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ÅThis graphical summary of the Phase 1 Study ςkey conclusions, 
ŦƻƭƭƻǿŜŘ ōȅ ǎǳǇǇƻǊǘƛƴƎ ŜǾƛŘŜƴŎŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ŀ  DǊƻǳƴŘǿŀǘŜǊ ά{ǘƻǊȅέ 

ÅA summary report ƻŦ ǘƘŜ ά{ǘƻǊȅ ƻŦ !ƭƭŜƎŀƴ /ƻǳƴǘȅΩǎ DǊƻǳƴŘǿŀǘŜǊέ

ÅA Final Technical Report ςa detailed, annotated graphical report 
including all deliverables (map and data layer products, visualizations) 
of the Phase 1 study.

Phase 1 Deliverables
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ÅTheredoesnot appearto be a groundwaterresourcecrisislike we uncoveredin neighboringOttawa
County

ÅHowever,we identified similarissuesthat led to their crisis:
ÅSignificantlyelevatednitrate concentrationsimpactingshallowgroundwater
ÅSignificantlyelevatedchlorideconcentrationsimpactinggroundwaterdischargeareas
ÅA largenumberof potential or knownsitesof contamination
ÅHints of systematicdecline in groundwater levelsbecauseof cumulativewater use trends (well

networkgrowth)

ÅWe have provided a άƻƴŜ-ǎǘƻǇέcollection of existingdata related to Allegan/ƻǳƴǘȅΩǎgroundwater
system. Thisprovideslots of valuableinformationto supportdecision-makingandmanagement.

ÅWe feel stronglythat the best useof this collectionof data and modelingresultsis with an interactive
Decision-SupportSystemthat canbeusedto addressthe currentandfuture setof groundwaterusesin
AlleganCounty

Phase 1 Key Findings
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! {ǘƻǊȅ ƻŦ !ƭƭŜƎŀƴ /ƻǳƴǘȅΩǎ 
Groundwater

With a Focus on Management Implications 

4



Part 1: Water Quantity & Aquifer Analysis 

ÅGrowth and Development

ÅSource of Water ςGroundwater 

ÅAquifer Framework

ÅCountywide Flow Patterns

ÅDischarge and Recharge Areas

ÅDepth-to-Water Table

ÅDetailed 3D Heterogeneity

Å3D Geologic Model

ÅHydraulic Conductivity and Aquifer Yield

ÅLong-term Sustainability 
ÅLong-term Recharge
ÅIncreased Groundwater Use
ÅTemporal Water Level Trends
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Development, Population Growth, and Increased Water Use

Population Growth Agricultural Activities

Å Period of growth that started decades ago and sustained in recent years => Systematic increases in water use
Å Effective long-ǘŜǊƳ ƳŀƴŀƎŜƳŜƴǘ ǊŜǉǳƛǊŜǎ ƘƻƭƛǎǘƛŎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ŎƻǳƴǘȅΩǎ ǿŀǘŜǊ ǎȅǎǘŜƳ
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Source of Water:   Groundwater

Å Presently (and historically), essentially all water supply is from groundwater 
Å Used for: household water; public water supply (year-long and transient); irrigation, and industry
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Millions of Gallons 
per Year

Present Day

Screening-level Estimate of Groundwater Use

Å Cumulative groundwater use is significant throughout virtually all parts of the County
Å!ƴŘ ōŜŎŀǳǎŜ ǘƘŜ ǎǳōǎǳǊŦŀŎŜ ƛǎ ΨƛƴǾƛǎƛōƭŜΩ ŀƴŘ ŀŎǘƛƻƴǎ κ ŜǾŜƴǘǎ ƛƳǇŀŎǘƛƴƎ ƎǊƻǳƴŘǿŀǘŜǊ ŀǊŜ ŘŜƭŀȅŜŘ       
Χ {ȅǎǘŜƳ-based management is especially critical!! 8



Aquifer Framework

Å¢ǿƻ ŀǉǳƛŦŜǊ άƭŀȅŜǊǎέΥ ǎƘŀƭƭƻǿ άƎƭŀŎƛŀƭέ ŀǉǳƛŦŜǊ ŀƴŘ ŀ ŘŜŜǇ άōŜŘǊƻŎƪέ ŀǉǳƛŦŜǊ
Å Glacial aquifer covers all portions of the county
ÅΧaƻǎǘƭȅ ǳƴŘŜǊƭŀƛƴ ōȅ /ƻƭŘǿŀǘŜǊ {ƘŀƭŜ ōŜŘǊƻŎƪ ŦƻǊƳŀǘƛƻƴ όƭƻǿ ǇŜǊƳŜŀōƛƭƛǘȅύΣ ŜȄŎŜǇǘ ƛƴ ƴƻǊǘƘǿŜǎǘ -> Marshall Sandstone 

Coldwater Shale Bedrock Formation

Marshall Bedrock
Formation

Glacial Aquifer

B

A

BA
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Aquifer Framework

Å Glacial aquifer ςunconsolidated sediments from glacial advances and retreats; wide range of physical characteristics
Å Bedrock aquifer ςfractured portions of the Marshall Sandstone; pinching out along Western subcropextent 

Glacial Geology Bedrock Geology

A
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Flow Patterns ςGlacial Aquifer
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ÅWater table pattern plays a critical role in groundwater management:
Å Dictates groundwater flow direction 
Å Controlsgroundwater speed  

Contamination control; groundwater source protection



Water Level (m)Water Level (m)

Water Level (m)
Water Level (m)

SW Quadrant SE Quadrant

NE QuadrantNW Quadrant

Subregional Water Table Mapping (more spatial details)

12



Discharge Areas ςGlacial Aquifer

Å Discharge primarily to the major surface water bodies and along their corridors
Å Streams, lakes, and wetlands in discharge areas:

o Have significant groundwater components 
o ΧΦŀƴŘ ŀǊŜ Ƙŀōƛǘŀǘǎ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ-dependent ecosystems.

Discharge 
Area

Discharge 
Area

13



Recharge Areas ςGlacial Aquifer

Å Recharging water moves deep and travels regionally, feeding the entire aquifer
Å Location of recharge area has important management implications:

o Land use planning (development disproportionately impacts aquifer sustainability)
o Waste disposal activities (spills have significantly more impact)
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Depth-to-Water
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Å Depth-to-water plays an important role in groundwater management, e.g.:
o Designing a water well 
o Evaluating the risk of basement flooding
o Assessing aquifer vulnerability



Flow Patterns ςBedrock Aquifer
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Coldwater Shale subcroparea

Å Bedrock aquifer is ǊŜŎƘŀǊƎŜŘ άƭƻŎŀƭƭȅέ ƻǊ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ŀōƻǾŜ Χ ƭƛǘǘƭŜ ŦƭǳȄ ŎƻƳƛƴƎ ŦǊƻƳ ǘƘŜ ǊŜƎƛƻƴŀƭ ǊŜŎƘŀǊƎŜ ƳƻǳƴŘ
Å Groundwater discharges toward the surface (through the glacial aquifer) primarily along the Rabbit River and its tributaries 



Detailed 3D Heterogeneity of the Subsurface

Location

Depth and Lithology

Å Glacial aquifer extremely heterogeneous (mixed), both horizontally and vertically 
ÅΧ{ƻƳŜ ǇŀǊǘǎ ŀǊŜ ǾŜǊȅ ǇŜǊƳŜŀōƭŜΣ ǿƘƛƭŜ ƻǘƘŜǊǎ ŀǊŜ ƭŜǎǎ ǇŜǊƳŜŀōƭŜ όǎƻƳŜ ŀǊŜŀǎ Ƴŀȅ ȅƛŜƭŘ ǾŜǊȅ ƭƛǘǘƭŜ ƎǊƻǳƴŘǿŀǘŜǊύ
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A

B

A B

Glacial Drift

Bedrock

Aquifer Material 

Marginal Aquifer / Partially Confining Material 

Confining Material

NOTE: Confining material underlain by aquifer materials
NOTE: Continuous subregion of aquifer material

3D Heterogeneity of the Subsurface

A

B
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A

B

A B

Glacial Drift

Bedrock

Aquifer Material Marginal Aquifer / Partially Confining Material Confining Material

NOTE: Continuous subregion of aquifer material

NOTE: Thick deposits of confining material

3D Heterogeneity of the Subsurface

A

B
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A B

A B

Aquifer Material 

Marginal Aquifer / Partially Confining Material 

Confining Material

Glacial Drift

Bedrock

3D Heterogeneity of the Subsurface

A B

NOTE: ²Ŝƭƭǎ άǇǳƴŎƘƛƴƎ ǘƘǊƻǳƎƘέ ŎƻƴŦƛƴƛƴƎ ƎƭŀŎƛŀƭ ƳŀǘŜǊƛŀƭǎ ǘƻ ǳƴŘŜǊƭȅƛƴƎ ōŜŘǊƻŎƪ
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Aquifer Material 

Marginal Aquifer / Partially Confining Material 

Confining Material

B

A

BA

Glacial Drift

Bedrock

3D Heterogeneity of the Subsurface

B

A

NOTE: Thick glacial deposits with large degree of vertical and horizontal variability
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3D Geological Model of the Glacial Aquifer

Transition Probability (TP) 
Geostatistical Simulation

3D Geologic Model 

3D Lithology

Å Resulting 3D model is extremely useful: 
o water resources development and well siting (where to drill and at what depth) 
o protection of strongly connected streams and groundwater-dependent ecosystems 
o prediction of contaminant transport needed for pollution control. 22



West-East X-ǎŜŎǘƛƻƴΣ άǳǇǇŜǊ ǘƘƛǊŘέ ƻŦ /ƻǳƴǘȅ

West-East X-ǎŜŎǘƛƻƴΣ άƭƻǿŜǊ ǘƘƛǊŘέ ƻŦ /ƻǳƴǘȅ

Aquifer Material

Marginal Aquifer Material
Partial Confining Material

Confining Material
Bedrock Material

West-East X-ǎŜŎǘƛƻƴΣ άƳƛŘŘƭŜ ǘƘƛǊŘέ ƻŦ /ƻǳƴǘȅ

!Ω .Ω

A B
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North-South X-ǎŜŎǘƛƻƴΣ άǿŜǎǘ ǘƘƛǊŘέ ƻŦ /ƻǳƴǘȅ

Aquifer Material

Marginal Aquifer Material
Partial Confining Material

Confining Material
Bedrock Material

North-South X-ǎŜŎǘƛƻƴΣ άŜŀǎǘ ǘƘƛǊŘέ ƻŦ /ƻǳƴǘȅ

North-South X-ǎŜŎǘƛƻƴΣ άƳƛŘŘƭŜ ǘƘƛǊŘέ ƻŦ /ƻǳƴǘȅ
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Southwest-ƴƻǊǘƘŜŀǎǘ άŘƛŀƎƻƴŀƭέ ·-section, across the entire County

Aquifer Material

Marginal Aquifer Material
Partial Confining Material

Confining Material
Bedrock Material

Northwest-ǎƻǳǘƘŜŀǎǘ άŘƛŀƎƻƴŀƭέ ·-section, across the entire County
A B

!Ω .Ω

B

A

.Ω

!Ω
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Slow

Fast

Hydraulic 
Conductivity (ft/day)

Hydraulic Conductivity 
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Å Hydraulic Conductivity (K) ςa fundamental property of geologic materials => how fast groundwater moves 
Å *Vertically-ŀǾŜǊŀƎŜŘ ŎƻƴŘǳŎǘƛǾƛǘȅ ƻŦ ǘƘŜ ƎƭŀŎƛŀƭ ŀǉǳƛŦŜǊ ǎƘƻǿƴ ƘŜǊŜ Χ ǾŜǊǘƛŎŀƭ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ Y Ŏŀƴ ǊŀƴƎŜ ƻǊŘŜǊǎ ƻŦ ƳŀƎƴƛǘǳŘŜ



Slow

Fast

Transmissivity (ft2/day)

Transmissivity ςBedrock Aquifer
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Å Transmissivity (T) ςǇǊƻŘǳŎǘ ƻŦ ŎƻƴŘǳŎǘƛǾƛǘȅ ŀƴŘ ŀǉǳƛŦŜǊ ǘƘƛŎƪƴŜǎǎ ό¢ҐYϝ.ύ Χ ŎƻƴǘǊƻƭƭƛƴƎ ŀǉǳƛŦŜǊ ǇǊƻŘǳŎǘƛǾƛǘȅ
Å{ǘŀǘŜǿƛŘŜ ǇŜǊǎǇŜŎǘƛǾŜΥ ¢ ƛƴ !ƭƭŜƎŀƴ /ƻǳƴǘȅ ƛǎ ƭƻǿ ǘƻ ǾŜǊȅ ƭƻǿ  Χ ƳŜŀƴƛƴƎ ƛƳǇŀŎǘǎ όŜΦƎΦΣ ŘǊŀǿŘƻǿƴύ ŀǊŜ ƳƻǊŜ ƭƻŎŀƭƛȊŜŘ



Aquifer Yield 
Hydraulic Conductivity V

Saturated Thickness V(SWL, Well Screen Depth)

Allowable Drawdown (50% of water available)

Assumed Well Efficiency (70% efficient)
Χ

Pumping Rate (AQ Yield)
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Å¢Ƙƛǎ ƳŀǇ ƛǎ ǳǎŜŦǳƭ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ŀǉǳƛŦŜǊΩǎ ŀōƛƭƛǘȅ ǘƻ ǇǊƻŘǳŎŜ ƎǊƻǳƴŘǿŀǘŜǊΤ ƴƻǘŜ ǘƘŜ ǎƛƎƴƛŦƛŎŀƴǘ ǎǇŀǘƛŀƭ ǾŀǊƛŀōƛƭƛǘȅ
Åϝ!ƴŀƭȅǎƛǎ ŀǎǎǳƳŜǎ н5 Ŧƭƻǿ ǘƻ ǿŜƭƭǎΣ ōǳǘ ƛƴ ǊŜŀƭƛǘȅ Χ ǎƛƎƴƛŦƛŎŀƴǘ ǾŜǊǘƛŎŀƭ Ŧƭƻǿ ǿƛǘƘ ƘŜŀŘ ƭƻǎǎ ҐҔ ŀŎǘǳŀƭ ȅƛŜƭŘ ƭƛƪŜƭȅ ǘƻ ōŜ ƭŜss



Depends on:

ÅAbility of aquifer to produce water (aquifer yield)

ÅAquifer Recharge distribution 

ÅCumulative Water Use Trends

Long-term Sustainability of Groundwater Use
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Long-term Mean Recharge Distribution
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Å Recharge = net infiltration of land surface water to water table; depends on climate, watershed characteristics, land use
Å Important implications for management, e.g., assessing aquifer vulnerability to surface contamination



Increased Groundwater Use
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Å Analysis of Wellogic records => significant increase in the number of wells, especially since 2000, in all parts of the county
Åϝ!Ŏǘǳŀƭ ƴǳƳōŜǊ ƻŦ ǿŜƭƭǎ ŜȄŎŜŜŘǎ ǘƘŜ ŜǎǘƛƳŀǘŜǎ ǇǊƻǾƛŘŜŘ ƘŜǊŜ Χ ōǳǘ ǎǇŀǘƛƻǘŜƳǇƻǊŀƭ ǇŀǘǘŜǊƴǎ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǊŜŀƭƛǘȅ 

and very insightful for identifying areas of growth


