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Overview
• Large open access data bases, aka Big Data, have 

changed how we do science.
• Procedural changes

• Ethical changes

• Tools for practitioners.

• Example for managers and planners.



The Scientific Method

1. Define a question 

2. Gather information and resources 

3. Form an explanatory hypothesis 

4. Test hypothesis, make measurements

5. Analyze the data

6. Interpret the data and draw conclusions 

7. Publish results

8. Retest

Boss Assigns a Project

Mourn Tiny Budget

Use Pervious Approach

Compare conceptual model to others.

Add to existing data

Adjust as needed

Revise Report Template

Pray



4. Gather information and resources:

Procedural and Ethical Changes

Information:
• CWI, CWI, CWI 
• Surface Water Coverages
• Elevation Grids

Resources:
• MGS/DNR products (County Atlas…)
• Metro Model
• Recharge grids 

5.   Analyze Data:



Procedural and Ethical Changes
7.   Publish Result

Scientists have an ethical responsibility to publish 
new findings. –Prof. Pat Brezonik via Dr. Melinda Erickson

We have an equal responsibility to publish in 
databases, if available.



When is there enough data?

• We can only answer in the context of a question.
• Is the probability that the next sample will exceed the 

MCL below 5 percent?

• We do not know what questions the future will 
bring.

• From the future perspective, there is never enough 
data.



Tools
• GIS is an analysis tool, not just a map making tool.

• Scripts are a necessary for using big data sets.
• Model Builder and Python in ESRI products.
• Scripting 101 in slides at the end of this presentation. 

• Geostatistics are essential for gridding data.
• A grid for the value and a grid for the uncertainty.

• Use simple statistical tools to check data (see cheat sheet).
• Check for outliers.
• A large data set of low precision can outperform a small data set of high 

precision.
• Calculations:  the variance of a sum is the sum of the variances.

• Expertise requires practice.



Http:\ Where does your water come from.org

It is possible to build a web 
site that can provide an 
estimated capture area for 
any well in the state.
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Your Well

Search Area

Other Wells with 
Information

Probability that
Water goes to 
your well.
Black = 90%
Light Grey = 10%

Information in your
area was relatively
good, 3.7 of 5stars.
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Uncertain Heads
Sources of Error Variance [m2]

Water Level Measurement Error 

Device

Unknown
(1 – 5 ft.)?

Operation

Recording

Measuring Point Elevation Error

Survey < 0.004

Hand Interpolation (1:2400 scale) 2.14

30 m Grid Elevation Model 2.07

Temporal Variation

Air Pressure

1.79
Pumping

Seasonal

Climatic

Total 3.86
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We have heads at
300,461 

Location Verified Wells



Which Heads?.... 
Hydrostratigraphic Units

Name Number

Not Useful 0

Water Table 1

Buried Sand 2

Cretaceous 3

Dubuque & above 4

Dubuque to Decorah 5

Platteville to Glenwood 6

Glenwood to St. Lawrence 7

St. Lawrence  to Wonewoc 8

Eau Claire & Below 9

XLYN 10
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We have Heads and
Stratigraphic 

Interpretations at 
221,916

Location Verified Wells



Uncertain Thickness

• Aquifer thickness estimated by well.

• Identify STRAT records intersecting screen

• Identify first “suitable lower permeability layer” above 
and below to estimate thickness.
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We can Identify Upper and 
Lower Aquifer Boundaries at

221,916
Location Verified Wells



Frequency Distributions of Thickness

• Sedimentary Rock thicknesses tend to be normally distributed*.
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*Runkel, A.C., Tipping, R.G., Alexander, E.C., Jr., Green, J.A., Mossler, J.H., and Alexander, S.C., 2003,
Hydrogeology of the Paleozoic bedrock in southeastern Minnesota: Minnesota Geological Survey
Report of Investigations 61, 105 p., 2 pls.

The Thickness of the
Paleozoic Aquifers is

Well Studied



Uncertain Hydraulic Conductivity
• Sedimentary Rocks from RI 61* 
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*Runkel, A.C., Tipping, R.G., Alexander, E.C., Jr., Green, J.A., Mossler, J.H., and Alexander, S.C., 2003,
Hydrogeology of the Paleozoic bedrock in southeastern Minnesota: Minnesota Geological Survey
Report of Investigations 61, 105 p., 2 pls.

The Hydraulic 
Conductivity of the

Paleozoic Aquifers is
Well Studied



Uncertain Hydraulic Conductivity

• Glacial sands estimated by local specific capacity 
tests from CWI. (Bradbury and Rothschild, 1985)
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The Hydraulic Conductivity 
of Glacial Aquifers can be 

Estimated from 
172,688

Specific Capacity Tests
At Location Verified Wells
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Your Well

Search Area

Other Wells with 
Information

Probability that
Water goes to 
your well.
Black = 90%
Light Grey = 10%

Information in your
area was relatively
good, 3.7 of 5stars.

If Not Now,
When?



END




