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Introduction
1. Pilot monitoring well in shallow 

aquifer

2. Study Groundwater Chemistry

a. Soils

b. Vegetation

c. Groundwater table depth

3. Climate change in Northern Arizona

4. Help better understand the impacts 
of climate change within riparian 
zones [1]

Figure 1: Flagstaff Arboretum location in 
Northern Arizona [2]  2



Project Overview

Choose 
Location

Well 
Implementation

Electrical System 
Implementation

Data 
Collection

Testing 
Components

Report 
Findings

- Riparian zone  
  contains most    
  diversity 

- Acquire all necessary 
  components
- Assemble monitoring    
  well

- Acquire all necessary 
  components
- Assemble electrical   
  monitoring system

- Sensor
- Data storage & transmission 
- Soil samples

- Water depth change
- Soil type determination  

- User’s manual 
  including all   
  findings 
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Monitoring Well- Components and Location 

Figure 2: Monitoring well components
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Figure 3: Monitoring well implementation location 
after site investigation

-Ephemeral Wetlands
-Unconfined Aquifer



Monitoring Well- Implementation 
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Figure 4: Augered hole 
measuring 126 inches

Figure 5: Team 
member using auger Figure 6: Assembled 

monitoring well



Monitoring Well- Implementation 

Figure 8: Packing monitoring wellFigure 7: Monitoring well input into augured 
hole [3]
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Figure 9: Arduino UNO controller[4] Figure 10: Water level sensor

Figure 11: SD card with SD card module Figure 12: Bluetooth module

Electrical Monitoring System 
                Measure groundwater table change
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Figure 14: Overview of the electrical monitoring system 

Figure 13: Schematic of the electrical monitoring system

Installation of Electrical Monitoring System 



Testing of the electrical monitoring system

Old Sensor: Sensor Value (volts)                               Water Pressure(psi)                          Water Depth(m)

New sensor: Sensor Value (volts)                              Water Depth(m)

Figure 15: Testing sensor

Figure 16: Old pressure sensor Figure 17: New water level sensor

Base on instruction Do extra coding

Base on instruction
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Simulation of the electrical monitoring system  

Figure 17: Immerse the sensor into the “well” and pull it up periodically
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Simulation of Wireless Data Transmission

11Figure 18: Connect the monitoring 
system with laptop via Bluetooth

Figure 19: Open the serial 
monitor in the Arduino software



Data Analysis

Figure 21: Part of the water depth tableFigure 20: Extract the data saved in SD module. 12



Data Analysis Result

Figure 22: Line chart for comparing two days’ water 
depth changes

Figure 23: Line chart for comparing average water 
depth changes in one month or year.
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● Varying water level due to weather.
● Diurnal flux

● Varying water level in different season.
● Climate changes.



Soil Analysis- Testing

Figure 25: United States Dept. of Agriculture (USDA) Soil 
Texture Pyramid [5]

Equation 1: Used to determine % sand, % silt, and % clay [5]

Total height 1.7in
Clay height  0.5in
Silt height   0.2in

Sand height 1in

Figure 24: Jar test with soil sample #2 
used to determine soil type 14



Soil Analysis- Results
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Figure 26: Soil sample 1 Figure 27: Soil sample 2 Figure 28: Soil sample 3 Figure 29: Soil sample 4

Figure 30: Soil sample 5
 

Table 1: Soil texture types determined from jar tests 



Budget Comparison
Table 2: Previous cost table associated with consulting and engineering services

USD= United States Dollars, EIT= Engineer In Training
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Table 3: Current cost table associated with consulting and engineering services
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Table 4: Costs associated with materials

ea= Each

Cost of Materials



Schedule
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Table 5: Previous project schedule



Schedule (Cont.)
Table 6: Current project schedule
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Triple Bottom Line
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Environmental Aspect
Low impact

-  Natural implementation
   location
-  Minimal impact on 
   surrounding environment 

Social Aspect
Positive impact on community

-  Local organizations get more involved with the 
community

-  Get more involved with the scientific community
Educational purposes

-  K-12 student involvement 

Economic Aspect
Low-cost 

-  Materials easily acquired and 
     inexpensive

-  Low maintenance, therefore 
   low cost

Life-cycle
-  Implementation, upkeep and 
   disposal simple, therefore low 
   costFigure 31: Triple Bottom Line [6] 
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Questions?
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