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Maker Culture - Combination of 
DIY, Hacker, and Artisan  Cultures.

Cut-and-paste approach to standardized hobbyist technologies



Three makerspaces in Madison



The Bodgery



Specific to earth sciences

• Low cost micro-controllers

• Low cost memory storage

• Access to GPS

• Wide range of sensors



Wanted another way to measure 
GW/SW interaction.
Temperature Flux Measurements

1DTempPro software from USGS uses temperature profile 
and heads to determine groundwater flux. 
https://www.ncbi.nlm.nih.gov/pubmed/26372016



Google Arduino and temperature

This page explains what materials are needed, how to connect the 
sensor and provides a working program or sketch.  We used the 
DS18B20 sensor because they are accurate, water proof, easy to install, 
and many can be connected into a single port pin.



Hardware and 
installations



Temp1D results

Lessons learned:
Use larger battery packs and collect less data.  9 Volt ran out after 7 hours.
Need better installation method.  Difficult to install more than 0.6 meters.
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• Second example of Arduino application.  
• Record ground conductivity data, 

time and location.

EM-31 Ground Conductivity 
Meter

Geonics supplied pin-out



Google Arduino and GPS

This page explains what materials are needed, how to connect the 
sensor and provides a working program or sketch.  We used the 
DS18B20 sensor because they are accurate, water proof, easy to install, 
and many can be connected into a single port pin.



Google Arduino and GPS

This “shield” plugs into microcontroller.  It has a keep alive 
battery, real time clock, SD card slot, and GPS antenna.

battery

SD card slot

GPS antenna



 Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AeroGRID, IGN, and the GIS User Community

.
0 0.25 0.50.125 Miles

EM 31 Conductivity
(mS/m)

0.000000 - 15.250000

15.250001 - 18.180000

18.180001 - 20.530000

20.530001 - 22.870000

22.870001 - 26.100000

26.100001 - 29.910000

29.910001 - 33.430000

33.430001 - 37.830000

37.830001 - 43.990000

43.990001 - 51.030000

51.030001 - 63.340000



Arduino water chemistry instrumentation
Multiple sensors, GPS, SD card recording

Arduino Mega Microcontroller 

GPS

pH

ChlorideNitrate

Conductivity Dissolved Oxygen

Temperature

Turbidity/preliminary

These data will be stored on the Arduino board and geolocated
with GPS board at sample rate of once every 2 seconds.  
Total cost ~ $1000 mostly sensors.  Dr. Fratta and Susie Richmond



Flow through cell and data controller
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General Groundwater Flow Direction



Conclusions
• Pros

• Relatively easy
• Relatively low cost
• Have ability to collect very large amounts of 

data located in time and space
• Expect dense data sets to provide insights not 

otherwise available
• Great for tinkerers
• Teaching tool

• Cons
• Greater time commitment
• Learning curve can be steep
• Not as robust as engineered system
• Might just want data.


