, MICHIGAN;

THENCE SOUTH 41° 02' 29" WEST 649.11 FEET,;

THENCE SOUTH 86° 53' 10" WEST 893.57 FEET;

THENCE SOUTH 00° 36' 39" WEST 1239.06 FEET;

THENCE SOUTH 40° 46' 04" WEST 731.09 FEET;

THENCE SOUTH 61° 55' 37" EAST 1090.82 FEET;

THENCE SOUTH 37° 23' 06" WEST 912.81 FEET TO THE SOUTH LINE OF
SAID SECTION AT A POINT 1280 +/- EAST OF THE SOUTHWEST CORNER
OF SAID SECTION;

THENCE CONTINUING SOUTH 37° 23' 06" WEST 377.86 FEET INTO
SECTION 33, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP,
ST. JOSEPH COUNTY, MICHIGAN;

THENCE SOUTH 70° 00" 39" WEST 371.44 FEET;

THENCE NORTH 66° 14' 37" WEST 448.40 FEET;

THENCE SOUTH 24° 19' 52" WEST 559.70 FEET;

THENCE SOUTH 72° 01' 11" WEST 76.88 FEET TO THE WEST LINE OF SAID
SECTION AT A POINT 788 +/- FEET SOUTH OF THE NORTHWEST CORNER
OF SAID SECTION;

THENCE CONTINUING SOUTH 72° 01' 11" WEST 313.56 FEET INTO
SECTION 32, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP,
ST. JOSEPH COUNTY, MICHIGAN;

THENCE SOUTH 18° 12' 55" EAST 774.81 FEET;

THENCE SOUTH 69° 06' 01" WEST 1196.59 FEET,;

THENCE NORTH 40° 06' 23" WEST 655.24 FEET;

THENCE SOUTH 24° 34' 25" WEST 1215.15 FEET,;

THENCE SOUTH 72° 11' 29" WEST 283.34 FEET,;

THENCE SOUTH 01° 44' 30" EAST 760.60 FEET;

THENCE NORTH 62° 19' 10" WEST 931.21 FEET;

THENCE SOUTH 59° 09' 03" WEST 876.70 FEET;

THENCE SOUTH 35° 00" 38" WEST 725.11 FEET,;

THENCE NORTH 86° 13' 43" WEST 265.77 FEET;

THENCE SOUTH 02° 04' 19" EAST 296.09 FEET;



THENCE SOUTH 75° 17" 40" WEST 748.43 FEET TO THE WEST LINE OF
SAID SECTION AT A POINT 519 +/- FEET NORTH OF THE SOUTHWEST
CORNER OF SAID SECTION;

THENCE CONTINUING SOUTH 75° 17' 40" WEST 15.07 FEET INTO SECTION
31, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP, ST.
JOSEPH COUNTY, MICHIGAN;

THENCE SOUTH 19° 57" 15" WEST 571.38 FEET;

THENCE NORTH 88° 46' 34" WEST 1864.22 FEET ALONG SECTION LINE;
THENCE NORTH 15° 35' 30" WEST 651.99 FEET,

THENCE SOUTH 54° 03' 37" WEST 316.83 FEET,;

THENCE NORTH 46° 32' 52" WEST 1586.05 FEET;

THENCE NORTH 18° 28' 19" EAST 287.29 FEET;

THENCE NORTH 62° 36' 57" WEST 624.08 FEET;

THENCE NORTH 24° 05' 09" WEST 476.64 FEET;

THENCE NORTH 19° 25' 48" EAST 417.70 FEET,

THENCE NORTH 71° 43' 43" WEST 454.99 FEET;

THENCE SOUTH 73° 31' 39" WEST 611.67 FEET TO THE WEST LINE OF
SAID SECTION AT A POINT 2479 +/- FEET SOUTH OF THE NORTHWEST
CORNER OF SAID SECTION;

THENCE NORTH 00° 12' 45" EAST 2477.77 FEET ALONG THE WEST LINE
OF SAID TO THE NORTHWEST CORNER OF SAID SECTION;

THENCE CONTINUING NORTH 00° 12' 45" EAST 4330.49 FEET INTO
SECTION 30, TOWNSHIP 06 SOUTH, RANGE 12 WEST, FABIUS TOWNSHIP,
ST. JOSEPH COUNTY, MICHIGAN ALONG THE WEST SECTION LINE;
THENCE NORTH 33° 25' 22" EAST 545.59 FEET,

THENCE NORTH 14° 37' 15" WEST 418.23 FEET;

THENCE NORTH 85° 05' 02" WEST A DISTANCE OF 207.25 FEET TO THE
POINT OF BEGINNING;

TOTAL AREA OF THE COREY LAKE INTERCOUNTY DRAIN DRAINAGE
DISTRICT IS 8563.9 ACRES, MORE OR LESS.

SECTION LINES WERE NOT FIELD VERIFIED. BEARINGS AND DISTANCES
ARE BASED ON GIS INFORMATION RECEIVED FROM CASS AND ST.
JOSEPH COUNTIES.

Drafted By:
Taylor R. Mantey, PE

Land & Resource Engineering
2121 3 Mile Rd. NW

Walker, Ml 49544
616-301-7888
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Appendix 1

Preliminary Estimates of Project Cost



COREY LAKE INTERCOUNTY DRAIN

ALTERNATIVE 2 - PRELIMINARY ESTIMATE OF PROJECT COST

By Land & Resource Engineering, November 27, 2019

Corey Lake Outlet to M-60 Improvements

No. |ltem Description Quantity Unit Cost Total Cost
1 |Mobilization 1|LS $ 25,000.00 | $ 25,000.00
2 |Traffic Control 1 [LS $ 5,000.00 | $ 5,000.00
3 |Woody Debris Management 6,000 |LF $ 4.00|$ 24,000.00
4 |Open Channel Excavation 6,000 [LF $ 6.00 [ $ 36,000.00
5 |Culvert, 36-inch (Private, Station 3+00) 40 |LF $ 100.00 (% 4,000.00
6 [Culvert, 36-inch (Private, Station 10+00) 40 |LF $ 100.00 | $ 4,000.00
7 |Culvert, 36-inch (Private, Station 14+25) 40 |LF $ 100.00 | $ 4,000.00
8 |Culvert, 36-inch (Private, Station 25+00) 40 |LF $ 100.00 | $ 4,000.00
9 |Culvert, 36-inch (Private, Station 40+75) 30 |LF $ 100.00 | $ 3,000.00
10 |Storm Sewer, 36-inch PE 763 |LF $ 100.00 | $ 76,300.00
11 |Manhole, 48-inch Diameter 2 |EA $ 3,500.00 9 7,000.00
12 |[Riprap End Treatment 200 |SY $ 75.00 | $ 15,000.00
13 |Riprap Side Inlet 2 |EA $ 2,500.00 | $ 5,000.00
14 |Private Crossing Restoration 5 |EA $ 1,500.00 [ $ 7,500.00
15 |Paved Road Restoration 1 [EA $ 7,500.00 | $ 7,500.00
16 |Open Channel Seeding 6,750 [LF $ 200 | $ 13,500.00
17 |Mulch Blanket 12,000 |SY $ 200 $ 24,000.00
18 [Outlet Control Structure 1 |EA $ 45,000.00 | $ 45,000.00
Estimated Total Construction Cost $ 309,800.00
Estimated Engineering (Study though Construction) $ 100,000.00
Estimated Legal $ 30,000.00
Estimated Permits $ 10,000.00
Contingency (~15%) $ 70,200.00
* Preliminary Estimate of Project Cost $ 520,000.00

* Does not include Administrative, Wetland Mitigation, Floodplain Mitigation, Environmental Remediation, Land Acquisition, Easement

Acquisition or Financing Costs.




COREY LAKE INTERCOUNTY DRAIN
ALTERNATIVE 3 - PRELIMINARY ESTIMATE OF P
By Land & Resource Engineering, November 27, 2019

Corey Lake Outlet to M-60 Improvements

ROJECT COST

No. |ltem Description Quantity Unit Cost Total Cost
1 |Mobilization 1]|LS $ 25,000.00 | $ 25,000.00
2 |Traffic Control 1 |LS $ 5,000.00 | $ 5,000.00
3 |Woody Debris Management 6,000 |LF $ 4.00 (9% 24,000.00
4 [Open Channel Excavation 6,000 |LF $ 6.00 | § 36,000.00
5 [Culvert, 36-inch (Private, Station 3+00) 40 |LF $ 100.00 | $ 4,000.00
6 |[Culvert, 36-inch (Private, Station 10+00) 40 |LF $ 100.00 | $ 4,000.00
7 |Culvert, 36-inch (Private, Station 14+25) 40 |LF $ 100.00 | $ 4,000.00
8 [Culvert, 36-inch (Private, Station 25+00) 40 |LF $ 100.00 | $ 4,000.00
9 |Culvert, 36-inch (Private, Station 40+75) 30 [LF $ 100.00 [ $ 3,000.00
10 [Storm Sewer, 36-inch PE 763 |LF $ 100.00 [ $ 76,300.00
11 |Manhole, 48-inch Diameter 2 [EA $ 3,500.00 | $ 7,000.00
12 |Riprap End Treatment 200 |SY $ 75.00 | $ 15,000.00
13 |Riprap Side Inlet 2 |[EA $ 2,500.00 | $ 5,000.00
14 |Private Crossing Restoration 5 [EA $ 1,500.00 [ $ 7,500.00
15 [Paved Road Restoration 1 |EA $ 7,500.00 [ $ 7,500.00
16 |Open Channel Seeding 6,750 |LF $ 2.00|$ 13,500.00
17 [Mulch Blanket 12,000 [SY $ 2.00|$ 24,000.00
18 [Outlet Control Structure 1 |EA $ 45,000.00 | $ 45,000.00
Estimated Total Construction Cost $ 309,800.00

Kaiser to Corey Cleanout + Clear to Mud Improvement

No. |Item Description Quantity Unit Cost Total Cost
19 |Mobilization 1|LS $ 5,000.00 | $ 5,000.00
20 |Traffic Control 1]|LS $ 5,000.00 | $ 5,000.00
21 |Woody Debris Management 800 [LF $ 5.00|$ 4,000.00
22 |Open Channel Excavation 800 [LF $ 10.00 | $ 8,000.00
23 |Storm Sewer, 30-inch PE 250 |LF $ 100.00 | $ 25,000.00
24 |Manhole, 48-inch Diameter 1 |EA $ 3,500.00 | $ 3,500.00
25 |Outlet Control Structure (Clear Lake) 1 |EA $ 15,000.00 | $ 15,000.00
26 |Outlet Control Structure (Kaiser Lake) 1 |EA $ 25,000.00 | $ 25,000.00
27 |Riprap End Treatment 50 |SY $ 75.00 | $ 3,750.00
28 |Paved Road Restoration 1 |EA $ 5,000.00 | $ 5,000.00
29 |Open Channel Seeding 800 [LF $ 2.00|$ 1,600.00
30 |Mulch Blanket 1,600 |SY $ 2.00|$ 3,200.00
Estimated SubTotal Construction Cost $ 104,050.00
Estimated Total Construction Cost $ 413,850.00
Estimated Engineering (Study though Construction) $ 125,000.00
Estimated Legal $ 50,000.00
Estimated Permits $ 15,000.00
Contingency (~15%) $ 91,381.25
* Preliminary Estimate of Project Cost $  695,000.00

* Does not include Administrative, Wetland Mitigation, Floodplain Mitigation, Environmental Remediation, Land Acquisition, Easement

Acquisition or Financing Costs.




COREY LAKE INTERCOUNTY DRAIN

ALTERNATIVE 4 - PRELIMINARY ESTIMATE OF PROJECT COST

By Land & Resource Engineering, November 27, 2019

Corey Lake Outlet to M-60 Improvements

No. |ltem Description Quantity Unit Cost Total Cost
1 |Mobilization 1 |[LS $ 25,000.00 | $ 25,000.00
2 [Traffic Control 1]LS $ 5,000.00 | $ 5,000.00
3 |Woody Debris Management 6,000 |LF $ 4.00]$ 24,000.00
4 |Open Channel Excavation 6,000 |LF $ 6.00 [ § 36,000.00
5 |Culvert, 36-inch (Private, Station 3+00) 40 |LF $ 100.00 | $ 4,000.00
6 |Culvert, 36-inch (Private, Station 10+00) 40 |LF $ 100.00 | $ 4,000.00
7 |Culvert, 36-inch (Private, Station 14+25) 40 |LF $ 100.00 | $ 4,000.00
8 |[Culvert, 36-inch (Private, Station 25+00) 40 |LF $ 100.00 | $ 4,000.00
9 |Culvert, 36-inch (Private, Station 40+75) 30 |LF $ 100.00|$ 3,000.00
10 |Storm Sewer, 36-inch PE 763 [LF $ 100.00|$ 76,300.00
11 |Manhole, 48-inch Diameter 2 |EA $ 3,500.00 (% 7,000.00
12 |Riprap End Treatment 200 |SY $ 75.00 | $ 15,000.00
13 |Riprap Side Inlet 2 |EA $ 2,500.00 | $ 5,000.00
14 |Private Crossing Restoration 5 |EA $ 1,500.00 | $ 7,500.00
15 |Paved Road Restoration 1 |EA $ 7,500.00 | $ 7,500.00
16 |Open Channel Seeding 6,750 [LF $ 200 | $ 13,500.00
17 |Mulch Blanket 12,000 |SY $ 200 | $ 24,000.00
18 |Outlet Control Structure 1 |EA $ 45,000.00 | $ 45,000.00
Estimated Total Construction Cost $  309,800.00

Kaiser to Corey Cleanout + Clear to Mud Improvement

No. [Item Description Quantity Unit Cost Total Cost
19 |Mobilization 1|LS $ 5,000.00 | $ 5,000.00
20 |Traffic Control 1[LS $ 5,000.00 | $ 5,000.00
21 |Woody Debris Management 800 |LF $ 5.00 [ $ 4,000.00
22 |Open Channel Excavation 800 |LF $ 10.00 | $ 8,000.00
23 |[Storm Sewer, 30-inch PE 250 |LF $ 100.00 | $ 25,000.00
24 |Manhole, 48-inch Diameter 1 |EA $ 3,500.00 [ $ 3,500.00
25 |Outlet Control Structure (Clear Lake) 1 |EA $ 15,000.00 | $ 15,000.00
26 |Outlet Control Structure (Kaiser Lake) 1 |EA $ 25,000.00 | $ 25,000.00
27 |[Riprap End Treatment 50 |SY $ 75.00 | $ 3,750.00
28 |Paved Road Restoration 1 [EA $ 5,000.00 | $ 5,000.00
29 |Open Channel Seeding 800 |LF $ 200 % 1,600.00
30 |Mulch Blanket 1,600 |SY $ 2.00 | $ 3,200.00
Estimated SubTotal Construction Cost $ 104,050.00




Gravity Outlet for Long Lake

No. |ltem Description Quantity Unit Cost Total Cost
31 |Mobilization 1]LS $ 10,000.00 | $ 10,000.00
32 |Traffic Control 1|LS $ 2,500.00 | $ 2,500.00
33 |Clearing, Grubbing & Snagging 1,000 |LF $ 4.00 | $ 4,000.00
34 [Open Channel Excavation 1,000 |LF $ 6.00 | $ 6,000.00
35 |Storm Sewer, 12-inch PE 650 [LF $ 50.00 | $ 32,500.00
36 |Manhole, 48-inch Diameter 4 [EA $ 3,500.00 | $ 14,000.00
37 |[Outlet Control Structure 1 [EA $ 15,000.00 | $ 15,000.00
38 |Directional Bore, 12-inch 1,600 |LF $ 300.00 | $ 480,000.00
39 [Manhole / Bore Structure (35' Deep) 1 |EA $ 80,000.00 | $ 80,000.00
40 |Riprap End Treatment 50 |SY $ 75.00 | $ 3,750.00
41 |Paved Road Restoration 300 [LF $ 100.00 | $ 30,000.00
42 |Open Channel Seeding 1,000 |LF $ 200 | $ 2,000.00
43 |Mulch Blanket 2,000 |SY $ 2.00 | $ 4,000.00
Estimated SubTotal Construction Cost $ 683,750.00
Estimated Total Construction Cost $ 1,097,600.00
Estimated Engineering (Study though Construction) $ 150,000.00
Estimated Legal $ 100,000.00
Estimated Permits $ 50,000.00
Contingency (~15%) $  209,640.00
* Preliminary Estimate of Project Cost $ 1,600,000.00

* Does not include Administrative, Wetland Mitigation, Floodplain Mitigation, Environmental Remediation, Land Acquisition, Easement
Acquisition or Financing Costs.




Appendix 2

Hydrologic & Hydraulic Calculations



From: Drew Stoffel

To: Dan Fredricks
Subject: FW: flood or low flow discharge request (ContentID - 168812)
Date: Monday, October 21, 2019 8:58:56 AM

From: EGLE-wrd-qreq <EGLE-wrd-greg@michigan.gov>

Sent: Thursday, October 3, 2019 6:30 PM

To: Drew Stoffel <stoffel@Iremi.com>

Subject: RE: flood or low flow discharge request (ContentID - 168812)

We have estimated the flood frequency discharges requested in your email of September 12, 2019 (Process No.
20190566), as follows:

Profile Lake Drain at Harder Road, Section 31, T6S, R12W, Fabius Township, Saint Joseph County, has a total
drainage area of 15.6 square miles and a contributing drainage area of 10.6 square miles. The 50%, 20%, 10%, 4%,
2%, and 1% chance peak flows are estimated to be 140 cubic feet per second (cfs), 250 cfs, 350 cfs, 550 cfs, 700 cfs,
and 900 cfs, respectively. (Watershed Basin No. 34 St. Joseph).

Tributary to Profile Lake Drain at M-60, Section 31, T6S, R12W, Fabius Township, Saint Joseph County, has a total
drainage area of 13.1 square miles and a contributing drainage area of 8.4 square miles. The 50%, 20%, 10%, 4%,
2%, and 1% chance peak flows are estimated to be 140 cubic feet per second (cfs), 250 cfs, 350 cfs, 550 cfs, 700 cfs,
and 900 cfs, respectively. (Watershed Basin No. 34 St. Joseph).

Tributary to Profile Lake Drain at Corey Lake Outlet, Section 30, T6S, R12W, Fabius Township, Saint Joseph
County, has a total drainage area of 12 square miles and a contributing drainage area of 7.4 square miles. The 50%,
20%, 10%, 4%, 2%, and 1% chance peak flows are estimated to be 140 cubic feet per second (cfs), 250 cfs, 350 cfs,
550 cfs, 700 cfs, and 900 cfs, respectively. (Watershed Basin No. 34 St. Joseph).

Tributary to Profile Lake Drain at Shafer Brothers Road, Section 20, T6S, R12W, Fabius Township, Saint Joseph
County, has a total drainage area of 2.2 square miles and a contributing drainage area of 2.2 square miles. The 50%,
20%, 10%, 4%, 2%, and 1% chance peak flows are estimated to be 110 cubic feet per second (cfs), 190 cfs, 270 cfs,
400 cfs, 500 cfs, and 650 cfs, respectively. (Watershed Basin No. 34 St. Joseph).

Tributary to Profile Lake Drain at Clear Lake Outlet, Section 17, T6S, R12W, Fabius Township, Saint Joseph
County, has a total drainage area of 1.09 square miles and a contributing drainage area of 1.04 square miles.
(Watershed Basin No. 34 St. Joseph). Since the drainage area is less than two square miles, a permit is not required
under the provisions of the Floodplain Regulatory Authority found in Part 31, Water Resources Protection, of the
Natural Resources and Environmental Protection Act, 1994 PA 451, as amended (NREPA). Flood discharges are
not provided for unregulated locations. A permit may be required under Part 301, Inland Lakes and Streams, of the
NREPA.

Tributary to Profile Lake Drain at Hardwood Lake Outlet, Section 24, T6S, R13W, Newburg Township, Cass
County, has a total drainage area of 3.2 square miles and a contributing drainage area of 2.3 square miles. The 50%,
20%, 10%, 4%, 2%, and 1% chance peak flows are estimated to be 45 cubic feet per second (cfs), 100 cfs, 160 cfs,
280 cfs, 400 cfs, and 550 cfs, respectively. (Watershed Basin No. 34 St. Joseph).

Please include a copy of this letter with your application for permit and indicate whether or not the project is funded
under Act 51. These estimates should be confirmed by our office if an application is not submitted within one year.
If you have any questions concerning the discharge estimates, please contact Ms. Susan Greiner, Hydrologic Studies
and Dam Safety Unit, at 517-284-5579 or by email to GreinerS@michigan.gov. Any questions concerning
hydraulic and/or environmental permit issues should be directed to Mr. Jim Watling, Water Resources Division,


mailto:stoffel@lremi.com
mailto:fredricks@lremi.com

Transportation Review Unit, at 517-284-5504 or by email to WatlingJ@michigan.gov.

From: DoNotReply@michigan.gov <DoNotReply@michigan.gov>
Sent: Thursday, September 12, 2019 2:28 PM

To: EGLE-wrd-greq <EGLE-wrd-greq@michigan.gov>

Cc: stoffel@lremi.com

Subject: flood or low flow discharge request (ContentID - 168812)

Requestor: Andrew Stoffel

Company: Land and Resource Engineering
Address: 2121 3 Mile Road NW

City: Walker, Ml

Zip: 49544

Phone: 6163017888

Date: 2019-09-12

F50percent: Yes

F20percent: Yes

F10percent: Yes

F4percent: Yes

F2percent: Yes

Flpercent: Yes

ContactAgency: None Selected
ContactPerson:

Watercourse: Unnamed Outlet to Corey Lake
LocalName: Corey Lake Intercounty Drain
CountyLocation: St. Joseph
CityorTownship: Fabius Township
Section: 17, 19, 20, 30-31

Town: 6S

Range: 12W

Location: Please provide the discharge information for the following locations: #1: The point at which the Corey
Lake Inter County Drain crosses Bair Lake Street. Section 31, T6S, R12W #2: The point at which the Corey Lake
Inter County Drain crosses M-60. Section 31, T6S, R12W #3: The outlet for Corey Lake. Section 30, T6S, R12W
#4: The outlet for Kaiser Lake where it crosses Shafer Brothers Rd. Section 20, T6W, R12W #5: The outlet from
Clear Lake into Mud Lake. Section 17, T6S, R12W #6: The outlet from Hardwood Lake into Corey Lake. The

Outlet crosses Corey Lake Road, Section 19, T6S, R12W
FFR1: County drain project
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Reach Routing Diagram for Corey Lake Existing - baseflow
Prepared by {enter your company name here}, Printed 12/3/2019

HydroCAD® 10.00-22 s/n 09958 © 2018 HydroCAD Software Solutions LLC




Corey Lake Existing - baseflow

Prepared by {enter your company name here} Printed 12/3/2019
HydroCAD® 10.00-22 s/n 09958 © 2018 HydroCAD Software Solutions LLC Page 2

Area Listing (all nodes)

Area CN Description
(acres) (subcatchment-numbers)

1,472.000 71 Contributing Drainage Area, EGLE CN (3S)
953.600 79 EGLE Area - LRE Area for Clear; EGLE CN (2S)

1,856.000 76 EGLE Contributing Area - Kaiser & Harwood EGLE Areas (4S)
454.400 75 LRE Area and CN (1S)

4,736.000 75 TOTAL AREA




Corey Lake Existing - baseflow
Prepared by {enter your company name here}

Printed 12/3/2019

HydroCAD® 10.00-22 s/n 09958 © 2018 HydroCAD Software Solutions LLC Page 3
Pipe Listing (all nodes)

Line# Node In-Invert  Out-Invert Length Slope n Diam/Width Height Inside-Fill

Number (feet) (feet) (feet) (ft/ft) (inches) (inches) (inches)

1 5P 874.06 874.14 42.0 -0.0019 0.025 30.0 0.0 0.0

2 5P 873.97 873.87 63.0 0.0016 0.025 24.0 0.0 0.0

3 6P 873.87 873.97 63.0 -0.0016 0.025 24.0 0.0 0.0

4 6P 874.14 874.06 42.0 0.0019 0.025 30.0 0.0 0.0

5 7P 874.33 874.16 40.0 0.0043 0.025 36.0 36.0 0.0

6 8P 872.17 871.14 238.0 0.0043 0.025 34.0 24.0 0.0

7 8P 871.14 870.19 193.0 0.0049 0.025 24.0 0.0 0.0

8 8P 870.19 869.53 331.0 0.0020 0.025 36.0 0.0 0.0



Corey Lake Existing - baseflow Type Il 24-hr 100-yr Rainfall=5.20"

Prepared by {enter your company name here} Printed 12/3/2019
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Time span=5.00-60.00 hrs, dt=0.01 hrs, 5501 points
Runoff by SCS TR-20 method, UH=Michigan-369, Weighted-CN
Reach routing by Sim-Route method - Pond routing by Sim-Route method w/Net Flows

Subcatchment 1S: Clear Runoff Area=454.400 ac 0.00% Impervious Runoff Depth=2.61"
Tc=67.0 min CN=75 Runoff=448.64 cfs 98.924 af

Subcatchment 2S: Mud / Kaiser Runoff Area=953.600 ac  0.00% Impervious Runoff Depth=2.97"
Tc=130.0 min CN=79 Runoff=653.76 cfs 236.380 af

Subcatchment 3S: Harwood Runoff Area=1,472.000 ac 0.00% Impervious Runoff Depth=2.27"
Tc=185.0 min CN=71 Runoff=551.03 cfs 278.310 af

Subcatchment 4S: Corey Runoff Area=1,856.000 ac 0.00% Impervious Runoff Depth=2.70"
Tc=173.0 min CN=76 Runoff=900.59 cfs 417.789 af

Pond 5P: Clear Lake Peak Elev=875.91' Storage=418.187 af Inflow=453.16 cfs 126.803 af
Outflow=6.13 cfs 4.660 af

Pond 6P: Mud / Kaiser Lakes Peak Elev=875.99' Storage=347.180 af Inflow=674.49 cfs 280.977 af
Primary=24.66 cfs 29.412 af Secondary=3.01 cfs 7.328 af Outflow=26.74 cfs 36.740 af

Pond 7P: Harwood Lake Peak Elev=880.03" Storage=301.560 af Inflow=558.33 cfs 311.482 af
Outflow=35.42 cfs 137.630 af

Pond 8P: Corey Lake Peak Elev=876.01" Storage=949.776 af Inflow=947.15 cfs 722.642 af
Primary=15.28 cfs 64.591 af Secondary=20.20 cfs 39.947 af Outflow=30.33 cfs 104.538 af

Total Runoff Area = 4,736.000 ac Runoff Volume = 1,031.403 af Average Runoff Depth = 2.61"
100.00% Pervious = 4,736.000 ac  0.00% Impervious = 0.000 ac
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Summary for Subcatchment 1S: Clear

Runoff = 448.64 cfs @ 12.80 hrs, Volume= 98.924 af, Depth= 2.61"

Runoff by SCS TR-20 method, UH=Michigan-369, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-yr Rainfall=5.20"

Area (ac) CN Description
* 454.400 75 LRE Area and CN

454.400 100.00% Pervious Area

Tc Length  Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
67.0 Direct Entry,

Subcatchment 1S: Clear
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Summary for Subcatchment 2S: Mud / Kaiser

Runoff = 653.76 cfs @ 13.58 hrs, Volume= 236.380 af, Depth= 2.97"

Runoff by SCS TR-20 method, UH=Michigan-369, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-yr Rainfall=5.20"

Area (ac) CN Description
* 953.600 79 EGLE Area - LRE Area for Clear; EGLE CN

953.600 100.00% Pervious Area

Tc Length  Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
130.0 Direct Entry,

Subcatchment 2S: Mud / Kaiser

Hydrograph
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Summary for Subcatchment 3S: Harwood

Runoff = 551.03 cfs @ 14.39 hrs, Volume= 278.310 af, Depth= 2.27"

Runoff by SCS TR-20 method, UH=Michigan-369, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-yr Rainfall=5.20"

Area (ac) CN Description
* 1,472.000 71 Contributing Drainage Area, EGLE CN

1,472.000 100.00% Pervious Area

Tc Length Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
185.0 Direct Entry,

Subcatchment 3S: Harwood

Hydrograph
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Summary for Subcatchment 4S: Corey

Runoff = 900.59 cfs @ 14.23 hrs, Volume= 417.789 af, Depth= 2.70"

Runoff by SCS TR-20 method, UH=Michigan-369, Weighted-CN, Time Span= 5.00-60.00 hrs, dt= 0.01 hrs
Type Il 24-hr 100-yr Rainfall=5.20"

Area (ac) CN Description
* 1,856.000 76 EGLE Contributing Area - Kaiser & Harwood EGLE Areas

1,856.000 100.00% Pervious Area

Tc Length  Slope Velocity Capacity Description
(min)  (feet) (ft/ft)  (ft/sec) (cfs)
173.0 Direct Entry,

Subcatchment 4S: Corey
Hydrograph
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Summary for Pond 5P: Clear Lake

Inflow = 453.16 cfs @ 12.80 hrs, Volume= 126.803 af, Incl. 4.52 cfs Base Flow
Outflow = 6.13cfs @ 14.21 hrs, Volume= 4.660 af, Atten=99%, Lag= 84.1 min
Primary = 6.13 cfs @ 14.21 hrs, Volume= 4.660 af

Routing by Sim-Route method w/Net Flows, Time Span= 5.00-60.00 hrs, dt= 0.01 hrs
Starting Elev= 875.40" Surf.Area= 236.913 ac Storage= 296.045 af
Peak Elev= 875.91' @ 60.00 hrs Surf.Area= 238.819 ac Storage= 418.187 af (122.142 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= (not calculated: outflow precedes inflow)

Volume Invert Avail.Storage Storage Description

#1 874.14' 865.155 af Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store

(feet) (acres) (acre-feet) (acre-feet)

874.14 233.000 0.000 0.000

875.75 238.000 379.155 379.155

876.75 243.000 240.500 619.655

877.75 248.000 245.500 865.155
Device Routing Invert Outlet Devices

#1  Primary 874.14' 30.0" Round Culvert

L=42.0'" CMP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 874.06' / 874.14" S=-0.0019'/" Cc= 0.900
n= 0.025 Corrugated metal, Flow Area= 4.91 sf

#2  Device 1 873.97" 24.0" Round Culvert
L=63.0' CMP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 873.97' / 873.87' S=0.0016"/" Cc= 0.900
n= 0.025 Corrugated metal, Flow Area= 3.14 sf

#3  Device 2 872.50" 20.0" W x 20.0" H Vert. Orifice/Grate C= 0.600

Primary OutFlow Max=6.12 cfs @ 14.21 hrs HW=875.66' TW=875.14' (Dynamic Tailwater)
=Culvert (Passes 6.12 cfs of 6.83 cfs potential flow)
=Culvert (Outlet Controls 6.12 cfs @ 2.91 fps)
3=Orifice/Grate (Passes 6.12 cfs of 9.64 cfs potential flow)
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Pond 5P: Clear Lake
Hydrograph
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Summary for Pond 6P: Mud / Kaiser Lakes

Inflow = 67449 cfs @ 13.58 hrs, Volume= 280.977 af
Outflow = 26.74 cfs @ 21.24 hrs, Volume= 36.740 af, Atten=96%, Lag=459.4 min
Primary = 24.66 cfs @ 20.08 hrs, Volume= 29.412 af
Secondary = 3.01 cfs @ 60.00 hrs, Volume= 7.328 af

Routing by Sim-Route method w/Net Flows, Time Span= 5.00-60.00 hrs, dt= 0.01 hrs
Starting Elev= 874.49' Surf.Area= 159.741 ac Storage= 102.941 af
Peak Elev= 875.99' @ 60.00 hrs Surf.Area= 167.411 ac Storage= 347.180 af (244.239 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= 464.7 min ( 1,564.3 - 1,099.5 )

Volume Invert Avail.Storage Storage Description

#1 873.84" 978.430 af Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store

(feet) (acres) (acre-feet) (acre-feet)

873.84 157.000 0.000 0.000

875.50 164.000 266.430 266.430

876.50 171.000 167.500 433.930

877.50 178.000 174.500 608.430

878.50 185.000 181.500 789.930

879.50 192.000 188.500 978.430
Device Routing Invert Outlet Devices

#1  Secondary 872.50" 20.0" W x 20.0" H Vert. Orifice/Grate C=0.600

#2  Device 1 873.97' 24.0" Round Culvert

L=63.0' CMP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 873.87' / 873.97' S=-0.0016"/" Cc= 0.900
n= 0.025 Corrugated metal, Flow Area= 3.14 sf

#3  Device 2 874.14' 30.0" Round Culvert
L=42.0'" CMP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 874.14' / 874.06' S=0.0019'/" Cc=0.900
n= 0.025 Corrugated metal, Flow Area= 4.91 sf

#4  Primary 873.84' 7.5'long x 14.0' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.64 2.67 2.70 2.65 2.64 2.65 2.65 2.63

Primary OutFlow Max=24.65 cfs @ 20.08 hrs HW=875.81" TW=875.64" (Dynamic Tailwater)
T _4=Broad-Crested Rectangular Weir (Weir Controls 24.65 cfs @ 1.67 fps)

Secondary OutFlow Max=8.08 cfs @ 60.00 hrs HW=875.99' TW=0.00' (Dynamic Tailwater)
T 1=orifice/Grate (Passes 8.08 cfs of 21.70 cfs potential flow)

2=Culvert (Barrel Controls 8.08 cfs @ 3.02 fps)

T 3=culvert (Passes 8.08 cfs of 9.82 cfs potential flow)
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Pond 6P: Mud / Kaiser Lakes
Hydrograph
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Summary for Pond 7P: Harwood Lake

Inflow Area = 1,472.000 ac, 0.00% Impervious, Inflow Depth > 2.54" for 100-yr event

Inflow = 558.33 cfs @ 14.39 hrs, Volume= 311.482 af, Incl. 7.30 cfs Base Flow
Outflow = 3542 cfs @ 27.52 hrs, Volume= 137.630 af, Atten=94%, Lag= 787.4 min
Primary = 3542 cfs @ 27.52 hrs, Volume= 137.630 af

Routing by Sim-Route method w/Net Flows, Time Span= 5.00-60.00 hrs, dt= 0.01 hrs
Starting Elev= 878.92' Surf.Area= 124.490 ac Storage= 69.713 af
Peak Elev= 880.03' @ 27.52 hrs Surf.Area= 5,330.663 ac Storage= 301.560 af (231.847 af above start)

Plug-Flow detention time= 2,102.5 min calculated for 67.905 af (22% of inflow)
Center-of-Mass det. time= 1,042.0 min ( 2,170.5-1,128.5)

Volume Invert Avail.Storage Storage Description
#1 878.35" 80,283.279 af Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)
878.35 117.630 0.000 0.000
878.45 121.320 11.948 11.948
879.00 125.030 67.746 79.694
880.00 141.070 133.050 212.744
881.00 160,000.000 80,070.535 80,283.279
Device Routing Invert Outlet Devices
#1  Device 2 878.35' 5.3'long Sharp-Crested Rectangular Weir 2 End Contraction(s)
#2  Primary 874.33'" 36.0" W x 36.0" H Box Culvert

L=40.0'" CMP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 874.33' / 874.16' S=0.0043"'/" Cc= 0.900
n= 0.025 Corrugated metal, Flow Area= 9.00 sf

Primary OutFlow Max=35.42 cfs @ 27.52 hrs HW=880.03' TW=875.82" (Dynamic Tailwater)
=Culvert (Passes 35.42 cfs of 76.30 cfs potential flow)
1=Sharp-Crested Rectangular Weir (Weir Controls 35.42 cfs @ 4.24 fps)
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Pond 7P: Harwood Lake
Hydrograph
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Summary for Pond 8P: Corey Lake

Inflow = 947.15cfs @ 14.23 hrs, Volume= 722.642 af, Incl. 30.32 cfs Base Flow
Outflow = 30.33cfs@ 5.01 hrs, Volume= 104.538 af, Atten=97%, Lag= 0.0 min
Primary = 15.28 cfs @ 60.00 hrs, Volume= 64.591 af

Secondary = 20.20cfs @ 5.01 hrs, Volume= 39.947 af

Routing by Sim-Route method w/Net Flows, Time Span= 5.00-60.00 hrs, dt= 0.01 hrs
Starting Elev= 875.00' Surf.Area= 607.000 ac Storage= 331.650 af
Peak Elev= 876.01' @ 60.00 hrs Surf.Area= 616.097 ac Storage= 949.776 af (618.126 af above start)

Plug-Flow detention time= (not calculated: initial storage exceeds outflow)
Center-of-Mass det. time= 606.6 min ( 2,028.0 - 1,421.4)

Volume Invert Avail.Storage Storage Description
#1 874.45' 1,563.650 af Custom Stage Data (Prismatic) Listed below (Recalc)
Elevation Surf.Area Inc.Store Cum.Store
(feet) (acres) (acre-feet) (acre-feet)
874.45 599.000 0.000 0.000
875.00 607.000 331.650 331.650
876.00 616.000 611.500 943.150
877.00 625.000 620.500 1,563.650
Device Routing Invert Outlet Devices
#1  Device 2 874.45' 171.7'long x 3.10' rise Sharp-Crested Rectangular Weir
2 End Contraction(s)
#2 Device 4 872.17" 34.0" W x 24.0" H, R=17.9"/55.1" Pipe Arch Culvert

L=238.0' CPP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 872.17' / 871.14' S=0.0043"'/" Cc= 0.900
n= 0.025 Corrugated metal, Flow Area= 4.53 sf
#3  Secondary 873.84' 17.5'long x 13.0' breadth Broad-Crested Rectangular Weir
Head (feet) 0.20 0.40 0.60 0.80 1.00 1.20 1.40 1.60
Coef. (English) 2.60 2.64 2.70 2.66 2.65 2.66 2.65 2.63
#4  Device 5 871.14' 24.0" Round Culvert
L=193.0' CMP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 871.14'/ 870.19' S=0.0049'/" Cc= 0.900
n= 0.025 Corrugated metal, Flow Area= 3.14 sf
#5  Primary 870.19' 36.0" Round Culvert
L=331.0'" CMP, square edge headwall, Ke= 0.500
Inlet / Outlet Invert= 870.19'/ 869.53' S=0.0020'/" Cc=0.900
n=0.025 Corrugated metal, Flow Area= 7.07 sf

Primary OutFlow Max=15.28 cfs @ 60.00 hrs HW=876.01" (Free Discharge)
T _s5=Culvert (Passes 15.28 cfs of 32.84 cfs potential flow)
4=Culvert (Barrel Controls 15.28 cfs @ 4.87 fps)
2=Culvert (Passes 15.28 cfs of 19.07 cfs potential flow)
L1=Sharp-Crested Rectangular Weir (Passes 15.28 cfs of 47.11 cfs potential flow)

Secondary OutFlow Max=20.20 cfs @ 5.01 hrs HW=875.00' TW=874.49" (Dynamic Tailwater)
Tt _3=Broad-Crested Rectangular Weir (Weir Controls 20.20 cfs @ 2.32 fps)
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Pond 8P: Corey Lake
Hydrograph
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HY-8 Culvert Analysis Report

Crossing Discharge Data

Discharge Selection Method: Recurrence



Table 1 - Summary of Culvert Flows at Crossing: M-60

Headwater Discharge Names| Total Discharge Culvert 1 Roadway Iterations

Elevation (ft) (cfs) Discharge (cfs) | Discharge (cfs)
864.75 2 year 25.12 25.12 0.00 1
867.51 5 year 40.96 38.12 2.64 35
867.60 10 year 59.51 38.46 20.82 6
867.70 25 year 94.20 38.80 54.98 4
867.78 50 year 128.36 39.13 89.17 4
867.87 100 year 170.90 39.47 131.33 3
867.48 Overtopping 37.92 37.92 0.00 Overtopping




Rating Curve Plot for Crossing: M-60

Total Rating Curve
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Table 2 - Culvert Summary Table: Culvert 1

Discharge Total Culvert Headwater |Inlet Control Outlet Flow Normal Critical Outlet Depth | Tailwater Outlet
Names Discharge | Discharge [Elevation (ft)] Depth (ft) Control Type Depth (ft) Depth (ft) (ft) Depth (ft) Velocity

(cfs) (cfs) Depth (ft) (ft/s)

2 year 25.12 25.12 864.75 3.239 3.145 7-M2c 2.000 1.765 1.765 0.520 8.562

5 year 40.96 38.12 867.51 5.385 6.000 7-M2c 2.000 1.947 1.947 0.675 12.223
10 year 59.51 38.46 867.60 5.453 6.088 7-M2c 2.000 1.943 1.943 0.819 12.344
25 year 94.20 38.80 867.70 5.522 6.192 6-FFc 2.000 2.000 2.000 1.034 12.351
50 year 128.36 39.13 867.78 5.588 6.274 6-FFc 2.000 2.000 2.000 1.204 12.454
100 year 170.90 39.47 867.87 5.660 6.362 6-FFc 2.000 2.000 2.000 1.383 12.563




Straight Culvert
Inlet Elevation (invert): 861.51 ft, Outlet Elevation (invert): 860.79 ft
Culvert Length: 83.00 ft, Culvert Slope: 0.0087




Culvert Performance Curve Plot: Culvert 1

Performance Curve
Cubvert: Cubvert 1
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867.0+

Headwater Elevation (ft)

20 40 60 80 100 120 140 160
Total Discharge (cfs)



Water Surface Profile Plot for Culvert: Culvert 1

Crossing - M-60, Design Discharge - 170.9 cfs

Culvert - Culvert 1, Culvert Discharge - 39.5 cfs
858 ] ! !

n (ft)

Elevatio

-20 0 20 40 60 80 100
Station (ft)

Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 861.51 ft
Outlet Station: 83.00 ft
Outlet Elevation: 860.79 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 2.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n: 0.0120
Culvert Type: Straight
Inlet Configuration: Beveled Edge (1.5:1)

Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: M-60)

Flow (cfs) Water Surface Depth (ft) Velocity (ft/s) Shear (psf) Froude Number
Elev (ft)
25.12 861.31 0.52 11.24 8.11 3.14
40.96 861.46 0.67 12.95 10.52 3.24
59.51 861.61 0.82 14.39 12.78 3.32
94.20 861.82 1.03 16.32 16.13 3.42
128.36 861.99 1.20 17.73 18.79 3.49
170.90 862.17 1.38 19.13 21.58 3.55




Tailwater Channel Data - M-60
Tailwater Channel Option: Trapezoidal Channel
Bottom Width: 3.00 ft
Side Slope (H:V): 2.50 (_:1)
Channel Slope: 0.2500
Channel Manning's n: 0.0350
Channel Invert Elevation: 860.79 ft

Roadway Data for Crossing: M-60
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 178.04 ft
Crest Elevation: 867.48 ft
Roadway Surface: Paved
Roadway Top Width: 40.29 ft



Corey Lake Intercounty Drain — Preliminary Hydraulic Calculations

e Note — culverts will control actual Drain capacities. Therefore, actual existing and
proposed capacities of the Drain are less than the simplified Manning’s
calculations for open channel flow provided below.

Existing Conditions

Proposed Conditions (Sediment Removal per 1950 Alighment)



Corey Lake Control Structure - Hydraulic Capacity based on Existing Conditions (Weir Crest Set 0.45-ft above Legal Lake Level)

Sharp Crested Fully Contracted Weir Equation

Q*=3.33(L-0.2H)(H)(1.5) L (ft) = 7.7

Weir set at 874.45

Water Height above Weir (ft) (H) Elevation of Water over Weir, NGVD 29 Flow over Weir (cfs) (Q) Headwater Elevation
0.10 874.55 0.81 872.48
0.15 874.60 1.48 872.62
0.20 874.65 2.28 872.75
0.25 874.70 3.18 872.88
0.30 874.75 4.18 873.01
0.35 874.80 5.26 873.13
0.40 874.85 6.42 873.26
0.45 874.90 7.65 873.38
0.50 874.95 8.95 873.51
0.55 875.00 10.31 873.62
0.60 875.05 11.73 873.75
0.65 875.10 13.21 873.87
0.70 875.15 14.74 873.99
0.75 875.20 16.33 874.44
0.80 875.25 17.97 875.15
0.85 875.30 19.65 875.92
0.90 875.35 21.38 876.76
0.95 875.40 23.16 877.67
1.00 875.45 24.98 878.65

Corey Lake Control Structure - Rating Curve

879.00
878.00
877.00
876.00
875.00
874.00
873.00
872.00

0.00 5.00 10.00 15.00 20.00 25.00 30.00

Discharge (CFS)

Elevation (FT) NGVD 29

Elevation of Water over Weir, NGVD 29

Headwater Elevation at Pipe Inlet (ft)



Harwood Lake Control Structure - Hydraulic Capacity based on Existing Conditions (Weir Crest Set 1.45-ft above Legal Lake Level)

Sharp Crested Fully Contracted Weir Equation

Q*=3.33(L-0.2H)(H)"(1.5) L (ft) = 5.27
Water Height above Weir (ft) (H) Elevation of Water, NGVD29 Flow over Weir (cfs) (Q)

0.10 878.45 0.55

0.15 878.50 1.01

0.20 878.55 1.56

0.25 878.60 217

0.30 878.65 2.85

0.35 878.70 3.59

0.40 878.75 4.37

0.45 878.80 5.21

0.50 878.85 6.09

0.55 878.90 7.01

0.60 878.95 7.97

0.65 879.00 8.97

Harwood Lake Control Structure - Rating Curve

879.00
878.90
878.80
878.70
878.60
878.50

878.40
0.00 2.00 4.00 6.00 8.00 10.00

Flow over Weir (cfs) (Q)



Appendix 3

Survey Details of Lake Control Structures
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Historic Documents (Studies)
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. IHTRODUCTION

. COREY, KAISER, MUD AND CIEAR "
LAYES IEVEL COMIROL. =

. A legal ievel of clovation 873.45 was sot for Corwy Iake
by the Honorable Thoodors ¥. Jacoba, Cirovit Court Judgs, on

- January 25, 1932, Theve was ne provision made for the maintonence

of thie lovel and eongaquenily, tho loke had riomm to come 40 in-hsg
above thig 1@@'&113 establighed lovel by saly 1950, Ths zesalt yvea

e et

the flcoding of Dosemends and otinr Bigh water duzgo o propesty o

Coroy Imka.

Tho 3%, Jesgph County Bowurd of Swparvicevs on Hovombor 2,
1950, resolvad to request She Doparimont of Congexrvesion to malm o
investigaticn of ths Cozey Igice problen. Thio roselation, os ra=
ceived, reguosied gervicos which this offlse is net anthorized So

vorder; such o3, acinisition of lando and Mghip-ef-ua7,

Thoe Poard of Supervicers vas lnformedl of tho 1ini tationa
of Dapar*hwem investigeticns by Jobu G, Bulison of thoe Qeclogical
Suyvey Division, Mr, Wnligon informsd thom that ths S3%, Jaearph -
Cese Inter-County Deain Benwd hnd in thelr possossion, plenc for a
propossil’ Coysy Leko Uraln, prapaved by To ho Smith, Reglstered
Inginsor, Faw Paw, Michigen, and that thove plans wero avellabdls
for use., Ho offered the sunintonco of aopartmmt enzincorg in
checlcing ond annlyzing thoso plans

.+ A moeting was hold on Fuvawgbor 29, 1940, %o otuly tho

- above mentionod plans and to malw suggostlons for thelr Improves

mendy, A a vesuly of thils meoting, To Lo Smith ogroed to revive
the plang, The dreln was constyuciod Izom the revised plams and
wag opened on Angmst 1, 1951, not as an inborscounty drain, bat

as a private projscth finar. ol Yy fabovonied p«*smo on Comy Laka,

" After tho Corey Yale Draln voo opened, inberosted’
paxrtios on the sdjeining lalros expressci concdrn aver the m‘.‘i’oci‘;
the drain wenld have on othoy lakes in tho vieisity. Ivﬁ:paei
intoreated vors riparisn euners om Kalscy Iake, sines the ma.vu
gource of dry weathor flov in fxem Coray Ialo via the coupeoting
channel btstwsen Keloor the Covey intes, IT the Cexey Tuke Dam
vere opened, excors flow (nomally avatlable mm inflow %o Eaiger
lLale) would be Ais schargol to the Uorey Lowe Dyalin and ?he Ste

Jossph River s}mt&}m.
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A bearing for ths estall imhmnt of a now legal 1o
Lake wvag hold en Jumiary 16, 1953, in tho Circuit Courd al

'St, Joseph County, Proscnt at tho. heax'ln,{g were soveral ¥ij

£ycm Corsy end Xelsor Lckes and other imd erontod partles it
prosentatives of tho Nopartmont of’ Conservation, Ao a voci
hearing, the Honerable Ragmond ¥, Fox, Civouls Court Judss,
requost ths Department of Conscrvatlion to meks an en,,_.,mes'*:
tion of Covey leks and connscting laksy for ths' purpess of

for use in emt@blimhsmg o 0oy logal level for Cozxoy lako.

‘ A vritten reqnemt from Judgo Fox, deted Jamery 1!
was reoeired by the Guolozical Survey Divieion of the Cems
Deporimont ssd cubsoguent surveys of the Corey lake awea :

ths Fnuimax‘ix.g and Avchiditosture Section of tho Depa,:i'mnm

. . . s i L e
e e AL MY




45 4

ot T In rompenge &6 tm *eqmst of Cimi‘b .‘i‘u.dg@ Fox, ths
S mg&nearin? gection of tho Consorvabicn D@pdﬁmant heg in 19973,
completed a brie? field iavestizsdion of the p‘vgl cel conditions
- 'thm; can bo oxpoctod to Influcncs the lovels ¢f Covey Neke epd
" tho other lelos mm..ecuod thevowith, S

CG"OJ Tonlos ig el prh.m.n.:,.,'! « by astive Dlew fyon
HJmod Iate which llag woch of i, & mum*ol chonnod., bepb
Fo oponn by dredzing, comnects tho cneb end of Coray Yalo vith
aby & Eafoer Lake and Gewds $0 equolizo Gholr lovele, ¥ reeonding nowll
S £ - -into the walisvehod, Mad Zakoe is commceicd to Kalsor loio by e
, . naofursl channel md Gleer Icks diguhargzss oxenns waior o Mod
b lske through a movles of plps culvonts. ITong Tako, forthes $o
CH 0 - the north, hoz no maiurel conzo m,.kcm,, Lu., a P hag Peon ine
! L .. stalled o dicchorgs excoes "I&viﬁ"?!? JL:L*o Tang fole So Cloay Leko
‘ Cdneing intexmittent periods of high wed o"
B T SEEA ”"v""' N f“lm ontive wetorshod dopsnds ea tho aviific Lal g0y
. 3 S - Tako Drain® for aa ontlaed, 2 contvel gSracture ot $he leke end
N ,
1
l
i

- .j,;,;' " of tho dvaln controls Comy foks lovols and indlusncos the levols
e oi’ oth@r ‘inlcos m the FraUp, paz‘a isulesly Kelsor laksa.

A standerd V. 3, Ga@lsﬁﬂ ol Sunay stesif goso s =
gtelled on Cozey Iako Anguat 2k, 2931, and Intermitient vecords
of laks slage axd avallsblo: nlaco thai dnts. Steff £ag08 woHTS
dnotalled on Enisex, Mad, Clear wnd Forvodd lskos in Febmuary
1953 end obnervalicne during spring sed cvwmmer will be avallabie

at tho tive of tho hes r‘mg rhich iy ooheduled for s 195.30

SRR An cma’nlmhe@. logel lalms lavcl,, %0 be satisfactoy e
mmt et the dsaires of Ghe mpjority of riparion cunore :e.nd

, :  progerve ths naltural mescurces of the otato, vith dmo consldsroe
| "+ %iom to pudlic hesith and volfare. A obabilizsd Iske level is
P B " . censidered mosct bumed ioial $o fich ond *dl&‘i.vfa B Ny mlami

] . - . B
|

i 4 L The Covgy Ia're Lowvel Caons ziﬁ, 2 hag cemgiled ovidence
g wvhich 4dndlcaton that a Teko lavel of olovation B7M.5 ({;%@
" .. yoading lh,,»O) ie se uissr,fzmxgy“ o i,hﬂ r«_Jo'*%; of rlpa.uanﬂ on
IR 3 . .this lato. V¥e ave afvicod thnt this Zowol will not adwerrely

. sffeoct basonants, low cobiegos, septic tonls end othar ehoreling
| R installadions.

\l'.
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that iho drgizo 0f his cllemks is b0 meiniele Kainc»? Taln ab- fhe souo
- dovel ag vr.gwn $ad for Coxey Takc, This muld ‘place the’ aonimﬁ lc'a v
Ffor Faloer Icko o ya'{ vatlon 87,5, It eppeers that ths 6 owisrs on
Kaigor Teko are willing %o accopt o logal lovel of ‘glovation 2}714- 59
Bat cplndonn Jiffer ae to the desirability of placin{, an obatracticn
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<_ botion Do oft as e naturel barvier (oleve
, Tyore (“mﬂay uvasc to Yaiser Lalkg, om et ot bin
uakey, or i thig chaunel 15 ‘exosivated. that &
o% a Zixed crest elsvation squal o thé com
87,5, Xaloor Toke wiperians umzld liko. & Boss
iakas. Do atbeont bos besn mada thi.s em’mesrlng
m&&bli.gk tho ,a"q;m,a m; ol t.’«mw 87 Qup, i - ;

Lr"ﬂ

1.

Y
[

'i’he d@ﬁ‘lgm far RHL&@K‘"&QT&F Ghanml
- pm @zquallﬁ.ztnm choanel with c:epac,ity o’ meo% hmm.ﬂi,
-~ only and 2llew fox pacsage of guall Deabs,  IL 38
$o be snpiellod, ths o “"'fam@ed Jewa,tian ia aﬁ‘
X‘»y %m tomuhip mxmwimro et

, L Ve
e .
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mmall .m)@t box, wish Et(:tp log contml 40 fmggwtrtl

v .
idv‘

‘.A .,".U 9&

{;‘;ﬁzld ) ‘.E'o:r roteining encugh gpring flood water o holp hold the lake at |
) on er noar the desirad ]owl -@Guring ‘%.ho d.ry gunmer poxiods.
Z“jf’m f:‘ A macha,rgo of @Acama wabor £rom thema lame,, to awid
i 40 ° . axcassivelj high lovels, depsnds larzely on the Coxsy leke Drain,
; aot’ . /If this' had not beon compléted dreviously, it would hove added
a3 mterially to the cost of improvements end control facilities ,
5 RS | SRR neceaﬂary to 'cape with tho pro’blesm .of this group of 1akes,
. o ,
nat o The COrw Lolee Drain axnd Dem wes Q@mmm te have &
© mgximmm ogpacity of about 20 socond-fool, Tub m;c;r:.‘ev long in
¥ construction appear o mmvo rofwosd tho actonl cdp*miuy., Eow=
. B ever, compviations show thel ntoregs, en tho mors than 1000
a5 ¥ © geres of leko avea in $he watorohed, will sbuoord prestically
37l ‘ the snsim manaff wmetad 1.wn o 25 yeor froquency ohomn,
: ¥ L ‘ Umn\ avallable stovnse within reaceueblo 1inits, o
i 3 eutlinsd. in Hydeology Seehlen IV, cad alorr rensizs of flows
o ) regalts in a nod oubflew € 8§ soncaleSoed, cnd the Govoy Loko

Drain and Rem are edoguate %o dlsehargs thie smoant and move
. by manipalod lon of &La séep logn in Coxcy laie t‘j 0
! N Neoemgm constrmed um pmjmo% w,_;gm’.;ofl herein

woog | - are not exdensize, ro the ozlsting facilitiecs with miner
. ! chan‘{,% ar9 capable of malatainirs dooirzod levels om all tho
' lekon, provided anough inflov io ovallahlo to ofi-sgot natural
loggen resuliing from svspoTalion, Srancpiraticn cnd celpagd,
;ir ‘ Operation of all contvol, sbructures d.s., Covay lake
: (1 Dem, Gleax Laks Dam (propesod) emd Long Idto Putpinsz System,
PO B by one dopendeblo individual rorpensiblo to the Bosrd of Super-
and ',; vigors, is the ey to meinltalning tho nect bomeficial lovels on
P all lakon ia. this grovp. '
By
- thr conchraction pi rolects ond carmi‘ul opem‘cion ccf
.- ¥ all control facilities will give sadlsfactory remiis.
wees § : - -
wald ' '
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for tha lakmvard ond of the Clesr Iske ovtlet cul'«mw to provide -
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B, Tield ¢ z-.}'zd Cfiics Work

_ o 3 imd worh: hzz,s ccnmisted of mconnaimsanﬂa end
ourve;s of tho ares, including the watsrshed or dreinasce arsa,

- oxictling inlote and outlets, heoaches, low catt“@:ea and othor
ghoro imctallations, and general conditicng which might affoct
the ratntcnance of a logzl lovwol for Coroy, Kaipor, Mud and -

Cloay Idteg, ) ' : 5

$taff gemos vovo imatalled on all four lekes and $icd !
in %o roan gea lovel datum for $ho purposo of obiainine leko -
. otago rosends, and to provide for leg«sl lavel sefablighmont on
nzan geo level dodum, ,
_ Available riparisa cwnsrs on Cloaw Loko,ware condact: i
and cgiod %o oxprees their individue) degires ac $0 a mormal
lake lovel, %The uajerity of ripa:ria.m ovnerg on Corey Laks and
Eafgor Z2to had previously expros dosized levols for thogo
lakes. TRore VS0 B 2w %9 em.v,.,lwble on Nud Isjse. '

Bozon pzefilos BT gurveyed ex Ql@a,‘ and Kad Tm‘.‘*ﬁ
%o oheow tho off g% of various lovols.on sheraline installsticn
axd o aorvo av a gndds o ovelic ‘hle ﬂtox'ag@ in the lals ‘h,asu..
Prolininary plaps hove beon dvefbed, pmmn*‘iw a do=
tailed evon npy. o plan and profilo of the ednneeting ehamnslc,

oroos postieng of the channole, and bonsh profiles. Spoglad
-eonoidoratien rao besn given o econtyvel structures vequived fouo

Glear Ta'o o

WL x‘er improvencits $o the laterconnecting f‘namel
vevocn Coyar

ond Km..m}‘ bal a0,




i £?,
! . ¢
md T T Ccowayo Kaﬂ.mero Mud ‘and Clear Iskeg sceupy a total of
weay *990 acres in St Jossph Covaty, To 6 5o, Ro 12 W., with the
wr fo amme veotsra end of Coroy Lalke ab tbe Cags-5%, Jonecph Gomf;y
oct . ‘line. They are looatod about 6 miles duo wost of the Gity of
- ¥ ' Thres Rivers end about 7 mi‘i a8 no"thwemt of the Tillege of
| ' conatamﬂmo S . '
| : ¥ . : :
P Bled g | Those four lokos, togothor with Hanwood Leke 2o Cass
ne | - Govnby, constitulo a chaln of Inborcommestod lakos (oce locas
WO B %ion detch proceding page aej. Kalgor Inke i $ho lowost,
| £ - excopt during perieds of hz.gh vater, with Clear end Mud Tekos
fnotod '3 emptylng into it fyom tho nc th, and Corey end Hozweed Lakos
R C Fleving in from tho wost. Thevo ip nmo dlroct comuncstiom, bud
B & excons water can bo and lm bocn pumped Srom Lam L2lwm to
f,'ml & . Clear Leks for outflow through the chaln of lalog, The ealy
Ez9 . outlet for dlscharging sxesus watdr cut of tho wborched is
| tho Core;r Leke Drain snd Daa constiveted o 1950,
o’ B The drainage aroa, conts ibu’:.mu to thig grovp of
a0 ._'r . -lakes, chengss in size end peopo as lovols ef e ‘savoral
224n8, ¥, lakes flustuate. During the major porsica of tho yoar,
R X ‘Kalsoer Ianke 4a the lewest of ths growp ond gervos oo a cole
A Qo % - looting wronorvoir for flova fyvom %wo dlrcotiens i.0., parb
348 f of the inflow originatos in the Harwood Leke wat fmma i
LF"’ ' diachavged from Harwood to Corey Yok vhers .ths Coxey Tolen
4 for watorshed 25 addod end fically finds £%g way to Milsor Iske
anol vio a eornashing channel botwezn Znieor end Corey le 25093
#. . enother part of the inflcw Yo Kalsor Jalo moy atort Trem the
¥ Long Iake waborshed, whonto it ie pwmped %o Class Totoy, pisks

up the Clsor Laks 'zm%en'amuo rnd ig diasharged to Mwd Leko .

vhors th&t wvabershed Ls added, snd s thoa digeharged %o

£ Koiger Lake through a conuecbing chaunol betucon Falcor and

¥ Mad Leles, . L '

. During certain perieds c‘f high pumof f Xalgow
& Loles may receive inflow fyom Long, Cloar end b‘hld Lekzes onlyy
B ond discharge excess to Coroy leko., Undor euch comditiens, .
¢ oxcess flews are discharged from the Corey Iaks Dyadn and
¥ - Dan o Mill Cresk zbout 3 miles south of the group of loless.
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The erzpar~iivo Qralnags arsas or wateroheds aro as folloyo:
Kadeer Take wnlerghad 0.7 tquare milos, plus Corey lake watershed 2.L ‘
squave miles, plus Farweoed Laks watorshod 2,0 squara nilos (an addi- |
tloual 2,1 sguww miles of indiveot dralnngs area avound Harwood Iekp |
has Boon omitéadl Baesuns it deen net affeet posk flood flows) makos o f
b0%al arpn fren Shis dizsction of So.) oquare miles. Long Leke waton- |
-ohed (intermittont) 2,1 sgrors #1160, plug Clear Lale wmtorshed 1,3 |
squeTe B33, =7mg I Y% wnbarshgd 0,6 sauars milos gives a todal
0f L0 gimaro - ileg finm toe latbor Alroetlon; and the eggragate tolal .
of thy dralnass arcas to 9% cavars nileg. :

Po  Lforny Tl

Gorcy Iglo, tho largost of the four lalkes has an sves of
567 acres. It 4s hishiy devoloped along wost of ito ghoreline and
bes wovy good balhing Taschosz. The only outlot to Corey Leke,
cxeort for a chomnel connociing 4% to Kaiser Iaka, ig sn artificinl
oelol at tho 1jnia couthera ond. Thiz cutlet was consbyueded in
accerdnnes vith plnns by @ A Sudh, dated Tobrasry 14, 1951, and .
(3303 date MINL dwonly 3 mlles ncubh of the laks, The inlst ig s |
tmell gtreem foon Pamvoed Iolm, caboring Coroy Iake from the wost, :
T draline o absa addencdh e Gozoy Lake lg 2.4 squave milos, while |
tha total orco, vhieh fnelulss indernlttitent éralnago through the
connseuing Jelwn, 4o 9.1 egivare niles contributing direct drainage .
cnd 2.1 sgrars w1303 from vwhleh drainago o ‘rdirect and does not
affcat pocls vaesff. ‘ " .

G5 sinfoor Io'n

. saderr Yok wdth o cheface arta of 89 seron ig & comparge
tivoly chelioy Take L%t S0 voaehes, opd sorbored choreline dowqlop:

mnbe 30 waboithed 16978075 0.7 squars miles adjacent to the 1lake

madl a0 S0%0l rnSewched aron Zagy var® an outlinad in pravious para-
ETupti, V0 AR'I%0 crs a o72d) obroam coming in from Mid leke and tho |
preerentionad errresiliag chenrel frem Geray Yalto, The latber sorves |
ay beth Ar 3% oy d (n810y Por Faloor Lofio danondleg on vslafive lake .
dowala, ‘ ’

Do Eud Lol . s

Maf Lolee, ocoupying 105 aevde, is extromoly shallow sad has
ne regert dovalopmont. Tho inmlet from Clsar loke entery at the noxth,
and the omly outlot is the chamnel somnocting 1t %o Kalser Lale, 1o
drajnege aron 1o 0.6 ogquare miles, but 4t rocoives additlional wator
Trom the Clear Icks ond Teong Leims dyninage arces apd ghmg 1ts.%otal
drainego aron fs U0 ggumarc miles. ' c o
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‘B, Qlegr lalm . |
TR lclptar Iake do locstod novh of Mud Leks, It bos o sarfpeo -

ff’

d—?‘ r

atea of 230 acres, & Grainege aroa of l.3 oquarc miles plug 2,1

¥ pauors milec of intermittent drninege fvom Torg Iake making o total
* of 3.4 gquare miles end 4s well dovalopod over mest of 4ts shorelins,

The outlet, o cories of oulweris, leavos (ko south end oxd emphies

" into Mud lake, It hap no active inled and i35 £od by indivect draime
ego supplementod by & pomping syeden which oc2lirilulen intormittently

from Long lake,. ' \ -

F. lpng Lake

D Yong leke, with ibs inddrect baooing on ths leks lovol

‘provicm for this awwo, slready hos a Jezal lovol octablickod by

the Circuit Court, ool am eadled haw Doon congtructod to Clear Iakc

b 5,15 the form of a puwmplng sysicm, wilch will rimevs szoess waley fron

Long Lake as rosuired. This puping cynicn koo o deslgn dluchargy
egpacity of 7 soconld=feat and ig wued enly ol pariole of high lewole
on long Loke, Obgerved dideherpe fram he pazp In April 1953 wos
estinated to be 5 socond-feot, . ;

G, Draloepe Azen

: : Tha total drafuare arsa of the lo%as involved do 11.2
square miles, Including 2.1 etnars milos, which dvains into Long Loke

-and algo including 2.1 squore miles of imdivost draimegs avea in tho

Harwood Loke wntorshed, OF tke %oted arez 185 is leke, 1078 fo owamp,
20% 12 cultivatod lend, emd tkH rematndor %5 Milly, Simber covammd .
‘merginel lanfl. The seil is prodeminatoly vawl and gravel vith numo
" A location cketoh of tho area is lusiudoed in thls report
for orientation and ropdy zSLONInee,

-
.
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i, Coyxey Lﬁs\:@
- The, G@my Izio Loveld f“m%t@@n :.n Kavmbcar 1952‘, pmf;, &
‘bo the St. Jonaph County Boavd of Stporvisors e pe%i?ian fop uso 1
tho eatablishnont of a logal lovel for Coroy leke, The petition &

 that tho majorit 5y of 1! pwian cvaers dosived o 16vel of 8745 for
- EPSLE N

Lake,
20 TS.E«,M@E' Lals - : T"'.'. -
Riporion cwners on Eniser Lalm Ry mpwwemm& ot & hoo

for the osteblisment of & legal lovel io.? Coroy Laks, hsld on J::c,
18, 1953, in the Cireuit Oourt at Comtrovills, 3%. Joseph County,

* thip hooriag, the counssl Lor Kaisor Lol riperians indiceled & do

leks @10\&..,.“_(./31 ab tho cumo levol as wes mq:ms{,ed by cwmoers on Cos
Iako, .o clovabion 375, ,

o Foed &r'ee

Teedzold lavels wors not taksn i’or M Lalm ag thera wer
riperien seaors avallahlo and theve is very ittle, if any, dovel:
mont on tho lckw. Howaver; an Hud loke is . extremely ohallow, a ls
lovol adevs clovation 87,0 would ﬁpmvidm b@tt@? finhing, conditi
end gopsrally improve the lakse, ’

¢

[ ".u. T

L, Cloor Lzlks

A cauvess of all avallable riperien cwpers on (lear Le'y
veo rado. on Povrvasy 12 aed 13, 1853, for $he purpesze of oblalinicy
an exprovaien of irdividual opinicns e to tho optimum leks level.
“heso cpiniors medn roforencs $o the lafm lowel as wooerded on &
U, S, Goolopdonk Sarvoy stelf gagp ot Clear lskn, on the da%os O

thenod dbare, cod wore owprosseld ms mmber of fest or incheg abow
or Baloy Sho cxinbing lske levelo. The average dosiro of the elow
ovnera crnfooted was olovetion 871483 and the median wes 875,27
(7 of tho 13 requoateld 875.27), the lowest request being elevabici
873,27 and the highoot clovation 875,27 choving a difforenso of

‘opinion of 2 foet. A level neer 875:0 sppears to be a woasonsblc

degired jovol and will bo-used far aemlgm purpcmcm S.n ﬁh.'m £EPOTS
' Rl

g N

‘ In owmation, tha a@m.m\‘l lalm el mrat lonn i.n mfamnce
to moen oa lovel datun aro ao follo\ms Clgar I:akeﬂ ‘elevation
87L,3; Mwl Lake, at nome level bobween the .slevaticng of Olear a
Kaisor Inkes; Kalder Lake elowation 87.5: apfl Corey Im}ma alao b‘
Hlevasiong chewm on the nexh paizo will be uged.in thim sopors for
purpose of deokening c@n?nml mtmctnma and: connectﬂ.ng @hamelaf'

'xn‘

-,. Chperiown
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Sgurce of Dade

’ m; .’ig,& Elm"

88 Ome%m T 8745 Gbmy.’ Ielra Commdtteon
1 ; Eot mgm 874.5 By attcrmey for Gunoery

87500"'0'1- iesg By Dspt. of Comcervabionm

S0+ Genersl
, : ' oNEingyers

e e

11 Gvuore 675.0 Convany of Cuaers

. I’ai%r Lalce discrmrgea by duko Coxey Lake only durlng

" pericds of high zuneff or whtw lesuee frem Xaiser Iaks are low.
History of Ealmer Teke (from local 'wam».e, jndicatos that losnes,
reesulting fiom trsnaspirabticn, emparelisy, reepage end other ezuses,

-may oxceed inflev from Mud Lake , vhils Cvmr 'iako ngunlly has on

oxcoes to be dlscharged as cutflov oltuor $o Coxey Lol
Kaiser lake., Therafore, during a1l ner}.oufs,, syocpd epring brosk up,
- ‘Radser Inlw could recalve inflow frem both Mod Lels and Corsy lolwe,
Ropoxts of lake levels indlicate thst wmch a condlilon exiotod on
J’u.‘!.y kL, 1953D vith la}'e clavationg o8 follows? .

avain or 0

7YY

| 3 ngA - odrar Glaax

| Gage ‘Zswo | , 570606 650,00 889,00 850,00
Gage Rosdtng | _luS 275 - .24B0 2k
Lok Blovation 87k 87375 . 87380  07hG0

S Ay gaa:o mmﬂin;, gdded %o tho zoro of the gage will glvs
the elevation of the lake. Fmmples If tho Gerey Yelto gazo roodo
4,50, then the elovation of the laks is 870,00 4,50 er 8’7’4050

(thia lasvel in tho dwir@ﬂ 1avel of Coroy Icke).

SN Any vater surfamce olevaticn mambionzd in ¥his rgperd Hay
b@ @@nvcar‘zsﬁ $o a gago reading by sabbracting the zoro clsvalbion.
from 4t.” For oxamplo, 3f tho maximum vator gopiene io olowaliion.

' 875.1, She corrauponding gage z'@a,dim would be 875.1 mlmms §7C,0
or 501 for Coxey Eﬂlm

" Cage zo%o c»:l@m‘r;iomx Por &l
ﬂhown in tho foxegolng tamalabion.

sho lakes in ﬁ,he ETTIR HTI
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It 1o omr wndrotanding that tho riparish owsre om Kalgow
“hgwe rogueotod tho pans lcgal lowvel asm Coray.lake ao $hey may have {2
Peaofil of oxcecs watey from Coroy Lako rather than sllowing it to t:
cbargad out tho Cerey foko Drain. : s o

. From en onzineoring siendpoint, this 45 not possidlo beca::
thors 13 flow of wetor thore must bo a clopo or difference In vator :
clovatden beduson tho vo reservedrn as well as in the conrscting chu
Thorofore, 1% would b advisahlo to eoérdlish s Isvel for Kaiger Iakp
8llightly lover elovation than Coroy Lalp. The emeunt of difforence w
dopend on whother the eezncotion hetween the lekos ig an ¢pen chepnoi
chvael reptricted by a fixed evoot welw, - .

B

Pl

A3 enly a fer lake ptege roconds ave avedlsdlo for Coey &
aad no rocoids for othor lotvg In the group, 4% hag beon BICOGBAry to
sutitngo the Srogueney end mamitude of £lood Tlows by a couparigen
sinllar wmborchads as followys T

!

0
-

C Dradne N\ Infloy 25

" So4l. © Aotdve o Asen. C.F.S. ;,'

Henig Covnty Teng _ Termmin

811%

..Slightiy

Van Aukea Yen Buren  Toem Rolling

Earry Clgy Hilly'
Gard - Hilly

& Gigvel

Soroy & St. Jogeph

¢ Corey Latn ot sutlet, inciunding: Kalser

IA&}Z{QB;,

Yo

R
:

"o

+ t

Tks “Minnesota Flood Flov Foimula® as ¢

P‘{ey{arﬂfa "Iloronto of Hydralogy” = §.= 100

C’l = ]L.QO !

213 coifeBo. * 11,2 gguave mﬂéf‘;’:‘fligiﬂ

, As a vegult of the above econputat
ehods, & wumoff rato of 20 c.f,80./8¢: nilo,

" studing a storm xume?f of gbeut 25 yeai Yec
- thio veport for the pupsge of doslen, | )

Oy'e (50 "0 Y g
v e ‘ 7 :

Q=100 21 x 050 x %25 = 213 cotidi. |

{

[T

[

Cp Ao
the Covoy Lake waberohod, gives tho follqwi;;ggge»al’t}w
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DRAINAGE ELEV. | TRECOW ] LAKE SToeaer e
,‘gﬁﬁ,& AREA \BEFORE| ACRE. . | SEC. FT'\ AREA \DEPTH | AcLE-.| HNMUM L s,
'.Jg M/ STORM| FEET | DAYS | ACRES LLELT | LFEEZ . L v
leONG 4. 2.1 (8870 | 252 | /26 | 203 | 4/ - | 223 | 8887
tjcLesr L, |- 1.3 18750 | /85 92 | 229 o8 | /8e | 8758

HAEWODDL 220 8789 (240 | /20 | 81 | 1O . S/ 879.9 :
| Coktr L. | 2.+ 874.5 438 | 2/9 | 567 0.6 | 340 875./ - 49 -“"/e
- .Mm‘(f—z'?é& /.3 B873.5 | 240 | /20 /94 12 © 240 874.7 o R R
S B " o.1n this eese tho storags ves ogual %o the inflos. Therofare. the desigh cutflsy 12 equal o bass flo whteh' 1
¥ oo %@ asml amimga arga for Harwool Lam is Bol sguarc miles, but 2.1 aquarsa mlea d thig aaa squmM

bescuco drainago io indirees (scepago) emd irdirset drainags conditiems will no% affest a poak runcff.

. 993 QP ¢hio desigan outflos, 5 cof.8. Uill bo routcd through the Corey Leke drain exfi 11 0.f.2. into Kaisqe La!m.
%@ valm t’cr tho éiffar@% colu=ng woro a%tm @3 follomnpt: : :

Inflsy (sec.f8.days) = Draivage erce (eq.mi.) x unis rato of runolf x pari&
(days plus inflcw fram od jacont drainage erea.

Ini?m‘ (asro-£8.) = Infloy (ses.f.dayn) x 2.

: 3
: Aa a slcrm runeff ef 5 dey ﬁuratm wi%h 3 ﬂcwg maximns Funof¥.

| Foricd = 3 dsys

[» N - Undt rate of rumeff - 20 e,,fofaol_agq o
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th@ proce g tebulation, 1% chould be notad thats

The ‘computed outflow from tho Zong Yale pump, 15 dag-aecor
N .add" 30 sore=fost to Clsar Lk affocting ite depth by 1 1/
¢hiés; on 'ths average of once in 25 Jears, and in most yoars the off
ug Lake pumplng will not.be noticoahle. |

2o "The posuwned mmrimum leved for Glzar Loro 4s ot am elevation

that ‘sump pumps have bosn ingdalled 9o that sorious doaege can be pvs
end in view of the long term recurroncs intorvel (25 yonre),
‘that the condition cen bo toleratod,

B AR TR

" 'Diring noma), yoars, $he maxiwm lavel of Cloar Yaks ghould

vinter drawdown of the lalp ard for storago of pazt of

vation 874:51) was dap, no flesding or serioug demags mosultod,

ndition on Kaiger loke . during dry econcog,

periods of low flow., Mud Lake w111 Do elightly highsr than Telsop .
;porioda of £lood wwneff when 3 to § socord=foot ¢f Flow will be repch

& into, Kalger lake,

aren- i8 ot kmowvn and lnke stnge recordg aro of too ghort duration o
particularly Ealsor Lako, Xt ig hoped that by reteining se much 89

8orvoirs, more satisfaciory suwner levels moy be malabainod en gll of
[ the lakes, = ' :

6, Kniger Lalte wou asmumed to be a olovation 873.5, prior to
privg runoff, based on Information compiled fmm locyl resldents and
othor people familiar with the hohavier of Hadsor Zako @nring late

- gummer,, fal) and winter in past years,

[ the vatexvny opening, |

ed elevation 875,3 becauss tho saggoeted coutrol pivecturo provide

Mad Lelte fyom Clsar Leks, and & portien 0f which can be ermicsted fo £low

" M

=2

2
oet

N b « .. . < L.
that may’ be above one or mors bascaont Floors, Bat 1% I8 cup undemtrmdmg "

i a‘-ﬁi du

i would gomm

nob
¥

: : T tho spying flsod
flovn below the dosired level of elewation 875,0, In fpril 1953, Clear Loke

‘fourd to bo a% olovaticn 875,28 and althovgh 4ho lowend basement floor

T ‘_doq‘é_"ﬁl ¢f Cloar Laks, nt ox nesy alevalion §75.00, may have g
tendancy Yo-raise the genoml gromznd wnior loval and help tho low water

- W Mud 'and Kaluor Zakes woro treated 03 o slngle lake bocamas $hoy
u'.‘pmbablyﬁﬂucinmte at rearly the same leovoly, - Tholyr dreinege avess
‘2 pimilar in 9ise and have semauhag the samp chnracteristics, ond bhay
have a cobnmsing channsl which will tecd to oiualire thoiy lovels, during

. 8, The pa%t@m and bebavior of wnderzrovnd 5e0pags in this laks- . .
90Tve &8 a basis for prodictions of expesiad loszes frem thego 1ekeg, .

possidle of the spring flows in tho lake rogervelrs and grousd valter ro-

_ » - In the? ovan§ that thig storagu
% 'is 00t avallable in Kalsor Lake, storm lows cmld bo digeharged thraugh
8 the Corey Toke Drein and dem by vemoval of additional sfop logs to incresso

t
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; 0 5 Cofs o out of Gm*eg,lmlm. Dmm ,
,uanﬁ,ﬁ 11 s:g‘f,,ﬂ‘,‘inﬁo Kmimar ?mlm vrder. the  seoumption mads Tore .. .
ming tha| dapign owtflow of. 16 cofez. {25 yoar frequency) shoum in Sbo

Al iy ‘Er‘a‘t'y' 'éﬁécdrding %o e&x‘@ecedsmt ewuoditiong. Hovever, capacity of
Pe“l)mf and Dem 45" gnoH' ‘tHat theso aiu.cnrms aonld be rovorasd,:
c;o.‘&‘os“ﬂwchamad ot} of ‘Coroy Lake Dyein wnd Dem, in faed, uhm
mxi& 'M"incmaﬂae t@ 15 tofoso if ’c?w omm‘ o demsnded,

: IRAR RS Vo _,‘ u&'.

cah 33 v“’ha n&tux'zﬂ ‘bo%cm in ‘the’ Gom*«'mxfaimr Ghannel (e]wa%iun 8{5# ?)
E“":‘i;v woat of th@ exlebing bridgs, Mas in the past acied as a conbrel '
Lo "ch‘ sXlows: Kadmar loke to dwop below the lsvol of Cerey Lako and assuned .
fj[gkgfs -lovels ape ‘b g4l on those nr,ie%ing conlibica s, end in this deelgn, a
:,5“;'%2' atomm mmoff wad wplisd to ths waterdicd axd etome rouked through

b ‘ﬁm various lalm& ancl chamolge :
"9 mxcaﬂfa%ien of n & @‘pan' and ”i& P shimand, hebucon Gorey and }i‘aimer
Iae}\.al,, +A11 tend to squalise thelr lowsls durd :‘!;\&U poviods of the year,
u}uln mggn,nmian of a r:@m:m wedz dn by aonncelfng el osn b oz=
p@ctmﬂ ‘b0 mainfein thors latms ab Afforuzs Iavols dopczlding eh Bk AL ro0=
i4iom) @nd volumo 'of Anflow, 8o8o, frum Eamocd Tuko or fiom Gloar end Mad'
Jokos, ~Installation of » wnbrl woly with 2703b clevatlon al the gmpomﬁ. ‘
. ibilegal level.of 87h,5 will, accerding to $hs hielory of these lekaes, resuld
‘ *Jm 1@:@? mmwm ;dmla Tor Kaisar Zﬂ\*; thza fow Gcm;y m».ao ‘ L

\11

. 1100 A r:ﬂmmaﬁsicu ef Hho }ﬁn rsarats 46 bkio

e ‘~.';.' 8 A Wax‘ia‘tvim fn leke tovela TeduIn qaving big wﬂ LAEIOR

S llew s te be expociind on any and 11 1won, i2 thig g,x*m;.i, or dn
v'th@ Ut?t@a ;,w ;

e o ”Ta’mml co: \c?iufm Juot will not poa.ult Lu!..d..."!“’ one leke ,
‘ uiﬁ:h’in (Y f@w mmdrcdtbs of a Toot by o OT ‘hr*‘&r, en apbanhl imad la‘ml(,
2 ' .
RN In dry yoarn, it i.ﬁUl.fl semm fonedblo %0 ghave e zmwtla‘b]en .
:mpply of inflow equitably emeng all $ho isftos in the gmup; ransly,
“¢lear, Mod, Kaiser snd Corey lekess. Exbremely dvy conditions might
- reeuld in COregv' Talte dropping belovw sn ¢otshillobod level, tut the :,
- other lalss would aleo bo propertionniely lov md camaw.ﬂ duying |
" '-',:po.n.oaa of high r‘o.noff all the Lﬁmc cen e m\pw%e& to ‘be pmpo*\-a"
§
y

ot o mnataly mé,h., .
adl -,
,Ji.'- _ da. I’t umld 1’)“3 "02.};; te utﬁoq;t % rmﬂict wand Be’rr‘el's will -
i foccnr on thege lakes in the futuye, bub 1% shenldd toe poscidie o i
i daintain gene rul 1y uatlsfactory wvals 1T bhe vholo group of lekes
s ccuaiﬂumc in the ry\oratwm’! poceduros for the o yvoral cmtwl
unita and mnnar-tiw wannemsu -
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8. Un 3hoe bupio of above ontiined proceluron, it is belleved 0 |
Jelo lovalg mave cobiofastery 0 all wonld romult 1f no eontzol stwusy |
woro built in v chennsl botuveon Kalocer and Coray Iajtes, Alse, that
levels wonld Gund S0 Dalanco antamatically, requiring leos cperational
contrbl of Covoy cutlet dsm, especlally during oxtremoly dry pericds v
Coray Jake may drep bolow tho establisbed legal lovel, . : ~

£.- An oqm:ﬂ.imtf‘.om' and sptiasfantory distribudson of inflow con
influenced erHresiebly, pertionlerly during dry scasomg, g one pervci
rerponsibla fov opemation of all control siructures in the group of 1o

C. Ezinbing Cherpel Ceppcdiilen.

fhe oxisting conreebing chamsl cepasitien wore canputod for
the parposo of dotommining the ability of the azisting chammols o
pendls the moximum diccharges,wvhich are oxpectod $o cosur at the mexiz
lgke stogos. Polow s a tabulation of the rewults of thoze eompubatlc

Dé@i@m o Bxlation
Cepasidy = - - Copaaliy
Heme, N R LsToSa.
Cloar Lawo to I Lwdo 3 h .. 3.5 .
Harwood kalo §e Goroy Leke i 25 Lo
Goroy laka %e Inleck Ioko - O%% 33 S Co12
Goroy Tako Deatn npd Dam 5 - v 8

8 il = Epicow ' ' ou 0 s

i

8 The ordobing Corey Lako Prein and Dom wlll pagn § e.f.2, with ¢he !
of tho otop logo ob slevablon 87h.7 and Corey Ieko ot olowation 875,2
{masciram laios clevodion), tut will pess 15 c.fege iF all the atop 12
are romovad. ' ' LT .

LA . [ C
R

5% Th dditica %0 tho chamels itemized shove, ?.héxje'ﬂe also B €GnDGY
caennel botweon Ezisor and Mad Tekes, which by choervetitn, has suffl
capacity o accenmolate eny flowe expocted at. naxjium lake 8tago.

%8 Baged on 10 foot eontrol wolr mder & toad of 0,6, feet.
' Coon

T Covey Leke Drain was dosigiod by Ts Ao Sulth fo dlachu:

- . . de - .4

maxdmm of 20 8.fcf., but imporfestions 1n constiuption sppear to kav
rotused ite actusl capasity. Since @Oﬁpletim,'lﬁ!.hagu however, provsd
.adcquate to malntain Corey Loke within's fov tenthe -of a foot of the
dosived lovel, snd covputations indicate that'
£lov requircmonto. o R

4% wlll meet expected

T W . ot .
Lo . T i .

1) eliiatd piaile " Wbecr QAN AR D - 1l =
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Since tha orpcam.no of tho Comy Icke Draﬂ.n thars hag

w ‘baen J.M;tle flucteation in the level of Corey Loke indicating

thé {abuzﬁy of ths dvain to maintain the desired lovel of B?l&,,b,
ut with the opeining of the drain, wator that could Bo uneed to
8460 “the level of Kniser and Mad Lakos hop been pllowsd to pane
el down the drain, To accomplish tho divorgense of this flow into

' Radges Lake, s additional stop log should be eddod to the Cozoy
“Toké Drain outlet stmcture, bringlog ito crost Lo olovation 87,7,
‘or by logving crost at 874.5 4L Ealers Xalio lovol 4o wmblﬂ,mm

ol for at 092 foet lover (clovation §74.3).

ts ' ‘

mexdomam M&.ﬁﬁi n&mw&

wiatloagdl: U1 g el nprovemente will bo scquired So provids hydreilic
: eg@m@iﬁy i the channsl frem Curoy to Bafsar lokes do equalizs dhelr

phing -lowlo, IF 4t io doslded that a sonbticl ebmactuse 42 neaded hodveon

3 ity comy and Kalger Lakss, tho conbuwl glweiuse shomld hsve a fired

7.8, | ereot of 0.2 feot lowor than fbo eyeat ut Corey Lako Drain, mad tho

5.1
3 1lozs

g top :
; gmm Oatlal
'  The existing eutlot ficm Cléer leko has pafficient capacity

oharnel: chould bes clemndd eud $¢ provide for flow of watar hetywoon
; ,comy and Zalser Eamﬂs end $o feollitate ths pousepe of boats Lo-
tw@m\th@ lakes, ' ‘

‘ 7 Méi%ien of ezoocne water frem Corsy Yalo will relievs to
gomo ‘oztemt the lovw water conditious whﬁ‘wh bava cxintod on M and
Eniceyr Lakes, howover, the Lattor lekes may bo. cupettod $o Tooado %o
a Jevel of about clowation 873.5, in tho 1ut@ gummer and subum dus
. t0. logdes Lrom evapoation, trengpiration and seopsgo. The existing
* loope rodic dam betvoan Kalser and Mud Imcoe should be szmoved o
pm“lde en aqualizing chamuel batwean thase tvo lakwo '

%o pass tho oxpected £lovw, tut provisicn should bo made Cor the

" storage of water for dry secascas by the addition of a combrol gimup-
, twro at the mpatmam ond of tho md:atlzw cox’mgateﬂ metal pipe ocul-

- wrtmo U . C ,

—
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Tho Clear lake control structure ghovld: cones Lt of & dvop L |
To N m" a tilivhy leneth of 3.0 feot, a ZFixed ovest at elovation :
8715 an& am.i},m d with s%op logs to an elsvation of 875.5. This will |
pioride for sterogo of e portion of opring: flews to compsngate for e
coding luks lovclc &wi_ﬁg axy uaa:aouu., A
. . :
: ‘ Seop Lozs ecsn Bo w'l,}usateé o a cmmt ELEB 1ov a“'s 8(2!'9,, ko alic
o nerhald :&m% of storage for opring fleod i’lcwm bnfom fhe loke romois
ﬁh@ desired lovel of 075.0, thus aveiding oxcegsive gpring highg. Ui
modoratn £lai, %0 croot com ho ralised co 1’ha,‘é povarel inches ef gioye |
abpve tha deplrold lovel will be awvnilable to compensate for fnflow (.o
‘ﬁcﬁmzmcc drobnn rwmer mouths. N

Tha lowast bancmeat £loor vas only daxxm at lake elevedtion
875,27 snd ne gorions demagn oceurred, #0 1% appesrs fﬂ&i‘ble to sonig
tha avevese dosived level of alwm.lon 8?’5 0 a8 3 noxeal level for (i
Leko, 4 | ST :

Tio G{Ml\mx’ rfzzq:ﬂ@mﬂ& N :

T Ty T T TPeACE LR

.

. L cgpneys alviceble for gna payson. o cvp&mm the mmmx"ﬂ
contrel stivelmros in a mempsr Shed wAll bo most boneficial to all &Y .
Yakea, wn&or the varyving conditisns of inflow ¢hat w41l mewd corbalri; ;
scenr, IV 1n murcssied fhat this poromm o]mmta wnder sho diwwebicn

S )

of the 8i. Joscph Hoard of Supsnrvisord.
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%’»mtim %paﬁ;mm% vecelved i’mm tho Honambl«a Raymond ff
-Clroult Jwdge,, a roquost for am aagimaﬂmg invostigation

Qorey Lake and connceting lalwes for ths pumpose of obtaining
«Aata for uge in eotsblishing a logal lovel fop Coroy Lake, and
determing tho feasi‘blli%y of entsblﬁ.mhing legal mvmlﬂ for

§ ths coxmecting la!m:ao

2ot :wgal level of elevabion 873, ’J'S nd proviously bosn sad
R Coroy Leke on Janwary 25, 1552, bu$ no proviglon £or maine
vy __.jmna.n.,a bad besn mede end sonsaquenily, tho lako ¥ooo pous L0
“...; - incheg above this level wish reslting high wnber damngs to
* propérdy on Coroy Laka,

) 3;’ \The lekes inflnouoirg the Cox oy Lz problem aves G@myo
" Kaissr, Mud, Clsar, Imng "and Hpzuosd. Available datn o8 coeh
m nb.mam on tho teble proscding $his pago.

L

&, Iong Loko hag no natural sonneckion vith tho ether lakes
~ in the group, tut a pumping systom hoo Losn installed o o=
| move oxooss vater wkem tho laks rlses atove tha logal level
of slevation 887.0,

B SR I Long Talto enters the spring soncon at the legal lowel,
' © . 1% moy males as smeh ap 1.R font onco 4n 25 yenrs, howovor,
M . thio condition omn Yo Lmprovod by anth olpating srow melt and
L high ronef?," end pumping ths lale dowa prier o arrivel of
F - flood flows to provide ocoms sicrags bolow tho lossl lovel.
- This will lovor the maximum clovation ef Iong Iske during
high ‘runoif periedo.

pn e

Y

f' a0 It should prove praotiesl %0 allow Iong Laks to gtors
‘~ . geme mtor gbovo the Yogsl lowel, so thad punming o Clear
! Icks can bo adjusted to & poricd wb’an it wilX mnot cause un-

: i . desirabls levom on Clear Leks,

b 5 ‘I'h@ cul*mr%g $hat have bson ingtalled ns an outlet for
k.- Clear Iaks ave limited as %o cupacity, bud will probobly be -
3 cepable of maintaining tho lal® level within desirable limits
 in the majoxity of yoara, if a onall eontrol atmcﬁmm is eon=
: ' gtxuctod at Cloay Loke.

eyt
T . R

[




' the proposed new Xovel of slevation SF4.3. Such a barrier would inks

gt e B I I G - rins s R R
o R S

w 20 o

6o €. oetings coanr {noar Cleer Tuko cutlet a;nc‘i Toach Profile ¥eo i;.
who han a borzaons fleor al elovallon u?l}n did not oxpress a daglse

lavel for Cleay Lok,

7. T asiwx 21 charrol dsbuoen P:m‘l Tedee and Kalpor Leko hpﬁ; gafficle
capaciuy to poss expeuisd Lloed flowa &L nm@r friprovemsns m mdm |

8. Imke pteze recovds ars nob available, Ty 1% is our unde m»an&in‘
that Falgpoy Leho has a matwrnl tendaney o shov 0xcessive- drops durd:
the commer menthz, probably dus %o oveporabion, ‘trangpivaticn and pov
hans underg: sand ssopeze. This condition mey bo lmproved o some 47
by tho rocomb installation of eulvorts pmvid‘mg goms flowr fyom Clow w‘
31\33:@ vin ¥zd Toko dubo Knlsey Lako. :

\
[
i
i
i
!

9, It eppanre thet (orsy Lalo mesﬁ.vm enough im’lw %0 masntain o i
rathor stablo lovel ﬁ,hmuub‘mk the yoar and has Auring most perieds
d.wcl,nrgzgf{ 90MD CTLIGHB water to the Coz'w ,.alca 'Dmﬁm

10, It u tho desire of tho Talser Lults Pipari&nm im be allovwed fho
bonefit of any avaliloblo fisw from Corsy Loke, and a chanmel cgpzblo
of pasedng cuall beels hes beon requested by seme- Ralsor Lake ripariz

OUROT o

11, Seme Coxuy Ieks riparisn ewncrs have m*pula,taaa that a fixod c:r.
barrier be pleeed in tho Cme:m‘P'uiwr Chunnel, to provide for flovw v~

Coray Raks Go Dedser lole only ab times vhen Coroy lalw is hgher t;_'

:J ?.‘—'

gupt boat paspazn through the comnsating chenpel and feisey lake ®fix
1820 mey Do onbitled $o emeh nuvigetica privileges. A decislon on 126
point ahould bo nods by the Courd and does not fal‘.i. wi’ﬂxm ths 8ocp2
this ong mruori,w imm&ﬁf,a%iouu '

12, The exisi’'ag rood bridgs on the Coray=Kaiger Channel is im poor ¢
Mc’m and extosive Aprevemeats will be roguired to pmviﬁ.@ cavugh 3

a7 arsea to-radeh tha fwproved chennel as preposed, Xo. infommation §
avaﬂablo ap to whether this bridgs will Tae mevad or contima& in 2
eftor th@ road i mmmat@do

33, The Powasnip Swporviser plan@ to mque% th@ ml@camon oi’ the =z

whieh erossos the Corey=Eainor Chammel, and plang imelvdo o differont
bridge, the parts of vhich ars naid ve bo aveilable frem the Cownty &
Comnigsion, Wo ars ndvised that this bridge will have a gpan of ten
amd thin will provide adequato wateryay opening if footing ‘and undors
anco olovaticas m@@% mmimu:n gpacifica%i@nm

o
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' ,1.;‘; An'nw:lizmg ﬂhmnel of amqmt@ capacity will Yo mquimd
.,bgman Covey and’ Kalsor Tokos to ddncherge flood £lows ‘from the
mtemm above. 4his point to the only outlet, Coroy Isks Drain
and, Dem, A yedr or barrior in this chemnol i not roquired {rom
tm saﬁam&polnt of hydranlic funstion,

sficlont
tade,

U.n&ing
» duydng |
% ﬁ perh

"2, Eﬁb&‘mﬁa 8 chaupsl with a 4.0'botiem vidth end 2 %0 1 side
zg:!.cpman from Corey Ialte (Sta’ai@n 81 ¢ 60) % the propoged brides
{Staticn 85 + 90) s distence of 430 foob, the bBothom chould bo
_at: elavation 8715, & minimua of 3 foob dolow the desirod leko
alovation of 8745, Plase npoll frem ¢his chaanol on the barks,
between Statlen 8% -+ 00 and the prw:cczoﬂ sord bridge, foming a
‘bam wifgh 8 minizum elsmfmm o2 875,0 2o shown on plang,

,Ar R
A\,n, . E .

'3., ﬁ.‘h@ existing bridgo at tho o¢ mi‘.;r vecd prsoonis a problowm in
. tho ‘excavation of 4his chauzel, ag ibs ciatemis wey bo under-

mﬂ,neﬁ.g which conld rosult ia i’aﬂux“a of the bridge. Thig bridge
ghould be romoved if mo longer maodod, Wt inm the oveat that ite

| _fby extmion of f@otiﬂgﬂ with chood Pﬂ-i% and concrete. .

0

la- Exaamto a c:hmmﬂ llw feot long from &1y propoged bridga
(Station 85 + 90) to Ealsor Take {Stasism 37 + 30) vwith a &0
.. fa0% . ‘botton, 2 to 1 pide slopes end a Botiom olowvatiam of 87‘1.0.9.,

ghould be placed betwson Corey and Kaisor Leked (bo ropervoe all
ths low sumnor £low £rem the Corey lsko drninage evea foy Coray
Inka. only) such a contrel strustuie can bs built of concrste op
‘wtool cheot piling in sonjunction with tho proposed nev bridge’
.on the relocated voad which will eross the Goroy-Xalgor Lake
Chaxmelo ‘ .

ach wetens)
tion ig
i in uge

{he soad ]

farent , s ‘ B ‘ T
ﬁnzznﬁgzgg . 6' mm@x of guoh & control gtiucture for Kalger Iako 1o Based
indorele ~on the probablo comstruction of & bridge ot the prepescd. woad
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I. SUMMARY

The purpose of this study is to determine the existing lake
level of Long Lake and its surrounding lakes and to evaluate alter-—
natives to lower Long Lake to its legal lake level. Our investigation
has shown that Long Lake is approximately 1.5 feet above its legal
level of 887.0 feet. Clear Lake is approximately 0.2 feet above its
legal level which would be very normal for this time of year. Corey
Lake is approximatley 0.6 feet above its legal level. Since Corey
Lake has outlets both to Kaiser Lake to the east and the Corey Lake
Drain to the south, it would appear that the outlets are being
requlated to maintain the lake at this elevated level. Harwood Lake
is approximately 1.9 feet above its legal level and is being regu-
lated at that level by means of the outlet structure between Harwood
and Corey Lakes. Mud Lake has no legal level but is presently about
2.0 feet below Clear Lake which outlets to it. Kaiser Lake is
approximately 1.3 feet below its legal level. Kaiser Lake is 1.4
feet below Corey Lake which drains to it and 1.8 feet below Clear
Lake which can drain to Kaiser Lake through Mud Lake. At this time
though, Mud Lake is 0.4 feet below Kaiser Lake.

Thirteen alternatives were evaluated to lower Long Lake and to
allow the lake level on Long Lake to be requlated to maintain its
legal level. These alternatives started with pumping to Clear Lake

~in a manner similar to the system used in the early 1950's and

included pumping to all other lakes and swamp areas in the general
vicinity. 1In addition gravity flow options outletting from the west
end of Long Lake were also considered. These gravity alternatives
included flow to Corey Lcke, Howard Lake, Spatterdock Lake and swanp
areas. Potential environmental effects were considered for all
options along with a consideration for which options would be most
socially acceptable to all interested parties in the general vicinity.

It is our opinion and recommendation that the gravity flow
alternative to the swamp area north of Harwood Lake, with overflow to
Harwood Lake, is the best option when all factors are considered.

This option entails constructing an outflow structure on the west end
of Long Lake to regulate the flow and then running pipe from Long

Lake to the swamp area north of Bald Hill Road. This swamp area

would be connected by pipe to the large swamp area south of Bald Hill
Road and north of Harwood Lake with a final segment of pipe connecting
the swamp area with Harwood Lake. Careful consideration must be given
during design to regulating the level of water in the swamp areas so
as not to further flood them or drain them significantly.

The construction costs of this option are more than some of the
pumping options but there are no operating costs for power or labor
which will escalate with inflation over time. The gravity flow

o A
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situation also eliminates potential conflicts
future each time an attempt is made to turn the pumps on. From an
environmental standpoint, with the inconclusive data available on
area lakes, this option has the least negative environmental impacts
on surrounding water quality. From a social acceptance standpoint,

the least number of people other than those on Long Lake are affected
by this option than by the other options.

and controversy in the

option is $190, 000, Assumin
through a bond issue with an interest rate of 10% r
years, the yearly cost is Just over $20,000.

yearly cost of from $70 to $90 for each proper

age district, depending on the number
drainage district,

epayable over 30
This relates to a

ty owner in the draine
of parcels of property in the

II, BACKGROUND

Long Lake is generally located in northwestern Fabius Township
in the most western part of St. Joseph County. The extreme west
end of Long Lake is located in Newberg Township, Cass County with

Lake being the
between the two counties. Long Lake is

) ster of six lakes in the immediate area.
Long Lake has no natural inlet or outlet and its legal level is the
highest of any lake in the area. Long Lake's current water surface
elevation is 10 feet higher than any other lake in this area. The
general location of lakes in the area is shown on Figure 1,

The land surrounding Long Lake is generally forest and farm
land other than the homes and cottages on the lake shore. The land
Lo the west, north and east consists for the most part, of steep
slopes directly adjacent to the lake. The land to the south,
southwest, and some areas along the north are low. Approximately
half the homes and cottages surrounding the lake are built on low
land very close to the lake. Long Lake has documented high water
problems which go back to the late 1940's and early 1950's.
May of 1952 Long Lake was almost 5 feet above its legal level.

to Clear Lake. This system was legally established as a county
drain. This pumping system worked effectively at the time to

lower the water level. Once Long Lake was back down to its legal
level the pump and piping were basically abondoned. The pump,

pump house and much of the pPipe still exists today, but has deter-
iorated beyond a point of repair. Table 1 presents the historical
data we have been able to gather together for the lakes in the area.
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Lake levels fluctuate on a natural cycle associated with rain-
fall. The records indicate that the lake level did not significantly
until the late 1960's and early 1970's. An attempt was made at that

time to lower the lake level, but no action was taken, the lake is
rising again at this time.

High water levels present two basic problems. fThe first and
most significant relates to septic tanks around the lake. Sewage
treatment around the lake is most predominatly by septic tank.
Many of these systems were built during low water periods and as
systems to serve cottages. As the water rises the septic tanks
and tile fields become inundated and raw sewage can flow almost
directly to the lake. TIf this occurs to a great number of systems
a8 serious health problem can develop and the nutri
overload what the lake can handle with the water q
and the lake begins to die.

IiI, ALTERNATIVES

Thirteen alternatives were developed as possible methods of
lowering Long Lake. Once the alternatives were developed they were
evaluated based upon construction cost, operating cost, land and
easement costs, design and study costs, potential environmental

impact, and social acceptance. The alternatives considered are shown
on Figure 2 and as follows:

1. Pump to Clear Lake similar to the set-up used in the
early 1950's,

2. Pump to Corey Lake using the same initial route as in

1, but then following the road right-of-way to Corey
Lake.

3. Pump to Pleasant Lake using the same initial route as

in 1, but then proceeding east over to Reed Road and
along Reed Road to Pleasant Lake.

4. Pump to Mud Lake - This involves continuing piping

from #2 to Corey Lake along Coon Hollow Road to
Mud Lake,

5. Pump to Kaiser Lake - Continue piping from #4 along
Schaefer Brothers Road to Kaiser Lake.

6. Pump to Lake Four - Establish a pumping station on

the northern side of Long Lake and pump along Lucas
Road to Hoffman Road, east along Hoffman and then
north to Lake Four.
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10.

11.

12,

13,

Iv.

Pump onto the high ground above Clear Lake and
discharge onto the ground through gated Pipe at a
rate low enough to allow the water to soak into the
ground and not run over the ground causing erosion.

Pump to the swamp north of Corey Lake - This could
be done from the same location pumping

used with $#1 or a pumping station on the southwest
part of the lake.

Pump to Spatterdock Lake with a pumping station on
the southwest part of Long Lake.

Gravity flow to Corey Lake in an enclosed drain
through low areas west of County Line Road to
the swamp north of Bald Hill Road and then along
County Line Road to the west end of Corey Lake.

Gravity flow to Harwood Lake - Same route as #10

except build the outfall to the east end of Harwood
Lake.

Gravity flow to Spatterdock Lake - Same initial route
as #10 and #11 but then east to Spatterdock Lake.

Gravity *flow to the swamp north of Harwood Lake -
Same initial route as other three gravity alter-
natives, but then into the swamp south of Bald

Hill Road and finally an overflow pipe into
Harwood Lake,

EVALUATION

Each alternative was evaluated for cost, potential environ—
mental impact and social acceptance. From a cost standpoint,
design costs, land and construction costs were all considered as

initial construction costs,

For comparison puposes construction

costs are also shown as yearly costs for bond repayment assuming
the constuction will be Financed over a 30 year bond issue at 10%

interest,

have assumed that there are 225 parcels unti

ation and
for power
0O&M costs

Yearly operating costs for power and labor were then

For alternatives which require pumping, the yearly oper-
maintenance (0&M) costs are estimated at $2, 000, $1,000
and $1,000 for labor. Gravity alternatives have no yearly
and 0&M costs for option Number 7 are estimated at $3,000.
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2. Pump to Corey Lake:

Initial Construction Cost $189,000
Yearly Construction Cost $ 20,000
Yearly O&M $ 2,000
Total Yearly Cost $ 22,000
Average Cost/Parcel/Year $ 98

This solution is environmentally the same as pumping to
Clear Lake and would not be highly accepted.

3. Pump to Pleasant Lake:

Initial Construction Cost $219,000
Yearly Construction Cost $ 23,200
Yearly O&M $ 2,000
Total Yearly Cost $ 25,200
Average Cost/Parcel/Year S 112

This solution is environmentally similar to pumping to Clear
or Corey Lake, however it appears that Pleasant Lake is not
in the same sub basin of the St. Joseph River as the other
lakes. This is not necessarily a negative an impact but

it should be considered. It is not likely that pumping to

Pleasant Lake would be any more acceptable than pumping to
Clear or Corey.

6. Pump to Lake Four

Initial Construction Cost $209,000
Yearly Construction Cost $ 22,200
Yearly O&M $ 2,000
Total Yearly Cost $ 24,200
Average Cost/Parcel/Year $ 108

No information is available on Lake Four, however the over-
all size of the Twin Lake system suggests shallow water with
possible substantial submergent and emergent vegetation.
Impact to these lakes is likely to be minimal. Lake Four

has no inlet or outlet and is scarcely populated. This may
be an acceptable solution.

7. Pump to High Ground Above Clear Lake:

Initial Construction Cost $135, 000
Yearly Construction Cost $ 14,300
Yearly O&l4 $ 3,000
Total Yearly Cost $ 17,300
Average Cost/Parcel/Year $ 77
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This alternative is likely to cause erosion of the steep
banks on the north side of Clear Lake and possihly silt
deposition in the northern bay of Clear Lake if the pumping
and discharge is not very carefully controlled. This altepr—

native 1is unacceptable because of potential negative impacts
if not properly supervised.

8. Pump to the Swamp North of Corey Lake:
Initial Construction Cost $155, 000
Yearly Construction Cost $ 16,400
Yearly O&M $ 2,000
Total Yearly Cost $ 18,400
Average Cost/Parcel/Year $ 82

This alternative is feasible from an environmental stand-
point. The marsh area north of Corey Lake is large. »a
properly placed discharge would allow an extensive area

for nutrient uptake by plants before discharge waters
reached Corey Lake,

This solution ma
landowners becau
and lake.

Y still not be acceptable to the Corey Lake
se of the close relationship of the swamp

9. Pump to Spatterdock Lake:
/72 oo

Initial Construction Cost $1205-000-
Yearly Construction Cost $ 18,000
Yearly oO&M $ 2,000
Total Yearly Cost $ 20,000
Average Cost/Parcel/Year 5 89

No water quality data is available for this lake.
its small size and ext

dock Lake would seem a
discharge.

Given
ensive emergent vegetation, Spatter-
promising site for Long Lake water

Because Spatterdock Lake is not directly connected to Corey
Lake and has no residents this may be an acceptable solution.

10. Gravity Flow to Corey Lake:

Initial Construction Cost $182,000
Yearly Construction Cost $ 19,300
Yearly O&M ~0-

Total Yearly Cost $ 19,300
Average Cost/Parcel/Year $ 86
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This alternative is likely to cause some adverse environ-
mental impact to Corey Lake, especially at the inlet point,
Greatest impact is likely during initial draw down of Long

Lake., Lesser impacts are likely during subsequent years
when lower flow is expected.

Although the lack of O&M makes this an attractive solution,
the potential impact on Corey Lake makes it undesirable,

5%;>{— 13. Gravity Flow to the Swamp North of Harwood Lake:
SN

Initial Construction Cost $190, 000
Yearly Construction Cost $ 20,300
Yearly O&M -0-

Total Yearly Cost $ 20,300
Average Cost/Parcel /Year $ 90

This alternative is likely to have mini
mental impacts. These areas
extensive submerged, emergent and floating vegetation.
Greatest impact could be felt in the initial stage of the
project with lesser impacts in subsequent years,

mal adverse environ-
are large and swampy with

Extensive nutrient uptake would occur bef
Harwood Lake. Lake level
would not be noticeable.

not be noticeable.

ore discharge to
changes in Harwood and Corey Lakes
Water quality changes should also
This should be an acceptable solution.

V. CONCLUSIONS AND RECOMMENDATIONS

Long Lake is presently 1.5 feet above its legal lake level
of 887.0 feet (USGS). The Regional Water Quality Report listegd
Long Lake as a moderately shallow, naturally eutrophic lake with
moderate to good water quality for this type of lake. Available
test data indicates that the water quality in Long Lake may be
less than some of the other surrounding lakes, The only definitive
statement that can be made about the water gquality is that it is
unknown, Because of this, potential negative environmental impacts

must be considered when transferring water from Long Lake to
another lake,

Review of the costs of each
pumping to Clear Lake is the leas

Lake is the most expensive. Acceptable environmental solutions
include pumping to Lake Four, pumping to the swamp north of Corey
Lake, pumping to Spatterdock Lake and gravity flow to the swamp
north of Harwood Lake. The two solutions which appear most accept-

able are pumping to Spatterdock Lake and gravity flow to the swamp
north of Harwood Lake,

proposed alternative indicates
t expensive and pumping to Pleasant
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It is our recommendation that gravity flow to the swamp
north of Harwood Lake is the best solution. The alternative should
provide acceptable renovation of the Long Lake water if it is of
PoOOr quality, not increase the levels of other lakes, not require
power or labor to operate and should be acceptable to a great

majority of people in the area. The cost is only $25 per year more
expensive than the least expensive solution.

Conversation with the drain referee in the State Department of
Agriculture has confirmed that the proposed solution would be con-
sidered a new drain, not a relocated drain and that all appropriate
procedures for a new inter-county drain would have to be followed to
establish this as a drain prior to construction. The drainage
district would not change substantially, if at all, from the
existing district for the existing drain,

We would also recommend that all lakes in the area participate
in DNR's self-help program for lakes. DNR has indicated that they
are likely to sample all lakes in the area at some point this
summer. This will provide some more meaningful data on the lakes
for comparison. But it will still only be one sample and of limited
value. It would be helpful if the Lake Associations in the area
established committees to monitor water quality of their own lakes
and meet once or twice a year to coordinate sampling times and
eXchange data. We would be glad to sit down with the Lake

Associations and discuss sampling techniques and locations in
coordination with DNR.

We would further recommend that the final design of the

‘selected solution include an environmental assessment of that

proposed solution and an environmental assessment and detailed
costs of the next most acceptable solution.
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CLEAR, COREY, LONG AND PLEASANT LAKES
ST, JOSEPH COUNTY, MICHIGAN

CLEAR LAKE

Clear Lake is a moderately shallow,

naturally euthrophic 1ake
which has been residentially developed.

This lake has two basins
and a large area of shallow water with extensive submerged macro-
phyte growth.

The two sets of Landsat data indicate that Clear Lake is a
marginal problem lake with periodic algal blooms. The 1973 data
show dominant blue-green algae throughout most of the lake with

a particularly heavy concentration in the eastern basin. The

1976 data show little blue-green algal concentration, but do indi-

cate heavy macrophyte growth and discoloration in much of the

eastern basin, the nature of which is unknown. It is possible
that this is a green algal signature that emulated a macrophyte
coloration. There was substantial clear water in the two deep

basins in 1976 although much of that shows a discoloration.

In summary, Clear Lake appears to be culturally eutrophic but
not yet extremely so. Wastewater management should be undertaken
in this lake to prevent further water quality degradation. Further

residential development without wastewater treatment should be
discouraged.

Since this is a naturally eutrophic lake, wastewater manage-
ment can be expected to slow further degradation of water quality,
but management will not eliminate problems with macrophytes and
the removal of these rooted Plants without reduction in nutrient
loading should be done with caution. This lake does not rank



-

among the most severe picvle =948 GF the Region, but manage-
ment efforts should be asbat and “"'ouraged, especially in view
of the active interest o7 thet P00 here, Actions to reduce

RS R
surface sources of nutrient 19331049 in this lake should be
encouraged.

COREY LAKE

Corey Lake is a natuval 4938, told water lake considered to
be among the most productive tYout Jiukes in the Region. Based
on the available data it wrnbnhly ' classified as mesotrophic,
but large segments are et rophis ann perhaps the entire lake falls
iz

in this category now. The lake r<sidentially developed and

appears to be suffering cultural Q“thphication, at least in
scme segments.

Harwood Lake from which CQZEY7 fiake gains water shows a strong
‘t;()tL

algal dominance in ‘both “lsat data. It appears that this

is a source of substantldlwﬁthigﬂ Jnading_and should be examined

in more detail. The 197}Jd§£“ﬁ§E2”_glgal dominance throughout most

of the residentially deVP[QEQ”_22£7?9"S of the lake. Even in very

shallow water where substantinl A% tuphyte growth is indicated by

the "Lake Inventory Map", sM<!' 25 “4e eyxtreme north portions, the
dominant feature is bluc-droott 2gsq, Only in the west~central

and centrai portions of the l1ake 1z the wayor quality good. Even
ot

in these areas there is nvldonce fume organic discoloration, the

nature of which is unknow!.

The 1976 data show mots OXEELS o0 macrophyte growth in most
shallow water areas as wai OX¥I'"WCY%" Jdye to the later date (July
vs. June). These data show VWPTSY5ae0 ih water quality in the
extreme southwest basin prnh”hly e to reduced flow from Harwood
Lake and increased macrophy!®™ Y'“*'“ in this basin. The extreme
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north of Corey Lake also shows increased macrophyte growth, but

No associated improvement in water clarity. The strong dominant

algal signal persists here as it does along the shoreline of most

of the residentially developed parts. Most of the remainder of

Corey Lake is dominated by a signal which in shallow water appears
to be a filliform aquatic macrophyte class (narrow leaf rooted

Plants). fThis is clearly not the case in the deep portions and
therefore is not completely understood. Spectrographically this
signal is most like a green algae and indeed may be, but we can-
not be certain. Disregarding the nature of this feature it is clear

that it is organic and that Corey Lake has little surface area of
high water quality.

Based on these data Corey Lake is a marginal problem with
specific areas requiring detailed evaluation and management.
These are: 1) the southwest basin and Harwood Lake inlet; 2) the

west-central and south shores; and 3) the north basin,

particularly
the east shore.

This is a lake with active public interest and while it is not
among the most severe problem areas now, there is much to suggest
that it soon may be. Every effort should be made to manage the
nutrient loading in this lake to recover and preserve what is

naturally one of the top guality lakes in southern Michigan.

LONG LAKE

Long Lake is moderately shallow, naturally eutrophic lake
which is residentially developed. It has extensive areas of
macrophyte growth and two distinct basins.

Based on the two sets of Landsat data this lake has moder-

ately good water quality with some evidence of problems in the



east basin on the south side. S$ince this is the area of steepest
slope, it may indicate nutrient discharge in an area of limited
macrophyte growth.

The 1973 data shows good water quality in the west basin with
some algal concentrations between the two basins. A heavy blue-
green algal signal is seen in the eastern basin in the deep water
side. 1In 1976 the water quality appeared somewhat better with more
extensive macrophyte growth in all areas of the lake. The water
quality of the west basin still appears good, but there is some
persistent algal evidence in the east basin.

In summary, the water quality of Long Lake is moderate to

good for a developed, naturally eutrophic situation. The presence
of extensive macrophyte growth probably is the factor which
prevents increased algal problems. 1In the east basin where steep

slope limits macrophyte growth evidence of algal dominance appears,

This lake appears to be a marginal problem area at this time,
requiring preventative management, Additional development should
be carefully considered. The landowners should be encouraged to
reduce surface drainage nutrient loading. More detailed analysis
of the east basin should be undertaken.

PLEASANT LAKE

Pleasant Lake is a naurally eutrophic lake of moderate depth
which is residentially developed and suffers from cultural eutro-
phication. There are two distinct basins in this lake with large
areas of shallow water between the basins and along the extreme
north and east portions of the lake.

Both sets of Landsat data indicate strong algal dominance
throughout the entire east basin. This feature includes both

deep and shallow water. Domination is so complete that it is



difficult to tell whether subnerged macrophytes grow here or not.
There is evidence of submerged aquatics in the shallow water between
the basins with limited effect on water clarity. The west basin

is dominategd by blue-green algae in the 1973 data and appears much
like the deep portion of Corey Lake in 1976.

Pleasant Lake appears to have the poorest water quality of
this group of lakes and should be considered a problem area. The
data indicate that water quality is somewhat poorer in the east
basin, but the signal is so extensive that no clear indication of
possible sources is apparent.

The strong algal dominance indicates a cultural eutrophication
problem and further residential development on this lake should
be done with caution. More detailed evaluation of the problem

S50urces appears necessary and wastewater management and nutrient
loading control should be initiated.

T T S RS



TABLE 1

1973
Symbols

Absent*

PR

1976
Szmbols

KEY TO SYMBOLS

Class
Water-9
Water-8
Water-7
Water-6
Water-5
Water~4
Water-3
Water-2
Water-1
Wetlands-3
Wetlands-2
Wetlands-1
Marl’

Clouds

LANDSAT SATELLITE IMAGERY

key

Clear Water

Diatoms, Desmids, Discoloration

Submerged Narrow-leafed Aquatics (unE%SSn**;
Blue-Green Algae

Zooplankton

Blue-Green Algae

Broad-leafed Submerged Aquatics & Detritus
Green Algae

Loam Silt

Broad-leafed Emergent - Water Lilies
Narrow-leafed Emergent -- Graéses

Swampland ~ Trees and Brush

Marl

Clouds

* The organization by water class is based on the 1974 data, therefore,

where a corresponding class does not appear in 1973 the word absent

appears.

**Two separable spectral classes are included in water class 7 because

of our inability to precisely distinguish among the dominant features

One of them corresponds to water class

3; elements of water class 8 also appear, in the form of tannin dis-

coloration.

i
!
m indicated inthe two classes,
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