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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 
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 
retained by the Board on September 24, 2019 
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.  

 

 

Corey Lake near channel to Kaiser Lake 

Looking north toward Clear 
Lake control structure. 
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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: 

• 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.  

• Average profile gradient of approximately 0.15%.  

• 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.  

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.  

 

Harwood Lake near control structure 

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 ½ 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.   

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. 

Culvert Obstruction near Sta. 25+00 
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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 
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.   

 

Corey Lake Control Structure to Drain 

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.  

The current outlet control structure and pipe 
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.  

 

Clear Lake Control Structure 

Sinkholes along Clear 
Lake outlet pipe alignment 
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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 
4-days at approximately 1,800 to 2,000 GPM 
(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 ½-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.  It is 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.    

Clear Lake outlet south 
of Coon Hollow Road 
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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. 
 
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

Invasive plants
Eurasian water milfoil; 
curly leaf pondweed; 

Cabomba

Eurasian water milfoil; 
curly leaf pondweed; 

starry stonewort; 
Cabomba

Eurasian water milfoil; 
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

Harwood Lake Control Structure 
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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: 

• 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 
quality of Corey Lake. EGLE may, 
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. 

• 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 
oxygen. Based upon existing data, 
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. 

• 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 
present in Corey, it is 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. 

• 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.  

 

Wetland Complex north of Coon Hollow 
Road and Corey Lake, potential gravity 
outlet from Long Lake 

Walnut / Oak intersection - potential 
inlet for Long Lake gravity system  
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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.  
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Table 2 - 100-Year Floodplain Elevations 

Location Legal Level 
(NGVD 29) 

100-Year Floodplain (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  

Location 
Legal Level 11/18/19 Level 

Lake Elev. 
(NGVD 29) 

Flow Rate 
(CFS) 

Lake Elev. 
(NGVD 29) 

Flow Rate 
(CFS) 

Corey Lake 874-ft 0 (Below Weir) 875.14-ft 15 to Drain 

Kaiser Lake 874.5-ft 5 to Corey  874.49-ft -5 from Corey 

Clear Lake 874.75-ft 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 ½ 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).     

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 
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. 

Culvert Obstruction near Sta. 40+50 

Drainage Structure near Sta. 63+50 
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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 
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 
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. 

Channel between Kaiser / Mud Lakes 

Clear Lake outlet – pipes set too high 
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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:  

• 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 
proposed alignment would 
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.     

• 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.   

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.  

Long Lake – potential gravity outlets 

8 

 10 
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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 53° 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, MI 49544 
616-301-7888 
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Appendix 1 
Preliminary Estimates of Project Cost 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 



Corey Lake Outlet to M-60 Improvements
 No. Item Description 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 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$   

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 2 - PRELIMINARY ESTIMATE OF PROJECT COST
By Land & Resource Engineering, November 27, 2019

Quantity



Corey Lake Outlet to M-60 Improvements
 No. Item Description 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 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 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$        

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

Quantity

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

Quantity



Corey Lake Outlet to M-60 Improvements
 No. Item Description 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 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 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$       

Quantity

COREY LAKE INTERCOUNTY DRAIN
ALTERNATIVE 4 - PRELIMINARY ESTIMATE OF PROJECT COST
By Land & Resource Engineering, November 27, 2019

Quantity



Gravity Outlet for Long Lake
 No. Item Description 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 2.00$           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.

Quantity



  

 

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

-----Original Message-----
From: EGLE-wrd-qreq <EGLE-wrd-qreq@michigan.gov>
Sent: Thursday, October 3, 2019 6:30 PM
To: Drew Stoffel <stoffel@lremi.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.

-----Original Message-----
From: DoNotReply@michigan.gov <DoNotReply@michigan.gov>
Sent: Thursday, September 12, 2019 2:28 PM
To: EGLE-wrd-qreq <EGLE-wrd-qreq@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, MI
Zip: 49544
Phone: 6163017888
Date: 2019-09-12
F50percent: Yes
F20percent: Yes
F10percent: Yes
F4percent: Yes
F2percent: Yes
F1percent: 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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Corey Lake Existing - baseflow
  Printed  12/3/2019Prepared by {enter your company name here}
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Area Listing (all nodes)

Area

(acres)

CN Description

(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
  Printed  12/3/2019Prepared by {enter your company name here}
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Pipe Listing (all nodes)

Line# Node

Number

In-Invert

(feet)

Out-Invert

(feet)

Length

(feet)

Slope

(ft/ft)

n Diam/Width

(inches)

Height

(inches)

Inside-Fill

(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



Type II 24-hr  100-yr Rainfall=5.20"Corey Lake Existing - baseflow
  Printed  12/3/2019Prepared by {enter your company name here}

Page 4HydroCAD® 10.00-22  s/n 09958  © 2018 HydroCAD Software Solutions LLC

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

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

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

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

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

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

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

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

Peak Elev=876.01'  Storage=949.776 af   Inflow=947.15 cfs  722.642 afPond 8P: Corey Lake
   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 II 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

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100-yr Rainfall=5.20"

Runoff Area=454.400 ac
Runoff Volume=98.924 af

Runoff Depth=2.61"
Tc=67.0 min

CN=75

448.64 cfs
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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 II 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

Runoff

Hydrograph

Time  (hours)
605856545250484644424038363432302826242220181614121086
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Type II 24-hr
100-yr Rainfall=5.20"

Runoff Area=953.600 ac
Runoff Volume=236.380 af

Runoff Depth=2.97"
Tc=130.0 min

CN=79

653.76 cfs
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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 II 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

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100-yr Rainfall=5.20"

Runoff Area=1,472.000 ac
Runoff Volume=278.310 af

Runoff Depth=2.27"
Tc=185.0 min

CN=71

551.03 cfs
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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 II 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

Runoff

Hydrograph

Time  (hours)
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Type II 24-hr
100-yr Rainfall=5.20"

Runoff Area=1,856.000 ac
Runoff Volume=417.789 af

Runoff Depth=2.70"
Tc=173.0 min

CN=76

900.59 cfs
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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 = 6.13 cfs @ 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)
1=Culvert  (Passes 6.12 cfs of 6.83 cfs potential flow)

2=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
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Hydrograph
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Peak Elev=875.91'
Storage=418.187 af

453.16 cfs

6.13 cfs
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Summary for Pond 6P: Mud / Kaiser Lakes

Inflow = 674.49 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)
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)
1=Orifice/Grate  (Passes 8.08 cfs of 21.70 cfs potential flow)

2=Culvert  (Barrel Controls 8.08 cfs @ 3.02 fps)
3=Culvert  (Passes 8.08 cfs of 9.82 cfs potential flow)
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Pond 6P: Mud / Kaiser Lakes
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Peak Elev=875.99'
Storage=347.180 af

674.49 cfs

26.74 cfs

24.66 cfs

3.01 cfs



Type II 24-hr  100-yr Rainfall=5.20"Corey Lake Existing - baseflow
  Printed  12/3/2019Prepared by {enter your company name here}

Page 13HydroCAD® 10.00-22  s/n 09958  © 2018 HydroCAD Software Solutions LLC

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 = 35.42 cfs @ 27.52 hrs,  Volume= 137.630 af,  Atten= 94%,  Lag= 787.4 min
Primary = 35.42 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)
2=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
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Inflow Area=1,472.000 ac
Peak Elev=880.03'

Storage=301.560 af

558.33 cfs

35.42 cfs
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Summary for Pond 8P: Corey Lake

Inflow = 947.15 cfs @ 14.23 hrs,  Volume= 722.642 af,  Incl. 30.32 cfs Base Flow
Outflow = 30.33 cfs @ 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 = 20.20 cfs @ 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' 7.7' 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' 7.5' 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)
5=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)

1=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)
3=Broad-Crested Rectangular Weir  (Weir Controls 20.20 cfs @ 2.32 fps)
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Pond 8P: Corey Lake
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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 
Elevation (ft)

Discharge Names Total Discharge 
(cfs)

Culvert 1 
Discharge (cfs)

Roadway 
Discharge (cfs)

Iterations

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



Table 2 - Culvert Summary Table: Culvert 1
Discharge 

Names
Total 

Discharge 
(cfs)

Culvert 
Discharge 

(cfs)

Headwater 
Elevation (ft)

Inlet Control 
Depth (ft)

Outlet 
Control 

Depth (ft)

Flow 
Type

Normal 
Depth (ft)

Critical 
Depth (ft)

Outlet Depth 
(ft)

Tailwater 
Depth (ft)

Outlet 
Velocity 

(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



Water Surface Profile Plot for Culvert: Culvert 1

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 
Elev (ft)

Depth (ft) Velocity (ft/s) Shear (psf) Froude Number

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 

• 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 Alignment)

 



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 at Pipe Inlet (ft)

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
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Corey Lake Control Structure - Rating Curve

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 2.17
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

878.40

878.50

878.60

878.70

878.80

878.90

879.00

0.00 2.00 4.00 6.00 8.00 10.00

Harwood Lake Control Structure - Rating Curve

Flow over Weir (cfs) (Q)



  

 

Appendix 3 
Survey Details of Lake Control Structures 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



SIDE VIEW

TOP VIEW

FRONT VIEW

CONTROL STRUCTURE COREY LAKE
SCALE: 1"=4'



TOP VIEW

SIDE VIEW

SECTION A-A

CONTROL STRUCTURE KAISER LAKE TO COREY LAKE
SCALE: 1"=4'



TOP VIEW

FRONT VIEW

SIDE VIEW

CONTROL STRUCTURE CLEAR LAKE
SCALE: 1"=4'



TOP VIEW

FRONT VIEW

SIDE VIEW

CONTROL STRUCTURE HARWOOD LAKE
SCALE: 1"=4'



  

 

Appendix 4 
Historic Documents (Studies) 
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~hi.ehL'ill1cll~CO '~.ht).t D. ,"-£:,1--;:0 10'1(E.ll o:i:" c.1D"d"o:ticn 8'?,'.~·<).; (e.~6
:i"Gading4".5,0) if,-·flr.ti,alt ...f~i;ol"yto th!j lknj(j'l'i~y of :r.lp¢anD ..oll
"this 1&1;:00 i~e 6.I"S oo.vluml tr.at th1.o 7.o~:olt'Jill nat u{.l::rorc'ely
e.:c"'f~at 'ba':.-lcmGl'\t~il 101:1 cCutttgOHo £H-:I!.t'1;:i.ICt::?.:J!i:i3 6Il.d otltg:;' shorsli\;,(,l
incta.l1ationo ()
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1c:;o.\ CGl..1Si~Cl t,Ol' t120 ItD.i-:':lor !luko ripa;ria,i'l cmillON haa frt8:li~";
that 1iho d:';~13~,&'~Q:t' M~19 c:tI0n't.~e if:T,i;o ·iiltlJ-11ta2n. Kaigel~~:r.~.kl)·ai the ·!\j3ii.')

:t1t1~1 ti.13'rf~j:r\.001:;Ga,f01~'C1~~'.(}yJJakc'n T1lis ~:1Onla- -ol13,c:o; 'tho' aGaH~ ·l;·iI'~'
. 1'01", E2l.1Q07.~~~{:V' at. ial()vn.t~,on .8'11h15 5'. l'ti, BPl1ea:ra~"tjiE~t ·.the.,~',QW{~ei;ri' ou
~60l1 !Af:!;q:O8::r;:l~illin:r.; to accept a l.oZaJ,'lEfvGl1. ot>_:~l~:p~tj.on~?4oSo.
l>'ilt C"p',lJ,~\~S i.J,i,if.?J." D.!3 to the dcsh'a'bi1.it;y' of' p'~acing an o'b~~~ctic·~
. in 'the· COj."Cjc.%;.~~~o:,"ml!'.jlll~lb A z:m.lljill::1i\" of owl;. tl~i'3~\JWf~::.'"0 fQ1Jnd to
1NJ :f.tO:oct~at.~ic.!,~ilv~,.M,<i'}J,8?/+.,5ti In;!.t' 'til;:) <n-t.i1er·c~t'60(1. that th..\n\~J'9,l3 net
of 0U01JDl fIJ.F~Qil";;e:;.:.CGto I~91!Xl f~ cll::"\1Jgo L""l the Eaioo!(':'!t"v:;:o lG\ral as
i'efl'U:Dc-t~do (,i:3"lj{i,.:.:,L:D u~~.£iCl' hO:.r,OOI1a;.:I.:l. .l"3~idoocdiJ~l'l1D;Y 01O~·tic
l......~·......., l""r.t:'I"'''''''''''~'l ';'i~'l"~"'''''-;'~:~' o....d o{'''''~';'.~~'A"r.>J :;.......~ l!,".., e,,."JJ .. :.ll"'...~ ...~ n(....•·i}c:~ •• u ',fV"Uo\..J~'''''~. u.....,wd.v., .....~L.\o, ~ ~:I .. t'........~'"'6~.1Il!'.1l~\,J J-",uO~ .c:.lI,..:.Y'~"~1 cr"'Q ~("I

ad,'\7(;i:."tlt:ll;r t:~;;:::''!)rJtoJ. lr~"'·a l~)b,i10-v:el of' ol!11Tst inn .871~oS intlPt's.r .'a3
....""·''ld ""n r.,(" ...'"'·,,..,·l .... ~".. ' .' \'
••'t::'"!.,4,b·Io.r;". tJ~ ...i~\I, .....:",h!~.bl,V"...,.f)· .,.

iia.:i.:10'X' ~:itGlO"'70lfican'1;'{]l'~)~~f;ctoato ~<:~s. dUr1i.lg t,DD
(itlJilzmn. l.\1nAi,tbt: l,j) 11 ::t"aSl1AJ.t of :;'1.~lt"\1·fJLC;:.ld":Uotil-~( 'bO.;f~ll~.CQlltJ:o 1D, sud .
tb'Dr'Bf'iO;r:~\l ot(.t'~:r~e at fJ1!l.';:.v.g f16'.ii3 m:t ~JJ higha..l~,rl::G It>>~ql c.n h;;of3f.li,,· .
bl@ ~,t3 iW~i?oJ!:;.c· -GO l}~R'·(.~,~:"'ll;Y·OO'm'Q0}'1.\:l~'i;~ foi." thfJ!tlo l~aG{)filo 'j

. ,
'. i
I!~ ,

\; ,
ih/ Ih':
iI,
t f·· ,.,.." 1 "~:*~, . . ',.' I : ~
L~ d I

it~~'·'.~l;'"j.,J~~:~~-L->~",,· ..'.~·~,L~~f>.w~~:,~~;,.,~,~_.,~~I •..:..~_I;,'¢*,Utlw:i~~~'"
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, Uaing av,~nable ~:r~~j,~~~'t:;tj, th~,t&~"Ci:'l.r:cqn£l.blC\ ]J..L-:J5., tTiio I!!~g;
outlm3d. 'in F.~i'dl',11oGY SiJC~,:1.~XlJV \'l c:utl. fr~:;l~".'~il'ov.,~;i;Y,J·0;1' :f1awD
T-1bwu.1.'taln a 11Ct o'P.tflO:lf c! .5 ~c:::~:l~",fcc<~" t-'<'1d~~;/J t;;Cill'.:;'y :f<lo,T!'l:l
Th,'a1n and Dam ::l.,~Gllao1;),u.f:;to to iti.CC.h:lli'4;,1) ~h~.s l:?J.il("J';JTi:I1,j Gnd mOi'a
by manl1.r..l1n:~1Qn. af' th€l mtc-,f) logo l~ COX'D)' ~e r:l~o. '

tIl

. ~." I. tr
11

, ,

Neoea3a~ycon5tn\~tianpW~J~atg o~g~Q~Q~ hG~~in
nr@ not 0~tonill'.'n!lp J?lllUio f,l:Z!fr~iJ:J,r.frJl.iCllit1.tn:il 'With m1nO'I'
e~fle eze e~ablf;i of mll:tJ:},~:;j'm1Ji..'~ dooi~~d lel1if~lo OM. F.'ll ths
lakg!ll~ p1'O'Il1tl..sd ouo'l.l,gh 1nflot1 ;"'J i.'1.'7f1n:~.i')10 ~o of:?=fiJotl~til'J:'al '
lCHJe0i.'1 reaul tlng· t'i.'i:;.:n i:!f'itil:l'(i:;:'Bti(P~I~ t~Ol1.tepi?!"ti(l;:l. rJ,:.1 ~c<i)pC:1.{~a"

. "- ",. y!

.. \~.I.
,", . :.\ ./ jOperation of, all ccmt~'ol? lJ\;~t~.JlT{jg 1000 (I Co:w;; Lakf9

l?am" C16C1~ ,L:.-:;.l~3l)t;iT!l (p1'Opoood) ~~d L~g Wl:C Pu1!p~..ue S~vat0IDo
by one a.flp~nfu:l.blo ir.ldiv1dual i'c::lpOn::liblo to the 1b(,~li.'ltof S'L1pO:f<:>
,"iaoZ'tiJo 1:0 thg kaJ' ttl ma.1~.rtt~.j,.M"ng'4ihomeot b~af:icinl lmrala on
all,lakco in. thia g3~t~o · ;.;/~

, "· ..... f,

. ~ ': '\
, ,r

• " • t .1
'. ~

. .
M'~cr canr.tTac~io~proje~t~ Qt:n ear~fUl operation ar

all control faeili t1.0t1 \1:1.11 g:hro03.t:l.of.nc:tOl';T l'eOlU.tl3o
·. ~,· "



, I

d

I

j,
I' ;
I

A
"

II;
Ii; ..
'j Ii:
1 ::~

I

~
I
I
i

"

. }~:. ' . '.,~ "

'1ha :.t101d ,~'O~khas conli:1stsil of racormaiosance and
O"J.t'vO:/Jof ~ho aiN~s~D',ncllt'ldin-b '!;hell t1'atarBhad, ~r dre,inage arG2.\:I
, e:doti~~s lnlo';;a at'-o. o'l:.tletso 1)oac.'b.asn lo~§'cott~:ea ona. othnI'
~OTG iX\cto..llations" 0l1d ,gaXle'~·a.l conditions i1h1c;h n:d.cht afroc'~
'hb,rnl1~,~.A1tc.~:lc~eao:? a l{l~;tl lC'V'01 fo'l: CoroY!l Kai {J:Ji"D },1tvlam
ClotU' ~0(1 n

,.,

S'~clf G['~O:: vore 'infrhnll~don al:l. fom' lakt10 end \;iG~i. !

in to rroan ODa. 10\1\1)). dat,umf'or '~hn PW:pODiJ of obtaining leko '
, etoe;o i'O~OIVlijJD wei to prr.rrl<le for lsg!l1 levol (ij€tab11(()J1.mmo.~ on
n~an 1')0Q. l~l1rol {m*mt.'1a

l-;,:VilUabliD l1'ipalria;o. Qtw.~b'n on Cl":lall~ k.lel!:lo·';'1lN cwtitac~~:;~'
and Q.c:;:Qdta O:li:px'\ODrlthe1l1.' lndi,rl,c~. d0a~!"Gli3 ae ~o' t1 llolf'i1:al
lsk.o l~v"Bl 0 ~.hG UEl..jc'4·i ~ I,'t1' i.~ip~!·la1il @CiTlM~X'f.'3on Co::l:'{iYLs.ke ~lt!.
:J:aigoA" :l:]:l:ti1l h.1.d \,;rov1oll.l:l1y OZO'I'DlJD0d dOCilb\'3d l~~lr.l fQ.1' ~;h91J~
lW:el&J~ ~w~ \.76·~'ono Otmoii~~ ·~w!~J.labl~ OEl M7J.dLsJ:teo

~;)i~.~iJ. PZ'Qlfi:l~9 :1J\l)'lr.~ Gu!'Vayod en Cl@a;:" aua p,~ I.,akCeJ
~o ol~,j ~,b..aQi'f.00t t1f 1Y~'r'101iJlrJ1:7Jo1:,\..on eho~\3)1h10 ·1Z\l3t~latio.r .•
tl-'1.dtel cc;r"vo O"Jl 'So gnJ.;2.1'lto r.we.i..t,Q.1>loctoX'iig@ in thfJ la('~ bs,lIni>.,.

, ' ..

PI")lJlr:1i\J.n.."~l plauB hD..1;~1)e.~lil th"afted., pI'oQcn1U!~,a <1::,,,.
tni10d e.:ro,:7>o"'[1c' it pls.ll and pro:f110 of th.~, OOlmQcting eha:o.uslDI'l
O:\'~fJfi flOQUQP.n 02 tb~ ch~:'i,':Jlr:!lan{l btlD,'::h..p2'o:f11~ao SpGr.101

, c'ontll!GoJ?.J.Mr.:l k'~o b3~r:l glynn tio cOI4tr(;l 3t~l:l'tu.:rGiil i:~aqu11~0dfr.~:;:·
01011i' 1.BT-:~ 1),nD. f03;' ;''J.~~~'\t\')r,1c;ltato th~ ii1iH~reIOmlGctiI'.g channol
Dst'iJOC.i-l QQ:;";Z)~,~ ani/. Ko.:tm,~:!.·,1al!::3t1~
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:Llhl1HJG,i"O'1n' lc,klCi0g tOl','Gy.ho!" t:i1.~h F..al"'''';'09d tvlw in,. CSLtl}S
G~t7o Cl(:m3t~tu~j~J~_cb8J.n of ~ntQ:::'C0111I.cctod~':,n3. (o~s loea=>

, . tion riL.--atcll pl"aCOo.:me pat,"O 01'10/0 Ka.i€Wl' u:tklo 10 tile low~rato
El~t di.u:1D,gpo:dooo of hiep ~~C':ltGl"ll\i'~.th 'CJ.ca:r ~d I{ud LrJ.:em
~,mp~~ into it' fx'Om tho no:"tll" t:;,::id Coroy l?:OtJ. nD,3;'tr~Oa Lalooa

, ' fiol1r!Dg '.Xl ':f'ni1'i1 th~ ~'~EJt() ~i~.ho!:.'\a1,0 no Cl.irect cOm1.Ce~1(l\nD bo.t
GZCOiJi 'i!t\~o:r can be ez..o.11.~!1boon pumpo.cl frt'l!l 1.toxlgL.aJ::j:,) to
Clear Lako3 for ant:ncjW t~mgh th\!) clle"l:ID of 113.11:000 The only"
cmtlc·t for di13cJ:m:r6~ OA'"C~m!3tm:to:f out of th~ ~tQlfi'.td'Stl 16
~hQ C@re;~rr,ake Dm5.n and Ds'J. CCntSil;iuct~d iu 19500 - ',1

. ~e dr.7:l.1~e &'Jret~" cont~ilmM~ t:') tllifJ g'i,'CIllP of'
'lslroee chem.,g@fj in' €iliSlQ m:ld f,lCO'P6 a~ lQ'ilolo ~f t\ho (J~'lDX'al
lakGfi f),l1,ij~\1,at@o Durine thQ mr!,joX"poTtio>l'! of t.'1.r~ yoo.1"o

. :Ka1lllsr I~~.J) 1~i1thtD lC\ro'St @f th~ gll'llJJt;"q) clld n~rvof.'j IDJ3 a o@Jp

. loo~iDe 1?O~or.i:r"(,1lr tor f.l.o1.'mfrom t,~\tld1!.1rt}oM..Oili:1 10 li)Q J) pat.'t
of th~ lnf10t'i o:r:lg1na.ttn:B in 1iiholi:ll't111.'wQ;:Hl !ta1.~ \"l'at1JI'Sh7.ul() b
diGc.hal:g@d f'7C'Oml:!Sl"rocHl to CCl~Y tf:\~~ 'Uh!JJl'~ .th~ (}ij);:,.ej' !:nkt'J
uro.tarli]!wtl '.til t~(I.d.~(?Qud f!7U!l..lly finils i~jO 'tfl:1;1 to 1'l"&r.J;;:1X'Xek3
wia'acQn~~Qt~ ~~~,@l b~t~0n ~o1~or~·CO~d l~~;~go.
..Motoor part of tlw 1~lcr1S to lraiocn" !ca;,~~,,,may g~:.isrtf:rom tlla
~-ong ta.'ce. wat~A~l~do 'Wh~n'r:q)U iij P1,:r1ip~1J. t~ C]::)a;~ tw.'C!Jo 'p1@lr.:tl
UP ..t~ C1R,!1!.x.~ll:.Gl, 'l;1l!l.tali~;:lhod'D ~d 1[1 ill.~Chl1~god '(;() .~ild:taka .
wherrll tli.a.t wt0nhGd 10 &tu.c(l" ~T.\d9.\3 ?-hnlcl d!..gohu1'~~d to'
l!ailllGr La.."tooothrtnl,gb a oomM~ctiJa.,"g chm:.'":ol bG~"J'(J\OJ!lEaJu;srl' and
J:.~ LWBo '
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11
. :'~I

: 41

;' 'II
, ,~ , Dur1ng certain pml'1odij'of hieJ1 ~·..li'!?tf" IUdlll~r
Leks ~ r.aee1vo 1uflol1 from Lotlgl) C1C8T e.:Jd r:.t""d~ttGO only"
and diflcharge Gxee3u to Col~Y ~~o Ur.ldor eur.h,ecmlti t~cnatl '
GXC6SS ,flo\fil are dlec!'lIU'geili from too COl"aY:t:akra~..n and
Darn to }.1111Creek about :3 milei south, Qf tho group of lcl'.:6\1lo . '1 "
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"'j'':''I'''JI.., ,'1<-"'.'.J ",;<; .., '''''j t1• I ,ft.~, ,~

e
Tho Cr2iiIlil,~·.';~1";."0(~~\'f;jJnagso.:raara or ,1nl.t~u'3he,I~ are as!c,11crJI9: I

Ji'aic(i3X' Y,J,1co 1.::Q:~O~t:i1~:'::ll0,,7 r;quar~ m'.loGt> plu.s Coroy Lak€l "{;Jat~&'l!hGd2
0
4 :

&Hlu.:-",-o mllsso 11:f,1J..Clnilt'~~iO()d tJ,ka l1af;c:roho(1 2QO ZquaT\!l mllaa (an liLdd1 ...
Uoutll 20 1 O(I:~;'2:0mll"J:J or ~,.r::ai:r~ot (lZ'c.ln~~ erea 8'round Ha1'1100Cl. LalCo
!leo beQ.'l1 om1tt'8~~ iJa~c}J.:J~~ U dO:l:1:lnot a:t'f~e~ poak f1o~)li flo'i.!nll) mm1c;:l!:la
~I)~al a!'Gn' X'Z'C'j';; ~;h:t3 d~\:!':};rUQ'n of So:~ gqilartl mU09.. tottg ~ka bratO:fb
. oht;d (1n~€)~~U.to;."!t) 201 cqy:'<),'X'a:ii:UCJC1(l !llT:18 Cl@e.1" LaltlU l:1atorshed 1

0
)

'BqU!1:T"tl milJ.Je :::,:,nIJr:.'~flX'~~':.J·f..'d.;l~·:Jho:~006 Qqt'lal~ mllt')O glvef:l a. total
of l.1'00 1£''1'.'f),:?O r ;,','80 f:F::l:l t;;~o J~tt0ll' 17!,~~~CJ~UoJ:\0 tlD.d tl~ eggTagat& total
of th-; dI"i1,.r.m:';~1 (0),%\':18 ',g ~\ i., fA:U~..l"~jt: !10i':J 0

C;41.'oyIclwp tho 1HI'g~ot of ihiD f'ou:r lakGG has an area of
567 8,C!'e~o XC ~8 h~,:~hlj?£le'V'Jlo;podalo:ag most of :Um ahOl'al1rw 'sud
hr.:,r,! ~JKY i..::JOC1•bD.~hj.ng r.3£;CJ:..D3o r'h® only O'Ut:U;9t to Coroy LskGo
o:~'o~...t fot' a ch:~l\ln~l coun<'JI~Hne it; to Ri:d{jar ~:90 19 Sj,l art1ficia.l
mrc1::/;; a.~ ~;he lrJ;:oJJ OOlAtlu:I:\'i.l ando ~hh cm.tl@t was con,ot1'uctlJld in
:lCCol,'J~':';.eG "lith :fl1r:.n9 'b~('~~.Ao SrtU,ho do.tcd F0b.1U.~ry 14

0
'1951

0
and

(,;::;;Itj,~j i::-j.'ijo ~:;:1JJ, t~?O;j!:':tI:3 r.;Um:J gcu.th of .the lakao ~lht9 inlet b' e
(!rf,:,l!, otr0t:J.:n :\:";;'':-[; :':1,,,,,rocc1L:-JC0o Ct\,\,:;o"'l~ C-orCiY' L2.ks from the WI/3E1to
',N;~ <1:k~.:!l.il~V.,~~O~".I.'';:J. ,'\~1,;]t':'X~:,1~;~(J ()cn:cy l~ko is 204 IJJqUU1L'O milcHJo uhiler,r.Si tokJ. r.,T:::c tJID.nll ;-netul:;:o :wttt~:I1tt:it;e.nt d1's1ns.go througb. tlw'
c(l:r.m.Jr.~;:'l.l1(;; J,r!-:~~'10 ~.. rJ 90 1 r::rl;J~'-';>G9 r::UOB co21t1"'~Jm..t~ dli:'act c.'iza.1n,,~
2.M 2.,1 1n'l",nl'J ;;~nl~:jr,'Om l/::.lC:..l o.:r~.i.l:l.ag9 ~.~ ~.XldiY6Ct and doeB not
~tfo~t. pneJi:~cJ,<~;~ff(0 ,

;:;A~r ;';,' :'<.~h; :';l'~hU C'''.k'"1.'nC''lla.:rO::l. erE 89 aCl'O&l 19 a compa::."a"" '
t:tY;lly ~;h.£.l~..tJr:J :r,:J.Y':':iJ~,,:'h[~~·'d:·li(l£1.e:bGi;"::Jlii :J(:~,~t;':jIi'cdl:;hor31~o d.:"Y'Qlopo.:
m;;-~(;" ~:):rJ c5:.:1'<~:'ii·cJ.1.'J~1i!')'Jl;:.(~]:i0,/1 [jqu.'1X"~ ffil1.(:J:J .f.1djacGuj); to thfl lwke
;::<ltl '(,!VI ,,;t ';;1':'. ~;<''.'},O'''f::(',{), C'!.;:-,::"::\ m~' Tt!l~r;'"S',:~ ou.tliuld ill. prGv:"oul1 P~Ta=
g5\'t'.I1~l:'jo I::-~)In:'1~n ;::r-,J lit' (,~':~1.1otx,~a;:", c-o;nil'!.s in f:t'om Mu,1iLu!rn aud tho
F:,7fn."~~E~nM.~;:\~'~G~rr,:'"~~~~,,;~ nQ~m~Gll f)i'~;n C':;;X'J)YX'ilw" TlW latter' norvee
au 'hG~,h '.r ..', ::'~ :-F~~ n:~) ~~ i~(/~ F-aio,::;r I,:;d~o dnl:,ondl~ elL!Tsl9.t1v~ J..;!!lkQ
1I'Jvl£l1i3" I I

'. ,~ 05'"

M.W. 10k<£lo ocrmJ)8ill;~105 acrosll is 'oJct;TQmoly ohallotl! end hag
ntl l'~IS~.rt d.QvolopmJlllto " ~.tlO inlot f?om Ol;9G.Jt>kk0 t;)~~Q~, at thG noi'tbopm th~ only ouUot io th~ ~hM.nl]l ltJonnoeting it ~,o ~iBGr Le..VOOc ltc
d1r·8.9,YJ~2 Q!1'Qn~a 006 oqt~\'li'O i.:lilo(j\l ~mt 1t roc0i VSQ additional t1S:tElli"
from ths Olea? XtCkoMel ~bI(; t.'1!k~dj'G1iiW.t,~ll!'~lil~ aild ~lm(} 1 tel. ~otol
c1m.i.0P'~ raTon i~2700 oq'illU,~C mU~\'ilo '.
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"" " Cloar lake il;l locatt.lld nax-th of Mud ~o It' hero a euri'p..c:o

, ,: a:f(ila of 230 'e.erora\? a dre.1nee~ area of 103 OQVl3.Rl mller.! pllJ.t1J201
, " , oq'U.aN m~10a of 1nte~i'tt~n~ ~:':1~<::'0,fl~ lore Io13lte 17ltl.klI1,ga ~trl1

" ot:3n4 mq~Ja110o ·l3Itui 11!!~0l~. ~··~101?oa. owr mOrlt of itt'! IWJral:b160
~ ;outlet 0 a G0:ri(i)fj (If oul'lffl:r~:n;o l~avi)1,\1·'UtC' tlCYl.lth ()nd w.1'i ~tiel:g

1'" into r-lud Iek~o It MtJl no actlv© 1n1Gt :Jl'\{l f.3 fc'5. ~y indh"t3ct drl~t:t.1'"
age fiUPplem0ntcd by tlL pt\\'~ipf..ng oJ'iiJic.m "iij~do:h.f,Jv;~:~:r~7pJ.'~\'m1l';).t£JI'm1tt0utly
,from Lo~ take.,.

: :Long Lt-"l..~o 1:rlt.b. i.tr.! iilab'~et In!'..:'1"'1!~ ea t.b8 la.~ lowl
pNblilm1 ~6X' this 2l'\'NJtJ e1l'oat);' hl1tl a lu.:.:;,al :t0~?~. Glt.t.f.ti.bl~.rJh'fld by'
the C1Tmllit CcnU'tD tlliC.il ml ClUtu.~1~l,m! bo~ cm:.rr~!Uctati te Cl€a:F:' IlItk'c~nt~,~ ~o:rm of a pmt'p:1'1~ fliJ:mtG:i.'l1i .Jh2.ch unl f\'·;':j:l~V\~eZI:'.t'l~m1'1l!n';,;e? f':t"{':J,1
Lgng Lak0 ~13 .l"13'-iu11/"Oq."Th~~ ll;,·l'.q.':~:r.£c:m~::.;~ah::~n n dftf~;~e.a (il!:.:cha?~
capac! tl' of.1 Gcco~d::':~e,~'iiand in t~{;~i1cnly at }?~l'iodo cf M.gh lfJi11:)11l;
on u,ng La.'Iooo Obc:on~a., di~Cho.1'tiil fy'mtl th\, pu~pm ~1"'~.1 1953 ~.p.:
SfJtimatsd to bs S &0COno."",f'€;lotc

, ,

. .
.mw total d:r1l1u:lee 3,1"Il)D. of the It?!~a involved :lQ 1102

8qtU.U'OndloS., '.ncludinf; 201 e-.qli.a.T~mil~\lli t.rhich fu.Uin~ into toDg Lake
t; . 'and alBo m.oludi.lie 201 equo.ro 1'lU10£l of indiro~tc1.l"i11.xm~ o.'i.'oa in ~1.ll)
1 ~od t~ \mtol"f1hodo Of tbo tote'. rnro..'J. 18~ ifi l~a~ lr~ 1" t\'j;3.\1WIl

20% is. cmlt1,rl.1.tGd 1a.rido end U~i) l.·oram'lmtLDl" ~.o h1.JJ.yl> t:imbG~ covo3:'1"Jd .
marg1x]allantlb' The coll 13 px-oonm1untoJ..y gaIl':i. ~ ,~l"a"..tillwith rHtm~
eln10 .

I,

A lotm,tion rJkt)£;ohof tho a.""O:l !f~iIl~11All~din thic l"0porl
ro~oIt'letatlon nnd 1f~lt\dy Nf.m.:'~,I(f.~oo

(,'

~. I
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, ''l!htl\. C©l'1~Y !',a1i.:O LQwl C~1tt~$~ in liovemboi>1952" pmr,~:~',
t'o tb.e Sio J'orJ&ph County:Boa'Ru lot SUp0rli'1f;on 's, p~~lt.lon l'Oi'lWO 1
<tho (J!1'3tn1>11~~1~)nt,of tl, legal lQ'villll fof' C!OiroJ(~:OO~ Tho pet! tion t,
th81'~ tho m~ar1\;1 of l,,~.pmrlanC'Y(i(leZ'G dQm~.eo ·liQlvlJil 01' 874,,'5 for-'
takiZlQ,J: ' .

.,' ,

"

lU'Jlcr~.M c.'UO(;,t"U on. Jfu.iser LaklEl, wN :rGPI'0Smltoo at' a hcs
fOT trliU 13r-J~a1}l1s1&lle."lt~')f.e. lGgrJ. 10veJ. f:o~ Con;r taka\) bsld on J~.
169 19530 m t~ O:h~tdt Oo~ a~ Cwtrevilleo 'Sto JOQlsph Count'jo
th!1'J hool.'~~\3gfl the oounGo]. feri.' KEdsor IIa1.oo 1"1par,ians ind1cBtsd B. d"
leJ~ ~lo'l'~·./~:"Cln nt thJ1'.l3!J.."t'JJ14l".TOl l.11:3 ~ia!il roq'UCsisd by Otm.s~ em. Cm:
k
'
:-00 ,or (i1:;:J·L~t~.()J:l871~o5o

", '

] ...~lri:'oti. lr.Vro).ffl~~I"il) not tn~n for ~ ;talon' ao then 'tre:"'C
t'lF~l~-::~,07S:...~.G:13 r::tT.:'\Ua1)lo and th01"e 15 veri 'J,ltt100 it eD30 ~V~:!~
li1<nnt QZl ~~U.:J lr,btl" B:at.V'~wro SfJ i4lAd,I~r~ ia :s~~~y Clbal~,0\l10 8 It.
l?wl ebl:,:]~;;r.J,€'tfstion 8'71~oO ~'(JvJ,"d~~TOvi~ b~fttS:f ~lo~ng oondi ti.r.-
end g;DV.37:\tl1JJr imF,NW ~h~ 1ll.\kJe0 I ' , : . . ' '. . .

, , • [' " I.' ;" ,

~o CJ1,'l:;,:,1,' k~ " . '.

A ©~7l!l~~ "If 0.11 G1vtl11G.1 ~@ !t·1ps;.>1M o~~mJ 011.'Clilll:'lI' L&:~
t'.E'.C ~ado, Ql!l rJijli,m~;r .12 and 1:30 It.53o for; the pu.xpo~e of obtain~
M t;I:r.9i:·c\:~l~{lnof 1t'A.u.VJ,dJ,~ op1n1(Vutl Sf3 to th@ opt~ le.k'a 11)v~1.
~:h~~~(jcP'"t<J'.OT;;2Tr.C.10l"Dfm~Jnco to jt.h{;) l~ l~ml.., aa ~oob'ded on ~4
Uo So O.)olqG~o21. S':ll''UI\),y .r-;ts.ff .eagp .£It Cl~ar LriliJflo ou tbo dato~ mel
t 1Ck.1Qdrl1,h1c;\')o :Jmd.~i1i'}2;'J O~l~~g'r.ler!l. 00 n'UmblC~of fest Oi' wc.be~ abo't"l
Ol' b'.1l1a".J~jk) c~bfI.i1M~t IBJm lsvelo '.The averag@ ~n1~ of ~0 01(,-:..1
Oti-;:'~jT~ Ct·::~'i';['.ct;etliDa.., Dl~"l.~l'.t1on 87L;083 and, thG median 'IlroJiJ: 875027
(7 of tho n. 1:~.~uo3t~J" ~7S(27)1l tbt.l. lmvo~t ~q't!Jget be~, elevat1C'i
813,,27 'mid 1Jih0h1gA~~t Glcvet1ou', 87Sb 21. Qho1di1g a dm~n.t@ll·cb~t
cp1n1~n of 2 fee;to A lewl J1GaT. ,8?S?O:J:1JPP~a.1~.to ;bs,a:'~Mt;ina'blc
dao1~a lowl, arW.i.iUl 1>0 U!Z~d':.fo:rdQ:Jl~ purpcw0t(m thio :ropO:r-"";r

. ; ~ :- '" 'I ,r it· , .
, ,~t ...~ ,,"
,.,,'1,' I , •

, .: " > ~ ,. ,

Xn otwmatiwu th~d~2liNdJ.$lm· ~i,QYa~,l~nm'in X'Of91'\\):ne~
~o m~ap. :~:;)alavel da1iWJ ~ an tollo:\1e8 , CiGar ,Li$SII .0levation
87~~8o M11dLakao at' 1301'J0 llElwl 'hQtv00n' tJ1e'.ra~vati~ ·o~ O~ar a~\
1ra1t1lGr ~0S; IJ:eJ.cor Lake. ~lovat1ou' '8140.5: anA-. COroy If'~3 ~~O 8:
Eleva"U.OllO oh.orJU on tho !l{:)xt p~, "l1SJ.+.b~ ,1J..~~~·i:~,t~~ '~Ol't fox'
P1U'POS~of d~fD~ing contro~ Gtruc;;~a ~~:~o~e~t~7~ cbsf.tl~1.Sre

. ' , . . . , ' ; :i, -:'; f:, " I ~~'t I. . " '. " •
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:By D$pto of Ctino@l"tttiQ~
0ngiMElnl

• ',I"' r..
. Cl@,ar) .., 11 .000i~Ulli."e

.. KsiQJ~1"1(3ke diger.l:~rgar:.l \':'J;~'~Gr1.:'..diO C"X'fJ1 &a.~ oul~' ~:I1;;"l!lg

. paliod~ of h1gh ;ru'Uof'f oX' 'qlh"n It'n1110C3 i'r:';Iil .!taisCT 1,a1l:G Sl'G lCltTo
H1stor,y of i'aif3~r t?J.~G (£'1'0111 loce~l :poop:J..e) 5;ad!ca.toD tm'l; 10(11301<5;>
1"esultinf; from t:rnn~lmM.oftD (\l....n;p,~:J.·p,~~,'?ir~Il'!.'\~?ipnt~~ el1?l. oth-or ,~i.u6eeo
may ~xe004 1i:.1flo't:{ fro~l' rfud !Jttrca Q "t.~'h,Ua Cl}l'G~r W:o lli)'u:,lly hnf3 f1!t\
49XCO'SB ,to be diwcha.recd no {yiltf.:l.ow0'.. ~:m~l' to Co?'.!;):!' Lt:l!;:c d!'aitl, or to
m~flI9r Lakeo TllElNi'Ot'eD d.ur1n.~ r~11Pl:3l'Y.oCiti1Q ~~:r~cpt Ep:r~J3C brot~ku:.Po
m.l1ser ~ ccmld. reoeive infl.l19T fXOIll bo'~h I~~dL91m and. COl".3~I·,t·QklVr.
Reports of 1a1~ le'\l'Gls indioate tllB.t Hueil, a condition G:d.oiod em
,JuJ.y 40 19.53D with lake elGvationfJ DoS folJ.ow~&

.Q.2~ ~t.r~ ~ !!lstM

~ :'z~1'O ,870000 650000 8l~91100 8,50,,00

.~s R0ad~ ,-~' c21nl.7.. "...~t£;e,.Q .".a~
" , ai4(iS'L91ce 'EIGveUon 87:3075 ,8?3Q80 81f.}o80

.r ,",.

. '.,',

, '

". Jri:JJ gag9 rern,qing aAC,@d ~ tl::11J z~~l"Oat tha ga.gt:lml1 ciwG
-tha GIQve.t1on of the 1B.k't!o EtmlJJp108 U th~ Cor®y tak<;) g4l~ :road&!
4'oSQ~ .tb0n th@ I\llUlvat1on of the lslci 13 670000'.0} 4",50 6? 8141>50
(th1o'i@v~l le.'th·o domiTsd 1~~1 of CQTay I~G)~ ~
\ . . _ w.tex· ~~raco alGii1tU(t1 !J\mtion~d in th1f:;lI'01;@X't ni..~y

b0 con~rtGd to a 4~0 r0&d1n€' b~l m:tbtx;~U13i£ the !~~ oleva~i~Hrll'
, fram it~· For GJmlliPIGo if' tha) mwtinro.m ...~at~r ID1!.'ll'fl?''''o@ iIDl 01ll)Vl1!l.~ion"
, '., 875010 the COTI'tSlllp@nd1ng gagra ~S1.iU..".lg \~;;mld 'be 815(.'1 r.l~§ 81000

0'1' .sol fop CONY' Lakeo '
, I '

.' Gaga 100m G1Gwa~1cnw 1'01' ~a11 tho laksl!l in iiho gi'ti':;lp ar::J
cho-dii i~, '(;40 fo1"l~~o:1.»,gtal'lJ.aY;iClXlo
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I,
"

,I"

I'
j 'JI

! t ~t' .,.;,



..ii " i

't; .

.' ..\

!
!

I••= 12 <:>'

U 10 (1~1~ ';milr~']}otat.dlng that tho lr!p~1&11O'lffr.1~3i't:I em Xa1\;lOli'
hB.'InJl l\Jquo(lt;::d '~h~ tl~-:a lC€M 10w.l s,sCOl"€Jy, IISk6 IinOth€W JDal' haw t,1
li~noi'i i; of a:a~oca 'tla't~i' f.rom Goroy Lnkamthl'll' thalflallOTsing it to h
obml'g@i'/.out .\;11:) .°01'01 Xd'\.'ODndn.' , ,

Fl"Om eru on..~l1.ror:lng 1'.ili;cuc1pcint~ th1aio ilot pos[J1blQ bSCa\::i
th9I'..J .1~J flc.:i1 o:l ~.tGr t1:',~~ l'010t illo a 10101'0 @i' di~f'a:NmoQ in unto:f ;;,

~

olr.lva:t,:1cm bG~tJt9(\n ~;M tt"O, ro[(lGl:fll"fJ1:m as l1011 M 1:0. thlil conr.ootiIlg e7.:lw
Thorofolr'Go' i. 'S; 'lnw.la.l1.) uclv~:enblQ) to 00tc\bl1Dha .1I~';1S1 fo~ F..n1Kno..,r 1.l1ll-:.i)
o11ghUy lCt:le:? 010't'::1.·~:tC'1l thm1 Co~;r Lp~} -. Tho eJllC1mt of .diftoY.'Gnca t;'

dCipood 001 lrl:!.O\ih81' the eO::;.~'J.GoM.onb(~twGn th~ lWoaIS ia aJ'1 ~M chan.'101
c};.'l:.:me'. 2,\3o~!'1.cted by. a fS:;.:ed eit"tCG'~ "i:1ei&'~. .

I' .' .

A~3 G>.:').ly a f";!$ la.1-P.Q t!ltl:.t~ 1'Gcordri a.I'1D e:';~li:n.able 1'01- COI\1llY :~
/!;l,'l1t1. no l'Of:,():;·e!.-:.; for oth:3%' lC.tOO£l 1n th~ g:.:';mpll 1tht~1 boen nac@ssa1'7 'to
~~t:Y.tllc.to tr.o :~:;"Cq'l"'!t.:,"l(~;'-- liM ll'U~]n1ttilleof flood 'flmiTel by a c~TbOll 'j
dnile,r tnt~r:::::l':}J~'me £olll)'tJB g .. :. "!, .

" '
.' " I

"
'.!. t-,

Cla-v Hilly'

SaM ,'Hilly
& Gli"evel

i,
'»' 1"

'Y03', 11~2'. "."..-; .
" '

$ Cc~rl!';Yt~'l<:o ~t ou~loto ~.nClud.~:8 XaiflQl"fj 'Ma.d.~ CleaI"f) Ra:rwod and 1
L~l1r.o:Jp A~ s ~hG:k I:1pply ~!I!tVG!:00fo.rm·41a.~or.p~ mnorf~
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h1l1c:r. (f!OX"G-f'~.) :: Im"loo (ooo.~o4~) x 2_

StGl"88G A: IDflcw - 0uU'lci9.

'm~Da~:~t'J
.' ~., llros ~ Lam (&erOO)

, .tfiea.·(~o~od~) : ~m'~)2~ M~ tum aJ

DeaSp'OAU1OW (O~t••• ) ::'9AU1mJ~) gm)
, " . , . ierilo'U' (d€crn) . - - tJ -

, Aa~ Q st;Q5l runoff of .5 clGy dV8t~ with:; dayg rna:d1JllE raof'to I

rJ ~.~_-_2~o_c~~~r_O&_O_I_~_~_~_"~O ~ __ ~ __ ~~ __ ---~_~'_'~4~~-I-
: ~.:::--~. " . - - . -, -;;c --,;.'. _ ;: ..~;:;" ,>.:~:;;.:_. .::~; , .... "
\ ~ • : .",- -- =::.. _.~. :.--::/: - .;..~ -:- ::f-r'~-:: !-:~'..-.~ ~ '.- . -' - ...-~ .' "- ~~.. ' .~~....:..

•• ~ '•• ,:." .~f ..~, .,' -," -. - ._,', . ;~~.c-,'.~,:-.:!.-:--,__ ~"/""',,- ,',' L· ',:...'.' ;:-:--<" ~~. >. -;..~ - i....... ~. "-,: ~ -.r:-~--~ ~~:~~;~-~~t:jt.:~~~~·~"~:~~~~~-'·j~-~f~-';,,~·..: .

•
;::; £(!AfG'.,J,.,.:· c./ '8eJ7.0.
f:', Cl:£,,!~;:L~:., .' /.3 ' 875'.0 185 i 9z.

'A2W(!DP '-: ·~-'--leJ78.9 I Z1-0-T/ZO-'t- -SI '1·- I:P _. ,-9/--
C".es~'L.Z.4-F4.5 14SB Lzl~' 1_~62.-LE~=f~340

M~"~< ~3 !8~5IZ40_ l~~ 19+ 1__ JL_.Z__ ~I·_2_4_0_~ ~ ~~ __ ~_~
""_ ..... ""

is~:r:.=.,,-the ..tonp- "'luel eo tile iAtloir. 'ii><lr<Ifore. tile 4....~ ;"'tt1A<11l:l .-1. to ~ fl"'wllt.' ~~f-~
$8 file ~ ~ aroa ~or Berv100ll r..aJm is 4.1 li3qU&lrG-mlleso buill 2.1 square ir41esot~ vu 8~_W:.··' .. <~

be3~ ~ 113 !D,u.reo~ (OOG~) cm1i 1J!dl~ ~ OO1\liilUfmQ wU1 no~ af'feo~ t\ peak raaft. . I .
. $0$ « thW des~out;fl~~ 5 O.~.8. gUl bo routei ~ the Corey'1a!m dreia ma, II o.r.eo 1mo KaiIl!iQ~" ~. ~' .

- . . • y
Y!w val1Z8&fer tb0 dif't~ ocllJj'ji!DSwere att~ as fo1.10ifoI -t

IDf~ (seoo".d~) = D?at~ ~ (eq.mi ..) x wl11l rate of ~ x ~104
. (dqs plus iDflou f'rcma aljaoell't draiBa~ area ..

'-.
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,;' . ,'°f' r ,lroUI:tha Pl"oC6d1b~ ta:bulatioXlo $,tgbwld 'be noted thata

! o~.~'";.o,>.Jlo:·':'~':;",'t.. , .' .,

,;m~:id:J.il;·"".ti¢~tiiov from tho :tong L!lkB pump, JS ~- eeco~~
t~~!~,,:~t4~1~;a~:':30.aonQf€lst to 'Q~~ ~\'rD mffecting .ittl d@pth by 1 1/2
,1i1Ch¢ue ;0%1:'~~ ;,aVl)riJe:~ ~f. Onc~1111 25 ~eno and in mOat ;v0aI>D tht1 offoct
o.~jl~'~e,.PuJnplrig rill 'net .be noUc0e.bl0~ .

;':1\~lY~J:,~'~g_dIJIl.:l1mwII 19-",Uo,' m.oa.!' l'..?;r.oi. at "" e.l• .."t1au
: '::'t~t, ~~ be' abov@on~ o:r-mo~ ba~jGuont f:VJOI'\I!o b"..'1.~ H hI (lilI' imd0i'IDtf.\lld~Dg0 •

"J: ~ that, SlWpptDlJpG h.aV3 'boau In:atalled QO tunt. lll~~:'icm~ fivr.apce can 1>8 ©;V~1(/:v;d,o
',' ;~~iD. ':1w,of" th& long tam TaO\1.:('X'et'los intal:'vl::>l ~25YCIIl~";\'J)e it wultl ~~~:1
.0 :,itbat thacond1t1oD. een 1>0 tolarated" ', . . . . ~ .

.~.

,. ,~ ~:
,I .',

"" 'c' : ':' . '~#neo noma.l J~@Etno 'th~)' 1Y.I,:'lxilIf:arJ3 lt~'V<Jl of CltDa.ll"~q) ohau,"Vl ll<)~
$xo~etieJle~~1on, 87.50'3 blt'Jo~'Unel tho m~~@llcti.ldeC'11I'hol I'ilt~uctUi'O Pro'rlI~CO
~~~~!.~t0i'·d~wdot911 of th,~ 1&'10 mrii for ntaT~O ~f 1'~ of t:l~lJP1'i~~noo~.
'l.O)ifJo, b01,oTlY,tpo d051rod 1~"01 of. el€l17t.i.t1,on 87.~oOo: Xu J!pl';ll 19.~Jo 014)8.1' Lclt-s
:wo\,found to ,be at \Dl~vatic!U 675028 a.n.(l altho1.Jleththa lO"i#.&~r~baileman~ floor
<:C$l~~t1:~n, 8;4.051) il.'aS da::i['.,no :flo~dir.te; Ol' ea:do'p,u a.F'JJJaga :z"\~St'lted\l '" .. ..,.~ "/ ' .>. t-

o ~ ~ .:~ •• J~'.r, . '{(1 I; I 1 .
''',' I, • 'I'

.. :;~..:.:\,1(: 30t 'Co~tIOl of OlGal" Lah" !~ten'De.rur 01e7o.U.on 8750000 mq ha'W!I a
~'I \':t~dimcyo to'l'a1as ',,00 ~arnl €l'tmnd ~"fl.\;~:lJl·lO'lal al'ld }-l..elptho leni' "mter
1:1,... '~\~~~~10~ on :.~isar Lab ,dtu'1n€ d~' s0aEonuo. , 0

.~ I:·'" • , .;;,,;, " ,

;,:/~'i'''~",4~>';'Kild,:~e.ndKaieer 1a1mtl ~0:ro trea~cd G,:a m. 81~1~ la.!oo 'b0cnlXae' thoy
."vinpr.obably.'~luptuata at ZliEarly the same lOT.:i!.D",' T.'na!~ dre.iMage al'OOfj
~- G1mllar 1xi ;abe al'ld. haw cC'mGr.1hattho al]l!l~ ~i;'Qeh:dt)'~;'C'll1l Md tb~;vhsw' a CQ~~t1~ channel vb1ch '11.111 '~tn:tl to 0ll'i~i:.:;~ th@i1' le~lfln dlllinn
/pOr1oa.aOf"lav tlOli" Mnd Laka vUl bo Gl~@1tly hi.£h~l" than Ire.la@!' cm.rtng
:psd9da" or ncod ro.noff w~n :3 to 5 [J('])Ctm!l!""f.Gci of :nc~ will DG 1'000hiDg
,Hi!d Leks f':rolll CleM:> t$ltoo and a POJrM.o.n,of ~fh1ch ca1'il00' @~t~o~ad 0 to £loy:'lnto. Kabal' Lake 0 '

:", .' ,50 i'''lw patt@X'Jil atla. b~hav1or ot \1t).d:S:r~1ro'i;r.l.",d1i@~~ iK\ ih,"l,g laTe" , "
.:::i ~a.ls ,not Iaiow and Inloo m,t~e Nco1'{lc lira of ~~OQmMrt fiu.lI'at1o~ to' l'

morv6 as a baBl@ for p~dictlong of.~J~a~tod1@8~e~,ftamtho30 lclf.G~o'
• J

part:1.'cularl.7' Xa1flor 1....'Skon Jet 19 OOpe<':/.tm't oy r~l'~aiaiilG2'.~muoh ail
i',:"i:poae1ble of ~~B~pr1hg flOi>'B in tlw laloo lr.(I)v~i"':Jolr.Jrmd gA:'l)wr.d 'ilater ~=
~.,fjJ~mh"go mOlr@m9.tiefQI;r~OX7 VJUWn~x''..EJV'Ii!)l11IliOFb~ ,~..a1~ta3.li1o{1 an all 01"I' .. , , , .
'( : .the ltltkeso ,,', ' '0'.:1 :

'({ ,:',',' ,60 l!a190i' Laka tmfll &19mmod to be ~,~ ~lovnUmA 813..,.5
0
p:t>lo1'" to

:,!L':opr1Dg 1'W1of:fo ba~Q)d on 1nforR'..at:l.~n CCl!ilpilsd fwt.'l local '~~ld0ntli a.w1
:'~ ..',<,thor pGoplo familiar with t~ 1)ohav1or of ~!136r t.a!tO during late
" .':_era, f~andl1hlt02' in paet ~eerflo , ~n til& 0vsnt tMt thim 3tO~
',\' d.e not a~lEl.ble in, K'a.1mol'L.~0 vt.oi'm flO\1Ei eml1.d 00 d1r.;Je1'lar~d throne;h
' : tho Corey tth Drain and dan 'by :!t"f1noval of add1Uonal [J~p logs to 1ncuC'et'u30~" wa.texl~ 'open1ngo 0
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I. . e
eo Qr.!. 1;h~ b!tli3io of a'b!~"f~ll:lutli:ilSd proc@~v..:romo it 11'3. b~11ev<Lld t:" '

lako 1()~ml0 ~j)j('G,clJ'.ti1:lf~tot'l ~o all '/llO'i..\1(1Tallllilt if no 'oontx'Ol f;)t7't~oa~'
WTfl built in ~'')'1~ t;n~1.'nsl b~tt7l~~illJraig~:t" and, CeraT I'9ltlsoo Alooa thr:.t
l,I2I'~~lr.o'b"C't11d'l;cj~1ileo oe).rn.aco at\tamnt1callyD roqW!.1"'1zIg·lGG0 opGrat1Oll..~l
,contYO'l of CO:i'i'.ly cuth,i; d~" elapmelEJ11y du~.Dg OJl:~:pome~' c.hW pGr1cd.U! -.}
C01\Jl;r l",aloo )).3ny' 02"(,,1>1)010'.;] t.:ho $@tab116Jhed l€lgal lovel.o

fo· An oqa;wJ..1:i:o.t~mll 9X!d 'l!l0.U.~ft.1AJtor~ dif.\lt:r1bu1iS.on of l.vd'lOl1 cro.
1nflUOOC5tl. i:;')j,'~mih:.bl;f'Q pe!"Ml.mll€a'ly dm:'.i.ug dl'l roGa~onGo if one pe?"JOil
r@lJPon~d'blEllfo1:' Ope713.t1o~of' all oo11t1'\)1otrnet;urac' in tho gl'IQ-ttp of If:~

, ,

TbF.!lo:d.at1J.lC c;ciua~nctin.e c~hll11l'lol eapFMJ~ti.'el» \fl!l:f'9 camputod ib1'
th~ pwpa·1~('lof dOtOl"1i)b,,~ the abil:l. ty of th,ra ~i~lM.ne channc16 W
:hand1$ tho lllc~lro\YTl aisf.llm~e~~l),l1h5~(>..har~' c:lqjloc'~Gd to 'aoour e..'ii the IIlf:.~.~::.r,;
lakoa Gti:..~OUo Bolm1 is a tf.1,lnU.at~l.()u of "ethelX'Gsulte of .these eomput.a/,,~~c

lJeGig;n
Cf'Pllleit,r
,,4~~"

Exbt:c~:
C~4l",aoii;;,'
-SlJr,,&2._.

25
12

$ S

~ TIlo iJ::j.tJ~jin~ CO;;'(i)¥'l.o!,:tO1.i1~1i1 an.d. ~ 'U·:l1J..lp$:en , eSo 20 \1ith t.h'3 ;
0:7 thG 1Btop l~~g~lCJ,~) {)1.!lv&t~{onS'lL",,7 and COI'@l ;mko at Gill'~YI!.1~~.l;.ln~81So~,
(~dl!m1'.l lli'lm Cl~VL".UOIl.)p 'but ml1 paGlEl 15 oofo!i1'o S,f all the imtop lq';!
are romovsdo , 1

'.. '~ .J?

1)~ m ~ailit1():J.to the clmnaQ}3.w it!!M~h:Qlaa~ovGo' tho:!:~' ie &1.110 a COl\t'.00·
cIJ.elm@1 'h~~tm~nICaifl0'r anf], r.t.i\d tl,.~k.~\SD ' '1711'11010.''by Ob0€lmtiot'.o hag m:d'f~~,\
C8P~1ty to ~eommo&.~a M;rf, t'1.0t11\ 6::qff)ctcclht,·~ ::I.ake stagG'"

,'. " I ,:~;(~ ", ': " , ..' ~ •

~$Sl:Be.eelL on 10 foot eO?lti'~l Wt9i'il" ~q~;f~I~Q£,l(lo£".9~6, f~:to'
, ,.' ~ ','.:1 .. ,,'

Th9 COl"Gy telm D:am ~ul1S.ll1dcsieJmd by ~o;Ao Smith to ala~::,, . ' .' .,. 'I' , .' . ,
~a.rlmum of 20 oof0600 but ~02.i~eu1fions 1n'eol101i~u:cstlon'l?~aar to bn'l'
reli;ucGCI. ita actual CBIl~,.tYD ~in~tJ oornplst100..tt!ha.on ho~er~pt"O'If;~
.ad~t1a.t(!) to nudntain Co}.?oyLak@w1th1n:El.'fttr..,t9nt;hs -afs. foot of the
dGlij~fjd l@velo snd conxputationD, \1ndicate;,~~'·~~ :-t1Umeat 9~~tf)d e
flOl1 r-squ1r~ont0o ' ':I . " .,."::, ':' ... ~." , .~ "

• ' ;; .. t. : ' " I

, .. ,.' '.;'~ .;; ,> ~,\. j : '
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ci for
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l\.Ie;ll:1mum .

1] '\3.t1<mr:J& '
,,'f 'j 'J. ..' \ t . Ch$uIol 1mprov~cn~0 mll bo ~'CQ)11b:"~dto proTi.do qd.'l"fillllic

'~"l~,"'".' G~mo~t7 1:0. th1,!} e~61 fi'CIi!\ C';Q'R'e'W'tc ~:t~,r;al" !clcet1i~o ~aU.~9 t11ci;p
l' .: ,; 'l0W11oo U it 11:1t'l@o~d~d tV:ln'll a ~J~r;.q,;;,('l.0~1."'..t:;)~~ iQ ue~cwd bl~'(;':;:fc~Dn
;. ',-:, :;,' Co"y,an4 Iesi§@:r Iak~13D th€J oon~~~l O~l"t'.et,uro Bhcmli'1, hs,\'W I!\ t1:Il:w.
.,.:;' ,';' C~l!Jt ·of 002 fc~t lm.~l' .~.:l tho @}):'@~t t.?~ C02'@~ t&k'\'l Dlr>ilio @u tlw

, . ',,;" 'Qhai.m01: whould 'b~"oli)&U~:l cm:t t~ pxofJl'lf.1do :f@~ tlGY crf i.3G\",o:rb@t'i1IDCU'.
I "',". "i Oo~q~d Xa.b~n.·Ie.l'\ill'Je ~ll. to fe.cn1tQt~ tlw ~l1'~ C1f bcatrn b~
';~ :'. " t\"1,,@eG1lt~ 1a1t:4SB 0

~\·t " '. ': -. 1 •. ,

;, .<. '1. a~' KQMiJENBd ~
.~' .. ,2,

,"',

',' Ad.dl~l@ot Q:lf,OOG9 watOI' from C;O'TOY Iral\lO lJill reliGv~ t()
30mo' extant tM 1@11m'iHu' conditioIl.11 trhi~b.haV<3 c:rlSJt~a on 2-rud wl!
~s~~~Lak~flJo howawro tha l~t~ar ~J;:6a r;.trJ b~ Il'}Ji.;PGcted to 1'00)-2100 to

", ,..;;;' a. Jl.ewl, e,f about· ~10mlt10l\ 873050 in tho lata ~GI' anfl ~tlilJm1 due
,.;': . to" +osess, fret"! e~poat 10110 tre.mt~h"atioll ~d lUe~ac!() 0' T"A9G:':d.'ut~llG

looee ~'ek a..~ botwGOO EaiGel' and I;I(.u1Itlki)B ehouUt' bG71d1f1OVed to
pm"ide en 0~:U.z1.x>g chSllnol botl:iC3n th,,13o two lalteOo

Do ,g~~

,; .,.
, ~:·.....'f,

> '.",'"

. u

:.. . Th0 ex1ct1:ce outlst tl~ Clew.r Le.k.0 ha.3 fr~1e10lnt ~apac'1ty
to pass tm G:gpeetstl flomJo tvnt provbicn -soould bll1l I~ade fen: t:b.e
DtOrage of watsr for ch7 fJeasoos by 'liM Mltit10n of acontro1 gtNC=
. ture at tho upat:roam owl of tho ex1Qltine ~ol~t~d tWtlil1p1p~' mJ.1.=
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,
r , I~fhoClear Lcl:.e cont'rol at:rncttU'G ahoUld' OOll£l;.Bt of' E. d.~o:p

lot ~jl't;h B \lj)~11\)b;r IGDg\ih of. JoO f0~te a. f:l:ood :eJ'Got n:t 01o",-aUon
87l;'r.5 "8,ud o\.i?I4,;ilP9,:dl<::i.th atop loes to an ,ell~f'i1~.tlonof 875050 This vi:.::
pltrJvldo foi:' f3~r.I'::.~ee.oof Po, porli"n 0:;: O1)'l'We ::nows' to ,compianaato for :t'.;:;.
Q61dilig hU'-:G lcr",-.:'to t!;~=Jrite i3.':i.'Y O()~ontJo ' '

1 .. \;,

S~'.rJJ 10,:;0 eea 130 'urlJUi1ta<J. to a c:rorilt, ,"ao :~lotT,a~ 87Z~oS to alJ.(
~::\!(>....l::.M faot @f tl~t)i';:)g<~ fox' mpr1ng fJ.~od flews' b0fOl'3. thG 1W.c~ro~:l:ll;
tb.0 d~~i;;'':;fP.1'7~1 t"f 81'000 thll!J aVd.d1n.g exeelf~r~'€l idprtne h~o 'U:.:{
WC$r1\'ll'O.t:; tl@'~;o ~);,D cront(;4'l'JA l~o ~1.~1j10d C'O t4~::t.io,"GrSll inches ©f fit~,n:
<-\1)~,,~ tbz de0~>7Gl1It')vol ;-v,ill b(";javn11a.ib10 to' epii!pl1iJtll3\.\t0 f()l~ 1nfiO'f.f i..':':J"
'ii(Ji~eico (1:r'l'~t~l~~.'.Tj1n(lX' f~r;11thno ,', " . I

T1."\Ii.1 lo::'HJ'li b.3.~~m~.:.At£1001' i,faG only damp at inke.slGw.t1(jl.Th
61502.1 ~d no ~~1(i.~)-ms,t~<:) occ·ll1F.r""do ~jO.1.t appearrB t4m~1'bls to' aMZ'::' I
th") f!';.V~!'n;gfJ d0011''0(1 11:»V01 of ~lQvnUon B"S,,() .88 ~ t\ormal lsl'''01 fo,., i.:':~,
Lr.1,"'tlo ' ' •

'. t •

!'\,,~.
" ,

. It C~~i.1C.~ ad"}~>OI:-;lllq,.fo:r H1'l.;jlll~!'!)on. t<:l c!perni!;o' t'h~}t11Bwox'::.lla
con;~Y.'\)l::;tl1,'t1Ctnit\)~\' ill a t:lr.m.!,:~l"thrr;~ ..{.l.ll 1m iIOOGt bon~f1cta1. to all t::!I'
lBJ\.e~!1W'id.Ol'"' t1l.~ '\'ax~J~ c:ondiU~!lS of i~'nOttr tmi; idll,l'l1o~Jt c02'tah.1.;1 :
OCCUI' 0 It io mi.;7~;311l~jg.t3.thu,t th.'a p'J'fo,:rn (j,p~l'ate 'V...udor th:a Clil'{)CticP
of the S~O JO;jCPi.l ]0I11L'a of ~o:rW'l:~OI'W ....
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•,of

",.2~;;;·:A.-l~gel'lOVSl of elevatioZ:J, 873.,1J:5 .ho.dpr,z,'\t--iou~:4rb~~n sst
;;for,r.Cor01 ~e on ~9:m.1Q.ry 2.50 19:320 'but no p:rmoion for meln",
:.t~lD· bad been l7J\1?d.caao.d nc.m.E3o'=1.l'lJt)!:.li171l tho l~oo 1''JQO 130.110 110

, "1110119'11abo'm tb111J level 1:i1~h ~Gt:L.1.titJ.f; lUgh 1;]n~~n'~ to
, ,~,':p~pe~y on aOl'~Y La'l'ilo

1~" ;";".~' "" /1' ,~J: ' :

'~., .'/

, " .,~ "\~ lak~fj ~1ll~tl©11.'it:1 the O~;;'D;Y !d-to p:?l>bl~ 0.1"0 g COt'::ld"o
c " :'XaillJ6X"o MUdo Cl~" Lc!~, ann. E'nru'o~Mlc A'VaUn.bl~ Clnto CilU ~:.c:hi;':' ',a!'0 Dhow on tJlw ta'blQl proc'JdmS thlf1\l p~eeo

',' ,-~ f, •• ' •

".
'.~ .~. J,," ',,_ .' 'f

-\'1.

,,'
,;

, '

"

• I

.' I ";,,,.,' .

l ,

~"

"J, I
,I

; ,'I

,~ ',' (I

',_ '_ ~ '. " ' • t: , itl

~:)~:;;~\':~;:'.,:'.. ' "
~,~,;,,;., ~;,'o , ... I' •

~;~;,;/;:;,;," '

" ,y ·f11,oortn!TIONS '

'7~'~~~;~~.~17~9. 1953. the Goologioll1 Sun9Y D1v1dOll:f ~hol
r,;,,*;~~tion~arlmfjnt ~'.;c01Vl3df~iJ thl'.\lHono?abls ~'lI1oW1 ~!o·i.::~;;,~lox~..:::01rqu1t 3L\ag~o, a roquout ,fo'1~an ~1nGsr1ug ~~t'li;1gat'.on
·1'f.ofOorfJl'Lake and QonnlJ)ct1~ lalooe for tm'puip01ll0 of cbtabdJ.ne;4, ,,' "" , . ..,. , ,
'",ts f,0l',UiO in e0tGbl~ a. legal lsvel for Co~y LalooQ and
\'t~() aetarm1n0 ths f0a.sibl11 ty of 0&:liaiblioh1ng l®gal l~ls fool"
'\he oO~eCt~ lakooo ' ,

!'I', ~',:' .'~ , •
I ,"

. "

\ "
1"
~"'I:
I
j
(

1

"I;,il

,.40 tong Lal"ll) hao no ltlatu.X'l:u C~I"'l1!!leUOE:l. ,71th tho othl:lr lat."Qo
in the groupo but a lW'.mping f»y~tW4 11.:."\01Jc~nuw~allcd to Ff'p

" mowe~wQeo i:i8.t~l" =Cl1l\ th~ hk:G rioel') o."tOVG th3 lot,;tLl lllWc1
of ~ewat1on 881000

(I

": 0

"

Xf tong taka S:o.t0!'l3 tho ~~:riD\S: wo~..o@aat ~ legal lewlD
it me:t mba M much f.W 1,,-1 f4!'el1i (mmll 2.n 2.') ;raI1nn ho-~V'::lE'n
t~ID oond1tion can.be ~?J."O"Or.l. by o.L\t~.o]paM,1iI.gfiJIW~ molt sM
h5lgb., fiUloff I> • mIld P,jiln:p1n,gth~ !alec d01JM p11.01" to cwri wal of
noad 1'1Cilw to pl"Ovlds 0006 ~ta.l'ag~ o,-;lou t~ lo;cal lij)velo
This will louaX" th~ ~'ll'Ji!' 01ov:"ticm 6f t~lOgLake during
high: %'tmof~ psnodoo

: 'It mhould proVG p:rnoti~l to a110tT Ltl~ Lake to ,Gto~
GOms w.t~n· a'boviP tlw 10gcl la'iffilo lGO,thnt yronw1ng to Cleat"~ oan bo ndjtitlt~a. to a pGrloct 'dlb.an it t'1'lll not cens(!) 'l1.lt=
, des1rabls levole on CIG!U'LI:J,kso

,,

J

, 50 Th3 culwi'to that haw b$tlU il1~~al:10dM an oy.tlGt fo?
Cl~ Lnke,~ limited as to ~acity~ bl1~,·rill probnb~ "be .
cspable of ma.1nta1niDg tho la:!.:e level mthin dat'31rnbla 11m!ts' .
bl tlW mnjOy'!ty of ~~a:rno if Go rn.nall contl'Ol atmeturo ig cou=

'. ~tI'l1ct@d at Olaar Lakeo '
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60 C....~:CC'Gi..:,:s I.:.i.dJ~~~{Y.i'!~.:u"Cle~X' Illli':J cm.tlet ana Doaah Profi10 1;;00 i: I
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