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To: Rex Vaughn, Chair 

Cedar Lake Improvement Board 

Date: March 8, 2022 

From: John Jacobson, PE, Senior Engineer 

Mark Kieser, Senior Scientist 

Kieser & Associates, LLC 

 

cc: Mike Foster, Env. Engineer 

Kieser & Associates, LLC 

RE: Findings for Stage 2 of Task 6 – Cedar Lake Phase III Augmentation Assessment   

 

Kieser & Associates, LLC (K&A) has been managing an ongoing water level monitoring program at 

Cedar Lake, Alcona and Iosco Counties, Michigan since 2005. Recognizing early the potential need to 

augment lake levels during low rainfall summer recreational seasons,1,2 K&A assessed augmentation 

options in a 2011 report to the Cedar Lake Improvement Board (CLIB).3 That 2011 Augmentation 

Feasibility Report provided long-term recommendations to sustain summer lake levels that included: 

• Surface water hydrology modifications to reduce watershed losses from the King’s Corner culvert 

• Sherman and Jones Creek modifications to enhance summer discharges  

• Use of the 12-inch augmentation test well at the Sherman Creek site for future groundwater 

augmentation 

• Installation of additional groundwater augmentation wells as needed to maintain desired lake 

elevation goals  

The first two of these recommendations have been largely completed to the extent possible to optimize 

surface and groundwater flows to Cedar Lake during summer months. These efforts have vastly improved 

stabilized and sustained lake levels, however, during exceptionally dry years (both winter and summer 

periods), the need for additional augmentation has become apparent as reflected in the latter two 

recommendations. 

As part of the 2021 Task 6 (Stage 2) work scope under the CLIB, K&A was authorized to assess the next 

level of augmentation well use to help maintain recreationally desired water levels during summer 

months, particularly during years with limited precipitation. These current efforts included the following 

initial two stages of assessment:  

1. Sample the existing augmentation well at the Sherman Creek site for PFAS contaminants, 

and then simulate future pumping conditions in the context of reported PFAS groundwater 

 

1 Kieser & Associates, LLC (K&A). 2005. “PHASE I – Final Report for the Preliminary Hydrologic Evaluation of Cedar Lake 

with Reference to Lake Levels (Alcona & Iosco Counties, MI)” Prepared for the Alcona/Iosco Cedar Lake Association, Inc., 

Greenbush, MI 49738, July 15, 2005, 148 pp. 
2 K&A. 2006. “PHASE II – Final Report for Additional Hydrologic Evaluation of Cedar Lake with Reference to Lake Levels 

(Alcona & Iosco Counties, MI), Prepared for the Alcona/Iosco Cedar Lake Association, Inc., September 18, 2006, 89 pp. 
3 Kieser & Associates, LLC. 2011. “Cedar Lake Augmentation Feasibility.” Prepared for the Cedar Lake Improvement Board, 

August 25, 2011, 118pp. 
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contamination associated with Wurtsmith Air Force Base contaminant plume to determine 

whether the CLIB Sherman Creek property was suitable for multiple augmentation wells.4   

2. If no PFAS concerns were identified in Stage 1, proceed to Stage 2 for preliminary 

engineering and costing of equipment needs and operation of multiple augmentation wells 

necessary to maintain desired lake levels under a variety of conditions.  

K&A has completed both to these initial two stages of augmentation well use assessment. Non-detect 

PFAS laboratory results were previously communicated to the CLIB from sampling of the existing 12-

inch augmentation test well. This memorandum presents results from preliminary engineering and costing 

of equipment and operation for augmentation wells including capacity needs to maintain lake levels and 

considerations of regional groundwater contamination to the south of Cedar Lake.  

For the augmentation well assessment, K&A studied several historic and current data sets including the 

following (supplemental information is provided for reference in appendices to this memorandum): 

• Lake level and precipitation data between 2014 and 2021, particularly years 2020 and 2021 to 

identify augmentation needs for maintaining water levels between the legal lake level of 608.2 

and one foot below legal lake level at 607.2 as a targeted range for suitable summer lake levels 

(see Appendix A for related graphs and data summaries used in this historic examination) 

• Inflows to the lake from precipitation with direct measurements from Sherman Creek and Jones 

Creek (Appendix B) 

• State of Michigan PFAS groundwater testing results for regional aquifer conditions (Appendix C) 

• Publicly available well data for the sections west of Cedar Lake (Appendix D) 

• Cedar Lake Augmentation Feasibility Study of August 2011 and particularly, the Williams & 

Works Groundwater Resource Evaluation Cedar Lake Wetlands Improvement Project aquifer 

testing (excerpted and included here as Appendix E) 

The following sections provide results of historic data assessment and modeling efforts to assess 

groundwater augmentation well considerations for maintaining suitable summer-time Cedar Lake levels. 

Modeling Lake Level and Augmentation Scenarios 

Lake levels were simulated with a Microsoft Excel tool developed by K&A that uses equations derived 

from the Soil & Water Assessment Tool (SWAT).5 SWAT is a widely used, river basin-scale model 

originally developed by the United States Department of Agriculture, Agricultural Research Service. The 

model utilizes temperature and precipitation data to predict soil moisture, stormwater runoff, evaporation, 

groundwater exchange, and lake volume. The tool was modified for Cedar Lake by adding a pump inflow 

element. 

The K&A-derived model was used to simulate lake levels under current conditions (no pumping), and  

three groundwater well pumping rates of 1,000, 1,500 and 2,000 gallons per minute (gpm) for both 2020 

and 2021. This provided the opportunity to simulate low precipitation recreational season conditions, 

though starting the season at or above legal lake level in 2020. The very dry, late winter/early spring of 

 

4 At the time of the 2011 K&A Feasibility Study, groundwater PFAS contamination was not a publicly identified issue in the 

region. Testing at Cedar Lake became necessary following discovery of Wurtsmith Air Force base groundwater contamination 

and a groundwater PFAS plume extending northward, which eventually impacted Van Etten Lake and local private water wells. 

Thus, testing was implemented by K&A at the 12-inch augmentation test well to determine whether the aquifer beneath the 

Sherman Creek CLIB property was contaminated, which if so, would negate the use of possible augmentation wells at this site. 
5 Neitsch, S. L., J. G. Arnold, J. R. Kiniry , and J. R. Williams. 2011. Soil and Water Assessment Tool Theoretical 

Documentation—Version 2009. TWRI Report TR-406. Texas Water Resources Institute, College Station, Texas. 
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2021 with lake levels beginning 0.8 feet below the legal lake level, but generally average summer 

precipitation, provided conditions to assess early season deficits. Importantly, measured 2021 conditions 

helped validate how summer precipitation critically influences lake levels. For example, during dry, high 

air temperature (i.e., high evaporation) periods between summer storms in 2021, the lake rapidly lost 

between 20.5 and 24.0 million gallons of water per day (see Appendix A). With precipitation events 

providing greater than one inch of rain, the lake responded with rapidly increasing lake levels of over 0.5 

feet within 18 hours. This is attributed not only to direct rainfall onto the lake surface, but also the 

enhanced tributary flows from Sherman and Jones Creeks (see Appendix B). A volume mass balance and 

an assessment of increased tributary inflows were completed to validate these 2021 conditions for 

augmentation scenarios. These validation assessments are as follows. 

Volume Mass Balance 

A mass balance analysis of summer (July/August) 2021 conditions was developed for measured 

conditions and calculated gains/losses. This mass balance assumes: 

 

Precipitation + Runoff + Pumping – (Evaporation + Seepage) = Changed Lake Level 

Table 1 presents the mass balance results. For the months of July and August, it rained 10.01 inches and 

the lake level fell by 0.306 feet. With precipitation onto Cedar Lake plus the runoff measured from 

Sherman Creek and Jones Creek, subtracting lake evaporation and seepage (predicted by the model from 

lake levels), the resultant pumping rate that would have maintained the lake level was computed at 1,200 

gpm. This rate would have made up the losses associated with the drop in lake level during this time 

period.  

Table 1 – Mass Balance Calculations for July/August 2021 Lake Levels. 

 

Inflowing Streams to Cedar Lake 

CLIB project enhancements to: 1) minimize watershed flow losses at the Kings Corner Culvert, and; 2) 

construct Sherman Creek instream grade structures have collectively enhanced surface and groundwater 

storage in this portion of the drainage to Cedar Lake. These have resulted in increased flow volumes (see 

Appendix B). Though somewhat inadvertent, Road Commission improvements to the Jones Creek culvert 

under West Cedar Lake Road appear to have effectively connected water storage in the upstream swamp 

to the lake. Summer rainfall onto these areas now directly translates to clean runoff rapidly discharging to 

Cedar Lake via Jones Creek. This is attributed to the larger diameter of the replaced culvert and lower 

invert elevation allowing almost four times more discharge of accumulated precipitation volumes than 

with the previous, smaller diameter/higher invert elevation culvert.   

Precipitation in the summer of 2021 across nearly 600 acres of topographically level wetlands 

immediately upstream of West Cedar Lake Road, released rapidly to the lake through the larger culvert, 
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resulted in peak lake level responses within about 18 hours. Previously, such runoff was not released into 

the lake, with a portion of this lost to evapotranspiration and seepage (which may have ultimately 

returned to the lake via groundwater, though greatly delayed compared to runoff). The 600 acres of Jones 

Creek swamp extends westward to, and beyond the railroad tracks traversing the northwestern cedar 

swamp watershed of the lake. Further defining controlling factors within the Jones Creek drainage will be 

necessary for determining benefits of groundwater augmentation to help stabilize and enhance lake levels. 

Modeling Groundwater Pumping Scenarios 
The mass balance and tributary flow assessment validated K&A model conditions for simulating lake 

level elevations in 2020 and 2021. Baseline conditions were then used to assess select groundwater well 

pumping rates for augmenting observed lake elevations necessary to sustain desired levels. Figures 1a-d 

show 2020 lake levels with augmentation well pumping at rates of: 0 gpm (i.e., observed conditions vs. 

model simulation of these measured baseline conditions); 1,000 gpm; 1,500 gpm, and; 2,000 gpm against 

the observed lake levels, respectively. Figures 2a-d illustrate similar information for 2021. For both years, 

the 0 gpm pumping scenarios show that modeled levels match well with observed lake levels providing 

confidence for predicted pumping conditions under various augmentation scenarios.   

 
For 2020, observed lake levels remained at about 608.2 until late June (Figure 1a). When these passed 

below this legal lake level, pumping at 1,000 gpm beginning on June 24th (Figure 1b) would have kept the 

lake level at or above 607.7 (within six inches of the legal lake level) for the remainder of the recreational 

season. Pumping at 1,500 gpm (Figure 1c) or at 2,000 gpm (Figure 1d) would have provided only limited 

additional lake level benefits, and still not have achieved or sustained the 608.2 legal lake level. As will 

be noted later in this memorandum, the limited additional benefits of increased pumping beyond 1,000 

gpm will have significant cost ramifications.   

 

In April of 2021, observed lake level was 0.8 feet below the legal elevation (Figure 2a). By late June, 

water levels dropped another foot over these early April levels. July precipitation brought water levels to 

near the lower bound of target management goals (i.e., 607.2) before again dropping in August. 

Augmentation well pumping, if initiated on April 1, 2021, suggests that any of the three pumping 

scenarios (Figures 2b-d) might provide sufficient replacement volumes to meet or nearly meet the 607.2 

level threshold for the majority of the recreational season. At 1,000 gpm, late June/early July levels would 

have dropped below this threshold for a few weeks, though would have otherwise largely provided lake 

levels in the target range. Pumping at 1,500 gpm would provide most of the recreational season levels 

within this range. At 2,000 gpm, pumping would have resulted in a few additional inches of lake level, 

approaching the legal lake elevation. 

Given the dramatic increase in Jones Creek flows in 2021 under the typical average summer rainfall, an 

additional model simulation for seasonal pumping conditions was conducted to further assess 

ramifications of observed tributary runoff discharges. For the alternative pumping scenarios shown in 

Figures 3a-d, Jones Creek flows were artificially set at only 25% of the actual measured 2021 flows. The 

baseline (0 gpm) condition (Figure 3a) provides a sense of how important Jones Creek has become as a 

large source of inflow into Cedar Lake. With the now larger diameter culvert, this scenario suggests what 

the lake level response may have otherwise been with the restricted flows through the smaller culvert. The 

1,000 gpm scenario in Figure 3b suggests that this level of pumping would likely have only roughly 

matched observed 2021 conditions, well short of the targeted lake level goals. Pumping at 1,500 gpm 

would still have missed these levels for a good portion of the recreational season (Figure 3c); while 2,000 

gpm would achieve such goals (Figure 3d). The need for these higher (and costly) pumping rates in this 

last set of simulations highlights the critical hydrologic contributions of Jones Creek, now with the larger 

culvert (and at comparatively minimal road maintenance cost).  
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 a)  0 gpm (2020)         b)  1,000 gpm (2020) 

 
c)  1,500 gpm (2020)         d)  2,000 gpm (2020) 

 

Figures 1a-d – Modeling results of groundwater pumping vs. baseline monitored lake elevations for 2020; a) 0 gpm pumping; b) 1,000 gpm; c) 1,500 gpm; d) 

2,000 gpm (shaded area represents lake level management target from legal lake level at 608.2 to minus one foot at 607.2). 
  

2020 Cedar Lake Levels & Model Simulation 

2020 Cedar Lake Levels & Model Simulation 2020 Cedar Lake Levels & Model Simulation 

2020 Cedar Lake Levels & Model Simulation 
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a)  0 gpm (2021)         b)  1,000 gpm (2021) 

c)  1,500 gpm (2021)         d)  2,000 gpm (2021) 

Figures 2a-d – Modeling results of groundwater pumping vs. baseline monitored lake elevations for 2021; a) 0 gpm pumping; b) 1,000 gpm; c) 1,500 gpm; d) 

2,000 gpm (shaded area represents lake level management target from legal lake level at 608.2 to minus one foot at 607.2). 

2021 Cedar Lake Levels & Model Simulation 

2021 Cedar Lake Levels & Model Simulation 2021 Cedar Lake Levels & Model Simulation 

2021 Cedar Lake Levels & Model Simulation 
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a)  0 gpm (at 25% of 2021 Jones Creek flows)     b) 1,000 gpm (at 25% of 2021 Jones Creek flows) 

 
c)  1,500 gpm (at 25% of 2021 Jones Creek flows)     d) 2,000 gpm (at 25% of 2021 Jones Creek flows) 

Figures 3a-d – Modeling results of groundwater pumping at 25% of 2021 measured Jones Creek flows vs. baseline monitored lake elevations for 2021; a) 0 gpm 

pumping; b) 1,000 gpm; c) 1,500 gpm; d) 2,000 gpm (shaded area represents lake level management target from legal lake level at 608.2 to minus one foot at 

607.2). 
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Proposed Augmentation Capacity 

 

Based on modeling of 2020 and 2021 recreational season lake levels, two separate well sites, each 

pumping 500 to 600 gpm are currently recommended to maintain sufficient water levels to within one 

foot of legal lake level in the months of June, July, August, and September. As identified in the K&A 

2011 Augmentation Feasibility report, average rainfall for these four months between 2008 to 2010 was 

approximately 16 inches. In 2020, precipitation for this summer period was 8.57 inches, and in 2021, 16.5 

inches. In 2020, the lake level started out high from a wet winter and early spring rains, then with only 

54% of the summer average rainfall, observed lake levels dropped to one foot below legal lake level, 

remaining within the targeted range of suitable lake levels. With a pumping option at 1,000 gpm, late June 

augmentation well pumping would have kept summer levels to within about four to six inches of the legal 

lake elevation of 608.2. 

 

In 2021, while the summer average rainfall kept the lake level relatively constant (between elevation 

606.4 and 606.8), it remained below the targeted lower management threshold of 607.2 given unusually 

low springtime lake levels. As indicated in model discussions, a 1,000 gpm pumping rate starting in April 

of 2021 would have kept summer lake levels above this 607.2 threshold, except for approximately two 

weeks in June where it would have dropped to 606.8.  

It would be difficult at this time to suggest that surplus augmentation well capacity to maintain summer 

water levels at 608.2 would be a reasonable goal. This is based on precipitation during summer months 

remaining the most significant controlling factor for recreation season lake levels, and modeling that 

shows even doubling the pumping capacity to 2,000 gpm still does not achieve or sustain levels at the 

legal lake elevation. Comparatively, moderate pumping capacity at 1,000 gpm appears sufficient to 

maintain summer levels within one foot of lake outlet discharge across a variety of observed conditions. 

Augmentation Well Site Recommendations 

Based on K&A evaluations noted above, there are two specific areas in the northwest contributing 

watershed of Cedar Lake both considered suitable for placement of five separate 100 gpm groundwater 

augmentation wells. These well site locations are shown in Figure 4. They are considered optimal as 

groundwater withdrawals can be discharged to wetlands that lead to either Sherman Creek in the south, or 

Jones Creek in the north. This minimizes the need for long-distance conveyance to the lake via artificial 

conduits. Lands surrounding Sherman Creek, west of West Cedar Lake Road, are also under the 

ownership and control of the CLIB (Figure 5). The potential pumping well influence zone of both areas 

does include select private water wells, particularly in the Jones Creek area (Figure 6). Further 

evaluations would be necessary to determine specific impacts with augmentation pumping and final well 

orientation in both areas. 

No well sites are recommended south of Kings Corner Road. The risk of PFAS contamination from Van 

Etten Lake increases the risk of impact to the local aquifer, and potential discharge to the lake through 

augmentation well pumping. If requested in the next study phase, any sites south of Kings Corner Road 

would require additional testing both for PFAS and aquifer capacity (see Appendix C for EGLE PFAS 

monitoring well locations and recent sampling results). 
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Figure 4 – Proposed well site locations at the Sherman Creek CLIB property (five new wells plus the existing 12-

inch well), and Jones Creek (five new wells). Well influence zones are denoted for each area based on the layout of 

new wells illustrated by  symbols.  
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Figure 5 – Proposed well site locations at the Sherman Creek CLIB property (five new wells plus the existing 12-

inch well). Well influence zones are denoted by blue borders based on the layout of new wells illustrated by  

symbols. Private wells are numbered. 
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Figure 6 – Proposed well site locations at Jones Creek (five new wells). Well influence zones are denoted by blue 

borders based on the layout of new wells illustrated by  symbols. Private wells are numbered. 

Augmentation Well Site Conditions 

K&A reviewed relevant well logs and well depths from Iosco and Alcona County Sections 24N 9E Sec’s 

4 and 10, and 25N 9E Sec’s 15, 16, 22, 28, 32, and 33, respectively (see Appendix D for these data, 

including yellow-highlighted records for wells located in the influence zone of the proposed well fields). 

A confined aquifer was identified from these well logs that is similar to that observed during the aquifer 
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testing of the 12-inch test well identified in the Williams and Works study of 2010 (see Appendix E of 

this memo for an excerpted copy of this assessment from the K&A, 2011 Augmentation Feasibility 

Study). The 2010 assessment identified glacial deposits in the area as “Lacustrine Sands and Gravels”. 

Thus, K&A expects this aquifer to be generally homogenous as these were bottom deposits of Lake 

Huron when the water elevation was higher. This aquifer is most likely fed by the Pine River Basin to the 

northwest along with some possible leakage from shallow groundwater. 

The Williams and Works study concluded that the aquifer would be able to provide 500 gpm from each 

well site pumping for 100 days or more with a well configuration of five wells, set 500 feet apart with the 

drawdown influence of 3,000 feet wide by 4,000 feet long depending on the axis orientation of the well 

set. The confined aquifer, if pumped at 500 gpm for 100 days or more would draw water from an area 

approximately 2,500 to 3,000 feet from the centroid of the well field. 

A well assessment tool from the State of Michigan6 was used by K&A in the 2011 Augmentation 

Feasibility Report to determine suitable locations of possible well sites in the northwest watershed area of 

Cedar Lake. Figure 7 is a snapshot of excerpted assessment results from that report. For all locations and 

depths where groundwater might be withdrawn at a 500 gpm flow rate, no likely Adverse Resource 

Impacts were identified for those area wells included in Appendix D or surface water features.  

Figure 7 – Michigan Water Withdrawal Assessment Tool results for areas of potential groundwater augmentation 

well site placement in the northwestern drainage areas to Cedar Lake from K&A, 2011 (see also Appendix D private 

water well logs for these areas). 

 

6 Water Withdrawal Assessment Tool; see: https://www.egle.state.mi.us/wwat/(S(4qxmdnybjzijasn4cuknwt0a))/default.aspx.  

https://www.egle.state.mi.us/wwat/(S(4qxmdnybjzijasn4cuknwt0a))/default.aspx
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Augmentation Well Installation and Operational Costs 

The installation and operational costs of the two proposed well sites, and an optional third well set (absent 

a specifically identified watershed location) are presented in Table 2. Probable installation costs for the 

1,000 gpm capacity are about $1.25M with yearly operational costs estimated at $114,000. For the 1,500 

gpm scenario, probable installation costs are $1.95M with annual estimated operational costs at $164,000. 

The difference in the installation costs between the two is $699,855 and $50,000 for yearly operational 

costs. Notably, modeling suggests that the lake levels will increase by only 0.2 feet (lake level 606.8 to 

607.0 at its low point) with the increased pumping at 1,500 gpm. (See Appendix F for additional details of 

this cost breakdown.)  

Table 2. Augmentation well installation, design and permitting as well as operational costs for 1,000 gpm and 1,500 

gpm scenarios. 

 

Conclusions and Recommendations 

Based on outcomes from these K&A Task 6, Stage 2 efforts, the following conclusions and 

recommendations are provided to guide next step CLIB considerations for advancing interests in 

groundwater augmentation wells for Cedar Lake. 

• Cedar Lake responds to precipitation and lake losses rapidly during summer months. Water losses 

during summer dry periods are influenced by: air temperatures affecting lake surface evaporation 

rates, and; leakage to groundwater. Daily water losses from Cedar Lake were as high as 24 

million gallons per day under warm summer temperatures in July/August of 2021. Rainfall 

frequency and amount, as well as standing water stored in the northwest drainage area along with 

soil moisture, otherwise influence recovery of lake levels. Rainfall events >1 inch per day yield 

water level increases of >one-half foot within 18 hours. This was noted in 2021 where the lake 

level dropped 0.5 to 0.6 feet within a 10-day period with no rain, and then rose the same amount 

with a single day rain event of >1 inch. CLIB drainage improvements in the northwest Cedar 

Lake swamp have radically increased clean runoff inflowing to the lake, dramatically improving 

natural recharge of the lake. 

• A recent culvert replacement at Jones Creek beneath West Cedar Lake Road appears to have 

vastly increased surface water flows to the lake during summer precipitation events from this 

area. This relates to a larger culvert with a lower invert elevation seasonally providing anywhere 

between 10-40 times more water through the culvert and into the lake than over previous flows 

through the smaller diameter/higher invert elevation culvert. 
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• Modeling of lake levels indicates that a groundwater pumping rate of 1,000 gallons per minute 

would economically augment lake levels to be maintained between the legal lake elevation and 

approximately one foot below this level during a range of conditions seen in 2020 and 2021, with 

some minor exceptions. 

• Based on 2010 testing of the aquifer in the northwest Cedar Lake watershed, two well sites 

should provide the recommended 1,000 gallons per minute groundwater volumes necessary to 

economically augment flows to Cedar Lake. One well site is recommended on the CLIB existing 

property at the corner of Cedar Lake Road and Kings Corner Road. Pumped groundwater would 

be discharged into the swamp surrounding Sherman Creek, then flow through the creek to Cedar 

Lake. This would include the existing 12-inch well and five new 100 gpm wells. A second well 

site is proposed along the railroad tracks in the Jones Creek marsh where well discharges would 

similarly pass through Jones Creek to Cedar Lake. 

• A review of well site locations on the northwest portion of Cedar Lake watershed using a State of 

Michigan assessment tool indicates that both sites identified for augmentation wells are 

appropriate for well development in the areas of Sherman Creek and Jones Creek. These well 

clusters may have some limited influence on a few private water wells requiring additional 

verification. 

• No well sites are recommended south of Kings Corner Road. The risk of PFAS contamination 

from Van Etten Lake increases the risk of impact to the local aquifer, and potential discharge to 

the lake through augmentation well pumping.  

• The economics of the number of well sites is driven by the limitations of the regional aquifer. 

Previous testing indicated that the aquifer would be able to produce 500 gallons per minute with 

five wells located 500 feet apart at selected well sites. A cluster of five wells at each site would 

influence an area of 3,000 feet wide by 4,000 feet long. Given previous pump testing results, the 

well sites would need to be far enough apart to not influence each other or other private wells to 

the point of hampering production.  

• The probable costs of developing two well sites to produce 1,000 gallons per minute is estimated 

at $1.25M with an operating cost of $114,000 per year for 120 days of operation per year. If three 

well sites were required, costs to produce 1,500 gallons per minute would be $1,95M with annual 

operational costs of $164,000 per year for 120 days of operation. K&A modeling indicates that 

the additional 500 gallons per minute of augmentation above the recommended 1,000 gpm would 

not have increased 2021 summer lake levels by more than 0.2 foot (2.4 inches) at an additional 

capital cost of $700,000 and additional annual operating costs of $50,000. 

  



Kieser  & Associates,  LLC  
536 E.  Mich igan  Ave. ,  Su i t e  300 ,  Kalamazoo ,  MI  49007  

page 

15 

 

 

 

 

 

 

 

APPENDIX A 

CEDAR LAKE - LAKE LEVEL AND PRECIPITATION DATA FOR 

ASSESSING VOLUMES AND RATES OF LAKE VOLUME LOSSES 

AND GAINS IN 2021 
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Computations of Volume Losses from 2021 Lake Level Data 

   slope # June Slope

1 6/6/2021 607.072

6/16/2021 606.502

9.71                 0.57 0.06                          ft/day

0.70                          in/day

20,564,971             gallons/day

199,651,597           gallons

slope # July Slope

2 7/15/2021 607.225

7/24/2021 606.702

8.29                 0.523 0.06                          ft/day

0.76                          in/day

22,093,157             gallons/day

183,189,097           gallons

slope # August Slope

3 8/11/2021 607.357

8/23/2021 606.577

11.29166667 0.78 0.07                          ft/day

0.83                          in/day

24,195,494             gallons/day

273,207,449           gallons

slope # September Slope

4 9/8/21 0:00 607.079

9/18/21 6:00 606.570

10.25              0.509                    0.050                        ft/day

0.596                        in/day

17,393,695             gallons/day

178,285,374           gallons

slope # October Slope Slope

5 10/22/2021 607.065

11/5/2021 606.872

14.25 0.193 0.01                          ft/day

0.16                          in/day

4,743,953                gallons/day

67,601,330             gallons
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APPENDIX B 

CEDAR LAKE INFLOW DATA TO ASSESS 

RAINFALL/RUNOFF CONTRIBUTIONS 
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Table 3. Comparison of Surface Water Volumes from May 1 to Sep 30, 2014 to 2021.

2014 2015 2016 2017 2018 2019 2020 2021

Sherman Creek (inflow to CL) 136.04 190.929 198.126 449.441 328.134 446.753 359.857 195.171

Jones Creek (inflow to CL) 64.817 21.587 17.964 59.784* 75.712 654.691 177.250 799.967

Cedar Lake Outlet (outflow from CL) 13.003 109.5 0.162** 26.123** 51.975 143.156 21.560 0.000

Kings Corner (outflow away from CL) 32.208 46.862 17.049 38.053 4.384 10.161 21.819 0.158

*Jones Creek 2017 flows from 5/1/17 to 9/1/17 only.

**Affected by presence of beaver dam upstream of Cedar Lake outlet, mechanically removed in fall 2017.

Site
Volume (Mgal)
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APPENDIX C 

EGLE WURTSMITH PFAS GRUNDWATER INVESTIGATION 

MONITORING WELL DATA 1/10/2022
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APPENDIX D 

PUBLICLY AVAILABLE WATER WELL DATA



ID County Township Section Fraction Twn # Rng # Well Location
Well 

Depth
Date 

Completed

Static 
Water 

Level (ft)
Pumping 
Level (ft)

Pumping 
Duration 

(hrs)

Pumping 
Rate 

(gpm)

Min 
Screen 
Depth 

Max 
Screen 
Depth 

Well 
Diameter 

(in) latitude longtitude
293 Alcona Greenbush 15 25 N 9 E Timber Lakes Estates, Lot #224 41 7/10/1967 4 17.5 37 41 44.564695 -83.317843

Alcona Greenbush 15 25 N 9 E Timber Lakes Estates, Lot #88 63 7/11/1967 4 14 59 63 44.561741 -83.319233
298 Alcona Greenbush 15 25 N 9 E Timber Lakes Estates, Lot #82 42 7/13/1967 6 14 38 42 44.564601 -83.318545
294 Alcona Greenbush 15 25 N 9 E Timber Lakes Estates, Lot #6 42 7/21/1967 7 14 38 42 44.562841 -83.320064
335 Alcona Greenbush 22 25 N 9 E 3829 W Cedar Lake Rd. 28 11/2/1967 4 4 1 25 28 44.54589 -83.33263
323 Alcona Greenbush 22 25 N 9 E 3868 E Cedar Lake Dr 37 5/7/1968 1 34 37 44.54516 -83.32463
330 Alcona Greenbush 22 25 N 9 E 3861 Cedar Lake Dr. 18 5/23/1968 7 10 14 18 44.54532 -83.32443
322 Alcona Greenbush 22 25 N 9 E 3787 W Cedar Lake Rd. 25 11/1/1968 3 22 25 44.54744 -83.33228
324 Alcona Greenbush 22 25 N 9 E 3578 Cedar Lake Dr. 26 6/6/1969 3 15 22 26 44.55356 -83.32420
332 Alcona Greenbush 22 NW SE SW 25 N 9 E 3868 Cedar lake Rd. 68 6/13/1969 12 15 60 68 44.54795 -83.33329
339 Alcona Greenbush 22 25 N 9 E 3899 S. Cedar Lake Rd. 38 6/18/1969 3 34 38 44.54343 -83.33455
319 Alcona Greenbush 22 25 N 9 E 3566 E Cedar Lake Dr. 29 7/5/1969 3 15 25 29 44.55397 -83.32424
329 Alcona Greenbush 22 NW SE SE 25 N 9 E 3828 W Cedar Lake Rd. 28 7/22/1969 6 24 28 44.54976 -83.33266

87 Alcona Greenbush 10 25 N 9 E 120 ft East 140 ft S of intersection of Ridley and Stevens, Lot #27 Alcan Acres 51 5/20/1970 35 360 47 51 44.58336 -83.33885
216 Iosco Oscoda 4 24 N 9 E Lakewood Shores Resort 60 6/8/1970 10 25 2 25 56 60 44.50001 -83.34327

61 Alcona Greenbush 9 25 N 9 E 1200 ft N of Wissemiller, 300 ft W of Prince Rd 24 6/8/1970 9 700 19 24 44.57289 -83.35544
203 Iosco Oscoda 4 NE NE NW 24 N 9 E 1/2 mile W Cedar Lake Road, 1/8 mile S of County Line Rd 80 6/17/1970 5 20 5 25 76 80 44.50987 -83.35113
320 Alcona Greenbush 22 NW SE SE 25 N 9 E 3859 Cedar Lake Dr. 23 6/27/1970 7 5 19 23 44.54541 -83.32459
326 Alcona Greenbush 22 NW SE SE 25 N 9 E 3867 Cedar Lake Dr. 24 6/27/1970 9 11 20 24 44.54523 -83.32461
341 Alcona Greenbush 22 25 N 9 E Lot #3-4, Cedar Lake Dr. 23 6/27/1970 7 5 18 22
215 Iosco Oscoda 4 24 N 9 E Lakewood Shores lot 798 100 9/24/1970 44.50831 -83.34473
424 Alcona Greenbush 33 SE SE SE 25 N 9 E 4851 Cedar Lake Rd. 26 5/17/1971 4 23 26 44.51413 -83.34080 SC
327 Alcona Greenbush 22 25 N 9 E 2.5 miles S of Wissmiller Rd., on Cedar Lake Rd. 28 5/19/1971 8 24 28 44.53459 -83.33710
331 Alcona Greenbush 22 25 N 9 E Lot 595 Cedar Lake Rd. 26 7/20/1971 8
325 Alcona Greenbush 22 SE SE NW 25 N 9 E 2 and 3/4 miles N of County Line Rd. on Cedar Lake Rd. 39 11/4/1971 10 19 35 39 44.55105 -83.33163
342 Alcona Greenbush 22 NE NE NE 25 N 9 E 2.5 miles S of Mikado Rd., 75 ft W of Cedar Lake Rd 42 12/3/1971 9 6 0.5 12 38 42 44.55506 -83.33113 JC
205 Iosco Oscoda 4 24 N 9 E Lot 58, Lakewood Shores Golf and Country Club 48 12/8/1972 10 30 2 15 44 48 44.50849 -83.34539
422 Alcona Greenbush 33 SE NE NE 25 N 9 E 3/4 miles N of County Line, on Cedar Lake 58 12/27/1972 4 44.52297 -83.33898

67 Alcona Greenbush 10 SE SE NE 25 N 9 E 8.5 miles N of Oscoda on US-23 on lake side of Rd. 34 1/24/1973 4 22 1 13 31 34 44.54981 -83.31117
213 Iosco Oscoda 4 24 N 9 E Lakewood Shores, lot 80 63 3/10/1973 12 14 1 12 59 63 44.49909 -83.34677

57 Alcona Greenbush 9 25 N 9 E 4141 Wissmiller 52 10/3/1973 27 28 1 18 47 52 44.56962 -83.35289
89 Alcona Greenbush 10 25 N 9 E Lot #63 Alcove Acres 63 10/5/1973 48 51 1 3 56 63 44.57930 -83.33914
88 Alcona Greenbush 10 25 N 9 E 1/2 mile S of Greenbush on Cedar Lake Rd 42 10/26/1973 18 31 1 4 37 42 44.56504 -83.32774 JC
86 Alcona Greenbush 10 SW SW SE 25 N 9 E 2573 S. Scott Rd. 442 4/30/1974 18 19 0.5 14 42 34 44.58165 -83.33710

300 Alcona Greenbush 15 25 N 9 E 3468 Cedar Lake Dr 25 5/29/1974 2 44.55606 -83.32459
66 Alcona Greenbush 9 NE NE NE 25 N 9 E 40 ft W of Poor Farm Rd, 60 ft S of Ridley Rd 84 6/11/1974 61 61 1 18 76 84 44.56912 -83.34186

307 Alcona Greenbush 21 SW SW SW 25 N 9 E 2 miles S of Wissmiller Rd., 200 ft W of Poor Farm Rd. 32 6/12/1974 18 18 1 14 28 32 44.54033 -83.36314
299 Alcona Greenbush 15 25 N 9 E 3431 Cedar Lake Rd. 25 7/25/1974 6 44.55771 -83.32343
308 Alcona Greenbush 22 NW NW NE 25 N 9 E 4945 Cedar Lake Rd. 25 4/1/1975 6 44.51316 -83.32755

71 Alcona Greenbush 10 NE NW NW 25 N 9 E 1 mi W of intersection of Cedar Lake Rd and Ridley, lot #53, Alcan Acres Sub 46 6/5/1975 26 31 0.5 8 39 46 44.58368 -83.33963
55 Alcona Greenbush 9 SE SE SW 25 N 9 E 2955 Prince Rd 42 8/4/1975 19 28 0.5 8 36 42 44.58181 -83.35388

316 Alcona Greenbush 22 SE SE NW 25 N 9 E 3745 Cedar Lake Rd. 27 8/28/1975 8 44.54875 -83.32425
317 Alcona Greenbush 22 SW SE SW 25 N 9 E 4851 Cedar Lake Rd. 54 10/22/1975 4 11 44.51416 -83.33956 SC
217 Iosco Oscoda 4 24 N 9 E 7949 Cedar Lake Rd 29 12/11/1975 3 10 44.50978 -83.34026 SC
343 Alcona Greenbush 22 NE SE NE 25 N 9 E 3485 Cedar Lake, 1 mile S of E. Cedar Lake, 800 ft E of W. Cedar Lake 39 11/12/1976 10 20 1 10 35 39 44.55825 -83.32881
310 Alcona Greenbush 22 25 N 9 E 3071 Cedar Lake Rd 47 4/17/1977 8 44.56450 -83.32709

76 Alcona Greenbush 10 25 N 9 E 2 mi SW of intersection of US-23 and F-30, Lot #18, Alcan Acres Sub 42 5/7/1977 14 14 1 12 38 42 44.58045 -83.33991
63 Alcona Greenbush 9 SE NE NE 25 N 9 E 2611 S Poor Farm Rd 55 8/15/1977 28 55 44.59120 -83.34114

421 Alcona Greenbush 33 25 N 9 E 1 mile N of County Line Rd., On Cedar Lk Rd. 26 4/20/1978 5 44.52641 -83.34142
74 Alcona Greenbush 10 NW NW NW 25 N 9 E 150 ft E of Poor Farm Rd, 1/4 mile N of Wissmiller Rd 69 6/19/1979 4 4 1 15 61 69 44.57317 -83.34108

209 Iosco Oscoda 4 24 N 9 E 1/4 mile W of Cedar Lake Rd, 1/4 mile S of County Line Rd 60 8/1/1979 6 44.50828 -83.34587
210 Iosco Oscoda 4 NW NE SW 24 N 9 E 1/4 mile W of Cedar Lake Rd, off King Corner Rd. Lakewood Golf Country Club 54 9/5/1979 7 25 0.5 350 51 54 44.51147 -83.34585
312 Alcona Greenbush 22 25 N 9 E 3911 Cedar Dr. 32 8/18/1981 8 25 32 44.55563 -83.32868

70 Alcona Greenbush 10 25 N 9 E 2 mi SW of intersection of F-30 and US-23, Lot #36, alcan Acres Sub. 63 8/30/1982 21 23 1 12 59 63 44.57928 -83.34033
419 Alcona Greenbush 28 25 N 9 E 1 mile NE of intersection of Cedar Lake Rd. and County Line Rd. 40 9/7/1982 18 20 1 14 36 40 44.52659 -83.34143

77 Alcona Greenbush 10 25 N 9 E 1/4 mile W of intersection of Cedar Lake Rd and Gruff St. 42 8/18/1984 11 14 1 16 37 42 44.58489 -83.32390
69 Alcona Greenbush 10 NW NW NW 25 N 9 E 600 ft S of Riddley, 100 ft W of Scott 67 9/17/1985 41 41 1 7 44.58211 -83.33806

292 Alcona Greenbush 15 SW SE SE 25 N 9 E 1 mile S of Wissmiller Rd, 500 ft E of Cedar Lake Rd 38 11/5/1985 10 10 1 11 34 38 44.55536 -83.32894 JC
311 Alcona Greenbush 22 NE SE SE 25 N 9 E 4264 E Cedar Lake 25 5/22/1986 3 3 1 6 44.53782 -83.32488

85 Alcona Greenbush 10 NW NW NW 25 N 9 E 100 yds E of Poor Farm Rd, 150 ft S of Riddley Rd 68 4/3/1987 41 41 1 12 64 68 44.58348 -83.34031
328 Alcona Greenbush 22 NE SW SW 25 N 9 E 2 miles N of Kings Corner Rd. , 400 ft E of Cedar Lake Rd. 55 5/20/1987 2 2 1 13 51 55 44.54063 -83.33357

75 Alcona Greenbush 10 NW SW NW 25 N 9 E 1/2 mile S of Ridley Rd., Lot 32 Alcan Acres Sub 62 12/12/1987 15 45 1 33 56 62 44.57653 -83.33904
306 Alcona Greenbush 21 NW NE NE 25 N 9 E 70 ft W of Poor Farm Rd., 1/4 mile S of Wissmiller 72 3/9/1988 18 18 1 9 68 72 44.56601 -83.34192
202 Iosco Oscoda 4 SW SE SE 24 N 9 E 3/4 mile S of Kings Corner Rd., 1/2 mile W of Cedar Lake Rd 63 4/30/1988 4 4 1 18 57 63 44.50107 -83.34963
291 Alcona Greenbush 15 SW SE SE 25 N 9 E 3481 Cedar Lake Rd 31 5/23/1988 11 11 1 8 44.56763 -83.34403
303 Alcona Greenbush 16 NE SE SE 25 N 9 E 400 ft E of Poor Farm Rd., 3/4 mile S of Wissmiller Rd 83 6/6/1988 13 13 1 19 77 83 44.55681 -83.34395
201 Iosco Oscoda 4 NW SE SE 24 N 9 E 3/4 mile S of Kings Corner Rd., 1/2 mile W of Cedar Lake Rd. 54 6/26/1989 10 10 1 13 50 54 44.54785 -83.35151
309 Alcona Greenbush 22 NE SW SW 25 N 9 E 1/2 mile S of Wissmiller, 400 ft E of Cedar Lake Dr. 36 9/13/1989 8 8 1 11 32 36 44.55321 -83.34392

56 Alcona Greenbush 9 SE NE NE 25 N 9 E 300 ft W of Poor Farm Rd, 1/2 mile N of Wissmiller 46 5/22/1990 35 1 8 42 46 44.54247 -83.35901
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423 Alcona Greenbush 33 NE SW SW 25 N 9 E 3/4 mile N of Kings Corner Rd, on Poor Farm Rd. 63 7/11/1990 16 16 1 22 44.52250 -83.37076

72 Alcona Greenbush 10 NE SE SE 25 N 9 E 3084 S. US-23 40 4/18/1991 6 31 1 60 33 40 44.56738 -83.31549
290 Alcona Greenbush 15 SW SW SW 25 N 9 E 600 ft N of Cedar Rd., 150 t W of US-23 48 6/17/1991 11 11 1 7 44 48 44.56463 -83.32284
296 Alcona Greenbush 15 NW SE SE 25 N 9 E 100 yds S of Huron Cedar Rd., on W side of Cedar Lake Dr 30 3/21/1992 2 10 1 7 26 30 44.55618 -83.32455
199 Iosco Oscoda 4 NW NE NW 24 N 9 E 3/4 mile W of Cedar Lake Rd, on S side of County Line Rd. 29.5 6/25/1992 8.5 13 1 5 25.5 29.5 44.51140 -83.35611
302 Alcona Greenbush 16 SW NE NE 25 N 9 E 1/2 mile S of Wissmiller Rd, 50 ft W of Poor Farm Rd. 43 6/26/1993 7 7 1 13 39 43 44.56225 -83.34790
334 Alcona Greenbush 22 NW NW NE 25 N 9 E 3521 Cedar Lake Rd. 34 9/25/1993 11 25 1 20 30 34 44.55713 -83.32915 JC

60 Alcona Greenbush 9 SW NW NE 25 N 9 E 4266 Wilcox Rd 112 11/22/1993 97 96 0.5 5 108 112 44.58189 -83.35080
62 Alcona Greenbush 9 SE SE SE 25 N 9 E 300 ft N of Wissmiller Rd, 400 ft W of Poor Farm Rd 68 8/11/1995 5 5 1 19 64 68 44.57035 -83.34328

301 Alcona Greenbush 15 25 N 9 E 4671 W Cedar Lake Rd 61 8/15/1995 4 4 1 19 57 61 44.52115 -83.33977 SC
90 Alcona Greenbush 10 25 N 9 E 500 ft S of Riddley, 100 ft E of Scott Rd. 62 9/5/1995 22 22 1 9 56 62 44.58232 -83.33706
78 Alcona Greenbush 10 SE NW NW 25 N 9 E 1/4 mile S of Riddley Rd, 100 ft E of Scott Rd 101 9/24/1995 11 11 1 13 93 101 44.58008 -83.33724
64 Alcona Greenbush 9 NE SE NE 25 N 9 E 1/4 mile S of Ridley Rd on W side of Poor Farm Rd 55 9/25/1995 20 30 1 10 51 55 44.58010 -83.34172

207 Iosco Oscoda 4 NW NE NE 24 N 9 E 1/4 mile West of Cedar Lake Rd., 150 yds, S of Kings Corner Rd. 63 10/5/1995 3 1 16 59 63 44.51040 -83.34605
333 Alcona Greenbush 22 NW SW SE 25 N 9 E 3457 W Cedar Lake Rd. 42 4/20/1996 10 12 1 15 38 42 44.55938 -83.32926 JC
289 Alcona Greenbush 15 NW NE SE 25 N 9 E 3332 East Cedar Lake Rd. 52 5/20/1996 3 46 52 44.55774 -83.32407

68 Alcona Greenbush 10 NE NW NW 25 N 9 E 100 yds SW of scott and Ridley Rds. 58 5/29/1996 20 27 1 12 54 58 44.58306 -83.33846
79 Alcona Greenbush 10 SE NW SE 25 N 9 E 2 mi S of intersection of F-30 and Cedar Lake Rd. 29 7/19/1996 7 15 1 10 25 29 44.56268 -83.32866

208 Iosco Oscoda 4 SE SE NW 24 N 9 E Kings Corner and Westwood 57 10/4/1996 4 17 3 25 53 57 44.51159 -83.34668
297 Alcona Greenbush 15 SE SW NE 25 N 9 E 3229 Cedar Lake Rd 37 5/8/1997 2 35 1 30 32 37 44.56449 -83.32708 JC
318 Alcona Greenbush 22 25 N 9 E 4129 Buena Vista 30 6/13/1997 3 20 1 12 26 30 44.53530 -83.33486

81 Alcona Greenbush 10 SW NW NW 25 N 9 E 2611 S Poor Farm Rd 58 8/5/1997 43 43 1 12 54 58 44.59120 -83.34114
304 Alcona Greenbush 21 25 N 9 E 4080 S. Poorfarm Rd 41 9/17/1997 14 25 2 12 31 41 44.59095 -83.34169

80 Alcona Greenbush 10 25 N 9 E 2895 US-23 30 9/30/1997 8 10 1 14 26 30 44.57189 -83.31501
83 Alcona Greenbush 10 NE SE NE 25 N 9 E 2685 State Rd 31 6/23/1998 9 9 1 15 27 31 44.57800 -83.31543

340 Alcona Greenbush 22 SW NE NE 25 N 9 E 3578 Cedar Lake Dr. 35 7/1/1998 4 4 1 15 28 32 44.55365 -83.32419
82 Alcona Greenbush 10 25 N 9 E 1/4 mile S of Riddley Rd, 100ft E of Scott Rd 54 8/10/1998 13 13 1 17 44.58017 -83.33724

315 Alcona Greenbush 22 25 N 9 E 3744 E Cedar Lake Dr. 39.5 9/17/1998 3 30 1 7 35.5 39.5 44.54887 -83.32423
198 Iosco Oscoda 4 NE SW SW 24 N 9 E 7403 Devonshire Rd. 30 9/28/1998 15 17 1 14 26 30 44.49831 -83.35200

59 Alcona Greenbush 9 SE SE NE 25 N 9 E 2711 Scott 70 10/1/1998 12 44.58230 -83.33760
338 Alcona Greenbush 22 NW NE NE 25 N 9 E 3566 E. Cedar Lake Dr. 30 10/22/1998 5 25 1 30 25 30 44.55393 -83.32423

65 Alcona Greenbush 9 NW NW NW 25 N 9 E 1/2 mile S of F-30, 1/4 mile W of Yukon Dr. 136 10/24/1998 113 113 1 16 128 136 44.58372 -83.35055
84 Alcona Greenbush 10 SW NW NW 25 N 9 E 1/4 mile S of Riddley, 100 ft W of Stevens Rd 57 11/19/1998 36 31 1 14 49 57 44.58004 -83.34007

337 Alcona Greenbush 22 25 N 9 E 3609 Cedar Lake Dr 31 11/25/1998 10 20 1 10 27 31 44.55276 -83.32406
197 Iosco Oscoda 4 NW SW NE 24 N 9 E 7891 Gulf View 57 3/23/1999 4 10 0.5 10 53 57 44.51050 -83.34677 SC
420 Alcona Greenbush 33 SW SW SW 25 N 9 E 80 ft W of Poor Farm Rd., 1/4 mile N of Kings Corner Rd. 66 6/1/1999 6 6 1 20 58 66 44.53344 -83.35134
314 Alcona Greenbush 22 25 N 9 E 4171 E Cedar Lake Dr. 27 6/12/1999 3 18 1 5 25 27 44.51361 -83.35859
313 Alcona Greenbush 22 NE NE SW 25 N 9 E 3625 Cedar St. 43 7/14/1999 11 35 1 25 38 43 44.55481 -83.33046
561 Iosco Oscoda 10 24 N 9 E 480 BROOKWOOD 35 7/5/2000 12 12 1 24 37 35 44.48616 -83.33735

73 Alcona Greenbush 10 SE NW NW 25 N 9 E 1/4 mile S of Ridley Rd, 200 ft E of Scott Rd 63 7/12/2000 32 32 1 13 59 63 44.51880 -83.35849
452 Alcona Greenbush 32 25 N 9 E 7751 CEDAR LAKE ROAD OSCODA, MI 48750 68 7/19/2000 5 60 1 400 38 68 44.51290 -83.37074
397 Alcona Greenbush 28 25 N 9 E 4480 BIRCH ACRES OSCODA, MI 76 9/19/2000 7 13 1 12 68 76 4.0 44.51087 -83.35145
533 Alcona Greenbush 22 25 N 9 E 3675 W CEDAR LAKE RD GREENBUSH, MI 48738 44 12/5/2000 9 20 1 15 39 44 5 44.49848 -83.34967
765 Iosco Oscoda 9 24 N 9 E 4531 OAK RIDGE 57 5/8/2001 8 40 1 20 52 57 5 44.50855 -83.35722
579 Alcona Greenbush 32 25 N 9 E 7751 CEDAR LAKE RD OSCODA , MI 48750 68 5/16/2001 11 57 1 40 58 68 5 44.50839 -83.34631 SC
833 Iosco Oscoda 10 24 N 9 E 7725 Cedar Lane 32 6/24/2001 4 9 1 8 28 32 5 44.50447 -83.35133
678 Alcona Greenbush 22 25 N 9 E 4093 E. CEDAR LAKE DR GREENBUSH, MI 29 7/18/2001 10 19 1 11 26 29 5 44.50220 -83.35040
898 Iosco Oscoda 10 24 N 9 E 7245 HUNTINGTON 43 7/20/2001 7 35 1 40 33 43 5 44.56092 -83.32867 JC
290 Alcona Greenbush 15 25 N 9 E 3389 W. Cedar Lake Rd. Greenbush, MI 48738 40 9/10/2001 8 30 2 25 30 40 5 44.52800 -83.35882
844 Alcona Greenbush 22 25 N 9 E 3939 W CEDAR LAKE RD 57 5/1/2002 above 57 1 100 51 57 8 44.51290 -83.37074
841 Alcona Greenbush 15 25 N 9 E 3300 SUNSET DRIVE GREENBUSH, MI 38 6/1/2002 3 25 1 6 26 38 5 44.55068 -83.33252
850 Alcona Greenbush 15 25 N 9 E 3585 CEDAR LAKE RD GREENBUSH, MI 36 7/1/2002 14 21 1 25 30 36 5 44.51197 -83.36926

1098 Iosco Oscoda 10 24 N 9 E 7378 LAKEWOOD DRIVE 42 7/30/2002 7 19 1 25 35 42 4 44.55104 -83.32377
928 Alcona Greenbush 15 25 N 9 E CEDAR LK RD GREENBUSH, MI 33 11/13/2002 12 18 1 12 26 33 5 44.56016 -83.32208

1169 Iosco Oscoda 10 24 N 9 E 7109 CEDAR LAKE ROAD 35 11/14/2002 8 35 1 30 29 35 5 44.54423 -83.32458
1239 Iosco Oscoda 16 24 N 9 E 6881 Loud Dr. 42 6/7/2003 9 30 2 20 37 42 5 44.55585 -83.32406
1091 Alcona Greenbush 22 25 N 9 E 3991 WEST CEDA LAKE ROAD MI 57 8/19/2003 above 50 57 5 44.55684 -83.32378
1471 Iosco Oscoda 10 24 N 9 E 4718 WILLOWBEND 36 9/6/2003 13 21 1 23 32 36 5 44.54246 -83.33391
1160 Alcona Greenbush 22 25 N 9 E 3871 WEST CEDAR LAKE ROAD MI 32 9/11/2003 11 18 1 12 28 32 4 44.54270 -83.33464
1794 Iosco Oscoda 4 24 N 9 E 7589 WESTWOOD 56 12/2/2003 4 14 1 15 50 56 5 44.54314 -83.32495
1559 Iosco Oscoda 16 24 N 9 E 7068 Loud Drive 45 1/21/2004 15 30 1 30 35 45 5 44.55270 -83.33148
1870 Alcona Greenbush 22 25 N 9 E 4924 E. Cedar Lake Greenbush, MI 48738 59 2/18/2004 7 15 2 20 55 59 5 44.55330 -83.35104
1890 Alcona Greenbush 22 25 N 9 E 3563 CEDAR LAKE DRIVE GREENBUSH, MI 36 4/19/2004 7 7 19 15 30 36 5 44.55360 -83.33119
1891 Alcona Greenbush 21 25 N 9 E 3491 POORFARM ROAD GREENBUSH, MI 53 5/3/2004 12 26 1 12 47 53 5 44.55614 -83.33020
1915 Alcona Greenbush 22 25 N 9 E 3742 CEDAR LAKE RD MI 48738 46 5/18/2004 6 14 1 14 40 46 4 44.55521 -83.32447
1929 Alcona Greenbush 15 25 N 9 E 3453 Cedar Lake Rd. Greenbush, MI 48738 38 6/14/2004 9 30 2 18 33 38 5 44.55464 -83.33161
1988 Alcona Greenbush 15 25 N 9 E 3652 CEDAR LAKE DR GREENBUSH, MI 48738 33 7/9/2004 8 14 1 12 29 33 5 44.55590 -83.32358
2575 Iosco Oscoda 10 24 N 9 E 7212 CEDAR BROOK 29 10/6/2004 12 21 1 14 25 29 5 44.54674 -83.32497
2303 Alcona Greenbush 15 25 N 9 E 4968 HURON CEDAR GREENBUSH, MI 48738 32 10/11/2004 4 18 1 14 32 5 44.54231 -83.33477
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2542 Iosco Oscoda 4 24 N 9 E 4320 CUSTWOOD DRIVE OSCODA, MI 48750 52 10/22/2004 5 18 1 18 44 52 5 44.54276 -83.32494
2302 Alcona Greenbush 22 25 N 9 E 3617 CEDAR STREET GREENBUSH, MI 48738 48 10/25/2004 11 18 1 14 42 48 5 44.54144 -83.33321
2394 Alcona Greenbush 22 25 N 9 E 4548 E Cedar Lake Dr Greenbush, MI 48738 159 1/17/2005 10 0 1 20 151 159 5 44.54211 -83.35770
2450 Alcona Greenbush 22 25 N 9 E 3547 W. CEDAR LAKE RD. GREENBUSH , MI 48738 42 6/22/2005 11 19 1 15 36 42 5 44.55220 -83.33058
2508 Alcona Greenbush 22 25 N 9 E 4964 EAST CEDAR LAKE DRIVE GREENBUSH, MI 48738 56 6/27/2005 11 23 1 15 50 56 5 44.56896 -83.34089
2604 Alcona Greenbush 22 25 N 9 E 3950 CEDAR LAKE ROAD GREENBUSH, MI 48738 31 9/21/2005 9 22 1 14 25 31 5 44.55538 -83.32446
2623 Alcona Greenbush 15 25 N 9 E 3569 EAST CEDAR LAKE DRIVE GREENBUSH, MI 48738 33 9/23/2005 12 21 1 11 27 22 5 44.55601 -83.32405
2899 Iosco Oscoda 4 24 N 9 E 4568 WEST WOOD DRIVE OSCODA, MI 48750 61 9/29/2005 6 19 1 14 55 61 5 44.54257 -83.32494
2562 Alcona Greenbush 22 25 N 9 E 3983 Cedar Lake Rd. Greenbush, MI 48738 56 10/5/2005 0 50 2 50 51 56 5 44.54540 -83.32545
2576 Alcona Greenbush 21 25 N 9 E 3950 Summers Trail Greenbush, MI 48738 43 10/10/2005 11 35 2 15 38 43 5 44.56866 -83.33464
2620 Alcona Greenbush 15 25 N 9 E 3400 EAST CEDAR LAKE DRIVE GREENBUSH, MI 48730 33 10/28/2005 5 18 1 14 27 33 5 44.56223 -83.33136 JC
2618 Alcona Greenbush 15 25 N 9 E 3007 SOUTH POORFARM GREENBUSH, MI 48738 47 11/3/2005 10 19 1 12 41 47 5 44.54526 -83.32496
2673 Alcona Greenbush 22 25 N 9 E 4986 E. CEDAR LAKE DRIVE GREENBUSH , MI 48738 57 5/9/2006 11 19 1 15 51 57 5 44.54135 -83.33337
2689 Alcona Greenbush 15 25 N 9 E 4680 Wissmiller Greenbush, MI 48738 107 6/12/2006 7 105 3 8 97 107 5 44.55510 -83.35121
2686 Alcona Greenbush 22 25 N 9 E 3794 E. Cedar Lake Rd. Greenbush, MI 48738 49 6/20/2006 7 49 1 20 43 49 5 44.54479 -83.35818
2757 Alcona Greenbush 15 25 N 9 E 3443 U.S. 23 Greenbush, MI 48738 47 9/5/2006 10 30 2 35 36 46 5 44.54767 -83.32573
3020 Alcona Greenbush 21 25 N 9 E 3875 S POORFARM RD GREENBUSH, MI 48738 51 5/30/2007 18 31 1 14 41 51 5 44.51191 -83.35608
3828 Iosco Oscoda 4 24 N 9 E 4013 RALPH SCOTT DRIVE OSCODA, MI 48750 47 5/31/2007 12 29 1 20 37 47 5 44.55937 -83.32178
2910 Alcona Greenbush 22 25 N 9 E 3796 E CEDAR LK DR GREENBUSH, MI 48738 50 7/16/2007 5 19 1 14 44 50 44.55937 -83.32180
2985 Alcona Greenbush 16 25 N 9 E 3490 POORFARM GREENBUSH, MI 48738 48 8/6/2007 8 29 0 20 42 48 5 44.54542 -83.32457
3593 Iosco Oscoda 4 24 N 9 E 7883 GOLFVIEW DR OSCODA, MI 48750 71 10/17/2007 5 25 1 10 58 71 12 44.51674 -83.34111
2944 Alcona Greenbush 22 25 N 9 E 3989 W. Cedar Lk. Rd. Greenbush, MI 48738 56 10/19/2007 3 56 1 50 50 56 5 44.51694 -83.34113 SC
3141 Alcona Greenbush 22 25 N 9 E 3746 CEDAR LK DR GREENBUSH, MI 48088 57 7/29/2008 12 16 0.5 20 51 57 5 44.51646 -83.34103 SC
3175 Alcona Greenbush 15 25 N 9 E 5025 WOODLAND GREENBUSH, MI 48738 90 9/12/2008 5 44.55492 -83.32435
3174 Alcona Greenbush 15 25 N 9 E 5025 WOODLAND DR GREENBUSH, MI 48738 98 9/22/2008 18 30 1 10 92 98 5 44.54857 -83.34927
3156 Alcona Greenbush 33 25 N 9 E 4999 Birch Acres Oscoda, MI 48750 66 5/4/2009 4 40 1 35 61 66 5 44.55741 -83.32996
3280 Alcona Greenbush 22 25 N 9 E 3793 E CEDAR LAKE DR GREENBUSH, MI 48738 48.5 8/15/2009 19 25 0.5 20 42 48.5 5 44.51363 -83.35256
3365 Alcona Greenbush 22 25 N 9 E 3494 CEDAR LAKE DR GREENBUSH, MI 48738 35 7/7/2010 6 20 1 10 31 35 5 44.54071 -83.32479
3336 Alcona Greenbush 33 25 N 9 E CEDAR LAKE RD. OSCODA , MI 48750 70 10/18/2010 3.5 36.25 2 94 60 70 5 44.54076 -83.32475 SC
3337 Alcona Greenbush 33 25 N 9 E CEDAR LAKE RD. OSCODA, MI 48750 70 10/19/2010 3.5 20 2 20 65 70 5 44.54843 -83.33177 SC
3335 Alcona Greenbush 33 25 N 9 E CEDAR LAKE RD. OSCODA, MI 48750 70 10/26/2010 3.6 70 8 200 60 70 5 44.55700 -83.32935 SC
3580 Alcona Greenbush 21 25 N 9 E 3600 DOE TRL GREENBUSH, MI 48738 81 7/16/2011 12 20 1 20 75 81 5 44.55282 -83.33090
3671 Alcona Greenbush 15 25 N 9 E 3519 CEDAR LK RD GREENBUSH, MI 48738 35 8/21/2013 10 20 1 20 30 35 5 44.55032 -83.35497
3762 Alcona Greenbush 33 25 N 9 E 4982 BIRCH ACRES ROAD OSCODA, MI 48750 66 3/4/2015 5 45 3 30 56 66 5 44.55286 -83.32415
3785 Alcona Greenbush 22 25 N 9 E 4005 E. CEDAR LAKE DRIVE GREENBUSH, MI 48738 30 5/15/2015 10 25 2 15 25 30 5 44.54305 -83.33387
3786 Alcona Greenbush 22 25 N 9 E 4005 E. CEDAR LAKE DRIVE GREENBUSH, MI 48728 72 5/15/2015 0 0 0 0 32 42 5 44.56923 -83.35082
3965 Alcona Greenbush 15 25 N 9 E 3431 CEDAR LK RD GREENBUSH, MI 48738 42 10/13/2015 10 22 1 30 33 42 5 44.55892 -83.32878
4228 Alcona Greenbush 15 25 N 9 E 3377 W. CEDAR LK RD GREENBUSH, MI 48738 41 7/15/2016 7.5 25 1 15 31 41 5 44.55666 -83.32923
4229 Alcona Greenbush 15 25 N 9 E 3451 W. CEDAR LK RD GREENBUSH, MI 48738 40 9/12/2016 9 20 1 30 30 40 5 44.55630 -83.32945
3932 Alcona Greenbush 22 25 N 9 E 3741 W. CEDAR LAKE ROAD GREENBUSH, MI 48728 48 10/20/2016 10 40 3 10 40 45 5 44.53704 -83.34213
4226 Alcona Greenbush 22 25 N 9 E 3927 CEDAR LK RD GREENBUSH, MI 48738 33 5/9/2017 5 20 1 15 28 33 5 44.54904 -83.33203
4230 Alcona Greenbush 15 25 N 9 E 3463 W. CEDAR LK RD GREENBUSH, MI 48738 45 6/2/2017 12 30 0.5 15 40 45 4 44.48616 -83.33735
4225 Alcona Greenbush 22 25 N 9 E 3601 E. CEDAR LK DR GREENBUSH, MI 48738 29 8/25/2017 10 20 0.5 15 25 29 5 44.48502 -83.34400
4227 Alcona Greenbush 16 25 N 9 E 4266 E. WISSMILLER RD GREENBUSH, MI 48738 55 9/15/2017 16 30 1 40 50 55 2 44.49382 -83.33157
4042 Alcona Greenbush 22 25 N 9 E 3579 Cedar St. Greenbush, MI 48738 44 5/18/2018 8 36 1 20 38 44 5 44.48911 -83.33000
4778 Iosco Oscoda 4 24 N 9 E 7592 Westwood Dr. Oscoda, MI 48750 60 8/20/2018 4 25 1 20 50 60 4 44.49343 -83.33057
4113 Alcona Greenbush 21 25 N 9 E 3628 POOR FARM ROAD GREENBUSH, MI 48740 50 11/8/2018 7 35 3 15 40 50 5 44.50027 -83.33587
4281 Alcona Greenbush 28 25 N 9 E 4102 W Cedar Lake Rd GREENBUSH, MI 48738 57 9/17/2019 0.5 15 1 30 52 57 5 44.47987 -83.36144
4327 Alcona Greenbush 22 25 N 9 E 3703 W. Cedar Lk Rd. Greenbush, MI 48738 41 9/1/2020 7 41 1 20 28 34 4 44.48351 -83.32881

200 Iosco Oscoda 4 24 N 9 E 1/2 mile E of Cedar Lake Rd, 1 mile S of Kings Corner Rd, 105 5 44.48545 -83.36407
321 Alcona Greenbush 22 NE SW SW 25 N 9 E 3944 Cedar lake Dr 20 5 10 16 20 5 44.50309 -83.35003
336 Alcona Greenbush 22 25 N 9 E 1.5 miles S of Wissmiller, 400 ft E of Cedar Lake Rd. 32 4 44.49084 -83.33533
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APPENDIX E 

EXCERPTED 2010 WILLIAMS & WORKS GROUNDWATER RESOURCE 

EVALUATION FOR CEDAR LAKE WETLANDS IMPROVEMENT PROJECT 

AQUIFER TESTING (AS REPORTED IN K&A, 2011)  
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APPENDIX F 

2022 CEDAR LAKE AUGMENTATION WELL 

COST BREAKDOWN 
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