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Sampling Methods – First Flush 



Room for Improvement
Average retrieval run requires 1.2 hours/site/employee.
Ratio of hit/miss = 48%  (n = 32/67)
Conservative Estimate of Waste: ~1.2*2*35 = 84 hours
Unnecessary Risks and wear/tear (snakes, heat, equipment)



Arduino

Hardware and Software 
• creative commons
• open source hardware and software
• expanded without licensing fees.



Open Source

Open source is a development model that promotes 
universal access and redistribution to a product's design or 
blueprint, including subsequent improvements by others. 

It gives people the freedom to share knowledge while 
encouraging commerce through open exchange of designs 
and ideas. 

Surrogate for customer support.



1. Attach environmental sensors to socket headers

2. Program the microcontroller
to record and respond to sensors

3. … to engage motors, servos, 
LCD displays, cell phones, servers, etc.

Arduino Function



Prototype Cellular REM



REM Development



Prototype Satellite REM



REM Documentation



Components

1. Lithium ion battery 

4. Solar panel (outside of 
box)

2. Solar-lipo charger 3. RockBLOCK 9603 satellite 
modem
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6. Adafruit FeatherWing OLED



Components, continued

8. Terminal Block Breakout 
FeatherWing for all Feathers

7. Microcontroller (top)

Microcontroller (bottom) 
Adafruit Feather 328P 



Finished product (inside)

2. Solar lipo 
charger

Stacked: 
6. OLED (top) 
7. Microcontroller (middle)
8. Terminal block (bottom)

3. RockBLOCK 
satellite modem

1. Lithium ion 
battery

Wires to float sensor 
(not listed in components)

5. Quarter-sized 
breadboard



Sensors

Ultrasonic Moisture Float



Finished product (outside)

Photo by Sean Keane

4. Solar Panel



Communication



ThingSpeak Output



REM Support Program



• Box, battery, electronics, program, antennae
• Transmits text message alarms to a text 

enable phone or “p a g e r”
• Com m unica te s with a  “m od e m -e q uip p e d ” PC 

fo r re m ote  d a ta  re t rie va l/ contro l
• Re m ote  contro l o f sa m p le r funct ions using  a  

te rm ina l p rog ra m  
• Powe re d  b y a nd  com m unica te s with the  

a utosa m p le r
• Custom e r sup p ort

Commercial Comparison



Commercial Options

• Robust Construction
• Data acquisition and 

peripheral control
• Multiple communication 

peripherals (separate)
• Customer support
• Proprietary Sensors with code 

examples



Commercial Options

$4,125.42



Satellite REM Comparison



Spring Creek



Spring Creek



Spring Creek

● Move Solar and Batteries to 
Rim

● 6 volt, lead acid batteries & 
charge controller

● 150 ft. power leads to REM 
box



Spring Creek



Results



Future Development

● Sensors
● Power Supply
● Telemetry
● Datalogging

Data logger credit, Hans Huth: https://www.youtube.com/watch?v=dC-deo3MdSE

• Coordination with Universities and NGOs
• Explore commercial options
• Repurpose existing technology



Thank You!
Jason Elliott, R.G.

Senior Hydrogeologist
Elliott.Jason@azdeq.gov
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