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THE CONCLUSIONS AND STATEMENTS CONTAINED HEREIN 
REPRESENT A CONSENSUS OF THE STEERING COMMITTEE AND THE 
TECHNICAL ADVISORY COMMITTEE MEMBERS BUT DO NOT REFLECT 
THE OPINION OF EVERY COMMITTEE MEMBER OR GROUP. 1



1 . D A T A  C O L L E C T I O N

2 . S T R E A M F L O W  D E P L E T I O N  M O D E L I N G

3 . T R A N S F E R A B L E  T E C H N O L O G Y
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W O R K  P L A N  V E R S I O N  7

“The study area will be subdivided to facilitate the creation of four groundwater flow models and represent 
portions of five stressed watersheds in the county including: headwaters of the Dowagiac River, McKinzie
Creek, Osborn Drain, Pokagon Creek, and southern headwaters of the Rocky River.”



F I N A L  W A T E R S H E D  M A N A G E M E N T  A R E A S  
O F  I N T E R E S T 4



D R I L L I N G
A Q U I F E R  T E S T S
W A T E R  L E V E L  D A T A
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C O N T I N U O U S
W A T E R  L E V E L  

M E A S U R E M E N T S

M A N U A L
W A T E R  L E V E L  
M E A S U R E M E N T S

U L T R A - S O N I C
F L O W  C H E C K
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WATER LEVEL MEASUREMENT ACCURACY

W H A T A C C U R A C Y I S N E E D E D ?

W H A T I S A S I G N I F I C A N T W A T E R L E V E L C H A N G E ?

H O W A C C U R A T E C A N W E P R E D I C T ?
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Three common brands of transducers in the same well
AVERAGE DIFFERENCE OF LESS THAN 1/4”
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A Q U I F E R  T E S T  
A N A L Y S E S

( A Q T E S O L V )

2,646 minutes
at 950 gpm



Distance        Drawdown
(feet)              ( feet)

500 3.88
1,000 2.28
2,000 1.00

P R E D I C T E D
D R A W D O W N
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1 . O N E M O N I T O R I N G W E L L I S S U F F I C I E N T

2 . I R R I G A T I O N P I V O T S A R E E F F E C T I V E T O O L S
a . D I S T R I B U T E T H E P U M P E D W A T E R

b . V A R I A B L E P U M P I N G R A T E S

c . R E P E A T A B L E T E S T S

3 . 2 4  H O U R S I S S U F F I C I E N T L E N G T H T O D E R I V E

T R A N S M I S S I V I T Y A N D S T O R A G E V A L U E S

4 . N E S T E D M O N I T O R I N G W E L L S A R E E F F E C T I V E I N

M U L T I - L A Y E R S Y S T E M S

5 . L O N G - T E R M W A T E R L E V E L D A T A I S I N V A L U A B L E
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S T R E A M B E D  C O N D U C T I V I T Y
A N D

S T R E A M  D I S C H A R G E
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V E R T I C A L - T U B E  S E E P A G E  M E T E R

G R A I N  S I Z E  A N A L Y S I S

S L U G  T E S T I N G

18



19



S L U G  T E S T I N G
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• There was no statistical correlation between the three 
types of tests.

• Grain size analysis and Slug testing are commonly used 
methods, but neither represents vertical conductivity.

• Gaining or losing conditions are important

• Rising head tests should be used due to layering, fine 
sediments, and organics

• Barrel-type seepage meters will not work in these 
conditions

• Vertical Tube Meters are highly recommended based on 
accuracy, representative of Kv, and efficiency of use

S I G N I F I C A N T  L E S S O N S
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G L O B A L  W A T E R
$ 1 , 0 0 0

F L O W T R A C K E R 2
$ 1 0 , 0 0 0

U S G S  P Y G M Y
$ 5 , 0 0 0
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L I N E A R  R E G R E S S I O N
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R² = 1

0

50

100

150

200

250

0 50 100 150 200 250

Q
-P

yg
m

y 
(Y

)

Q-Tracker (x)

Pygmy and FlowTracker2 Meters

Actual Y

Predicted Y

Linear (Predicted Y)

25



y = 1.0915x + 1.0401
R² = 0.9887
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L I N E A R  R E G R E S S I O N
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1 . G O O D  R E G R E S S I O N  E Q U A T I O N S  B E T W E E N  A L L  M E T E R S

2 . G L O B A L  W A T E R  1 7 %  H I G H E R  T H A N  P Y G M Y

3 . P Y G M Y  A B O U T  7 %  L O W E R  T H A N  F L O W T R A C K E R 2

4 . U S G S  S T U D I E S  I N D I C A T E  D I S C H A R G E  A C C U R A C Y  O F  
A B O U T  7 %  I S  A C H I E V A B L E  B U T  I S  T H E  M I N I M U M  E R R O R

5 . P Y G M Y  A N D  G L O B A L  A R E  W O R S E  I N  C O L D  W E A T H E R

6 . C A R E F U L  T O  A V O I D  S U R F A C E  W A T E R  I N T A K E S ,  D A M S ,  
B E N D S ,  D E A D F A L L S ,  S T R E A M B E D  O B S T R U C T I O N S

7 . L O N G - T E R M  S T R E A M  S T A G E  D A T A  I S  I N V A L U A B L E

8 . C R I T I C A L  T O  S U P E R I M P O S E  P R E C I P I T A T I O N  D A T A
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120 Streambed Conductivity Test Sites

135 Stream Discharge Measurements

30 new monitoring wells

50 aquifer performance tests

6 new stream gages

65 stream stage sites

51 active monitoring wells

25 million water level measurements

F I E L D  W O R K  S U M M A R Y
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1. Streambed Conductivity Tests - Vertical Tube 
Seepage Meters

2. Stream Discharge – meter comparison

3. Pressure Transducers – three brands, two types

4. 1-minute and 15-minute measurement intervals

5. Water Level Accuracy of ½-inch (0.04 ft)

6. Single Monitoring Wells

7. 24-hour Aquifer Tests using Pivot Systems

8. Ultra-sonic flow meters for well pumping rates

9. Water level data QA/QC procedures and templates

T R A N S F E R R A B L E  
T E C H N O L O G Y
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Reviewed progress and products

Data transfer

Discussed methodologies and adjustments

Q U A R T E R L Y  T E C H N I C A L  C O M M I T T E E M E E T I N G S
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Mud-rotary Drilling (two days)

Stream discharge and streambed conductivity

Monitoring well data collection and processing

F I E L D  D E M O N S T R A T I O N  A N D  T R A I N I N G  D A Y S



Estimate streamflow depletion from 
crop irrigation

P U R P O S E :

Reasonable and representative modelG O A L :

Change modelM O D E L  T Y P E :
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W A T E R S H E D  M A N A G E M E N T  A R E A S  
O F  I N T E R E S T 32



2 1 , 0 0 0  L O G S
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7  R E G I O N A L
8 0  L O C A L 34
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o 5  L A Y E R S
o 2 0 0 - F T  B Y  2 0 0 - F T  C E L L  G R I D
o 3 . 1  M I L L I O N  A C T I V E  C E L L S 36



Boundary Basis
Constant Head Groundwater Contour
No-Flow Groundwater Flowline
River Rivers and Streams 37
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M O D E L - P R E D I C T E D  G R O U N D W A T E R  
L E V E L S  I N  L A Y E R  1 40



1 . G R A P H I C A L  C O M P A R I S O N

2 . C A L I B R A T I O N  T A R G E T S

 R E S I D U A L  D I S T R I B U T I O N

 R E S I D U A L  P L O T S

 S T A T I S T I C A L  A N A L Y S I S
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G R O U N D W A T E R  L E V E L S  G E N E R A T E D  
F R O M  W E L L O G I C D A T A B A S E  ( E S C H ) 42



M O D E L - P R E D I C T E D  G R O U N D W A T E R  
L E V E L S  I N  L A Y E R  1 43



E S C H W E L L O G I C
W A T E R  L E V E L S

M O D E L - P R E D I C T E D
W A T E R  L E V E L S
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M O N I T O R I N G  W E L L  
C A L I B R A T I O N  T A R G E T S 47



S T E A D Y - S T A T E  H E A D  C A L I B R A T I O N
M O D E L  V E R S U S  M O N I T O R I N G  W E L L S
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Residual Mean 5.67

Absolute Residual Mean 8.72

Residual Std. Deviation 9.24

Min. Residual -17.09

Max. Residual 27.38

Number of Observations 42

Range in Observations 161

R-squared 0.961

Percent Model Error 3.89%

Global Mass Balance Error -0.0046%

Target is  <10%
of this  value

Target is
+/- 0.05%

S T A T I S T I C A L  E V A L U A T I O N
M O N I T O R I N G  W E L L  M E A S U R E M E N T S
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W E L L O G I C
H I G H - C A P A C I T Y  W E L L  T A R G E T S 52



S T E A D Y - S T A T E  H E A D  C A L I B R A T I O N
M O D E L  V E R S U S  W E L L O G I C  W E L L  L O G  V A L U E S
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Residual Mean 0.13

Absolute Residual Mean 13.01

Residual Std. Deviation 17.05

Min. Residual -52.77

Max. Residual 50.56

Number of Observations 370

Range in Observations 296

R-squared 0.961

Percent Model Error 3.89%

Global Mass Balance Error -0.0046%

Target is  <10%
of this  value

Target is
+/- 0.05%

S T A T I S T I C A L  E V A L U A T I O N
W E L L O G I C  W E L L  L O G  V A L U E S
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J O H N  E S C H R E F I N E D  W E L L O G I C  D A T A
56



S T E A D Y - S T A T E  H E A D  C A L I B R A T I O N
M O D E L  V E R S U S  E S C H M A P  V A L U E S
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Residual Mean 0.84

Absolute Residual Mean 5.81

Residual Std. Deviation 7.54

Min. Residual -17.93

Max. Residual 19.86

Number of Observations 32

Range in Observations 161

R-squared 0.961

Percent Model Error 3.89%

Global Mass Balance Error -0.0046%

Target is  <10%
of this  value

Target is
+/- 0.05%

S T A T I S T I C A L  E V A L U A T I O N
E S C H M A P  V A L U E S  A T  

M O N I T O R I N G  W E L L  L O C A T I O N S
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1 . C A L I B R A T I O N  T A R G E T S

2 . S T R E A M  D I S C H A R G E

3 . S T R E A M B E D  F L U X

4 . V A R I A B L E  R E C H A R G E
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C A S S  P I L O T  M O D E L
T R A N S I E N T  H E A D  C A L I B R A T I O N

4 SURVEYS

MARCH
MAY
SEPTEMBER
NOVEMBER
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S T R E A M B E D  F L U X

Computed f lux
is  1 .5x-2x the
measured f lux
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S T R E A M  D I S C H A R G E

GageNo Ratio
9 0.52
11 0.54
12 2.03
13 2.13
14 0.94
15 1.53

Minnesota WHP Guidance
states the ratio

should not exceed 10
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1. Kalamazoo, Michigan

2. LaGrange County, Indiana

3. Milford, Indiana

4. Elkhart, Indiana

5. Berrien County, Michigan

6. Monroe County, Michigan

7. Saginaw County, Michigan

8. Tri-County Area (Lansing), Michigan

9. Cadillac, Michigan
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The  Kalamazoo County Area model was 

used to validate the streamflow depletion 

predictions calculated by the screening 

tool embedded in the Mi-WWAT
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USGS SIR 2004-5054

Kalamazoo County Area

S T E A D Y - S T A T E
H E A D  C A L I B R A T I O N

C O M P A R I S O N
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Cass County Pilot

S T R E A M  D I S C H A R G E
T R A N S I E N T  C A L I B R A T I O N  C O M P A R I S O N

USGS SIR 2004-5054

Kalamazoo County Area
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S T R E A M B E D  F L U X
T R A N S I E N T  C A L I B R A T I O N  C O M P A R I S O N

USGS SIR 2004-5054

Kalamazoo County Area

Cass County Pilot
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1. Groundwater Contour Comparison

2. Residual Analyses

3. Statistical Analyses

4. Steady-State Calibration

• Pilot  Project Monitoring Wells
• Esch Water Levels
• Wellogic Wells

5. Transient Calibration

• Streambed f lux
• Stream discharge
• Spring,  Summer,  Fal l ,  and Winter water levels

6. Comparison to other Regional Models

7. Independent Peer Review
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•Steady-State

•Current Irrigation

•Maximum Irrigation

•Cyclical Pumping versus Constant Rate

•Variable Monthly Recharge with No Pumping

•Increased Recharge for Long-term Precipitation

•Return Flow of 15%

•Added Minor Tributaries

M O D E L  S I M U L A T I O N S
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E X I S T I N G  C R O P  I R R I G A T I O N
( A S  O F  S E P T E M B E R ,  2 0 1 9 )
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M A X I M U M  P O T E N T I A L  C R O P  I R R I G A T I O N

14000006615
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C Y C L I C A L  P U M P I N G  – 1  Y E A R
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C O N S T A N T  R A T E  P U M P I N G  – 1  Y E A R
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C O N S T A N T  R A T E  P U M P I N G  W I T H
S E A S O N A L  R E C H A R G E – 1  Y E A R
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C O N S T A N T  R A T E  P U M P I N G  W I T H
R E T U R N  F L O W – 1  Y E A R
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C O N S T A N T  R A T E  P U M P I N G  W I T H
S E A S O N A L  R E C H A R G E  A N D  R E T U R N  F L O W – 1  Y E A R
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C U R R E N T  I R R I G A T I O N  – 1 0  Y E A R S

80A S S U M E S  C O N S T A N T  R A I N F A L L  B A S E D  O N  3 0 - Y E A R  A V E R A G E



C U R R E N T  I R R I G A T I O N
W I T H  R E T U R N  F L O W   – 1 0  Y E A R S

81A S S U M E S  C O N S T A N T  R A I N F A L L  B A S E D  O N  3 0 - Y E A R  A V E R A G E



Reach River Zone D Cutoff
Post-2008

Streamflow Depletion

Add Return Flow
And Seasonal Recharge
Streamflow Depletion

9 Dowagiac Creek 25% -2.50% 5.0%

10 Dowagiac Creek 4% -3.10% 6.0%

11 Dowagiac Creek 25% -2.50% 2.9%

12 Dowagiac Creek 25% -3.10% 4.6%

13 Mckenzie Creek 20% -3.70% 5.1%

14 Osborn Drain 4% -13.70% -2.4%

15 Pokagon Creek 20% -10.00% 2.2%

16 Rocky River 25% -3.90% 1.7%

17 Rocky River 17% -5.20% 1.6%

E N D  O F  I R R I G A T I O N  S E A S O N

C U R R E N T  I R R I G A T I O N
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Reach River Zone D Cutoff
Post-2008

Streamflow Depletion

Add Return Flow
And Seasonal Recharge
Streamflow Depletion

9 Dowagiac Creek 25% -3.1% -2.6%

10 Dowagiac Creek 4% -1.5% -2.0%

11 Dowagiac Creek 25% -1.3% -1.8%

12 Dowagiac Creek 25% -1.5% -2.3%

13 Mckenzie Creek 20% -1.1% -1.6%

14 Osborn Drain 4% -3.9% -3.7%

15 Pokagon Creek 20% -2.5% -3.2%

16 Rocky River 25% -1.8% -1.5%

17 Rocky River 17% -1.9% -2.0%

E N D  O F  Y E A R

C U R R E N T  I R R I G A T I O N
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Reach River Zone D Cutoff
Post-2008

Streamflow Depletion

Add Return Flow
And Seasonal Recharge
Streamflow Depletion

9 Dowagiac Creek 25% -8.2% -1.9%

10 Dowagiac Creek 4% -3.7% -0.8%

11 Dowagiac Creek 25% -3.0% -1.3%

12 Dowagiac Creek 25% -3.0% -1.2%

13 Mckenzie Creek 20% -2.8% -0.5%

14 Osborn Drain 4% -9.0% -0.9%

15 Pokagon Creek 20% -6.0% -3.1%

16 Rocky River 25% -4.2% -0.9%

17 Rocky River 17% -3.4% -0.6%

E N D  O F  5  Y E A R S

C U R R E N T  I R R I G A T I O N
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1. 80% aquifer storage and 20% streamflow depletion

2. Total rainfall differences in consecutive years is critical

3. Annual timing and magnitude of rainfall events is important

4. Return flow significantly effects storage and depletion

5. Groundwater monitoring is essential

M A J O R  M O D E L I N G  C O N C L U S I O N S
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Southwest Michigan Farmer’s for Responsible Water Use (SMF)
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Ms. Laura Campbell, Michigan Farm Bureau
Ms. Leah Clark, EGLE
Ms. Abigail Eaton, MDARD
Mr. Edward Everett, Strata Environmental Services
Mr. Scott Hanshue, Michigan Department of Natural Resources
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Mr. Jim Milne, EGLE
Dr. Howard Reeves, United States Geological Survey
Mr. John Yellich, Michigan Geological Survey
Ms. Jill VanDyke, EGLE

Administrative Assistance
Mr. Dan Ganger, SMF
Mr. Jim Johnson, MDARD
Ms. Diana Klemans, EGLE
Mr. Ben Russell, SMF
Mr. Mark Seamon, MSPC
Mr. Jon White, SMF
Mr. Jim Zook, MCMP

Agricultural Land and High-Capacity Well Owners

Berrybrook Enterprises
Dale Bent Farms
Dean McKenzie
High Quality Farms
Kirkdorfer Farms
McKenzie Highlands
Nick Totzke Farms
Ray McKenzie
Rolling Meadows Farms
Sunnybrook Farms
Central Produce Supply

“It is the mark of the instructed mind to rest satisfied 
with the degree of precision which the subject permits 
… and not to seek an exactness where only an 
approximation of the truth is possible.”    Aristotle



MISSION STATEMENT

PRACTICE AND PROMOTE STEWARDSHIP

OF MICHIANA’S WATER RESOURCES.

87


	Southwest michigan farmers for responsible water use
	Cass county pilot project
	Slide Number 3
	Slide Number 4
	Monitoring wells
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Monitoring well and Aquifer test lessons
	Stream testing
	Streambed conductivity
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	significant lessons
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Groundwater flow model
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Steady-state calibration
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Calibration targets��Three sets of data
	Calibration set #1��monitoring wells
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Calibration set #2��Wellogic� high-capacity wells�log data
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Calibration set #3��john esch�refined Wellogic data
	Slide Number 56
	Slide Number 57
	Slide Number 58
	transient calibration
	Slide Number 60
	Slide Number 61
	Slide Number 62
	Slide Number 63
	Slide Number 64
	Regional models by others
	Comparison�to�kalamazoo model
	Slide Number 67
	Slide Number 68
	Slide Number 69
	Slide Number 70
	Model calibration and verification
	Slide Number 72
	Slide Number 73
	Slide Number 74
	Slide Number 75
	Slide Number 76
	Slide Number 77
	Slide Number 78
	Slide Number 79
	Slide Number 80
	Slide Number 81
	Slide Number 82
	Slide Number 83
	Slide Number 84
	Slide Number 85
	Slide Number 86
	Slide Number 87

