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• Topic: Groundwater resource study in west-central 
southern Michigan 

• Problem/Motivation: Recent concerns over availability and 
water quality 

• Scientific Challenges: Need for lots of data and system-
based understanding 

• Technical Solutions: Integrating data/knowledge from 
different stakeholders, agencies, etc.

• Key Scientific Findings: natural and human impacts

• Awareness:  public education and community outreach

• Partnerships: linking policy, conservation, education  

• Management Strategies:  land development, water use, site 
design, etc.  

Zach

Paul



The research described in the presentation was funded by the Michigan Department of
Agriculture and Rural Development (MDARD) and the Ottawa County Planning
Commission.

The project tasks were completed through a collaborative effort from different
stakeholders, researchers, planners, and outreach specialists from Ottawa County and
Michigan State University.
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Ottawa County Population Growth 

Fastest Growing 
County in Michigan

Expanded Agricultural / 
Horticultural Activities

Information from United States Census Bureau



http://www.maine.gov/dacf/php/gotpests/dise
ases/abiotic-trees-shrubs.htm

Elevated salinity levels in groundwater

Chloride 
concentration 

(mg/L)
Effect on crops Susceptible plants

140-350
Moderately 
sensitive plants 
show injury

Potato, corn, wheat, 
squash, alfalfa, 
tomato

Above 350
Serious injury can 
occur

Sugarbeet, asparagus

Information in table taken from Ayers and Westcot (1985)

Image source: www.iowaproduce.org

EPA Secondary Drinking Water Standard 
(Chloride): 250 mg/L

• Aethetic quality
• Dietary concerns
• Corrosive properties

…used for irrigation 

…and water supply





Trends, patterns for
fine-tuning simulations 

Processes controlling 
patterns, trends, etc.

Identify spatial patterns 
and multi-decadal trends

Data Analysis 
Process-Based 

Simulation

Simulate past, current, and 
future groundwater conditions

Groundwater System Understanding

Policy Development & 
Management 

Statewide Water 
Wells

‘Big’ GIS data

County-
level Data

• Aquifer Framework (land surface, 
geology, etc.)

• Land cover, soil type
• Climate info. 

• Well records & water levels
• Borehole lithologies
• Water Quality (2D)

• Water Quality (3D)
• Water levels & water use
• Future projections

See Curtis et al. (2019)



• Hydrogeologists
• Engineers
• Drillers
• County/Township 

Commissioners 
• Etc.

Groundwater Research Team

County-Level 
Planning and Management

Groundwater 
Task Force

Institutional Decision-Support
(MSU IWR)

Analysis 
and results

Analysis 
& results,
technical reports

Hard Data
Soft Data 

Projections

3rd-party review of 
modeling; 

critical feedback

Policy, and resource management
Education and Outreach 

State-level Agencies
(MDEQ & MDARD)

Help identify 
opportunities, 

important 
perspectives 

Management
Guidebooks

Online DSS



Where do we have high Cl levels? (present-day)

Over 540 samples 
from 468 properties



Ottawa County Online Property Mapping tool Well Driller report

Cl(x,y,z,t)

What were Cl 
levels in the past? 

Partial Chemistry Test



Chloride mg/L

3D Spatial Patterns 

As depth ↑ , Cl ↑

Contamination primarily 
in bedrock aquifer

-> consistent with a 
deep source (brines)

See Curtis et al. (2018, 2019)



Temporal Trends 

See Curtis et al. (2019)



Temporal Trends General increase in Cl levels with time

Most increases are deep, in the bedrock 
(where Cl is high)

0

200

400

600

800

1,000

1,200

1,400

1,600

0 200 400 600 800 1000 1200 1400 1600

Fi
e

ld
 C

l c
o

n
ce

n
tr

at
io

n
 (

m
g

/L
)

Historical Cl concentration (mg/L)

Field Concentration vs. Historical 
Concentration  

Locations showing a 
decrease with time

Locations showing a 
increase with time

See Curtis et al. (2019)



Well 
Locations 
through 

time 

Countywide water use 
by water sector

Water use 
over time 



Lithology profile

C

(2) 3D Model

Aquifer Material

Confining Material



Geologic Model

Water Use Model

Recharge
model Groundwater Flow Simulator

Observed Static Water Levels
(model comparison/calibration) 



Groundwater levels 
over time, deep 
bedrock aquifer

Groundwater 
level (m)

Expanding, deepening 
‘cone of depression’

Significant declines 
over time

See Liao et al. (under review)



222.34

164.19

2015 Bedrock Water Levels

Groundwater 
level (m)

Cl ↑ where GW levels are low

Some areas are naturally low…

Others are ‘artificially’ low
(due to pumping)

Spatial Comparison 

See Curtis et al. (2019)



Cl is-surfaces = concentration ‘plumes’

See Curtis et al. (2019)



Groundwater elevations have significantly declined in the last 50 years, particularly in 
the central portions of the bedrock aquifer underlying Ottawa County

Gradual, distributed increases in groundwater withdrawals played a primary role in 
this decline  

Chloride concentrations are increasing with time in the Ottawa County aquifer system, 
apparently due to cumulative increases in pumping

Both natural and human processes determine where Cl is high 
(where GW levels are low) 

The issues facing Ottawa County emerge from collective impacts of many processes –
human and natural (resource development and geologic setting)



Detailed projections:
• well build-out, 

groundwater use
• land use/land cover
• climate trends 

Calibrated GW Flow model

Long-term changes 
in GW Levels 
(2018-2036)

Interactions with county 
and township planners, 

stakeholders 



Issues facing Ottawa 
County are symptomatic 
of a larger problem  

Screening-Level 
Data Analysis

See Curtis et al. (2019)



Much data used for modeling/analysis was: pre-existing, free, and available 
throughout the state

Stakeholder and community input throughout the entire scientific investigation  
process was crucial 

This is a complex multidimensional problem – no single party to blame –
and will require complex solutions (partnerships, knowledge sharing, etc.)



• Questions? 

• Want a copy of a related report/publication?

=> Please email me:

zach@magnet4water.com
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