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► EXECUTIVE SUMMARY 

 

 Team Nemo designed a small-scale weed harvesting boat to clear the arboretum pond. The arboretum 

caretakers need a solution to the aquatic weed overgrowth problem which will reduce man-hours spent on pond 

maintenance and keep the weeds at manageable levels. Any solution must be lightweight and maneuverable 

enough to be manageable by one or two people, and be safe and unobtrusive enough for use in the park-like 

situation.  

 The boat designed has no components over 60 pounds, and can reasonably be managed by a single 

worker. Its scale is suitable for navigating the small ponds, its safety is similar to that of a lawnmower, and the 

electric trolling motor provides quiet propulsion. Its use in the arboretum will only be noticed by guests as an 

interesting novelty, and it will provide caretakers a reliable tool for clearing the pond. 

 Initial tests have shown that the boat effectively clears weeds. There are still suggested modifications 

which could be made next fall, but even without them the boat should be useful over the summer. Based on our 

conversations with others during the project, weed overgrowth in small ponds is a common issue, and ideas 

from our design could potentially be used to create a marketable “pond-mower”.  

  

► BACKGROUND 

 

For the past few years the ponds in the University of Idaho 

Arboretum have been carpeted with duckweed, algae, and Azolla. The 

caretakers have made many ineffective attempts to clear the ponds, which 

have been time consuming, expensive, and ecosystem disruptive.  

This weed harvesting boat has been commissioned to address the 

overgrowth. It will provide caretakers the ability to cut back growth 

immediately, and by removing biomass it will reduce the nutrient overload 

which is causing the problem. Similar commercially available machines are 

much larger and have no remote control option. Our boat will better suit the 

scale and needs of the arboretum, and be a better value financially. It will 

save the caretakers time, and help restore a healthy pond to the arboretum’s 

supporters. 

 

 

Selection of Past Attempts 

 Attempt Type Explanation/Cause of Failure 

1 Aquatic Herbicide Chemical Weed decomposition suffocated fish 

2 Proskim Skimmer Mechanical  Clogged on feathers/snail shells 

3 Aluminum Sulfate Chemical Unusable due to high pond pH 

4 Grass Carp Biological Unable to keep up weed growth 

5 Aeration Environmental Seemed to help, but insufficient 

Figure 1 Pond Carpeted with Azolla 
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► PROBLEM DEFINITION 

 

The weed reduction problem was given to us open ended, with possible solutions ranging from 

mechanical to biological. Our goal was simply to reduce the weed growth to a reasonable level, which we 

defined as 10% pond coverage or less. We were requested deliver whatever hardware and instructions were 

necessary for the arboretum caretakers to carry out our plan over the summer. The following requirements were 

important to our client in order for an attempt to be considered successful.  

 

Specifications & Constraints 

 Specification Specific Requirements Target Values 

1 Labor Low operator hours ≤ 8 man-hours per week 

2 Maneuverability (1) Weight  No component more than 100 lb. 

3 Maneuverability (2) Length Under 12 ft. long 

4 Cost Budget Under $15,000 

5 Safety Safe for operator  Negligible risk with proper operation 

 

 After we decided to narrow our focus to mechanical harvesting by boat, we added the following features 

to our list of goals. The final deliverable is a prototype of the boat and attachments. An on-shore conveyor will 

be suggested, but not ordered, since it is a stand-alone piece.  

 

Goal Features for Boat 

 Feature Specification Target Value 

1 Boat Body Cost ≤ $1,500 

2 Plow Width At least 6 ft. 

3 Material Water permeable, holes ≤ 1/8” 

4 Cost ≤ $1,000 

5 Conveyor Width 3-4 ft. 

6 Material Water permeable, gripping surface 

7 Cost ≤ $2,000 

8 Control system Remote Control Workable range for pond ( ≈ 150 - 300 ft.) 

10 Battery Life At least 8 hours run time 

11 Complete Power/Drive 

System 

Cost ≤ $1,000 
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► PROJECT PLAN 

 

♦ Team Roles, Responsibilities, and Specializations 

 

Organizational Responsibilities 

 Responsibility Member Explanation 

1 Budget S. Walters Keep track of expenses 

2 Primary Client Contact B. Barrett Regular communication, 

documentation 

3 Meeting/workflow organizer A. Pratt Planning, schedules, agendas, 

wikipage 

4 Documentation S. Willis Portfolio, meeting minutes 

 

  

♦ Scheduling – Also See Gantt Chart (Appendix A.) 

 

Our plan was to spend the first semester researching, taking measurements on the pond, brainstorming, 

and choosing a solution. The second semester would be used for detailed design and construction. Please see the 

Gantt chart in Appendix A. The green bars show the time frames of our original plan, and the orange show 

Figure 2 Specializations in Project Work 
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delays. (The Gantt chart is a composite of our first and second semester schedules – obviously, we did not know 

the specifics of what we would be constructing until the end of the first semester).  

As can be seen from the chart, we ended up with most of our work in the second semester and began to 

build up delays. It would have been better to settle on a clear idea of our solution earlier, rather than going into 

such depth in researching the variety of solutions. 

 

► CONCEPTS CONSIDERED 

 

♦ Overview 

 

 Figure 3 summarizes our design process. Near the end of the first semester we presented our client with 

a range of mechanical, chemical, environmental, and biological solutions. With the clients input, we chose to 

build a boat which could be fitted with either plow or conveyor attachments, and could also be furnished with 

remote control. The idea was modelled off of larger commercially available weed harvesting boats.  

 

 

 

 

 

Figure 3 Summary of Design Process. 
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♦ Original Possibilities – Details and Supporting Data 

 

 The following are ideas which we considered in the initial phase of our project.  

 

Original Possibilities Considered 

 Possibility Type Explanation /Supporting Data Estimated Cost 

1 

 

Remote Controlled Water 

Plow  

 

Mechanical 
 

Remote controlled plow pushes weeds 

to shore – suggested for use with 

onshore conveyor. Concept proven by 

Weedo boats.  

 

$ 600 

2 

Remote Controlled 

Conveyor Collection  

  

Remote controlled conveyor collects 

weeds on boat. Weed collection basket 

1/3 submerged so that weeds support 

their own weight (Based on Azolla 

density - see Appendix B. for 

measurements and calculations.) 

 

$ 1,000 

3 

Manned Version 

Plow/Conveyor  

  

Manned version of either plow or 

conveyor concept.  

 

$1,000-$5,000 

4  

Nitrate Addition  

 

Chemical 

 

Azolla has a competitive advantage 

when nitrate to phosphate ratios are 

low. If the dissolved inorganic nitrate to 

phosphate ratio is less than 10:1, 

Azolla likely has the competitive 

advantage. Adding nitrate may help 

rebalance the system. (Consultant: Dr. 

Wilhelm, UI College of Natural 

Resources. See Appendix C for 

chemical test results. ) 

 

 

$ 415 / ton 
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5 

Buffer Zone  

 

Environmental 

 

Buffer zones are a well-documented 

method of controlling sediment and 

nutrient inputs to ponds. A buffer could 

be a simple strip of long grass, or 

another flowering display for the 

arboretum. 

 

$ 0-$ 200 

6 

Partial Pre-rain Drain  

  

Partially draining the pond before 

expected rains would help dilute the 

nutrient heavy water. Rather than 

mostly pure rain water overflowing, 

draining beforehand would flush the 

settled water. This could refresh up to 

80% of the ponds’ water yearly. (See 

Appendix B for calculations.) 

    

 

$ 0 

7  

Added Aeration  

  

Adding aeration increases the dissolved 

oxygen in the bottom of the pond, 

encouraging aerobic bacteria which 

break down organic material and 

reduce phosphorus concentration. This 

reduces weed growth and pond stench. 

 

$ 1,000- $ 2,000 

8  

Azolla Weevil  

 

Biological 

 

The Stenopelmus rufinasus beetle 

(Azolla Weevil) feeds on Azolla. Adding 

a natural predator such as the weevil 

could cut back on at least the Azolla 

growth with no additional caretaker 

work.  

 

(Research was 

not continued 

due to concerns 

about 

introducing new 

species) 
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♦ Boat Specific – Details and Supporting Data 

 

The following are possibilities we considered after deciding that our solution would be a harvesting 

boat. They are organized by assembly: boat body, plow, conveyor, and motor/controls. 

 

Boat Body Possibilities 

 Possibility Explanation /Supporting Data Part of Final Solution? 

1 

Fiberglass Hull 

 

(Constructed with fiberglass paint) 

Customizable, lightweight, weather-

resistant, could be difficult to work with 

 

2 

PVC Pontoons 

 

Weather-resistant, strong, come in 

standard sizes, difficult to assemble, 

heavy. See Appendix B for calculations of 

weight to buoyancy. 

 

 

3 

Inflatable Pontoons  

 

Weather-resistant, lightweight, relatively 

cheap, locally available 

 

 

X 
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Plow Possibilities 

 Possibility Explanation /Supporting Data Part of Final Solution? 

1 

Plastic Frame 

 

Lightweight, weather-resistant, low 

strength, complex connections with 

aluminum boat 

 

2 

Aluminum Frame 

 

Lightweight, weather-resistant, strong 
X 

3 

Plastic Mesh Netting 

 

Weather-resistant, holes larger than 

optimal (goal: 1/8” holes) 

 

 

 

4 

Metal Mesh Netting 

 

Strong, corrosion may be an issue, heavy 

 

 

 

5 

Screen Door Material 

Netting 

 

Lightweight, weather-resistant, easy to 

work with  

X 
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Conveyor Possibilities 

 Possibility Explanation /Supporting Data Part of Final Solution? 

1 

Full-Assembly Purchase 

 

(Purchase complete conveyor belt from 

supplier) Extremely heavy, corrosion a 

concern, connections difficult 

 

2 

Aluminum Frame 

 

Lightweight, weather-resistant, 

connections to boat frame simple 

X 

3 

Manufactured Belt 

Purchase – Positive 

Drive 

 

Weather-resistant, no need for corrosion-

prone chain, reliable, customizable, 

reasonable weight, expensive. 

 

 

X 

4 

Constructed Belt – 

Chain Drive 

 

Inexpensive (belt likely made of 

trampoline material), chain prone to 

corrosion, difficult to add cleats to 

surface, difficult to assemble 

 

 

 

5 

Constructed Belt – 

Timing Belt Drive 

 

Inexpensive (belt likely made of 

trampoline material), difficult to add 

cleats to surface, difficult to assemble, 

lengths must be exact 
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6 

Motor – Built in Rod 

 

Simple, heavy, very expensive, not 

weather-resistant 

 

7 

Motor – Chain 

Connection 

 

Inexpensive, easy to replace, lightweight  
X 

8 

Speed Control – 

Complete Scooter 

System 

 

(Parts from the same electric scooter the 

motor came from.)Parts guaranteed 

compatible, includes unnecessary features  

 

9 

Speed Control – Voltage 

Lowering 

 

(Simply splitting voltage to motor rather 

than using Pulse Width Modulation like 

most speed controllers.) Simple, wastes 

power 

 

10 

Speed Control – 

Separate Speed 

Controller 

 

Simple, inexpensive, does not waste 

power, needs waterproofing 

X 
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Motor/Control Possibilities 

 Possibility Explanation /Supporting Data Part of Final Solution? 

1 

Gas Motor 

 

Doesn’t need to charge, noisy, more 

difficult to convert to remote control 

 

2 

Remote Control Model 

Motor 

 

Easy to work with, undersized for our 

application 

 

3 

2 Simple Motors with 

Purchased Remote 

Control System 

 

(Having 2 motors enables steering without 

rotation ability) Easy to integrate remote 

connection with conveyor controls, 

difficult to waterproof, some electronic 

assembly required, difficult to size 

correctly 

 

 

 

4 

Remote Control Trolling 

Motor  

 

Easy to size, no electronic assembly 

required, range unreliable (purportedly 

100ft, when purchased and tested was 

found to be about 50 ft.) 

 

 

X 

5 

Convert Manual Trolling 

Motor 

 

Easy to size, difficult to construct steering 

mechanism, difficult to create 

electronics/remote control system. 
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► CONCEPT SELECTION 

 

 As shown in figure 3 (beginning of Concepts Considered section), we chose to pursue a mechanical 

solution based on the interests of our client. The remote control aspect appealed to them, and they liked both the 

plow and conveyor. We decided to construct a boat which could support either a plow or conveyor attachment, 

so both could be tested. Our theory is the two options will complement each other: the collection method will be 

more useful for low-density growth, while the plow will be more effective for an overgrown pond. 

 Our decisions about the specifics of boat construction were based off of time required for construction, 

cost, and suitability for function. The following table summarizes the reasoning behind our decisions. Each 

possibility is rated for time, cost, and suitability. The possibility with the highest sum of ratings is the best.  

 

Choosing Final Design (Scale 1-4 for Each Rating) 

 Function Option 1 Option 2 Option 3 

  Time $$ Suitability Time $$ Suitability Time $$ Suitability 

1 Floatation Fiberglass PVC Inflatable Pontoon 

  1+3+1=5 2+2+2=6 4+3+4=11 

2 Plow Frame Plastic Aluminum  

  2+3+2=7 3+3+4=10  

3 Plow Netting Plastic Metal 

 

Screen Door (Anthracite 

Carbon) 

  2+4+1=7 1+2+2=5 3+3+3=9 

4 Conveyor 

Frame 

Full-Assembly 

Purchase 

Aluminum Frame 

 

 

  4+1+1=6 3+4+3=10  

5 Conveyor Belt Purchased Positive 

Drive 

Chain Drive Timing Belt Drive 

  4+1+4=9 1+3+1=5 1+3+2=6 

6 Conveyor 

Motor 

Built in Rod Chain Connection  

  3+1+1=5 3+4+2=9  

7 Conveyor 

Speed Control 

Scooter System Voltage Lowering Separate Speed Controller 

  2+2+2=6 2+3+1=6 4+4+3=11 

8 Motor Power 

Source 

Gas Electric  

  2+2+2=6 3+3+3=9  

9 Motor Type Trolling Hobby  

  3+3+4=10 2+4+3=9  

10 Trolling Motor 

RC Type 

Built-in (purchased) Converted  

  3+2+3=8 2+3+2=7  

 



15 
 

 The decision between PVC and inflatable pontoons was an exception to our normal design process. We 

did not think of the inflatable pontoons in our initial design phase, and were in the process of constructing with 

the PVC before we realized that the inflatable pontoons were a much better solution. While it was frustrating to 

backtrack on our design, we think that the client will find the change worthwhile. The final product is much 

lighter, more robust, and easier to disassemble for storage. 

 The decisions for the conveyor were also a little complicated. We wanted to use professionally made 

parts to make sure our product was good quality, but most conveyor belts are not designed for lightweight 

applications. Additionally, conveyor belts are often designed as full systems, which makes mixing and matching 

parts difficult. We settled on building our own frame and power system and buying a professionally made belt. 

 

► SYSTEM ARCHITECTURE 

 

♦ Boat Body 

 

The boat body is lightweight, made of weather-resistant materials, and provides more than sufficient 

buoyancy for the power system and either of the attachments (plow or conveyor). In fact, it can easily support a 

person on-board if desired. The frame 

is made of 6061 Aluminum, chosen for 

its corrosion resistance and 

weldability. Most joints are welded – 

removable connections are fastened 

with hex bolts.  

The rectangular connections 

(see figure 4) to the pontoons are 

important to keep the pontoons from 

rolling. The pontoons are secured to 

them with straps, which are easily 

removable if desired for storage. The 

pontoons themselves can be deflated 

(adaptors provided in supplies). 

A battery box is bolted to the 

back of the frame to keep the battery 

dry and secure. (Figure 5) The motor 

also connects to the back shelf.  

The attachments are held on 

with easily removable cotter pins (figure 6), and a lower support bar (figure 7). The lower support bar has two 

positions, also adjustable with cotter pins. The front position is for the plow attachment, the back position is for 

the conveyor attachment.  

Figure 4 Boat Body 
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Boat Body Satisfaction of Requirements 

 Requirement Achieved Value Target Values Satisfied? 

1 Cost $1,069.09 ≤ $1,500 (of $15,000) X 

2 Weight 48 lb. ≤ 100 lb. X 

3 Length 8 ft. (w/plow ~10ft) Under 12 ft. long X 

4 Assembly Time * 15-20 man-hours ≤ 40 man-hours X 

* Assembly time does not include dead-end ideas, only the final configuration assembly. Breakdown of time can 

be found in Appendix A. 

 

♦ Plow 

 

The plow is lightweight, 

and made of weather-resistant 

aluminum. The screen is made 

of anthracite carbon (commonly 

used for screen doors), which is 

strong and durable. The small 

holes catch even granular weeds 

like Azolla while allowing water 

to pass through, decreasing side 

currents and drag. See figure 8. 

The side panels of the 

plow are adjustable so that the 

width can be changed. The 

hinge mechanism is shown in 

figure 9. The net is attached 

Figure 5 Battery Box and Back Shelf Figure 6 Cotter Pins Figure 7 Lower Support Bar 

Figure 8 Plow Attachment Figure 9 Plow Adjustment Hinge 
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using grommets and zip ties for easy removal in case of puncture. (The net is the sacrificial part if the plow 

encounters any sharp obstacles.)  

 

Plow Satisfaction of Requirements 

 Requirement Achieved Value Target Values Satisfied? 

1 Cost $254.46 ≤ $1,000 (of $15,000) X 

2 Weight 10 lb. ≤ 100 lb. X 

3 Assembly Time 25-30 man-hours ≤ 30 man-hours X 

 

♦ Conveyor 

 

The conveyor is much lighter than its commercially 

available counterparts. Its frame is made of 6061 Aluminum with 

stainless steel fasteners. Most of the joints are fastened with lock 

nuts rather than welded, so modifications remain possible. The 

“arms” of the conveyor (connections to boat) especially must be 

removable in order to be able to slide the belt onto the frame 

without separating it. The square aluminum tubes which run the 

length of the conveyor frame are wear-strips. (See figure 10.) 

They provide support to the belt, as suggested by our belt 

supplier. The frame also includes separate end pieces to adjust 

tension – however, tension should be kept low for this belt, 

which is designed to run loosely. 

We chose to use S10 modular belt from 

Forbo, with corresponding sprockets. See 

Appendix D for datasheet. The modular belt is 

positive drive, meaning that the sprockets hook 

directly into grooves and ridges in the underside 

of the belt rather than to a chain system. (Figure 

10 shows the underside of the belt and a 

sprocket.) S10 belt is one of the lightest weight 

options for Forbo belting, and comes with a 

variety of different surfaces, from knobbed to 

slotted to finned. (Figure 11 shows to top side of 

the belt with a variety of different surfaces.) We 

chose a pattern of modules which included nubs 

for weed grip, 22% open slots for drainage, and 

fin profiles to keep weeds from sliding back down 

the belt. (Figure 12 shows pattern.) 

Figure 10 Conveyor Frame 

Figure 11 Underside of Belt, with Sprocket Figure 12 Top Side of Belt 

Figure 13 Surface Pattern 
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Calculations to check belt strength and find required power and 

torque were based on a conveyor design handbook which Forbo sent us. The 

handbook is included with our calculations in Appendix B. With our low 

expected load we found the power requirement to be 15 Watts for normal 

operation, with an estimated required torque of 2 Nm. To meet this need we 

chose a 12 V 100 W electric scooter motor which can be run off of the boat 

battery. We used a gear ratio of 9:1 to adjust the torque, and included a 

speed controller to bring the belt speed down to a desired level. We suggest 

65 feet per minute, as it is a standard for conveyor belts. (The drive 

components are shown in figure 14.) The speed controller and motor are 

held in a sealable container with 3D printed supports. This should keep them 

safe from water damage in normal operation, but the motor box should 

never be submerged.   

 

 

♦ Motor/Control 

 

The boat is outfitted with a 55 lb., 12V Haswing Cayman trolling motor, 

shown in figure 15. (Owner’s manual included in Appendix D.) This motor 

should provide far more thrust than the boat will normally need based on size. 

The battery is deep cycle. Battery life is estimated as following (calculations in 

Appendix B): 

 

Since we assume that the boat will be operated between low and 

medium speed at most times, this seems sufficient. If a longer life is desired the 

battery can be easily upgraded. 

The Haswing motor has a built in remote control system which controls 

speed and direction. In our tests the range seems to be 30-50 ft. (as opposed to 

the advertised 150 ft.) Because of this the current prototype of the boat is 

effective for testing the remote control concept, but should probably be driven from on board until the range is 

extended. (Figure 16 shows the current controller.) Since the pontoons are able to support so much extra weight, 

Conveyor Satisfaction of Requirements 

 Requirement Achieved Value Target Values Satisfied? 

1 Cost $1,450.29 ≤ $2,000 (of $15,000) X 

2 Weight 52 lb. ≤ 100 lb. X 

3 Assembly 

Time 

35-40 man-

hours 

≤ 40 man-hours X 

Battery Life 

 Low Speed Medium Speed High Speed 

1 11-12 hrs. 3 hrs. 1.5 hrs. 

Figure 14 Conveyor Drive Components – 
Large Sprocket Includes Machined 
Connection Piece Because of Non-standard 
Threading 

Figure 15 Haswing Cayman Trolling 
Motor 
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having the pilot ride the boat is a perfectly workable solution for the time being. We simply added the seat 

which came with the pontoons. 

  

 

♦ Suggested Onshore Conveyor 

 

Since it is a stand-alone item, we did not actually purchase the on-shore 

conveyor. We think it may be helpful for use with the plow, but thought it was best 

to leave the arboretum to make the investment after the caretakers have a feel for 

how they will use the boat.  

A summary of the features of the suggested conveyor is included in the table below. Of course, we 

recommend that it be compared with current needs before purchase. 

 This conveyor is model number PC-7-12 from Bastian Solutions. Since shipping is expensive for the full 

conveyor, checking for local used equipment at the time of purchase might be a good idea. 

 

Onshore Conveyor Features 

 Specification Value 

1 Cost $2,528.60 + shipping (about $1,500) 

2 Overall length 7 ft. 

3 Overall width 12 in 

4 Belt width 8 in 

5 Standard speed 65 feet per min 

6 Weight 451 lb. 

 

 

 

 

 

 

 

Motor/Control Satisfaction of Requirements 

 Requirement Achieved Value Target Values Satisfied? 

1 Cost $529.99 ≤ $1,000 (of $15,000) X 

2 Weight Battery 45lb, 

Motor 32 lb. 

≤ 100 lb. X 

3 Range 50 ft. 150 – 300 ft. --- 

4 Assembly Time 2 man-hours ≤ 40 man-hours X 

Figure 16 Motor Remote 

Figure 17 Suggested Onshore Conveyor Belt 
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♦ Summary - Combined Systems Satisfaction of Original Design Requirements 

 

Although we did not meet one of our boat-specific requirements (full remote control range), we did meet 

all the original/overarching design requirements by adding the ability for the boat to carry a pilot. 

 

Specifications & Constraints 

 Specification Specific 

Requirements 

Target Values Satisfied? 

1 Labor Low operator hours ≤ 8 man-hours per week X 

2 Maneuverability (1) Weight  No component more than 100 lb. X 

3 Maneuverability (2) Length Under 12 ft. long X 

4 Cost Budget Under $15,000 X 

5 Safety Safe for operator  Negligible risk with proper operation X 

 

 

► DESIGN EVALUATION 

 

♦ PFMEA Evaluation 

 

Our final design fulfills the specifications and constraints, and addresses major failure risks. Some of 

these are highlighted in our PFMEA worksheet (see Appendix E.) The inflatable pontoons lessen the risk of 

leakage, as they are more durable and reparable than older floatation ideas. To address the risk of frame failure 

we decided to have the frame professionally welded, though we had initially planned to do it ourselves. The 

result is a sturdy boat which can be carried, dragged, and sat on without damage. 

 

♦ Testing & Results 

 

 We ran a full-system test with the plow attachment in the upper arboretum pond. We first tested the 

remote control and maneuverability of the boat, then tested plow operation while unmanned, and finally tested 

operation with an on-board pilot. It was too early in the spring for full weed coverage, but there were scattered 

clumps of algae in the pond. The boat performed well at bringing them to shore. Details can be found in the 

following table. 
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Test Results 

 Area Star Rating (1-4) and Notes 

1 Maneuverability ♦♦♦♦ Good maneuverability. 

Managing direction is a bit of a 

learning curve, but that is true of 

most boats. 

2 Remote Control ♦♦ Control was good within 

expected range. When signal was 

lost it was generally not too hard 

to pick up again. Having the 

remote eased on-board operation 

as well. 

3 Weed Collection ♦♦♦♦ The plow performed 

perfectly. Note: a wider plow 

would not be difficult for the 

motor to push, and would make 

work more efficient. 

4 General – 

Unmanned 

Operation 

♦♦♦♦ Other than range, the boat 

performed well. Note: when boat 

is operated without an on-board 

pilot, weights (~75lb) should be 

added to the front of the boat to 

maintain balance. 

5 General – Manned 

Operation 

♦♦♦♦ When manned, the boat 

performs consistently and can 

reach all parts of the pond. The 

seat can simply be set across the 

frame. It can be strapped on if 

desired, though the set-up is 

sturdy even without straps. The 

weight of the operator balances 

the weight of the battery and 

motor, so front weights are 

unnecessary.  

 

 

 Overall we are pleased with the results of the test. With the addition of an on-board operator, the 

plowing boat is fully serviceable for work this summer. We plan to widen the plow before delivering the boat to 

the arboretum caretakers. 

 

 

 

 

Figure 18 Testing Boat With and Without Onboard 
Operator 
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♦ Budget Summary (Also See Appendix F) 

 Our total expenditures come to $4,181.74. There may be a few small purchases made as we prepare to 

deliver the boat the arboretum, but this amount is representative. Of this amount $3,378.95 was spent on the 

current design, with the remaining $802.79 on chemical testing, earlier iterations, and other supplies. (Full 

accounting is in Appendix F.) We regret that we did not foresee the problems with earlier iterations, but we are 

happy to have left most of the $15,000 budget for future improvements. 

 

► FUTURE WORK 

 

The conveyor belt attachment still needs to be tested. We anticipate doing this before we end our portion 

of the project. Ideas for its modification can be saved for future groups. 

Our motor currently has a remote control range of 30-50 ft. Until more work can be done, we suggest 

setting up the seat and driving the boat from on-board when trying to reach the middle of the pond. The 

conveyor belt is less convenient to use while riding the boat than the plow is – because of this the conveyor 

should mostly be used around the edge of the pond where a rider is not necessary.  

Simply adding an antenna to the current controller would be a possibility, but would not take care of the 

conveyor controls. Though we would not advise this route, we want to pass on the information that the motor 

distributer suggested a 433 MHz 5-6 dB antenna. If it is not important to the user to be able to turn the conveyor 

on and off remotely, an antenna may be a fine solution. In that case all that remains is to verify the 

specifications for the antenna and figure out how to connect it.  

Figure 19 Future Work 
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If remote control of the conveyor is still considered important for safety reasons, a longer range remote 

system needs to be constructed which integrates the controls for the on-board conveyor belt with the controls 

for the motor. We decided not to pursue this in the time constraints we had because we thought it should be 

done thoroughly and robustly. Attempting to adapt the motor without enough time to do it properly risked 

breaking it. We estimate that design and construction of a robust remote control system would be sufficient 

senior design work for one student, and would cost less than $500. Over the summer the arboretum caretakers 

will probably also discover mechanical features they would like modified. If they do, mechanical modifications 

could be combined with the remote control system design to create a design team project. Another possibility 

would be to contact the University of Idaho Robotics Club. They might enjoy taking on the remote control 

system design, as it would be good electronics practice. 

If a future team takes up the project, we think it might also be wise to monitor the nutrient levels in the 

pond, and begin to build up a better understanding of the affecting factors. Another way to broaden the project 

would be to consider the possibility of wider application – would a small scale “pond-mower” or weed clearing 

attachments for a normal boat be something that other landowners would find useful? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

► APPENDICES 

► APPENDIX A –SCHEDULES 
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♦ Detailed Spring Schedule (Planned)  
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♦ Breakdown of Estimated Assembly Times (For Final Design, Not Including Earlier Iterations)  

 

Estimated Assembly Time 

 Category Task Time (man-hours) 

1 

 

Boat Body Cutting Aluminum 3  

Welding Arrangements 3 

Drilling holes/adding fasteners 4 

Sewing Longer Straps 5 

Inflating, Strapping on, etc. 1 

Total: 16  15-20 hours 

2 Plow Cutting Aluminum 1 

Drilling Holes/Adding Fasteners 3 

Welding Arrangements 2 

Milling Hinge Mechanism 8 

Net Cutting/Sewing/Grommets  12 

Total: 26  25-30 hours 

3 Conveyor Cutting Aluminum 6 

Drilling Holes/adding fasteners 8 

Milling Set-Holes in Axels 3 

Milling Squares 3 

Machining Center Piece for Large 

Sprocket 

5 

Tensioners 1 

Creating 3D Printed Motor Box Parts 4 

Connecting Motor Box, Adding Wiring 2 

Assemble Rods, Sprockets, Belt, and 

Align 

2 

Total: 36  (35-40) 

4 Motor/Control Assemble Motor, Connect to Boat 2 

Total: 2 
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► APPENDIX B – CALCULATIONS & CODE 

 

♦ Azolla Density  

 

We could not find the density of Azolla online, so we measured it with the following procedure: 

 Find mass of measuring cup. 

 Measurement 1 (upper end density): lightly compress Azolla, measure volume and mass 

(remember to subtract mass of measuring cup.) 

 Measurement 2 (lower end density): repeat, compressing Azolla little as possible. 

* Note: The Azolla in the experiment was taken directly out of the water, to mimic the conditions in which we 

will be working with it. Azolla is very water repellant and does not change greatly in weight due to contact with 

water. 

Density Test Results 

 Density 

Test 1 (slightly compressed) 20 lb./ft3 

Test 2 17 lb./ft3 

 

♦ Basket Submersion Necessary to Self-Support   

 

For the collected Azolla to be self-supporting in the water, the buoyant force of the submerged Azolla 

must equal the weight of the Azolla which is held out of the water. The force balance equation can be simply 

rearranged to find the heights involved in terms of the densities of Azolla and water. The result is that the height 

of the basket out of the water can be up to twice the height submerged – that is, we should plan on submerging 

1/3 or more of the basket.   

 

 

 

 

 

 

 

 

 

 

𝐻𝑎𝑏𝑜𝑣𝑒 

𝐻𝑏𝑒𝑙𝑜𝑤 

𝐻𝑎𝑏𝑜𝑣𝑒

𝐻𝑏𝑒𝑙𝑜𝑤
=
ρ𝑤 − ρ𝑎𝑧

ρ𝑎𝑧

 ≈ 2 
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♦ Rainfall Calculations Supporting Pre-Rain Drain Idea   

 

The percentage of pond water which could be refreshed yearly through pre-rain draining was based off 

of the average rainfall for the Palouse (reported as 27” by US Climate Data) and our measurements for the area 

and volume of the ponds (see Appendix C.) 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
(𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑅𝑎𝑖𝑛𝑓𝑎𝑙𝑙)𝑥(𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑃𝑜𝑛𝑑𝑠)

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑃𝑜𝑛𝑑𝑠
= 80% 

 

♦ PVC Weight to Buoyancy Summary    

 

𝐵𝑜𝑢𝑦𝑎𝑛𝑐𝑦 = (𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟 𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑑)𝑥(𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑊𝑎𝑡𝑒𝑟) 

𝑊𝑒𝑖𝑔ℎ𝑡 = (𝐿𝑒𝑛𝑔𝑡ℎ)𝑥(𝑊𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟 𝐿𝑒𝑛𝑔𝑡ℎ) + 𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐸𝑙𝑏𝑜𝑤𝑠 

The picture below shows a summary of the buoyancy and boat weight for different boat sizes (reported 

be basket size because the basket was the size-defining feature.) The percentages listed in black are the 

percentages of the total available pontoon volume which would be submerged in a given boat design. As can be 

seen, the PVC is quite heavy and provides only barely enough buoyancy at the scale we are interested in. 

Reducing the size reduces the on-shore weight, but also reduces the buoyancy. Ideally the pontoons should not 

be more than 50% submerged, both for reasons of safety and drag reduction. There was no solution with PVC 

which kept the weight under 100 lb. and provided sufficient buoyancy.  
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♦ Battery Life Calculations 

 

Our battery has a Reserve Capacity of 140. Converted to Amp-hours this is 58.3. Hours of operation can 

be found from the Amp-hour rating and the average current draw with the following equation: 

   𝐻𝑜𝑢𝑟𝑠 =
𝐴𝑚𝑝𝐻𝑜𝑢𝑟𝑠

𝐴𝑚𝑝𝑠 𝐷𝑟𝑎𝑤𝑛 𝑎𝑡 𝑆𝑝𝑒𝑒𝑑
 

For the current drawn at slow, medium, and high speeds, we used the estimates for a 40-70 lb. thrust 

motor from TrollingMotors.net. These were 5, 20, and 40 Amps respectively.  

 

♦ Conveyor Calculations (Checking Belt Strength, Finding Power, Etc.)    

 

The conveyor calculations were made in TkSolver, based off of the handbook on conveyor design 

provided to us by our belt supplier, Forbo. (TkSolver Code is included on the next few pages, the Forbo 

handbook follows – if you are reading the online version the Forbo handbook will be blurred, as we were not 

sure of the company’s preference on sharing.) 
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► APPENDIX C – POND CHARICTERIZATION TESTING DATA 

 

♦ Physical Information 

 

 We found the surface area of the ponds using satellite images, and checked the results by comparing the 

image perimeters with GPS measurements. We then measured pond depth at multiple locations, and found pond 

volume by multiplying average depth with surface area. (We found that the ponds were fairly uniform in depth, 

shallow all the way to the middle.) 

 

Physical Pond Measurements 

 Measurement Upper Pond Lower Pond 

1 Perimeter 710 ft. 610 ft. 

2 Surface Area 24,100 ft2 21,200 ft2 

3 Average Depth 2.9 ft. 2.8 ft. 

4 Volume 70,670 ft3 58,720 ft3 

 

♦ Chemical Information  

 

 We took water samples from the pond to Anatek Labs to be tested for dissolved inorganic nitrogen 

(DIN) and dissolved inorganic phosphorus (DIP). Both were at undetectable levels, so not unusually high for a 

pond. The results are included on the following pages. (DIN is made up of NH3-N and NO3/N. DIP is made of 

PO4/P. These are the parameters listed on the test results.)  
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► APPENDIX D – MANUALS/DATA SHEETS 

 

♦ S10 Belt Brochure 

 See following pages for information about the S10 model prolink belt. 
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♦ Trolling Motor Owner’s Manual 

 

 See the following pages for the Haswing Cayman motor manual. 
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► APPENDIX E – DFMEA 
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►APPENDIX F – ACCOUNTING 

 

 The following page contains the list of purchases with summaries of the type and materials. The 

totals listed in the “Satisfaction of Requirements” tables are from this list. Note that this list also includes the 

materials that we did not use in the end (PVC assembly materials).  

There may be a few more purchases in the following days as we widen the plow and take care of other 

odds and ends before delivering the product. However, this list constitutes the bulk of the project.  
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