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1 INTRODUCTION 

The purpose of this study is to collect data and analyze the impact of setting a Normal Lake Level on 

Eagle Lake and Crooked Lake, located in Texas Township, Kalamazoo County, Michigan. The study 

has been prepared in accordance with the Michigan Department of Environment, Great Lakes, and 

Energy procedures under Part 307, Inland Lake Levels, of the Natural Resources and Environmental 

Protection Act, 1994 PA 451 as amended. All elevations referenced in this study, unless specifically 

called out separately, are referenced to NAVD88. 

Unprecedented flooding due to high groundwater started in Texas Township in October 2017 and 

peaked in June of 2019.  The flooding has not only impacted Eagle, Crooked and Pine Island Lakes, 

but also the Vineyards Plats, Pine Island Plats, and the surrounding areas.  In response to numerous 

requests for assistance, Texas Township assembled a Task Force Committee to determine a short-

term and long-term solution.  The committee was comprised of representatives from organizations 

that would be involved in a decision-making process as well as representatives from those areas 

impacted by the flooding and downstream flows. 

The Township, the Task Force, and the Township's engineers (Prein&Newhof) developed a short-

term pumping plan to help alleviate the flooding that was occurring.  The short-term pumping plan 

consists of a pumping system to move water from Eagle Lake to Crooked Lake and then from 

Crooked Lake to Bass Lake which has a natural outlet to the West Fork of the Portage Creek where it 

eventually flows into the Kalamazoo River.  The Township created a special assessment district to 

fund the project which includes 630 impacted properties. 

After a five-month permitting process, the Michigan Department of Environment, Great Lakes and 

Energy (EGLE), approved implementation of the short-term pumping project in March 2019, with 

pumping commencing in May.  Unfortunately, this was too late to save sixteen homes that were 

abandoned, two of which have since been demolished.  It is estimated that there have been millions 

of dollars spent on personal protection measures and damage to the impacted properties; however, 

the full extent of the damages will not be known until the water level returns to pre-flooding 

conditions. 

The permit and temporary easements for the short-term pumping solution have been extended until 

June 1, 2021. Based on recent data we may see Crooked Lake meet its target level during this time 
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but we don’t expect Eagle Lake to meet its target level.  It is proposed that a permanent gravity 

system, consisting of constructing outlets for both Eagle and Crooked Lakes as the best solution for 

continued lowering of the lake levels and preventing future flooding. 

Establishing the Normal Lake Levels is the most expedient option to establish a permanent gravity 

solution.  An established Normal Lake Level will allow the Township to work with the office of the 

Kalamazoo County Drain Commissioner to proceed with this project. 

2 RECOMMENDATION 

Our recommendation is to set the Normal Lake Levels at elevations in accordance with the levels that 

both lake associations have been operating their augmentation pumps. They are as follows: 

Crooked Lake 895.12 feet (GEOID12B Adjustment of the 1988 North American Vertical 

Datum (NAVD88) with the units being in international feet) 

Eagle Lake 899.26 feet* (GEOID12B Adjustment of the 1988 North American Vertical Datum 

(NAVD88) with the units being in international feet) 

Our findings of this report show that at these levels, there will be no negative impact on the lakes 

with respect to recreational issues, septic tanks or drain fields, docks, ice damage, environmental 

issues including endangered species or fisheries habitat, or aquatic weed growth. Additionally, the 

results of the residents’ survey support continuing the levels previously operated by the lake 

associations. 

Further, these Normal Lake Levels are being recommended with the understanding that the lake 

associations will be able to continue to operate their augmentation pumps when water levels are 

below the Normal Lake Levels in a manner consistent with past practice. The practice for both lakes 

is to turn the pumps on 8” below the Normal Lake Level (894.45 for Crooked Lake and 898.59 for 

Eagle Lake) and off at 4” below the Normal Lake Level (894.78 for Crooked Lake and 898.92 for 

Eagle Lake). The normal lake levels will be monitored from staff gauges that will be set on both 

lakes. 

*The Ordinary Water Elevation established for a building setback baseline of Eagle Lake as found in 

the Municipal Code was 899.84 feet.  To convert this number to coincide with the modern datum 
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utilized for this report and identified above, a conversion value of 0.58 feet shall be subtracted.  Ex. 

899.84 feet minus 0.58 feet = 899.26 feet. 

3 FEASIBILITY OF THE PROJECT ESTABLISHING THE NORMAL LAKE LEVEL 

As discussed above, the Township developed a short-term pumping project that has been in operation 

since May 2019.  The project has been successful in lowering Eagle Lake by 1.9 ft. and Crooked 

Lake by 2.3 ft despite the ongoing higher than normal annual precipitation. A total of 1,225 million 

gallons of water have been pumped out of the Eagle Lake/Crooked Lake area since pumping began. 

Water levels for Crooked and Eagle Lake, as well as upstream lakes, would otherwise have been 

flooded for a much longer period with peak levels reaching approximately 0.6 feet higher than the 

already high flood levels, as shown in Figures 12a and 12b. 

During this project development the Township has decided that a permanent gravity solution will be 

necessary, to ensure that the risk of future flooding is greatly reduced in both scope and duration.  A 

permanent gravity solution at the recommended levels will use the same strategy of the short-term 

pumping project, by moving water from Eagle Lake to Crooked Lake and on to Bass Lake and 

eventually the Kalamazoo River. 

A long-term pumping solution has been rejected as a feasible option due to the high cost of operation 

(daily inspection and power costs), maintenance (mechanical equipment, filters, pumps), and the 

inconvenience to the lake residents (above ground infrastructure, noise). 

A permanent gravity solution at the recommended levels is feasible as it will take advantage of the 

elevation differences between these lakes which will allow for gravity flow of this water.  Once 

installed, the ongoing operation and maintenance of the system will be very low and the 

inconvenience to the lake residents will be minimized. 

The permanent gravity solution in conjunction with maintaining the lake augmentation levels 

will allow for seasonal water level fluctuations and will act to reduce the incidents of extreme 

high and low water levels. Regular water level variation maintains wetlands and crucial shoreline 

vegetated habitat, and establishes lakeshore stability.  

The permanent gravity solution will not alter how the lakes have been traditionally managed for 

decades. It will only provide flooding and property damage relief during prolonged periods of 

substantially higher than average precipitation,   
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4 EXPEDIENCY OF THE NORMAL LAKE LEVEL PROJECT 

The proposed permanent gravity project at the recommended levels includes construction of positive 

outlets on Crooked Lake and Eagle Lake to provide flood relief during periods of high 

groundwater/high lake levels.  Figure 1 shows an overview of the project area.  Bass Lake and 

Scouters Pond currently have an outlet which conveys water downstream when levels are high.  

Crooked Lake and Eagle Lake, along with the entire tributary area to these lakes, is subject to higher 

groundwater when precipitation is high for prolonged periods because of the lack of outlets from any 

of the lakes.  Figure 2 shows the general route of flow proposed to convey water downstream 

eventually to the Kalamazoo River.  

It is proposed that the lake bottom will be used to provide a natural filter to eliminate the risk of 

transferring invasive species to a perforated pipe inlet adjacent to the lake (a more detailed discussion 

of this filtration strategy is discussed in section 16.5).  A control structure manhole will be located 

near the lake with an internal weir structure which will allow water to flow over the top of the weir 

when lake levels rise above the design level.  The water will flow over the weir and into gravity 

piping to the outlet.  The perforated pipe inlet to the wetland outlet can be seen in Figure 3.  At the 

outlet, erosion control will be provided.  This design will be applied to both Crooked and Eagle Lake 

outlets.  Figures 4 and 5 show the piping routes that are being considered to convey high waters from 

Crooked Lake to the wetlands west of Bass Lake and from Eagle Lake to Crooked Lake.  

The proposed project is both technically feasible and the most economically prudent option because 

the hydraulics of gravity piped flow is more effective in controlling high lake levels than reliance on 

natural groundwater flow, which is very slow.  It is thought that during long periods of greater than 

normal rainfall that the continuous gravity flow would mimic what is occurring downstream at Bass 

Lake with respect to water quality and temperature.  Bass Lake has been fluctuating by 

approximately 6 inches with high rainfall and the addition of the pumped flow from Crooked Lake 

over the past 19 months of 1000 gpm to 2000 gpm.  Water level fluctuation is crucial for 

maintaining wetlands and crucial shoreline vegetated habitat, as well as establishing lake shore 

stability. Once all these lake levels are reduced from the very high levels, Bass Lake level will drop 

lower and the lake level fluctuation range will return to a more normal range. The long-term solution 

will cause lake level fluctuations based on long-term weather patterns and a changing flow upstream 

from 0 to 1800 gpm with the maximum occurring over a day rather than many days. 
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Following lake level stabilization, the flow into Bass Lake out of Crooked Lake will be reduced in 

volume from the current flows (during pumping), resulting in lower Bass Lake levels and no adverse 

impact on this lake nor downstream water bodies. The new outlets would provide outflow from 

Crooked and Eagle Lake following longer periods of high precipitation more often than during 

individual events. Figure 9a shows how the new outlet would approximately have been activated 

from 2015 to present. The proposed Crooked Lake outlet would not be activated during years of 

average to low rainfall such as Years 2015 and 2016. However, when rainfall increases dramatically 

such as in 2017 through 2020, as shown in Figure 9b, the new overflows will then be activated. 

Figures 9c and 9d show the alternative impacts to the Crooked Lake and Eagle Lake levels with the 

new outlets constructed. For the annual 100-year rainfall over several years, Eagle Lake and Crooked 

lake would only increase by a maximum of 1 foot as opposed to what they actually did increase by 

(see the actual data on figure 9). 

With this new outflow, the impacts downstream on Bass Lake were evaluated. Figure 9a showed that 

the volume of water conveyed directly downstream is much less than the amount from pumping. The 

new outflow would have provided significant relief for the two lakes, but would not have increased 

water levels dramatically downstream as a result. Figure 10a shows the actual Bass Lake 

measurements (with pumping from Crooked Lake) as well as the estimated impact on Bass Lake with 

the proposed outlets in place and the estimated impact on Bass Lake with neither pumping nor the 

proposed outlets in place. The proposed overflow would have a maximum of approximately 6 inches 

and no difference during periods of less than average rainfall.  Figure 10b shows that the water 

surface elevation at Portage Creek is minimal, with a maximum of 0.01 feet.  

To the extent practical, the routes of the outlet pipes are located to align with existing sanitary sewer 

easements, in public road rights-of-way and along existing driveways to accommodate operation and 

maintenance to minimize the impact to property owners. 

All property owners along the proposed permanent gravity route have been contacted about the 

necessary easements and the Township has received positive feedback from all. 

The Township met with representatives from EGLE in February 2020 to discuss the permanent 

gravity solution and the plan was received well with constructive comments from them regarding the 

permanent gravity permitting process.   
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5 FEASIBLE AND PRUDENT ALTERNATIVE METHODS AND DESIGNS FOR 
CONTROLLING THE NORMAL LEVEL 

The solution to address high water levels is to allow for a transfer of water from Eagle Lake to 

Crooked Lake, then Crooked Lake to Bass Lake, which has a natural outlet.  This transfer of water 

currently takes place through the movement of groundwater; however, at a much slower rate.  The 

only practical alternative to this project would be to continue pumping as is being done under the 

short-term pumping solution.  However, the short-term pumping solution is not feasible in the long-

term due to the high operating costs associated with the pumping activity, electricity, daily oversight, 

filter maintenance, etc. 

6 ESTIMATED COSTS OF CONSTRUCTION AND MAINTENANCE OF THE 
NORMAL LEVEL PROJECT 

An estimate of probable cost for the permanent gravity project and ongoing maintenance can be 

found in Table 1. 

7 METHOD OF FINANCING INITIAL COSTS 

The cost of the permanent gravity solution is intended to be financed pursuant to Part 307 of NREPA 

with a revenue bond or loan with the revenues from a second special assessment district to be set by 

the Circuit Court. 

8 NECESSITY OF A SPECIAL ASSESSMENT DISTRICT AND TENTATIVE 
BOUNDARIES 

A second special assessment district is necessary to fund this infrastructure project.  The assessment 

district with boundaries to be set by the Circuit Court will include property owners who will benefit 

from the project.  Figure 6 shows a proposed district that includes both riparian and deeded access lot 

owners.   

9 OTHER INFORMATION 

The Township Assessor has reduced the assessed values in the impacted areas for 2018 and 2019, 

resulting in a significant negative impact on taxable value.  The taxable values in the impacted areas 

for 2019 and 2020 have decreased by $11,262,121, resulting in a tax loss to County Programs of 

$141,475, loss to schools of $344,252, and loss to Texas Township programs of $22,577. 
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10 PAST LAKE LEVEL RECORDS 

Prein & Newhof has researched government and private sources for water surface elevations; these 

sources include neighborhood plat records, sanitary and storm sewer construction records, public 

survey records including USGS and MDNR, and private boundary surveys.  The records search also 

uncovered numerous documents showing fixed lake reference elevations for both Eagle and Crooked 

Lakes.  These fixed reference elevations include ordinary high-water mark and 100-year flood plain 

elevations. In addition, Appendix A includes data relating to the operation of the augmentation wells 

on Crooked Lake and Eagle Lake, and available well data for the Crooked Lake augmentation well 

and the Eagle Lake augmentation well. 

Texas Township has been conducting routine lake elevation monitoring since flooding began in 

2017. All elevations in this study are referenced to NAVD88 datum. 

 Crooked Lake 

Longtime residents of Crooked Lake report that the water surface elevation has fluctuated 

significantly in the past between flooding in 1952, to droughts where the lake “dried up” in 1963.  

In 1964 the Crooked Lake Texas Association (CLTA) installed the first augmentation well to 

maintain the lake level, allowing for more consistent use of the lake for recreational purposes.  

Two replacement augmentation wells were installed in 2002 and 2011.  Information from the 

CLTA president Jim Roberts indicates that the CLTA has operated the augmentation pump for 

the past 30 or so years using a high-water mark of 895.12 (elevation of the top of Mr. Robert’s 

sea wall).  The pump is turned off at an elevation of 4” below the high-water mark and beginning 

pumping at 8” below the high-water mark.  In the fall they have left the augmentation well off at 

a level of 12” below the high-water mark to allow for spring snowmelt and rains. 

Mr. Roberts also believes that this operating procedure helps control aquatic weed growth, allows 

for navigation of the east end of the lake, has not caused shore erosion or ice damage, and has not 

negatively affected septic systems. 

USGS maps from 1922 and 1967 show Crooked Lake water elevations of 894 and 893, 

respectively.  USGS maps are created off 10-ft contours so these maps should only be used for 

general reference only.  A complete list of sources and elevations are compiled in Table 2 and 

depicted on Figure 7.  Source documents showing elevations can be found in Appendix B.  
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 Eagle Lake 

For the past few decades, Eagle Lake was maintained at a near consistent level by the Eagle Lake 

Texas Association (ELTA) through use of an augmentation well. ELTA operated the 

augmentation pump using a high-water mark of 899.84. (measured from a benchmark at the DNR 

launch site and also the elevation set by the Township as the Ordinary Water Elevation for use in 

determining building setbacks-see footnote in section 2). The pump is turned off at an elevation 

of 4” below the high-water mark and pumping at 8” below the high-water mark.  The near 

consistent historical lake level has maintained several natural sandbars used as destinations for 

swimming and socializing.  This consistent lake level also supports a robust fishery habitat and 

wildlife sanctuary.  The DNR boat launch on Eagle Lake has provided public access and boat 

launch activities given consistent lake levels.  Both would be impacted negatively with a 

significant raising or lowering of the lake level. The ELTA operating procedures for their 

augmentation pump can be found in Appendix B page 11. 

Eagle Lake is prone to ice damage and lake residents normally remove docks in the winter to 

avoid damage.  This lake level affords lake residents standard benchmarks for placement and care 

of docks and shoreline maintenance.  

USGS maps from 1922 and 1967 show lake elevations of 898.  A complete list of sources and 

elevations are compiled in Table 3 and depicted on Figure 8.  Record documents can be found in 

Appendix B. 

11 RECREATIONAL USES 

 Crooked Lake 

Crooked Lake is an all-purpose recreational lake that is used for swimming, boating, fishing, and 

lake side living enjoyment.  There is no public access to Crooked Lake; boat access is achieved 

by private landings. The recommended Normal Lake Level will not negatively affect the 

recreational uses of the lake. 

 Eagle Lake 

Eagle Lake is an all-purpose recreational lake that is used for swimming, boating, fishing, and 

lake side living enjoyment.  There is a MDNR public access and boat launch at the north end of 
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the lake. The recommended Normal Lake Level will not negatively affect the recreational uses of 

the lake. 

12 LOCATION OF SEPTIC TANKS, DRAIN FIELDS, SEA WALLS, DOCKS, AND 
OTHER PERTINENT PHYSICAL FEATURES 

An analysis was performed of all properties surrounding Eagle Lake and Crooked Lake to determine 

the location of private septic systems currently in operation and how they might be affected by the 

setting of a Normal Lake Level.  There is currently public sewer around both lakes; however, 

multiple properties are presently operating on private septic systems according to township records.  

A list of these parcels was sent to the Kalamazoo County Health & Community Services Department 

to obtain septic system records.  Kalamazoo County Health Department and Community Services 

returned septic system drawings for many of the properties in question.  

The current sanitary code requires 4 feet of isolation between high groundwater and the bottom of the 

drain field.  Location and elevation investigation of active septic systems was performed to see if any 

of these systems will be affected by the new Normal Lake Level.  

A search of properties around Eagle Lake found 18 active private septic systems. All 18 residents 

currently have public sanitary sewer available at the street. County records show 7 of these 18 septic 

systems have ground elevations of 905 feet or lower, within one foot of the adequate depth between 

high ground level and the septic system. Considering the county sanitary code requirements these 

systems could become compromised with the setting of a Normal Lake Level of 899.26.  These low 

septic system record drawings can be found starting on Appendix C, page 1. 

A search of properties around Crooked Lake found 10 active private septic systems.  All 10 residents 

currently have public sanitary sewer available at the street.  One parcel has a septic system ground 

elevation of 901 feet or lower, within one foot of the adequate depth between high ground level and 

the septic system. Considering the county sanitary code requirements these systems could become 

compromised with the setting of a Normal Lake Level of 895.12.   This low septic system record 

drawing can be found in Appendix C, page 7. 

Survey questions were sent to all residents on Eagle and Crooked Lakes seeking information on 

issues with private septic systems.  Eagle Lake had one property with known septic issues prior to the 

2017 flooding while Crooked Lake had two.  Properties where public sanitary sewer is available have 
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a township mandate to connect to public sewer by 2022.  This township sewer ordinance can be 

found in Appendix C, page 8. We have found that septic tanks and drain fields around both lakes will 

not be negatively affected by the recommended lake levels. 

Elevation records of seawalls and docks where not found available or reliable.  Many seawalls on 

both Eagle Lake and Crooked Lake were completely breached with standing lake water into the front 

yards and in some cases into the houses/crawlspaces.  Docks used on Eagle Lake and Crooked Lake 

are adjustable and largely removed during the winter therefor are not at risk due to flooding and will 

not be negatively affected by the recommended lake levels.  

13 GOVERNMENT SURVEYS AND REPORTS 

No other government survey or reports were found other than referenced in this report. 

14 HYDROLOGY OF WATERSHED 

Eagle Lake and Crooked Lake are located in the Charter Township of Texas to the west of the City of 

Kalamazoo, Kalamazoo County, Michigan.  An overview of the project area has been included 

labeled Figure 1.  

Eagle Lake and Crooked Lake are part of a watershed that has many lakes and very few county 

drains and streams.  No direct outlets for Eagle Lake or Crooked Lake exist.  Eagle Lake is 

approximately 5,200 feet long and 4,300 feet wide with an area of 249 acres.  Crooked Lake has a 

size of 5,500 feet long by 3,400 feet wide totaling 171 acres.  These measurements have been taken 

from the USGS Quadrangle Map shown in Appendix B, page 2.  

The watershed for Eagle Lake and Crooked Lake encompasses Duck Lake, Pine Island Lake, Pretty 

Lake, and some other smaller lakes, though the runoff is not directly connected (each lake collects 

local surface runoff).  Rainfall from the upstream area is conveyed via groundwater flow to the east 

and north from the surrounding areas toward both Eagle Lake and Crooked Lake and on to Bass 

Lake.  Without a positive outlet, excessive rainfall can cause flooding of these lakes and upstream 

areas.  

The surrounding topography consists of many hills with numerous low points that collect water.  In 

Texas Township, these low points do not often connect leaving frequent lakes and ponds with very 

few natural streams.  The soils in the area were studied using available soil borings, well logs, well 
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pumping tests, and anecdotal information as well as the USGS Soil Survey.  Most of the surface soils 

around the lakes are classified as sandy loam or loamy sand.  Soil units are approximately evenly 

divided between the Coloma loamy sand, Oshtemo sandy loam, and the Spinks loamy sand.  EGLE 

studies describe glacial outwash and deposits present from the ground surface to over 300 feet deep.  

The bedrock in this area is Coldwater Shale.  

For locations with a directly-connected tributary area less than 2 square miles, which includes a large 

portion of the area of concern, the SCS-92 Method (frequently used by EGLE to compute flood 

flows) was used along with HEC-HMS to produce hydrographs for all design storms.  Design rainfall 

data was based on the National Oceanic and Atmospheric Administration (NOAA) Atlas 14 rainfall 

data for this area. These are the most current point precipitation frequency estimates. 

For tributary areas greater than 2 square miles, the hydrologic computations were provided by EGLE. 

The hydrogeology was modeled for this area as well. 

Data obtained over the past 2 years indicates that excessive rainfall results in an increasing water 

table. Data collected at various lakes that do not have a positive outlet show similar increases. 

However, as can been seen with the Bass Lake water level data in Figure 11, the lake levels remain 

more steady. And the estimates in Figure 10a show that the addition of outlets at Eagle Lake and 

Crooked Lake will reduce the highest water table levels. Projections indicate high water table levels 

would occur infrequently when multiple years of substantial rainfall exceed the transmissivity 

capacity of the groundwater. 

15 DOWNSTREAM FLOW REQUIREMENTS AND IMPACTS ON 
DOWNSTREAM RIPARIANS. 

Rainfall, along with groundwater flow and evaporation, provides a critical role in flooding when 

there is no positive outlet.  In fact, the entire Great Lakes region has been impacted by higher than 

normal rainfall, as lake levels have risen to near historic highs.  The lake levels for Lake Michigan, as 

well as the other Great Lakes, has increased over the past several years because of 3 historically high 

annual rainfall volumes. As recently as 2013, Lake Michigan was at a record low of 576 feet 

(IGLD85). But with all the precipitation, the Great Lakes are near record highs in 2020 - more 

specifically at over 582 feet (IGLD85).   
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More critical is the effect of local rainfall along with the lack of a positive outlet from Eagle Lake 

and Crooked Lake on the consistency of groundwater levels.  The local rainfall has increased over 

the past several years similar to other communities in southwestern Michigan. 

Elevation-area tables were developed for Bass Lake, Crooked Lake, Duck Lake, and Eagle Lake and 

input into the HEC-HMS model to simulate level-pool routing.  Survey data collected was used to 

develop the outlet structure geometry, or lack thereof, for each lake. 

Various hydraulic scenarios were evaluated for short- and long-term impacts to the system:  

 No Transfer of Surface Water from Crooked Lake to Bass Lake (Existing) 
A. No transfer of surface water out of Crooked Lake, Duck Lake, Eagle Lake, Pine Island Lake 

or Pretty Lake.  The purpose of this scenario is to establish baseline water surface elevations 

for downstream receiving waterbodies if Crooked Lake and Eagle Lake were to be positively 

drained. 

 Pumping from Crooked Lake into Bass Lake (Short-Term) 
A. Pumping from Crooked Lake into Bass Lake at rates from 0 to 2,000 gpm was permitted by 

EGLE.  The existing outlet configuration for Bass Lake was modified in 2019 to increase the 

outlet capacity without adverse impact downstream. Pumping at up to 2,000 gpm from 

Crooked Lake into Bass Lake with concurrent 1, 10, and 100-year storm events was analyzed 

to identify the impacts downstream and ensure no adverse impact. Measurements as required 

by the short term permit are taken at various locations to confirm model results and 

verification of no adverse impacts.  

B. Pumping from Eagle Lake to Crooked Lake has had no short-term impacts on Crooked Lake. 

The Eagle Lake pump has not been operated when the Crooked Lake pump is not operating 

to ensure that the pumping does not increase the Crooked Lake level. 

 Gravity Flow from Crooked Lake to Bass Lake (Long-Term) 

Existing and short-term scenarios were modeled assuming each lake started with a water surface 

elevation equal to the surveyed elevation on September 20, 2018.  The long-term simulations 

assume a drawdown of each lake to its normal lake elevation. 
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The most reliable and cost-effective long-term approach is to provide a positive outlet for relief 

of excessively high groundwater levels through a gravity storm water system.  This provides a 

direct route for conveyance of flood waters out of the area and ultimately downstream to Lake 

Michigan. 

Two critical requirements for providing a positive outlet are: 

• The water quality is acceptable for the receiving waters. EGLE will not permit a release of 

flood water unless an environmental review is provided which shows that the flood waters 

will not have an adverse impact on downstream receiving waters, including to the wetlands, 

endangered species and the general environment.  

• The additional water from the non-contiguous tributary area cannot have an adverse impact 

to areas downstream – primarily the peak water levels. This includes contributing invasive 

species, base flows and bankfull flood flows. 

As a short-term solution, the pumping of water from the flooded lakes to the nearby wetlands has 

been occurring since May 2019.  This permitted approach has a high capital and operational cost.  

Pretreatment using screens and filtration system is required to control invasive species, and these 

must be cleaned periodically along with maintenance associated with the pumps. 

As a long-term solution, the positive gravity outlet is estimated to have very low operational costs.  

However, the capital costs for the lake outlet are significant, specifically with the inclusion of a bed 

and collection piping to convey higher quality water that has been filtered by the lake bottom. The 

capital cost estimate is provided in Table 1. The only follow-up costs after the initial investment 

would be for maintenance purposes of the tile and bedding.  A control weir is placed in a structure to 

maintain the Normal Lake Level and the gravity pipe will convey water that overtops the weir. 

With these design constraints for the long-term solution, the Normal Lake Level will not have an 

adverse impact to the system hydraulics downstream, as accomplished by the short-term solution. 

Evaluation of the Proposed Project – Volume Discharged 

In 2018 and 2019, southwest Michigan observed the highest rainfall in recorded history over a two-

year period. Simulations were performed over that period to show the hypothetical impact on the 

lakes had the proposed outlets been in place and activated. This could be considered a worst-case 

condition. Figure 9 shows that the flows are substantially less than pumped discharges that occurred 
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over the past two years, and so the impacts to the wetlands will be reduced. The figure also shows 

that the average annual flow from Crooked Lake to the wetland is only 23 gpm, a typical and 

insignificant volume during periods of average rainfall or less.   

Evaluation of Proposed Project on Portage Creek 

Further downstream on Portage Creek, the impact of the long-term plan was documented as shown in 

Figure 10b. This figure shows that the water surface elevation change of less than 0.02 feet (1/4 inch) 

at very infrequent intervals. This small increase is a worst-case condition that would occur if rainfall 

in the area exceeded norms for multiple consecutive years. Typically, the long-term control structure 

and system attenuate peaks from a storm as the lake provides substantial detention. In fact, the 

impact is negligible (0.00 feet) 99 percent of the time. 

Evaluation of Proposed Project on Downstream Wetlands 

GEI Consultants was asked to evaluate the long-term downstream effects on wetlands and 

geomorphology from the anticipated long-term gravity solution flows as discussed above. Their 

report is included in Appendix D and it indicates that there will be no negative downstream effects 

from this discharge. 

We have performed an evaluation of the stream geomorphology to show the relative minimal impact 

to downstream channel dimensions. The evaluation compares the natural channel dimensions as 

estimated using Regional Reference Curves for southwest Michigan. Table 4 shows a comparison of 

the natural channel depth and width going downstream for pre-pumping conditions and post long-

term outlet construction. These show that the depth change downstream of Atwater Pond would be 

less than .02 feet (1.2%) and the channel width change would be less than 0.63 feet (2.8%). The 

results for Atwater Pond would approximately represent the flowing channel just downstream of the 

pond. It is important to note that the proposed outlets are only activated periodically during long 

periods of high annual rainfall. As a result, the geomorphology in the downstream channel is likely to 

be ever changing with the long-term weather patterns. And the changing geomorphology will be even 

less further downstream. 
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16 FISHERIES AND WILDLIFE HABITAT PROTECTION AND ENHANCEMENT 

 Endangered Species Assessment for Eagle Lake and Crooked Lake, 
Kalamazoo, MI 

On February 19, 2020, Prein&Newhof contacted the Michigan Department of Natural Resources 

(MDNR) for assistance in evaluating the area of Eagle Lake and any surrounding endangered 

species, regarding our Normal Lake Level study.  Jay Wesley with MDNR (269-685-6851 ext. 

117) put us in contact with Michael Sanders, a specialist with Michigan State University - 

Michigan National Features Inventory.  Due to the size and scope of the project Prein&Newhof 

were also referred to U.S. Fish & Wildlife Service. Endangered Species review documents can be 

found in Appendix E. 

 IPaC Review (U.S. Fish & Wildlife Service) 

Prein&Newhof conducted an Information, Planning, and Consultation System (IPaC) Review for 

Endangered Species within the project area.  This review lists threatened or endangered species 

as well as methods for mitigating negative effects to their habitats, migration periods to avoid, 

and level of concern regarding conservation.  The IPaC is funded through the U.S. Fish & 

Wildlife Service and is intended to obtain information early in the design process.  

Mammals:  Indiana Bat (endangered), Northern Long-eared Bat (threatened) 

Reptiles: Eastern Massasauga (rattlesnake - threatened) 

Clams: Snuffbox Mussel (endangered) 

Insects: Mitchell’s Satyr Butterfly (endangered) 

Critical Habitats: No critical habitats have been found at this location 

Migratory Birds: Bald Eagle (non-bcc), Lesser Yellowlegs (bcc nationwide), Red-headed 

Woodpecker (bcc nationwide), Rusty Blackbird (bcc nationwide), Willow Flycatcher (bcc 

regional), Wood thrush (bcc nationwide) 

*bcc – bird of conservation concern 

Project activities are “not likely to adversely affect” the above endangered or threatened species.  

The IPaC review will be used throughout the project to aid in identifying and mitigating potential 
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impacts to animals and their habitats.  There is a special provision with MDOT pertaining to tree 

removal within areas having both Indiana Bats and Northern Long-eared Bats that states “Due to 

the existence of federally protected species, complete all tree removals required for the project 

between October 1 and March 31.”  

According to the U.S. Fish & Wildlife Service – Midwest Region records (revised Oct. 2018), 

“No Endangered or Threatened plants are found in Kalamazoo County.”  The complete IPaC 

Review can be found in Appendix E, page 1.   

 Michigan Natural Features Inventory Review 

Prein&Newhof conducted a search of the Michigan Natural Features Inventory (MNFI) database 

run by Michigan State University.  A MNFI review provides a search of all known information 

on the location of threatened or endangered species throughout Michigan.  This review considers 

the exact location of the project and identifies potential impacts to rare species.  While no 

threatened or endangered species were found the MNFI review did find some “at-risk” species 

within 1.5 miles of the project which should be monitored over the course of the project.  The 

MNFI response and review can be found in Appendix E, page 15. 

MNFI Review response from Matt Diana, MDNR Fisheries Biologist (04/23/2020): 

“There are no known threatened or endangered fish species in Eagle or Crooked 

Lakes.  Creek chubsucker (State Endangered) is showing up in the species observed in 

Crooked Lake, but we have only surveyed Crooked Lake once since 1970 in 1985 and we 

only observed Lake Chubsuckers.  I will have to reference the paper files once I return to 

the office to determine if there is any historical occurrence of Creek Chubsuckers here.   

The eastern massasauga (federally threatened) and Blanchard’s cricket frog (state 

threatened) have both been identified in wetlands adjacent to lakes in this township, 

although there are no records specifically citing Eagle or Crooked Lake (however, there is 

an EO in a wetland adjacent to Crooked Lake and on Bass Lake).  I suspect both species 

may be present in the watersheds of these lakes and BMPs should be utilized for these 

species. 
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There are multiple species of rush (Bald-rush-T; Black-fruited spike-rush-SC; Dwarf-

bulrush-SC) reported on Eagle Lake.  Rush species are often reliant on shoreline fringe 

wetland habitat that exists because of natural water level fluctuations.   

Although there are no records in Eagle or Crooked Lake, lakes in the vicinity have reported 

Blanding's Turtle (SC); Eastern Box Turtle (SC); Spotted Turtle (T) and it is likely these 

species are found here. 

Eagle Lake also has identified Coastal Plain Marshes along certain shorelines.  These are 

rare wetland habitat that are highly reliant on water level fluctuations. 

I do not have any historic water level data other than the information from the Township 

and EGLEs water budget analysis conducted for the pumping permit your organization was 

involved in.  I know FEMA did an analysis of historic water levels and may have data they 

can provide (contact was Bettina Crosby, bettina.crosby@associates.fema.dhs.gov). 

DNR Fisheries discourages the creation of lake level control structures and does not 

support the establishment of legal lake levels (see attached policy).  Eagle and Crooked 

Lakes have already been impacted by water control measures including the long-time 

augmentation of water levels using groundwater wells.  At a minimum, any proposed legal 

lake level should allow for natural water level fluctuations seasonally (and naturally) while 

allowing for control during extreme high water.”  

 
Matt Diana 
Fisheries Biologist 
Michigan Department of Natural Resources 
621 N. 10th Street 
Plainwell Michigan 49080 
269-910-0157 (C) 
269-204-7008 (W) 
dianam@michigan.gov 

 

 Effect on Levels of Aquatic Weed Growth (Jennifer L. Jermalowicz-Jones 
Ph.D.: Restorative Lake Sciences) 

Aquatic vegetation assumes three distinct forms including submersed (below the water), floating-

leaved (on the water), and emergent (above the water).  The responses of individual aquatic plant 

species differ both within and among individual sites.  Both Crooked and Eagle Lakes 

mailto:bettina.crosby@associates.fema.dhs.gov
mailto:dianam@michigan.gov
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(Kalamazoo County, Michigan) have robust aquatic plant communities of all growth forms. 

Excess invasive aquatic vegetation and nuisance native aquatic vegetation are treated annually in 

both lakes to enhance recreational and navigational activities.  

Aquatic plants have evolved to adapt to low-light conditions which limits their distribution 

underwater, especially in turbid lakes.  The water clarity of both Eagle and Crooked Lakes is 

very high and thus continued robust growth could be expected even with a modest increase in 

lake water levels.  A decline in water levels could lead to further growth; however, the nutrients 

in the lakes would be more limiting for growth than the light given the current transparency 

depths for each lake.  Wilcox and Meeker (1991) cited less structural diversity in aquatic 

vegetation communities in lakes with regulated water levels.  However, the current diversity in 

both lakes is high and thus is not likely to be reduced without major (> 5 foot) water level 

changes that would further reduce available light to lower-growing aquatic plant species.  Both 

lakes have low total and non-volatile solids (TSS and NVSS) which have been shown to 

contribute to light attenuation (Havens, 2003) so a decline in submersed aquatic vegetation is 

unlikely.  Floating-leaved plants such as lily pads are able to adjust growth readily near the water 

surface during high water periods and emergent aquatic plants common in wetland areas (i.e. 

such as cattails, bulrushes) are adaptable to rising or falling water levels since they can tolerate 

significant fluctuations in saturation.  Thus, it is unlikely that a modest increase or decline in 

water level will have notable impacts on the aquatic plant communities of both Crooked and 

Eagle Lakes. 

Literature Cited: 

Havens, K.A. 2003.  Submersed aquatic vegetation correlations with depth and light attenuating 

materials in a shallow subtropical lake.  Hydrobiologia 493:173-186. 

Wilcox, D.A., and J. E. Meeker. 1991.  Disturbance effects on aquatic vegetation in regulated 

and unregulated lakes in northern Minnesota.  Canadian Journal of Botany 69(7):1542-1551. 

 Protection from Transferring of Invasive Species 

The proposed strategy to ensure that invasive species are not transferred downstream is to use the 

lake bottom and adjacent soils as a natural filter. The soil survey grain size distribution of the 

Coloma soils gives a general idea of the sand aquifer through which groundwater currently leaves 
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Crooked Lake.   The 50 percent passing size is around 0.4 mm or less, and the 10 percent passing 

size is around 0.075 mm (75 microns).  Four samples from two soil boring samples were sent for 

grain size analysis and showed an average 50 percent passing size of 0.25 mm and 10 percent 

passing size of 67 microns. Thus, the actual material sampled is a little finer than the values from 

the soil survey.  

Currently, lake water is continuously flowing through the ground between Eagle Lake and 

Crooked Lake and from Crooked into the wetland to the east.  The proposed solution would 

reduce the length that groundwater would flow through the soil, but relative to the grain sizes and 

pore sizes, a 70-micron zebra mussel larvae (veliger) would still need to travel a long distance to 

reach the infiltration gallery/horizontal wells. 

Since packing of the sand grains can vary, there is not a general relationship we can use for 

determining the exact pore sizes of the material, but based on the significant fraction of grain size 

less than 67 microns, this soil should provide a filtration that is similar to or better than a 40-

micron filter.  This is supported by evidence from several infiltration gallery intakes in Lake 

Michigan.  Examples include intakes designed by Prein&Newhof in Grand Haven and in South 

Haven.  These intakes have native beach sand at a thickness of 6 to 10 feet over coarser 

materials.  Sieve analyses of these sands show a 10 percent passing size of approximately 200 

microns and a 50 percent passing size of about 250 microns.  In other words, the sand on the lake 

bottom above these existing water intakes is coarser with larger grain sizes and pore sizes than 

those in the sand in the soil borings at Crooked Lake.  There has been no evidence of zebra 

mussel larvae passing through the sand at these water intake locations as no zebra mussel 

attachment has occurred in downstream pipes to the raw water pumping stations.  In fact, that is 

one of the major benefits of these intakes as chlorine feed at the intake is not necessary. 

It is also recognized that sand filters do not only “strain” materials that are larger than the pore 

sizes, but also remove materials through sedimentation, absorption and other processes and are 

therefore capable of removing material much smaller than the pore sizes.   

In summary, the data available suggest that the natural soils in this location are more than 

adequate to prevent migration of zebra mussel veligers. 
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17 UPSTREAM DRAINAGE 

Upstream drainage is limited to the tributary area for each lake and groundwater flow.  As discussed 

in the hydrology section, flow hydrographs for various locations were developed for analysis.  The 

upstream drainage was factored into the flow contribution of individual lakes but currently mostly 

contributes to the water table level as it flows toward Bass Lake, the first lake with a positive surface 

outlet. 

Groundwater models, and field data, show that rising lake levels at Crooked Lake and Eagle Lake 

further increase the lake levels at upstream lakes. These lakes do not have their own direct positive 

outlet, but the levels will closely maintain a historically normal level since both Eagle and Crooked 

Lake will be at normal levels in the long term. The two new lake outlets relieve the entire 

groundwater system of waters that would otherwise build up during long term heavy rainfalls such as 

what has occurred from 2017-2020.  

18 RIGHTS OF RIPARIANS 

Surveys of property owners on Crooked and Eagle Lake were completed between May 1 and May 

10, 2020.  The survey included 11 questions related to property as well as personal preference.  110 

surveys were completed for Crooked Lake and 128 for Eagle Lake, the survey results for Crooked 

Lake are provided in Appendix F and Eagle Lake in Appendix G. 

Results indicate that property owners on Crooked Lake prefer a lake level of approximately 895.12, 

which is the same level at which the augmentation pump had operated historically.  Eagle Lake 

property owners prefer a lake level of 899.84 feet which also is the same level the augmentation 

pump had been operated. 

The percentage of respondents who had water at their house and in their yard was 2 and 68, 

respectively for Crooked Lake.  Similarly, 2 percent of Eagle Lake respondents had water in their 

house and 11 percent in their yards. 

19 OTHER PERTINENT FACTS AND CIRCUMSTANCES 

As stated in this report, the lake system in this area is connected via groundwater flow toward Bass 

Lake, and both groundwater flow and surface water flow from Bass Lake to Portage Creek. As such, 

when Crooked Lake and Eagle Lake rise, other upstream lakes including Pine Island Lake, Duck 



 21  
   s:\2020\2200395 kalamazoo county drain comm\rep\rep 2021-01-08 lake level-combined.docx 

Lake and Pretty Lake, will rise due to the increase in hydraulic gradient.  As a result, the addition of 

lake level controls to ensure the Crooked and Eagle Lakes do not rise will also lower upstream lakes 

due to the lesser hydraulic gradient at Crooked and Eagle Lakes.  

20 CONCLUSION 

This entire process, beginning in 2017 with the onset of the flooding event thru the recent collection 

of signatures of the lake residents in support of setting a Normal Lake Level as a first step to 

establish a permanent gravity solution, has been an exercise in “getting back to normal”.  There is no 

known previous effort to establish a Normal Lake Level prior to this event on either lake. 

This study shows the proposed Normal Lake Level for both lakes will not cause negative 

environmental, habitat, aquatic weed growth, septic, shore erosion, or ice damage issues that 

raise to the level that would lead us to any particular level higher or lower than has previously 

been operated by the lake associations. Also, as previously indicated, the results of the resident’s 

survey support continuing the levels previously operated by the lake associations.  
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Charter Township of Texas

Lakes WSE control: Phase 2

Item 

No. Description Quantity Unit Unit Price Total Amount

Eagle to Crooked
1 Inlet Control Structure 1 LS $125,000.00 $125,000.00

2 Outlet Control Structure 1 LS $30,000.00 $30,000.00

3 Tree Removal/Clearing 1 LS $15,000.00 $15,000.00

4 12" HDPE <10' 1,046 LF $45.00 $47,070.00

5 12" HDPE 10-16' 959 LF $60.00 $57,540.00

6 12" HDPE 16-20 285 LF $75.00 $21,375.00

7 12" HDPE >20' 425 LF $95.00 $40,375.00

8 Dewatering 2,715 LF $45.00 $122,175.00

9 Manholes <10 (Inc. RCKC inlets) 12 EA $3,500.00 $42,000.00

10 Manhole Additional Depth 45 VF $175.00 $7,875.00

11 Gravel Drive Restoration (Easement area) 850 LF $10.00 $8,500.00

12 HMA Access Drive Restoration (Eagle Lake Access) 380 LF $35.00 $13,300.00

13 Driveway Restoration-General 6 EA $1,000.00 $6,000.00

14 PQ Ave Gravel 2,040 TON $15.00 $30,600.00

15 PQ Ave HMA 1,380 TON $85.00 $117,300.00

16 Striping 1 LS $5,000.00 $5,000.00

17 General Restoration 27 STA $750.00 $20,362.50

18 SESC 1 LS $10,000.00 $10,000.00

19 Traffic Control 1 LS $10,000.00 $10,000.00

Eagle to Crooked: Construction Subtotal $729,472.50

Crooked to Wetland
1 Inlet Control Structure 1 LS $125,000.00 $125,000.00

2 Outlet Control Structure 1 LS $30,000.00 $30,000.00

3 Tree Removal/Clearing 1 LS $25,000.00 $25,000.00

4 12" HDPE <10' 200 LF $45.00 $9,000.00

5 12" HDPE 10-16' 200 LF $60.00 $12,000.00

6 12" HDPE 16-20 200 LF $75.00 $15,000.00

7 12" HDPE >20' 200 LF $95.00 $19,000.00

8 Dewatering 800 LF $45.00 $36,000.00

9 Manholes 2 EA $5,000.00 $10,000.00

10 General Restoration 8 STA $1,250.00 $10,000.00

11 SESC 1 LS $5,000.00 $5,000.00

12 Traffic Control 1 LS $2,500.00 $2,500.00

Crooked to Wetland: Construction Subtotal $298,500.00

Subtotal $1,027,972.50

Engineering (20%) $205,594.50

Permitting $100,000.00

Administration & Legal (10%) $102,797.25

Contingencies (20%) $205,594.50

Project Total $1,641,958.75

Estimate of Probable Cost
Owner:

Project Title:

July 2, 2019 M19058

Date: Project #:

page 1 of 1 S:\2019\2190382 Texas Charter Township\COR\Estimate 2019-07-02 (Phase 2 Lakes)

twheat
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CHARTER TOWNSHIP OF TEXAS

LEGAL LAKE LEVEL STUDY

Table 2 - Crooked Lake Recorded Lake Levels 

Date Elevation Datum NAVD88 conv. Source Appendix A, page#

1/1/1922 894.00 NGVD 893.56 USGS Quad Map - Schoolcraft 7.5 min 1

1/1/1967 893.00 NGVD 892.56 USGS Quad Map - Schoolcraft 7.5 min 2

5/28/1996 893.86 NGVD 893.42 Boundary survey - 198 W. Crooked Lake Drive 12

9/17/2009 895.40 NAVD88 Boundary survey - 57 N. Crooked Lk Dr 13

9/28/2018 897.70 NAVD88 Township Flood Monitoring

2/4/2019 897.92 NAVD88 Township Flood Monitoring

4/26/2019 897.84 NAVD88 Township Flood Monitoring

6/20/2019 898.58 NAVD88 Township Flood Monitoring

12/17/2019 897.34 NAVD88 Township Flood Monitoring

3/1/2020 897.41 NAVD88 Township Flood Monitoring

5/7/2020 897.00 NAVD88 Township Flood Monitoring

Fixed elevations

10/25/2007 897.00 NAVD88 Approximate 100-Yr Flood Plain Elevation 14

5/29/2008 893.87 NAVD88 Ordinary Water Elevation (Township Zoning Setback) 15

895.12 NAVD88 Crooked Lake Pump Operating Policy High Level

894.78 NAVD88 Crooked Lake Pump Operating Policy - Pumps Off

894.45 NAVD88 Crooked Lake Pump Operating Policy - Pumps On

S:\2020\2200395 Kalamazoo County Drain Comm\DNC\Water Elevation Records\Water Elev Table



CHARTER TOWNSHIP OF TEXAS

LEGAL LAKE LEVEL STUDY

Table 3 - Eagle Lake Recorded Lake Levels 
Date Elevation Datum NAVD88 conv. Source Appendix A, page#

1/1/1922 898.00 NGVD 897.56 USGS Quad Map - Schoolcraft 7.5 min 1

1/1/1967 898.00 NGVD 897.56 USGS Quad Map - Schoolcraft 7.5 min 2

4/26/1972 898.58 NGVD 898.14 Reed/Lambert Plat records 3

10/10/1975 900.50 NGVD 900.06 Eagle Lk Terrance Estates Plat records 4

12/3/1982 899.98 NGVD 899.54 Water Level Determination memo 5

3/4/1983 900.00 NGVD 899.56 DNR survey notes 6

6/1/1983 899.93 NGVD 899.49 Pepper Ave storm sewer records 7

9/1/1989 899.90 NGVD 899.46 Eagle Heights Plat record 8

9/28/2018 902.40 NAVD88 Township Flood Monitoring

2/4/2019 902.41 NAVD88 Township Flood Monitoring

4/26/2019 902.81 NAVD88 Township Flood Monitoring

6/20/2019 903.80 NAVD88 Township Flood Monitoring

6/28/2019 903.72 NAVD88 Township Flood Monitoring

12/17/2019 902.68 NAVD88 Township Flood Monitoring

3/1/2020 902.90 NAVD88 Township Flood Monitoring

5/7/2020 902.81 NAVD88 Township Flood Monitoring

Fixed elevations

12/5/1949 898.40 NGVD 897.96 "Ordinary High Water Mark" (Supervisor's Plat Turner/Bright #1) 9

1976 902.00 NGVD 901.56 DNR 100-Yr Flood Plain (Eagle Lake Terrace & Eagle Heights) 8 & 10

5/29/2008 899.84 NAVD88 Ordinary Water Elevation (Township Zoning Setback) 15

899.51 NAVD88 Eagle Lake Pump Operating Policy - Pumps Off 11

899.17 NAVD88 Eagle Lake Pump Operating Policy - Pumps On 11

S:\2020\2200395 Kalamazoo County Drain Comm\DNC\Water Elevation Records\Water Elev Table



CHART TOWNSHIP OF TEXAS

LEGAL LAKE LEVEL STUDY

Table 4 - Natural Channel Dimensions from Regional Reference Curves

Location Parameter

Bankfull Width 25.3 feet 26.0 feet 0.63 feet

Bankfull Depth 1.70 feet 1.72 feet 0.02 feet

Bankfull Width 47.5 feet 48.0 feet 0.48 feet

Bankfull Depth 2.13 feet 2.14 feet 0.01 feet

Bankfull Width 201.2 feet 201.4 feet 0.25 feet

Bankfull Depth 3.598 feet 3.600 feet 0.002 feet

Proposed Long-Term 

Conditions

Atwater Pond 

USGS 04106400

Portage Creek 

USGS 04106500

Kalamazoo River 

USGS 04106000 

Difference
Prior to Short-

Term Pumping
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CHARTER TOWNSHIP OF TEXAS

LEGAL LAKE LEVEL STUDY

USGS Quad Map - Schoolcraft 7.5 min, 894.00
USGS Quad Map - Schoolcraft 7.5 min, 893.00

Boundary survey - 198 W. Crooked Lake Drive, 893.86

Boundary survey - 57 N. Crooked Lk Dr, 895.40

9/28/2018, 897.70

2/4/2019, 897.92

4/26/2019, 897.84

6/20/2019, 898.58

12/17/2019, 897.34

5/7/2020, 897.00
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Figure 7 - Crooked Lake Recorded Lake Levels

Past Elevation Records Township Flood Monitoring

CLTA Augmentation - Pumps On (894.45)

CLTA Augmentation - Pumps Off (894.78)

Max Recorded Elev (898.58 - 2019)

Approx. 100-Yr Flood Plain (897.00 - 2007)

Crooked Lake Pump Op. High Level (895.12)

Ordinary Water Elevation (Twp setback 893.87 - 2018)

S:\2020\2200395 Kalamazoo County Drain Comm\DNC\Water Elevation Records\Water Elev Table



CHARTER TOWNSHIP OF TEXAS

LEGAL LAKE LEVEL STUDY

USGS Quad Map - Schoolcraft 7.5 min, 897.56 USGS Quad Map - Schoolcraft 7.5 min, 897.56

Reed/Lambert Plat records, 898.14

Eagle Lk Terrance Estates Plat records, 900.06

Water Level Determination memo, 899.54

DNR survey notes, 899.56

Pepper Ave storm sewer records, 899.49

Eagle Heights Plat record, 899.46

9/28/2018, 902.40
2/4/2019, 902.41

4/26/2019, 902.81

6/20/2019, 903.80

6/28/2019, 903.72

12/17/2019, 902.68

3/1/2020, 902.90

5/7/2020, 902.81
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899.00

900.00
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904.00

1/1/1922 12/14/1932 11/27/1943 11/9/1954 10/22/1965 10/4/1976 9/17/1987 8/30/1998 8/12/2009 7/25/2020

Figure 8 - Eagle Lake Recorded Lake Levels

Past Elevation Records Township Flood Monitoring

DNR 100-Yr Flood Plain contour (901.56 - 1976) 

Max Recorded Elev (903.80 - 2019)

"Ordinary High Water Mark" (897.96 - 1949)

ELTA Augmentation - Pumps On (899.17)

ELTA Augmentation - Pumps Off (899.51)

Ordinary Water Elevation/Twp zoning setback (899.84)

DNR 100-Yr Flood Plain contour (901.56 - 1976) 

S:\2020\2200395 Kalamazoo County Drain Comm\DNC\Water Elevation Records\Water Elev Table
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Figure 9a - Hypothetical Crooked Lake Discharge with Long Term Infrastructure in Place

Actual Crooked Lake Pump Discharge

Hypothetical Crooked Lake Discharge
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Figure 9b - Historical Annual Rainfall Southwest Michigan

Source: Enviro-weather - Lawton Site
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Figure 9c - Hypothetical Crooked Lake Levels with Long Term Infrastructure In Place

Current Snow Depth (~equiv  in of rain)

Rainfall

Actual Crooked Lake WSEL

Estimated Long Term Project Results

Proposed Weir Elevation
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Figure 9d - Hypothetical Eagle Levels with Long Term Infrastructure in Place

Current Snow Depth (~equiv  in of rain)

Rainfall

Actual Eagle Lake WSEL

Estimated Long Term Project Results

Proposed Weir Elevation
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Figure 10a - Hypothetical Bass Lake Level Comparison

Current Snow Depth (~equiv  in of rain)

Rainfall

Actual Bass Lake WSEL (w/ Pumping)

Estimated Bass Lake WSEL w/ Long Term Project In Place

Bass Lake WSEL w/ No Input from Crooked Lake

Crooked Lake Pump Operation Began
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Figure 10b - Hypothetical Portage Creek Level Comparison

Current Snow Depth (~equiv in rain)

Rainfall

Actual Gage Depth (incl pumping from Crooked Lake)

Gage Depth w/ Long Term Infrastructure

Gage Depth for No Direct Input from Crooked Lake
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Figure 11 - Crooked, Eagle and Bass Lake Monitoring Results

Crooked Lake WSEL

Eagle Lake WSEL

Bass Lake WSEL
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Figure 12a - Crooked Lake Monitoring Results/Estimated Projections for Average Rainfall 

Current Snow Depth (approx equiv  inches of rain)

Rainfall

Crooked Lake WSEL

0gpm Pumping from Crooked & 0gpm from Eagle Lake

Crooked Lake Pump Operation Begins

Eagle Lake Pump Operation Begins

Continuous Pump Operation Begins 1000/600gpm

Continuous Pump Operation Begins 1200/750gpm

Continuous Pump Operation begins 1400/875gpm

Continuous Pump Operation Begins 1600/1040gpm

Continuous Pump Operation Begins 1800/1170gpm

Continuous Pump Operation Begins 2000/1250gpm

Continuous Pump Operation Begins 1000/625gpm

Continuous Pump Operation Begins 1200/720gpm

Continuous Pump Operation begins 1400/805gpm



0

1

2

3

4

5

6899.8

900.8

901.8

902.8

903.8

904.8

905.8

8/31/18 12/21/18 4/12/19 8/2/19 11/22/19 3/13/20 7/3/20 10/23/20 2/12/21 6/4/21 9/24/21

R
a

in
fa

ll
 (

in
),

 S
n

o
w

 D
e

p
th

 E
q

u
iv

 R
a

in
fa

ll
 (

in
)

La
k

e
 W

a
te

r 
S

u
rf

a
ce

 E
le

v
a

ti
o

n
 (

ft
)

CHARTER TOWNSHIP OF TEXAS

LEGAL LAKE LEVEL STUDY

Figure 12b - Eagle Lake Monitoring Results/Estimated Projections for Average Rainfall

Current Snow Depth (approx equiv  inches of rain)
Rainfall
Measured Eagle Lake WSEL
0gpm Pumping from Eagle Lake
Crooked Lake Pump Operation Begins
Eagle Lake Pump Operation Begins
Continuous Pump Operation Begins 1000/600gpm
Continuous Pump Operation Begins 1200/750gpm
Continuous Pump Operation Begins 1400/875gpm
Continuous Pump Operation Begins 1600/1040gpm
Continuous Pump Operation Begins 1800/1170gpm
Continuous Pump Operation Begins 2000/1250gpm
Continuous Pump Operation Begins 1000/625gpm
Continuous Pump Operation Begins 1200/720gpm
Continuous Pump Operation Begins 1400/805gpm
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Appendix A 
Augmentation Well Data 

  































1

Mark Van Kuik

From: Len Bosma <lfbosma@gmail.com>
Sent: Friday, August 21, 2020 1:55 PM
To: Tom Wheat
Subject: Re: Augmentation Well Logs

Tom 
Our well is 166 feet deep with a 2 million per day pump rate according to our resident expert. Our log for the pumping 
on/off cycles was destroyed in the Recent flooding. Evidently, the water tight pouch was not water tight.  
Len 

Sent from my iPhone 
 
 

On Aug 20, 2020, at 10:28 AM, Tom Wheat <twheat@preinnewhof.com> wrote: 

  
Len, Jim 
As part of the legal lake level EGLE is interested in the augmentation well logs, depths, capacities, pump 
rates…  
  
Please send me whatever you may have. 
  
Thomas C. Wheat, P.E.  
Prein&Newhof 
t. 269‐372‐1158  
f. 616‐364‐6955 
Website | Blog | LinkedIn  
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898.58 NGVD29
898.14 NAVD88
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900.50 NGVD29
900.06 NAVD88
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899.98 NGVD29
899.54 NAVD88
Dec. 3, 1982

898.40 NGVD29
897.96 NAVD88
1949 - ref on pg. 6

900.46 NGVD29
900.02 NAVD88
1976
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900.00 NGVD29
899.56 NAVD88

898.40 NGVD29
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914.93

MH 915.91

CB Rim 914.57

899.93 NGVD29
899.49 NAVD88
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899.90 NGVD29
899.46 NAVD88

902.00 NGVD29
901.56 NAVD88
(Eagle Lake Terrace Plat, Pg. 10
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898.40 NGVD29
897.96 NAVD88
(Turner/Bright No1,1949)

902.00 NGVD29
901.56 NAVD88
(Eagle Heights, Pg. 8 and Eagle Lake Terrace Plat, Pg. 10)
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902.00 NGVD29
901.56 NAVD88
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EAGLE LAKE TEXAS WATER LEVEL POLICY 

The “Eagle Lake Texas Association” Board authorized a survey of the water level of 

Eagle Lake. This survey was conducted by Prein&Newhof, Engineers & Surveyors on 

May 29, 2008.  The purpose of the survey was to establish an “Ordinary High Water 

Mark” (OHWM) for Eagle Lake which will be used to govern the operation of the pump 

in the boards attempt to maintain an appropriate and healthy lake level. 

The following elevation measurements were provided on May 29, 2008: 

• “Ordinary High Water Mark” (OHWM)                      899.84 Elevation 

EAGLE LAKE PUMP OPERATION POLICY 

The following policy shall determine yearly lake pump operation at Eagle Lake: 

• During the months of October, November, December, January, February and

March; the pump will be disconnected from power and not operational.

• During the months of April, May, June, July, August and September; the pump

will only run as necessary to assist in keeping the lake level between a range of 8

to 4 inches below the Official High Water Mark.

• Whenever the water level reaches 4 inches or higher, below the Official High

Water Mark, the pump will be off and not operational.

ELTA Board Approval: 2012 

899.84 NAVD88

Appendix B, Page 11



893.86 NGVD29
893.42 NAVD88

Appendix B, Page 12



895.40 NAVD88

Appendix A, Page 13

Appendix B, Page 13



897.00 NGVD29
896.56 NAVD88

Appendix B, Page 14



�
��
�
���

��
��


�
�
��
�

�
��
�
��
��

�
�
�
��

�
��
���
��

�
���
�

�
��

��
��

�
�
��

�
��
���
�
�
�
�

��
��

�
����

�
�
�
�
�

�
��
����

�
�

�������� ������������ ���
!"#$%&'()(*+�

,-./01.21345216.7189:;<.70:==.91.>1:74216.?2@>.
801.A@265B:2C.D:812.1=1E:85@BA.718.@48.91=@D.?@2.
1:;0.@?.801.=57816.=:<17.:B6.F@B67-./01.
A91B;0>:2<A.57.:.>18:=.;:F.F=:;16.:8.801.
1=1E:85@B.=57816G.:B6.58.;:B.91.4716.:7.:.
21?121B;1.F@5B8.8@.61812>5B1.801.A@265B:2C.
D:812.1=1E:85@B-A.H@2.:BC.=:<1G.F@B6G.7821:>.@2.
25E12.B@8.=57816.91=@DG.5B.801.1E1B8.@?.:.
;@B82@E127C.;@B;12B5BI.801.=@;:85@B.@?.801.
91B;0>:2<.?2@>.D05;0.801.21345216.7189:;<.
70:==.91.>1:74216G.801.61812>5B:85@B.@?.801.
9@:26.@?.:FF1:=7.178:9=57016.4B612.8057.
J265B:B;1.70:==.91.;@B;=475E1-.

K-.JB.801.782118.7561.@?.1E12C.=@8.:94885BI.:.=:<1G.
25E12.@2.7821:>G.1E12C.F25B;5F:=.945=65BIG.:B6.
1E12C.?1B;1.LMN.@2.>@21.7@=56.:B6.1E12C.912>.
OPQRRSTUSOUVSTQWXSYZ[\SVPUSOVZUUVSQVSRUQOVS]̂_̀S
JB.801.25F:25:B.7561.@?.801.=@8G.B@.7@=56.?1B;5BI.
70:==.91.F12>58816.B@2.:BC.?1B;1.I21:812.80:B.
a_SbcSPUbdPVSOPQRRSTUSbcOVQRRUeSTUf[ceSVPUS
178:9=57016.945=65BI.=5B1-.gBC.7@=56.?1B;5BI.@2.
QcfSYUcWbcdSdZUQVUZSVPQcSa_SbcSPUbdPVSOPQRRS[cRfS
91.F12>58816.918D11B.801.945=65BI.=5B1.@B.801.
ZbhQZbQcSObeUSQceSVPUS]̂_SOUVTQWXSRbcUS[cSVPUS
2@:6.7561G.4B=177.:88:;016.8@.:.618:;016.
:;;177@2C.945=65BI.:8.801.7189:;<.=5B1.80:8.57.
]̂_SYZ[\SVPUSZbdPVS[YSiQfSRbcUjS[ZSkl_SYZ[\SVPUS
16I1.@?.F:E1>1B8.mD05;01E12.57.=177nG.948.B1E12.
RUOOSVPQcSo_SYZ[\SVPUShZ[hUZVfSRbcÙSSp[RbeS
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CHARTER TOWNSHIP OF TEXAS 
 

ORDINANCE TO AMEND SEWER ORDINANCE 
 

ORDINANCE NO. 328 
 

THE CHARTER TOWNSHIP OF TEXAS ORDAINS: 
 
Section 1.  Amendment of Section 32-121 of Article III, “Sewers” 
 
Section 32-121 of the Township Code is hereby amended as follows, with added text indicated 
by bold-faced text and deleted text stricken: 
 

Sec. 32-121. - Connection charges.  
 
Owners or occupants desiring to connect connecting any premises with any sanitary 
sewer shall pay for such connecting sewer connection at a rate to be determined by 
the township board from time to time.  

 
Section 2.  Amendment of Section 32-122 of Article III, “Sewers” 
 
Section 32-122 of the Township Code is hereby amended as follows, with added text indicated 
by bold-faced text and deleted text stricken: 
 

Sec. 32-122. - Permit to connect generally; mandatory connections 
 
(a) Permits for connections with sanitary sewers shall be issued by such person as shall 

be designated by the township director. Such a permit shall not be issued until (i) all 
charges for a sewer connection have been paid in full or, if the township agrees 
to specially assess for the public improvement, including connection charges, 
then only after the special assessment roll is confirmed by the township board; 
and (ii) all assessments due and the charge for sewer connections have been paid and 
until  the director has determined that there is capacity available for the wastewater 
to be discharged in all downstream sewers, lift stations, force mains, and compatible 
wastes.  

(b) The director may require from any proposed user or from any existing user who is 
altering the composition of the wastewater a compatibility study to demonstrate to 
the satisfaction of the director that the wastewater to be discharged is compatible 
with the existing wastewater system, and will not adversely affect the wastewater 
system. Such study shall be at the expense of the user. 

(c) Structures in which sanitary sewage originates for which there is an available 
public sanitary sewer system shall not be used or occupied unless said 
structures are connected to the public sanitary sewer system; provided, 
however, that structures in which sanitary sewage is originating on the effective 
date of this Ordinance shall be connected to said system within five (5) years 
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 GEI Consultants, Inc. 
 5225 Edgewater Drive, Allendale, MI  49401 

 616.384.2710 
 www.geiconsultants.com 

Consulting 
Engineers and 

Scientists 

Memo | Page 1 

To: Tom Wheat, Prein and Newhof (P&N) 
From: Steve Rice, CWB, GEI Consultants of Michigan, P.C. (GEI) 
Date: October 15, 2020 
Re: Pumping Versus Proposed Water Control Structure: A Qualitative Comparison of 

Potential Impacts to Wetland Vegetation and Geomorphology of Receiving Waters, 
Texas Township, Kalamazoo County, Michigan.  

INTRODUCTION 
Over the last several years, Texas Township has experienced a significant increase in 
groundwater elevation in the vicinity of Eagle and Crooked Lakes. There are no natural 
outlets to these lakes, and the residents in these areas have been experiencing ongoing 
flooding.  The Michigan Department of Environment, Great Lakes, and Energy (EGLE – 
formerly the Michigan Department of Environmental Quality) issued a permit in 2019 
allowing Texas Township to pump water from Eagle Lake to Crooked Lake and from 
Crooked Lake to Bass Lake, which has a natural outlet, in an attempt to lower the local 
groundwater and provide relief to flooded residents.  
 
The 2019 EGLE permit allows Texas Township to pump water at a rate not to exceed 2,000 
gallons per minute (gpm), but requires the Township to monitor wetland vegetation 
downstream of the pumping outlet to evaluate changes in vegetation condition and health that 
may be associated with pumping activities.  In May 2019, GEI Consultants of Michigan, P.C. 
(GEI) was contracted to conduct weekly monitoring, and data from these monitoring events 
are reviewed by EGLE to evaluate potential impacts and modify pumping rates.  
 
Based on our understanding at this time, there is a proposal to eliminate the pumping system 
and replace it with a permanent water control structure. GEI has been requested to complete a 
qualitative comparison of potential impacts to wetland vegetation and geomorphology of 
receiving waters downstream from pumping versus a proposed water control structure. This 
memo is intended to provide a summary of our qualitative comparison.   
 
METHODS 
To evaluate the potential impacts associated with pumping versus the proposed water control 
structure, GEI obtained/reviewed the following data to complete a comparison.  First, GEI 
completed a site visit on September 15, 2020, to qualitatively assess wetland vegetation and 
bank stability along the downstream water course.  GEI qualitatively assessed the current 
vegetation (type and health) and, where appropriate, visually inspected the seven EGLE 
selected representative sites for signs of erosion, sedimentation, and bank instability. The 
following locations were assessed: 
 
1. Crooked Lake existing pump outfall structure  
2. South 8th Street culvert (near weekly monitoring Site 7) 

Memo 
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3. Bass Lake outlet 
4. Boy Scout Road culvert  
5. El Sabo Land Preserve culvert 
6. South 12th Street culvert 
7. Angling Road (Sunvalley Drive) culvert   
 
GEI then reviewed results of a hydrological evaluation completed by Prein and Newhof 
(P&N).  This evaluation compared discharge rates from the actual Crooked Lake pump 
discharge to the proposed Crooked Lake water control structure. Review of this data focused 
on how proposed discharge from the water control structure compared to actual discharge 
from pumping. 
 
Finally, GEI reviewed data from the weekly vegetative and hydrologic monitoring events.  
As noted above, the purpose of these weekly assessments has been to document changes in 
vegetative condition and health following the initiation of pumping. Review of this data 
focused on a qualitative assessment as to how discharge from the proposed water control 
structure compares to actual discharge rates from the pump and how this difference may 
affect vegetation health.   
 
RESULTS 
September 15, 2020 Site Visit 
The Crooked Lake existing pump outfall structure consists of a rip-rap pad immediately 
below the pump outlet pipe, surrounded by an area of dense giant reed (Phragmites australis) 
(Appendix A). There were no signs of erosion. However, it is important to note that this 
discharge point is located within the same wetland system as weekly vegetation monitoring 
Sites 6 and 7, and the weekly wetland vegetation monitoring noted signs of stress in both 
2019 and 2020. 
 
The South 8th Street culvert is immediately adjacent to weekly vegetation monitoring Site 7 
and consists of a grated culvert under South 8th Street (Appendix A). At the time of this site 
visit (and as noted in the weekly monitoring reports), there was a consistent flow of water 
through this culvert, but there were no signs of erosion.  However, as noted above, the 
weekly vegetation monitoring noted signs of stress in both 2019 and 2020.   
 
The Bass Lake outlet consists of a culvert and short stream segment between the outlet and 
Boy Scout Road (Appendix A).  There were no signs of erosion or vegetation stress at this 
location. In addition, review of pre-pumping and current photographs of this area show no 
apparent signs of geomorphological changes (erosion, increased bank instability, or sediment 
accretion or deposition). 
 
Like the Bass Lake outlet, the Boy Scout Road culvert consists of a culvert and short stream 
segment from the culvert to a large wetland complex downstream (Appendix A). There were 
no signs of erosion or vegetation stress at this location. In addition, review of pre-pumping 
and current photographs of this area show no apparent signs of geomorphological changes 
(erosion, increased bank instability, or sediment accretion or deposition).   
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The El Sabo Land Preserve culvert is located under a service road that is approximately 10 
feet above the wetland (Appendix A).  The wetland upstream of the outlet consists of an 
emergent wetland with a fringe of scrub-shrub.  Downstream of the culvert, there is a more 
defined channel (stream/creek) that flows through a wetland complex that includes emergent, 
scrub-shrub, and forested wetlands. The vegetation within the upstream emergent wetland 
appears to be dominated by cattails (Typha spp.) and swamp loosestrife (Decodon 
verticillatus) while the surrounding scrub-shrub wetland contains red maple (Acer rubrum), 
sassafras (Sassafras albidum), box-elder (Acer negundo), and reed canary grass (Phalaris 
arundinacea). There were no signs of erosion or vegetation stress at this location.  
 
Both the South 12th Street and Angling Road (Sunvalley Drive) culverts are located in 
residential areas (Appendix A).  The South 12th Street culvert site has been landscaped as 
part of the adjacent yard and it appears that work has been completed in the area within the 
last year.  The vegetation in this area included cattails, swamp loosestrife, box-elder, purple 
loosestrife (Lythrum salicaria), touch-me-not (Impatiens capensis), glossy buckthorn 
(Frangula alnus), and cottonwood (Populus deltoides). There were no signs of erosion or 
vegetation stress at this location.   
 
The Angling Road culvert is associated with a channelized creek with a fringe of aquatic 
wetland plants including arrow-arum (Peltandra virginica) and waterlilies (Nymphaea spp.) 
(Appendix A). The area immediately adjacent to the culvert is dominated by oriental 
bittersweet (Celastrus orbiculatus) and Virginia creeper (Parthenocissus quinquefolia). 
There were no signs of erosion or vegetation stress at this location.   
 
P&N Hydrological Evaluation  
The hydrological evaluation completed by P&N indicates that the proposed Crooked Lake 
outfall structure discharge will be consistently less than the discharge from current pumping 
activities (Figure 1).  The evaluation also indicates that the proposed discharge will more 
closely mimic a natural system with increased discharge after rain events, seasonal 
fluctuations, and an inconsistent peak discharge.  
 
GEI Weekly Monitoring 
Review of the weekly monitoring data appears to be inconclusive as to the source of impact 
(pumping vs. regional increase in ground water elevations) to wetland vegetation at the 
monitoring sites.  The 2019 data noted vegetation stress, but with no comparison wetlands, 
the source of stress was inconclusive and although 2020 monitoring included two “control” 
sites, in GEI’s opinion, the source of impact remained inconclusive.  During the 2020 
monitoring, vegetation stress was noted at the seven original monitoring sites approximately 
one week prior to similar stress being observed at the “control” sites. 
 
CONCLUSIONS 
Upon review of the information identified above, it is GEI’s opinion that the proposed water 
control structure will not increase the potential for impacts to wetland vegetation and/or the 
geomorphic stability of the downstream receiving waters. Instead, the P&N hydrological 
evaluation indicates that peak discharge from the proposed outfall structure will be less than 
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that of pumping, will promote seasonal and weather dependent variability, and will more 
closely mimic a natural system. 
 
Attachments 
Figure 1: P&N Hydrological Evaluation 
Appendix A: Site Photographs  
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Photo 1. Crooked Lake Outfall Structure: 9/15/2020 

Photo 2. Crooked Lake Outfall Structure: 9/15/2020 
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Texas Township 
Proposed Crooked Lake Outfall Structure 
Kalamazoo County, MI 

 
Date: 10/12/2020 
 
GEI Project #2004270 
 

Photo 3. East side of S. 8th Street Culvert: 9/15/2020 

Photo 4. East side of S. 8th Street Culvert: 9/15/2020 
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Texas Township 
Proposed Crooked Lake Outfall Structure 
Kalamazoo County, MI 

 
Date: 10/12/2020 
 
GEI Project #2004270 
 

Photo 5. Bass Lake Outlet: 9/15/2020 

Photo 6. Bass Lake Outlet: 9/15/2020 
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Texas Township 
Proposed Crooked Lake Outfall Structure 
Kalamazoo County, MI 
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Photo 7. Bass Lake Outlet: 5/2019 

Photo 8. Bass Lake Outlet: 6/2019 
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Photo 9. Boy Scout Road Culvert: 9/15/2020 

Photo 10. Boy Scout Road Culvert: 9/15/2020 
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Photo 11. Boy Scout Road Culvert: 6/2019 

Photo 12. El Sabo Land Preserve Culvert: 9/15/2020 
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Photo 13. El Sabo Land Preserve Culvert: 9/15/2020 

Photo 14. S. 12th Street Culvert: 9/15/2020 
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Photo 15. S. 12th Street Culvert: 9/15/2020 

Photo 16. S. 12th Street Culvert: 9/15/2020 
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Proposed Crooked Lake Outfall Structure 
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Photo 17. Angling Road Culvert: 9/15/2020 

Photo 18. Angling Road Culvert: 9/15/2020 
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Proposed Crooked Lake Outfall Structure 
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Photo 19. Angling Road Culvert: 9/15/2020 

Photo 20. Angling Road Culvert: 9/15/2020 
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Proposed Crooked Lake Outfall Structure 
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GEI Project #2004270 
 

Photo 21. Angling Road Culvert: 9/15/2020 
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CROOKED LAKE - LAKE LEVEL STUDY 

OFFICE OF THE KALAMAZOO COUNTY DRAIN COMMISSIONER 

SURVEY TABULATION 

 
Your response to this questionnaire will help in the investigation of establishing a legal lake level 
on Crooked Lake. 
 
1. Please provide your name and address details below: 

Name: _______________________________________ Telephone:__________________ 

Home address: _______________________________________________________________ 

 ______________________________________________________________ 

Crooked Lake address (if different): ______________________________________________ 

 ______________________________________________________________ 

2. How long have you been at the Crooked Lake address? 17       Years (Average) 

3. What is your status with regard to this property?  (Check one) 

95       Owner residing or conducting business at property 

1         Tenant 

8         Owner not residing or conducting business at property 

5         Other (please specify) Summer Home, Part Time Resident, Mother Life Lease, 

 Building & Used as Cottage  

4. Are you in favor of an established lake level on Crooked Lake? 

94       Yes (87% of respondents) 

14       No (13% of respondents) 

5. At what elevation would you like the lake level to be established relative to the elevation 

which the Lake Association had previously operated the augmentation pump (prior to the 

2017 flooding). 

13         Higher,   (14% of respondents) 

25      Lower,  (28% of respondents) 

51       Same            (57% of respondents) 

6. Did the lake level prior to the 2017 flooding affect your septic tank/field? 

2         Yes 

108     No 

47       Not Applicable 
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7. At your Crooked Lake address have you ever experienced flooding prior to the 2017 

flooding?  (Please check all that apply.) 

7         Flooding in your yard area 

2         Flooding above habitable floor (house) 

101     I have never experienced flooding 

8. If you experienced flooding prior to 2017, during what time of year did it occur? 

0        Winter 

4         Spring 

1         Summer 

1         Fall 

*Provide number of occurrences infrequent and dates of flooding, if known Respondents 

indicated 1950 and 2008-2009 

9. Did you consider aquatic weed growth a problem in the lake at lake levels prior to the 2017 

flooding? 

54       Yes 

54       No 

10. Did you have shoreline ice damage to your property prior to the 2017 flooding?  (Does not 

include structures such as docks.) 

7         Yes 

102     No 

11. Did you have erosion damage to your property during periods of high water in the fall and 

spring prior to the 2017 flooding? 

15       Yes 

94       No 

Comments and opinions to this Questionnaire and return to: 

• It’s important to make sure that while the levels are raised artificially beyond what nature 
provides, there needs to be a way to lower it, quicklyAnd permanently.  There needs to be a 
long term plan to keep this flooding from happening again. The cost of damage to our 
property, the necessity to add a new sea wall to try to reduce damage and still having water 
issues in our home, including an ongoing mold problem, have caused enormous stress for us. 
We’re still have to repair our home and lakefront when the water goes down enough. So if 
the association is going beyond what nature provides for the lake level, there has to be a way 
to reduce the levels quickly and permanently. We know many others have been affected too, 
and there needs to be a level that works for everyone. 
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• I have lived on this lake on and off for 40 years, in 5 different locations on the lake.  After 
approx. 2005 when the asssoc. upgraded the lake pump as the old one trickled,  someone 
decided to fill the lake as high as he could to get the back end of the lake to not be a 
weed/muck bed along with adding an aeriation system.  We should only use the pump as 
absolutely necessary, and let mother nature do its job. This is a very deep lake that can 
handle evaporation.  Such a shame we are here.  Had the pump not been pumping in so much 
water to make an artificial water table line, mother natures changes (80 yr flood) would not 
have impacted us.  Other lakes just let it be, if it's low it's low.  No one individual should be 
in charge of our lake level. We all enjoy it lower than higher.  Many of the homes on this 
lake don't have a sea wall. Fortunately, we do but it has been damaged.  Thank you. 

• We've had minimal erosion damage with our seawall. 

• I would like the lake level to set where the lake community is comfortable and accepting of 
wake board and surf wakes. 

• If I had a choice, I would like the lake to go down 20+ feet, so I could once again have some 
yard/beach. 

• We would like the lake level to be such that the sump pumps would not need to run. 

• My electrical outlet is in the water now.  It was on the beach, dry, prior to 2017.  The lake 
level should be down at least 10 more inches from what it is today.  That would or should be 
the minimum level going forward. 

• When we moved here in 2913, we had no weeds in our frontage, but now it is all weeds.  Is 
this due to the flood, or is the aerating and spraying not working? 

• We have only lived here for nine months. So, we are only going off what we have been told.  
The weed growth is an issue across the lake it seems. 

• Natural shorelines and lake levels VARY, please stop building so close to shorelines, stop 
phosphate fertilizing , INSPECT septic systems, stop dumping chemicals into our waterways,  
stop killing and polluting our natural water wonderland. 

• my rock wall that was 12-14 feet away from water is now all crumbly 

• I lost my beautiful sandy beach when the "keeper of the Pump" decided arbitrarily to raise 
the lake  level to the point where we lost our beaches.  That was before 2017.  And here we 
are. 

• We do not have a motor boat.  In the fall of 2017 I thought the lake level was higher then it 
had ever been and I was not happy.  At that time we had a small bank at the shoreline, and 
the water level was 3 or 4 inches up my bank.  When boats went by our bank was eroding.  I 
had   hoped to put in an eco friendly retaining wall of some sort   the next spring but the 
water level never went down.  Now my bank is under water and I have no idea what it will 
look like if the water level goes down.  Our shoreline will need major renovation but I am 
glad our house is away from the water and suffered no damage. 

• We bought on this lake to utilize it as a motor sports lake, because it was deep (important to 
wakeboarding and surfing) and private. We want to be able to use the lake for the reasons 
why we purchased our house 6.5 years ago. 
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• This pump issue seems like a joke.  At 2000 gpm, we were told 3000 gpm, plus the approx. 
1.2 million gal. evaporation per day, we haven't seen much for our money spent and taxes 
paid. 

• It's hard to discuss lake level numbers when numbers are not being offered. What is the lake 
level in feet that the association kept the lake at?  What was the normal highest level in the 
spring?  What was the lake level number in 2017 that this survey continually references?  It's 
impossible to give a valid opinion without scientific data.  We had erosion issues all summer 
in 2017. In Oct 2017 was when we stopped having erosion issues, and the lake was at the 
level we want it at, and we got our beach back.  I have pictures to show that.  But what the 
lake level was at in feet at that time?  That is unknown to me. 

• Ground water flooded our basement last summer. At the high water mark we lost almost 30 
feet of yard to the lake. Had to install two new sump pumps and cost a total of around $6000 
(some of which was paid by insurance). 

• Never had a problem until after they passed the special assessment to raise the lake level and 
started pumping water into our lake! I was totally against the pumping water into the lake!!! 

• Yard underwater. Had to install 100 sandbags when water reached patio.  Lost several 
gardens and more than half of lawn.  Fire pit completely underwater.  Some damage to 
drywall on one side of house. 

• Our home suffered significant damage with the flooding and we have ongoing issues with 
our yard even at the current lake level.  We strongly support developing a lower legal lake 
level and were satisfied with the level prior to the 2017 flooding. 

• I would support the water level that the association was achieving prior to 2017 

• Following the 2017 flooding our sandy lakefront bottom has transitioned to abundant weed 
cover. 

• We would like to see 19 inches lower with a maximum  of 24 inches, related to the level 
today. May 7, 2020. Taking the water to your suggested level that you gave in the newsletter, 
would possibly be too low resulting in the need to pump water in....Let’s try to take a 
breather and not keep everyone on the edge of their chair. 

• There have always been fluctuations in the lake level, but never to this degree. I’ve had to 
shorten and raise my dock twice. Lost my beautiful beach, and my newly professionally 
landscaped rock wall is destroyed and falling into the water. 

• The problem with the previously determined augmentation lake level was docks and boat 
lifts were set in the spring when the water level was usually high and the summer evaporation 
took the lake level toward the augmentation level the docks and lifts often had to be 
repositioned based on the lower water level.  We need the new legal level to be slightly 
higher than the augmentation level so we are not having to reset all this stuff in August.  
Thank you for all of your efforts with this process. 

• I have already provided a letter to the Deputy Drain Commissioner of Kalamazoo and Prein 
& Newhof about my lost beach front. Photos of the beach I used to have were provided. I 
also have attended Crooked Lake Association meetings and spoke with a member on the 
Crooked Lake Association about the high lake level that started in 2009, and the lake level 
has not receded since then. I hope the new lake level will take into account climate change 
and the heavier rain fall that has occurred over the recent years in this area. 
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• Since taking on Eagle Lakes water, our lake has seen a huge influx of invasive weeds and 
vegetation not previously seen.  The water levels should be set higher, if this goes through, 
due to this new vegetation.  We had a huge problem getting our boat in and out of our dock 
due to all the weeds BEFORE this temporary "solution", now with the weeds being 
extremely worse, we worry the lower set water level will dry dock us back in the cove. 

• We don't need the lake level near as high as the Lake Association set the lake level. 

• I strongly recommend we utilize the CLT Association Guidelines in Setting the Legal lake 
Level 

• I am tired of the board president having all the say because he wants to profit from building 
homes. The lake was fine before pumping and it was low with lots of beach. The board does 
not want to ever listen to owners against what they want. Especially the people who have 
lived on this lake and know about the lakes history. I have never in all my 47 years seen the 
lake this high and all the problems that we have had. Lower the lake and leave it low and 
leave it alone and stop listening to people who only care about making a profit by selling 
lots!!! 

• We have a growing weed problem on the lake which is getting worse ever year and it is 
starting to effect lake health. Lowering the lake to much I think would not help. But peoples 
homes are the most important to protect. I support the association and will on this issue. I do 
feel that we are caring the financial load of this for the whole surrounding area beyond 
Crooked and Eagle Lakes. 

• I would be comfortable with the current high water mark of 895.50 being the LLL as long as 
there are very clear and well-publicized levels for starting and stopping the augmentation 
well during the summer and prior to winter.    I believe it is very important that both Eagle 
and Crooked lakes use the same off level for their augmentation well relative to the LLL 
(preferably 4 to 5 inches below LLL). 

• Obviously the lake being too high is a much larger problem than it being too low.   If you 
promise not turn the pump back on to add water to the lake , maybe ever.  Then I think the 
legal lake level can be higher,  in other words, let it go below the level, just not above .  If 
you are going to add water to the lake to keep it at a certain level, then it needs to be quite 
low.  When I moved in 2013 the lake was in great shape, it had fantastic fishing , I had sand 
beach I invested in , and the boating was very navigable . 

• if a legal lake level is set, what exceptions will be made for a low lake level? will additional 
pumps be needed or required to keep legal lake level? 

• The best source to determine our legal lake level is our lake association board. 

• My concern with setting the legal lake level is the solution which has not been testing or used 
in other lake leveling.  There is no way that a siphon system will pump anywhere near the 
2000 gallon per minute the physical pumps will.  In addition, we are draining the entire areas 
water table which will take extensive flow to be effective.  What guarantees at a certain GPM 
of the new solution will we have when everyone will be paying for an untested solution? 

• Established level should be lower than current but high enough to keep east end of lake 
usable 

• We need to consider that the lake water is not always smooth and placid. If the water level is 
one foot  below the height of adjacent seawalls and a wake-boarder is on the lake, the wave 
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created by his boat  will splash OVER THE SEAWALLS causing erosion. Property owners 
should not have to incur cost of a  seawall to deal with this specific situation and many 
properties do not even have a seawall. There are  about a dozen such boats on Crooked Lake. 

• We feel the association set lake level was working very well in the years we have been here. 
were are hoping that is the level that will be set and maintained. 

• I am happy with the progress the Lake Association has made.  Thank you. 

• Please do everything you can to get this done quickly so that we can safely enjoy our lake 
and water sports again.  Thank you! 

• I feel the lower levels will occur with nature and that evaporation will be the main 
component. 

• It would be better if the level didn’t vary so much. With the flooding it came 40 feet into my 
yard 
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Appendix G   
Survey Results and Maps – Eagle Lake 
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  EAGLE LAKE - LAKE LEVEL STUDY 

OFFICE OF THE KALAMAZOO COUNTY DRAIN COMMISSIONER 

SURVEY TABULATION 

 
Your response to this questionnaire will help in the investigation of establishing a legal lake level 
on Eagle Lake. 
 
1. Please provide your name and address details below: 

Name: _______________________________________ Telephone:__________________ 

Home address: _______________________________________________________________ 

 ______________________________________________________________ 

Eagle Lake address (if different): ________________________________________________ 

 ______________________________________________________________ 

2. How long have you been at the Eagle Lake address? 15       Years (Average) 

3. What is your status with regard to this property?  (Check one) 

126     Owner residing or conducting business at property 

      Tenant 

2         Owner not residing or conducting business at property 

      Other (please specify)  _________________________________________________ 

4. Are you in favor of an established lake level on Eagle Lake? 

125     Yes (98% of respondents) 

3         No (2% of respondents) 

5. At what elevation would you like the lake level to be established relative to the elevation 

which the Lake Association had previously operated the augmentation pump (prior to the 

2017 flooding). 

15      Higher  (14% of respondents) 

8         Lower (7% of respondents) 

84       Same (86% of respondents) 

6. Did the lake level prior to the 2017 flooding affect your septic tank/field? 

1         Yes 

80       No 

44       Not Applicable 
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7. At your Eagle Lake address have you ever experienced flooding prior to the 2017 flooding?  

(Please check all that apply.) 

14       Flooding in your yard area 

2         Flooding above habitable floor (house) 

108     I have never experienced flooding 

8. If you experienced flooding prior to 2017, during what time of year did it occur? 

2         Winter 

9         Spring 

4         Summer 

1         Fall 

*Provide number of occurrences Respondents indicated 1951, late 1980’s, early 1990’ and 

2008 and dates of flooding, if known       

9. Did you consider aquatic weed growth a problem in the lake at lake levels prior to the 2017 

flooding? 

110     Yes 

12       No 

10. Did you have shoreline ice damage to your property prior to the 2017 flooding?  (Does not 

include structures such as docks.) 

6         Yes 

115     No 

11. Did you have erosion damage to your property during periods of high water in the fall and 

spring prior to the 2017 flooding? 

13       Yes 

110     No 

Comments: 

• Because we keep building without infrastructure - roadside flooding is terrible. Lake has to 
go a little higher to accommodate and I hope we get some benefit in that it will help Weed’s 
if we reuse lake a little . We deserve a good lake after all if this. 

• No body can get this water out of here in the last 3 years....what makes you think you will get 
it out of here in 1 year?? Someone should of stepped in to help us before it got to this level, 
they knew it kept getting higher and apparently nobody cared! 

• I think the township needs to add considerable focus and infrastructure to drains around the 
township. We keep adding buildings, raising taxes and it is causing more surrounding 
drainage to Eagle Lake.  We don’t need more parks we need more drains. 
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• We feel the legal lake level should be at the historic level that was established prior to the 
addition of the augmentation pump. Lake level: 898.4 

• I am strongly in favor of the legal lake level and am excited for the long term solution to our 
flooding 

• Regarding question 8 I am saying the level should be 899.45 ft  When the water level gets 
much above this height we start to have water in the well pit. 

• I have two homes on the lake. 

• Let's get going  Appreciate hard work and cooperation done by many 

• All damage to my yard and property is a result of the flooding since 2017.  I just received this 
survey from my neighbor.  Why was it not sent to me?  Thanks so much. 

• Do not want lake as low as it was in 2015-2016 

• Flooding above habitable floor (house) - basement continuous problems and we use 
basement. 

• At present this property is not usable.  We cannot wait until the levels get back below our 
metal sea wall so we can begin the cleanup on this lot. 

• Don't know why a legal lake level is necessary. 

• We moved in late 2018 so have no idea about what was going on with this property in 2017 
and before.  However, if the lake were down 3 ft from where it is today, we would have less 
inland water retention and issue with our basement now.  Weeds are a huge problem on the 
lake 

• Help needed 

• Please keep the Legal Lake Level same as target elevation used by ELTA for pump 
augmentation. 

• Please keep LLL same as target elevation used by ELTA for pump operation 

• Our basement has been flooded since Feb of 2018. Our backyard fully flooded and over 
$100,000 in damage. We are surprised it has taken this long to fix this problem. 

• I am more than happy to help in any way to establish this 

• We would like to see our lakefront picnic lot restored to the level it was prior to the 2017 
lake level, with the lawn area containing our fire pit and a sandy beach.   We don’t know 
what level the lake needs to be maintained at to restore our lot since the sea walls and berms 
installed to protect homes have made our unprotected property a floodplain. 

• As one of the first homes that was impacted by the Eagle Lake flood, we trust that the 
severity of the situation is understood. The financial and emotional toll that this flood has 
taken on so many of our neighbors, friends, and family is monumental! Texas Township has 
been very supportive of getting this issue corrected and putting us in a position to never have 
to worry about this again. We appreciate the support of Texas Township! Moreover, the real 
estate values of the homes not only on Eagle and Crooked Lake but the surrounding 
neighborhoods will continue to negatively be impacted if no permanent fix/solution is in 
place.  To echo the comments at last year's KVCC meeting, "this is not a lake problem, this is 
a Kalamazoo County problem" this statement couldn't be more true as the flooding on Eagle 
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and Crooked Lake is impacting approximately 800 homes. Our family looks forward to being 
able to enjoy the full use of Eagle Lake.  On behalf of my friends, family, and neighbors we 
are fully trusting in the individuals and agencies that will be involved in this lake level 
legalization process that you will do what is right for all of us. Thank you! 

• Flooding has caused damage to property and significant investment to keep my home secure 
from water damage. 

• Keep level same 

• Please consider the loss of native growth and all the trees that have and will die due to the 
excessive water for the past 2 years. 

• Thank you. 

• Lost part of the rock wall, since then we have lost the compete wall. 

• As the past ELTA President I am excited to establish a legal lake level. In the past we were 
always trying to maintain a lake level by running our pump. To be able to control our lake 
level would be great. Thank for all your work. 

• Thank you for working on solutions to this horrendous flooding problem!  We miss being 
able to enjoy our lake!! 

• Never dream we would lose our family cottage, so many great memories. We hope to rebuild 
some day, Lord willing!  Thank you for doing all you can, I might not like the message, but 
the honest information is greatly appreciated. We don't feel alone! 

• No comment 

• The questions not answered are due to us not living here and not having a knowledge to those 
answers. 

• Really need this fixed... 

• To preclude damage from ice or water erosion prior to 2017, I installed a Block Sea Wall 
which has now been damaged due to the flooding since 2017. 

• Please get this done! Every tree on our property, including mature unreplacable trees have 
died while waiting for a resolution. 

• I favor legal lake level if the lake residents maintain a voting majority on any established lake 
board.   Otherwise, I don't trust that the best interests of lake residents would be guaranteed. 

• Have boat house that has been flooded and damaged since flooding 

• We appreciate the association and community efforts 

• I trust that the history that has been kept on the lake level over the years will help to establish 
the ideal level for the lake.  I can’t tell you what that elevation in feet above sea level should 
be.  The ideal level for my property is for the lake to just be a couple of inches up my sea 
wall which then allows me to have some beach area. 

• The Eagle Lake residents were not given the opportunity to vote on the temporary solutions 
before the township got involved and decided our direction.  At an ELTA special meeting in 
Aug 2018, members, by a show of hands, were overwhelmingly in favor of establishing a 
legal lake level.  Yet, somehow, the voices were not heard and our desire for early action 
towards a legal lake level has not occurred even as of today -  almost two years later.  We 
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understand the process for establishing a legal lake level is timely, including about a year to 
establish the legal lake level and another year to get action on the legal lake level, but we feel 
that we should be further ahead by now.  The original Prein & Newhof plan that was 
presented to residents with an assurance that our lake level would go down in 1.5 years has 
not come to fruition.  This is frustrating, personally, because we have more water in our 
basement today than when the temporary solution of pumping began.  I understand that we 
are not the only ones in this situation.  There is a great deal of flooding in our area and we 
believe that there are other success stories and experiences that we could learn from to help 
our situation.  In addition, it would be beneficial to consult with other organizations that have 
colleagues with extensive environmental regulatory and hydrology experience (VanBuren 
drain commission office, GEI, Keiser & Associates, for example).  Finally, we have doubts 
that a legal lake level, as proposed, will be approved by the legal system when the locations 
downstream that would be recipients of our water, are also flooded (downtown Kalamazoo 
and eventually South Haven/Lake Michigan).  As we know, Kalamazoo County has already 
pushed back on our efforts to reduce our lake level because it is perceived that their water 
levels will increase.  Again, just as above for the technical experts, we are encouraging legal 
experts to be consulted in this process (maybe this has already occurred).  Thanks for the 
opportunity to comment. 

• Please try to expedite the construction of the permanent solution. Thank you for all you have 
done. 

• I purchased this property from the prior owner who had lived in one of the three cottages on 
the property for 41 years.  Due to the water level flooding his home, he was forced to vacate 
in the Fall of 2018. 

• The Drain Commissioner, in 2013, gave a recommended lake pump operation policy as 
follows: During the months of April thru September, the pump will run only as necessary to 
assist in keeping the lake level between a range of 10 inches (898.84 NAVD88) to 14 inches 
(899.14 NAVD88) above the MDNR Official High Water Mark of 897.97 (NAVD88) 
elevation. See Patricia Crowley for detailed report. Further, the MDNR, MDEQ Official 
Ordinary High Water Mark was established in 1968 and was reaffirmed in documents in 
1976, 1982, and 1988.   898.4 (NGVD29) and 897.97 (NAVD88), is the same elevation. The 
897.97 (NAVD88) is used today and should be used as the starting point for any legal lake 
level setting. It has not been changed since since 1968 to the present day.   Also Patricia 
Crowley spent 2 months researching her final lake level proposal in 2013. It should have 
considerable weight in your final proposal. Most lake residents do not have sufficient 
knowledge of causes of lake level flucations over time. That is in part why we are at the 
flooding stage we are at now.  Thank you. 

• common sense lake level, not like now, about 2-3 feet lower, so boating okay but no one 
flooded 

• Minimal wash out of my beach only. No lawn or house damage.  Lucky... 

• please make sure the current permit is extended to allow for pumping until we implement a 
permanent solution. 

• I have no comments expect to speed the process and get the water under control. 



 

 S:\2020\2200395 Kalamazoo County Drain Comm\DNC\Survey Results\Eagle Lake - Survey Tabulation.docx 

• Thank you to the Eagle Lake Texas board and to theTexas Township commissioners for their 
diligence and consideration for attending to solutions to the high water levels, and for 
assisting township residents in many ways. 

• In about 1993 lake levels rose high onto our sea wall and that winter we had ice damage to 
the wall. There after we had receding levels with normal beach of around 4-5 feet. Now since 
2017 flooding the water is over our sea wall and into our lawn and landscaping. Our entire 
wall will need to be replaced when water is at least 3.5 feet lower as will our lawn and 
landscaping. We also had to pump out our crawl space under the house last spring and 
summer. In all our years here we had never had water in the crawl space. 

• None 

• We have lost property, irrigation, sea wall, beach, etc  in the flooding and are would like to 
return as close to previous levels as possible. We hope the process will continue. 

• We are going into the 3rd summer with not full use of our waterfront property; increasing 
damage to property & declining property values with no decline in property tax. 

• The long term solution to this human created problem needs to be fast tracked.  Many 
residents have/are been struggling keeping their homes dry. The natural flow of the water 
was disrupted by the hidden cove installation of the road and homes. The marshy area east of 
the hidden cove road was always wet. It has almost dried up prior to the new pumping.  It is 
now wet again because of the forces main pumping. Get this fixed. 

• Establishing a normal lake level is vital to protect homes, in ground utilities, roads and 
infrastructure, etc. 

• None 

• The level as maintained with the augmentation well prior to the 2017 flooding has worked 
very well.  Levels lower than that will cause navigation problems in the sand-bar areas, as 
well as the bay area to the west of the western basin of the lake. 

• I’ve had to tear this house down due to flooding 

• I am not sure how to answer question #8.  All I know is that it would be nice to have the level 
what it was in 2016 prior to the flooding.  Thank you 
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Ice Damage (6)

Erosion Damage (12)
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Lake Level Survey Results

Same (84)

Lower (8)

Higher (15)
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