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Problem Specification 

Problem Statement 

The United States Geological Survey monitors stream height and discharge, but in limited             
locations. We want data for Whatcom Creek or Squalicum Creek in Bellingham that is accurate              
and does not involve manual measurement. We will need to build a stream monitor that: 

• Is remote – off-campus, limited access to power, internet, etc. 

• Is automated – does not require frequent human interaction. 

• Measures water depth. 

• Measures water velocity. 

• Is accurate. 

Design Constraints 
Constraint Name  Description 

Resilience The device must be able to recover from and persist in the face of minor 
failures. 

Water Resistance The device must make efforts to prevent and resist electrical faults 
caused by water. 

Reproducibility The device must be designed in a way that it is feasible to build multiple 
instances of it. 

Legality The device must be of a size, appearance and material which can be 
legally approved for deployment. 

Power The device must have minimal power requirements and run on DC 
power. 

  



Design Objectives 
Objective Name  Priority Description 

Durability  20% The device should be able to be left alone and unattended 
for extended amounts of time. This includes being resistant 
to water and environmental damage as well as resistant to 
human tampering. 

Compactness 10% The design should be small enough to be non-intrusive, as 
well as not be noticeable by humans or animals. If possible, 
the device should be easy to move around the stream if 
necessary. 

Precision 15% The device should represent an increase in precision over 
the tape measure and string method. 

Data Frequency 5% The device should measure data frequently. Daily is a bare 
minimum.  More is better. 

Data Simplicity 5% The data the devices produces should be simple for 
beginning students. 

Autonomy 20% The device should not require frequent visits. 

Environmental 
Friendliness  

25% The design should be environmentally friendly. This may be 
important for liability approval. 

 

 
Our depth sensor deployed in water. 



Design Description 
 

 

This CAD document can be found here: 

https://cad.onshape.com/documents/e9a1a4b996521f8aab7242bb/w/afd6b5cc0ffadf280750178
2/e/669dfaf24aa637aafe69966a 

Our design concept features a plastic outer tube constructed of HDPE plastic. HDPE is free of                
BPA and other toxins making it most suitable to leave in the stream for extended periods of                 
time. The tube will have screened holes to allow water to flow in and out depending on the                  
fluctuating water depth, all while keeping sediment and organic matter from getting into the              
device as well as eliminating turbulence due to flowing water. 

https://cad.onshape.com/documents/e9a1a4b996521f8aab7242bb/w/afd6b5cc0ffadf2807501782/e/669dfaf24aa637aafe69966a
https://cad.onshape.com/documents/e9a1a4b996521f8aab7242bb/w/afd6b5cc0ffadf2807501782/e/669dfaf24aa637aafe69966a


Inside the plastic outer tube will be a smaller inner tube. This inner tube is made from a 48 inch                    
long T8 fluorescent bulb guard with a 1.1 inch diameter. The plastic used for this tube is flexible                  
enough to drill through and pull our leads through, yet rigid enough to withstand being out in the                  
elements. The inner tube will house dozens of leads, slightly sticking out of the tube next to                 
each other. These leads will be made of aluminum wire. Aluminum is conductive and does not                
corrode while in freshwater. Inside the inner tube, the leads will be sealed off with a silicone                 
sealant. The sealant will keep the inside of the tube dry to protect the wires coming off of the                   
leads running up to the arduino board, which will be housed in a box at the top that we will most                     
likely 3D print and make it water resistant. 

The sensing design is that the water will touch the exposed leads and complete a circuit                
between each lead and a ground wire. We will use resistors to pull each circuit up, and will be                   
able to sense when the level drops due to the water connecting it to ground. Depending how                 
many circuits are completed, we will be able to tell the depth of the water. Below is a diagram                   
showing the circuit using the conductivity in the water. 

 

  



Parts List 
Part/Component 

Name Description 
Vendor 
(URL) QTY 

Unit 
price Total 

Ribbon Cable  Sparkfun 2 $4.95 $9.90 
2x5 Pin Header 2x5 pins male header, for 

soldering to the board 
Sparkfun 5 $1.50 $7.50 

Ribbon Crimp 
Connector 

2x5 pins female header Sparkfun 5 $0.50 $2.50 

1MΩ resistor 
network 

Each part has 9x resistors. 
Ordering 10 is only $1.15 
more expensive and leaves 
us with room for mistakes. 

Digikey 10 $0.38 $3.80 

Aluminum 
Conductor leads 

Roll of aluminum craft wire 
that can be cut to length to 
create our leads that will stick 
out of the inner tube 

Michaels 1 $3.69 $3.69 

HDPE Tube Safe plastic to use for our 
device guard/water turbulence 
shield. 18” long. 

Pyroboom 3 $4.75 $14.25 

SparkFun Big Red 
Box Protoboard 

Prototyping board  Sparkfun 1 $7.95 $7.95 

Silicone Sealant Silicone sealant to use around 
the area where the leads stick 
out of the inner tube. This will 
keep the inside of the inner 
tube and the wires inside dry. 

Home Depot 1 $5.24 $5.24 

Bulb cover A transparent plastic tube 
perfect for housing the wires 
for the sensor. 

1000 Bulbs 1 $1.80 $1.80 

Copper wire Used for the ground wires and 
connecting the circuit board to 
the Arduino. 

Sparkfun  $16.95 $16.95 

Arduino Mega 
2650 

Used for sensing logic. Sparkfun  $45.95 $51.75 

 

  

https://www.sparkfun.com/products/10647
https://www.sparkfun.com/products/8506
https://www.sparkfun.com/products/10650
https://www.digikey.com/product-detail/en/4610X-101-105LF/4610X-1-105LF-ND/1089171/
https://www.michaels.com/bead-landing-12-gauge-aluminum-jewelry-wire/M10123225.html?dwvar_M10123225_size=12%20gauge&dwvar_M10123225_color=Silver
http://www.pyroboom.com/product_detail.aspx?ProductID=61&gclid=CjwKCAiAz7TfBRAKEiwAz8fKOGwwD2yYYCR5rhB6ViQp4YnhG_XXI1boIXvQy9s2rlwqq8qlwNcs_hoCr-kQAvD_BwE
https://www.sparkfun.com/products/13268
https://www.homedepot.com/p/GE-2-8-oz-Silicone-Sealant-GE-57/202038072
https://www.1000bulbs.com/product/86743/PLAS-100269.html?gclid=Cj0KCQiAgMPgBRDDARIsAOh3uyLWTkCfM0PFc5HyQxhe8zB6SbGrF_z7qjIXN7LJHLqC0SJCExHCvvwaAq1REALw_wcB
https://www.sparkfun.com/products/11367
https://www.sparkfun.com/products/11061


Custom Parts 
We had two custom parts 3D printed out of PLA plastic. Both parts were couplers used to 
connect our outer tubes together.  

 

CAD model of part that holds outer turbulence guards together while supporting the inner tube 
of leads and wiring. 

https://cad.onshape.com/documents/a4ecd1f5e796973cbf5baa2c/w/0f9ed7d9d6180ffe3d37fd
12/e/5362aa187f76fae7db954a66 

 

Wiring Diagram & Board Layout 
We’ve chosen to use the SparkFun Big Red Box proto board. This board will mount well in the                  
SparkFun Big Red Box. We have arranged the parts on the board so that if you choose, you                  
may solder headers on the bottom side of the board (they are drawn on the top side of the                   
board here) to plug directly into the Arduino like a shield. Note that this may influence enclosure                 
design, and that the suggested layout leaves one signal wire not assigned to any header pin. In                 
this suggested board layout, we’ve omitted the wires for clarity. You can find the version with all                 
the wires in stream_monitor_planned.fzz. 
 

https://cad.onshape.com/documents/a4ecd1f5e796973cbf5baa2c/w/0f9ed7d9d6180ffe3d37fd12/e/5362aa187f76fae7db954a66
https://cad.onshape.com/documents/a4ecd1f5e796973cbf5baa2c/w/0f9ed7d9d6180ffe3d37fd12/e/5362aa187f76fae7db954a66



