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Mission Statement 

Tickle Tech places health, safety, and sustainability at the forefront of engineering design work. Our goals 
align with Solea Water in the dedication to bring water solutions to communities facing water poverty. 
The implementation of our engineering work directly correlates to the National Academy of Engineers 

Grand Challenge (NAE): Provide Access to Clean Water. NAE seeks 
technological solutions to address the problem of inequitable distribution 
of water resources, which Tickle Tech tackles through designs to improve 
access to water sources and help communities implement and operate 
water utilities. Through our mission, Tickle Tech follows the regulations of 
the American Society of Engineers (ASCE). Our commitment to help 
provide access to clean water and improve the lives of others is reflected 
in our engineering design work for each community. The team aims to 
prioritize global, social, cultural, environmental, and economic (GSCEE) 
factors in our design through intentional design considerations and a 
deliberate focus on the impact our design will have on surrounding areas.  
Tickle Tech plans to emphasize ASCSE’s Body of Knowledge (BOK) in all 
engineering applications. ASCE’s BOK outlines the necessary values and 
mindset to become a successful professional engineer. Tickle Tech strives 
to provide sustainable and ethically responsible solutions as outlined in the 
BOK. The application of the BOK allows us to become more knowledgeable 

regarding the implementation of GSCEE factors in our solution and helps us fulfill the NAE clean water 
grand challenge. 
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Disclaimer 

The work for the project was performed by students at the University of Tennessee-Knoxville. While all 

work was done to the best of the student’s ability, they are not licensed Professional Engineers. If the 

design in the project is used, a Professional Engineer should check calculations and stamp the project prior 

to utilization. 
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Introduction 
Solea Water aims to assist communities with resilient water infrastructure solutions to enhance the 

quality of life of indigenous people in rural Panama. Remote villages across Panama lack reliable 

infrastructure to consistently deliver clean water without being damaged. Many water systems use gravity 

to transport water from rivers in nearby mountains to the villages; however, the systems get 

overwhelmed or broken during times of high precipitation and sedimentation. To avoid damage to the 

existing pipelines and water tanks, a protected system is needed to automatically close off a water intake 

based on high turbidity levels or water level increases while remaining open at acceptable operating 

conditions. Solea Water requests consideration of appropriate technology, local economics, and social 

adoption, to develop a “high-tech” and “low-tech” solution able to satisfy the needs of Wala, Panama, 

and any community with similar conditions.  

 

Site Conditions 
The 10,000 square foot project site is located within the Darién region of Panama and can be described 

through the surrounding environment, the existing system components, and the adjacent services. Thick 

vegetation and forest grow on both sides of the 30-foot-wide riverbed and sloped riverbanks contain large 

rocks and forest debris. The bank alongside the river is exposed during periods of lower rainfall and the 

decreased river width is 10 feet. Water elevation within the river increases up to 3 feet during the wet 

season which occurs from May to January. A concrete dam, approximately 6 feet high, stretches 10 feet 

across the river and contains several 4-6-inch diameter PVC pipes offering supply, clean-out maintenance, 

opportunity for future tie-in, as well as downstream continuity of the river (see Figure 1). One 4-inch PVC 

pipe is connected to the supply at the dam and continues for approximately 1-mile filling water storage 

tanks to provide water to approximately 3,000 people of the Wala community.  

 

 

Figure 1: Proposed water system 
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Project Team 
Tickle Tech is comprised of four undergraduate civil engineering students from the University of 

Tennessee, Knoxville (UTK). Ashlyn Celichowski possesses prior knowledge in water resource engineering 

design given internships at Kimley-Horn and LJA Engineering. Isabelle Hamby has a research background 

in stormwater and urban tree canopy through undergraduate research at UTK as well as consulting 

experience in environmental engineering through a summer internship at Goodwyn Mills Cawood. 

Jackson Reeves gained engineering experience through an internship with The Tennessee Department of 

Transportation. Elizabeth Morgan worked as an electrician in the United States Navy and gained 

proficiency with technical writing as a Teaching Assistant at UTK. The team (pictured in Figure 2) 

conducted work with the help of community partner Alan Foster, technical advisor Mark McKinney, 

graduate teaching assistant Thomas Peplow, and the course professor Dr. Jennifer Retherford. Each team 

member assumed responsibility of specific project tasks (Table 1) and worked closely together through a 

deliberately designed team organizational structure (Figure 3). 

 

 

Figure 2: Tickle Tech Team  (From Left to Right- Isabelle Hamby, Jackson Reeves, Ashlyn Celichowski, Elizabeth Morgan) 

Team Member Association Role Email 

Alan Foster Solea Water Client  alan@soleawater.org 

Mark McKinney Barge Design 
Solutions  

Technical Mentor Mark.McKinney@bargedesign.com 

Ashlyn Celichowski UTK Student Designer acelicho@vols.utk.edu 

Elizabeth Morgan UTK Student Designer emorga29@vols.utk.edu 

Isabelle Hamby UTK Student Designer klz321@vols.utk.edu 

Jackson Reeves UTK Student Designer jreeve28@vols.utk.edu 

Thomas Peplow UTK Graduate Teaching 
Assistant 

tpeplow@vols.utk.edu 

Jenny Retherford  UTK Faculty Advisor jretherf@utk.edu 
Table 1: Project Roles 
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Figure 3: Team Organization Chart 

 

Technical Scope of Work 
Two water intake control systems were designed and prototyped in order to develop an operational guide 

and life-cycle cost estimate for the rural application. Two control systems and custom protection schemes 

were developed contingent on high-water elevations and turbidity design criteria defined to preserve the 

distribution system’s integrity. Prototypes of both intake systems were developed to test accuracy of each 

actuation method and provide proof of concept for system designs. An operational guide was created, 

and life-cycle cost was estimated for both control system solutions, influenced by the results of the 

prototyping.  
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Water Intake Control Systems 
Two water  intake control systems were developed to regulate flow based on hydraulic conditions of 

specified high-water levels and water quality standards influenced by elevated turbidity levels. A 

mechanically actuated system was designed with a float valve to control high-water levels in accordance 

with hydraulic principles of reservoir pressure. An electrically actuated system was designed with 

consideration of power system demands calculated following the National Electrical Code. Turbidity 

control for the electrically actuated system was designed following drinking water health standards 

referenced from the Illinois Department of Public Health for adaptation to site specific needs. The method 

for valve actuation was chosen by addressing hydraulic principles and feasibility. Valve protection 

schemes incorporating screens and boxes were designed based on NEMA ratings, KUB standards, and ACI 

strength requirements of materials. 

 

A mechanical actuated system was designed based on the stage of the intake river. The elevation variation 

of the water was determined to be a maximum of 24 in based on past storm events. A mechanically 

actuated valve was selected using a decision matrix considering cost, technical suitability, and 

implementation practicality with a score of 1 meeting minimum requirements and a score of 5 providing 

excellent satisfaction (Table 2). A float valve was chosen over an altitude valve due to the higher total 

score and better fit for the community. A control box was chosen to house the valve and was chosen to 

be placed on the downstream side of the dam so that the existing dam and intake pipe could be used. The 

control box was designed according to Pascal’s principle of transmission of pressure in open reservoirs 

(seen in appendix A) so the water elevation would be open to the atmosphere and match the water 

elevation of the river. The valve box was placed to the side of the dam to avoid the turbulent waters in 

the middle of the stream during a storm surge. Valve and pipe material were chosen to be PVC in 

accordance with the NSF International Standard 61, General Requirements section for water system 

components. A two-inch Merrill Manufacturing Float Valve was selected to be most suitable for the 

project due to its material, dimensions, and cost. 

Criteria Weight Altitude Valve Float Valve 

    Rating Weighted Score Rating Weighted Score 

Cost 1 2 2 4 4 

Technical Suitability 3 4 12 5 15 

Implementation Practicality 3 3 9 5 15 

Total   23  34 
Table 2: Decision Matrix for Valve Selection 

 

Solar power was assessed as a power supply for the electrically actuated water intake system based upon 

site photovoltaic potential, safety for the community, and voltage drop limitations. Photovoltaic potential 

for Panama was evaluated based on Sun Radiance charts from solargis.com and determined to be 

sufficient for solar panel use. Minimum solar duration, 11-hours, was determined based on values from 

World Data’s website representing the most limiting solar power generation in Wala, Panama. A solar 

panel was selected from Victron Energy’s catalog based on client preferences, durability, and safety for 

future maintenance technicians. A sealed and waterproof 115-Watt solar panel was assessed based on 
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availability in Panama and ability to withstand the variable environmental conditions experienced by the 

project site (Appendix A). A DC voltage system was chosen based on a comparison of AC and DC adverse 

health effects of electrical shock. DC was identified as safer than AC to personnel for similar voltage and 

amperage systems and selected as the voltage type of the system. As the increased distance between the 

solar panel and valve will reduce power output, the voltage drop was calculated for the system based on 

electrical principles. The maximum distance from electrical source to load was determined to maintain 

the standard voltage drop of 3-5% found within National Electrical Codes Section 210.19(A) (Table 3). 

 

 

 

 

 

 

 

 

A turbidity sensor for the electrically actuated system was selected based on cost, compatibility with an 

Arduino board, ease of use, and measurement range (see Appendix A). The acceptable cost was 

determined by considering the product availability in Panama and the replacement price. The 

compatibility with Arduino was assessed based on product specifications. The measurement range of the 

sensors was analyzed with the safe drinking level ranges of turbidity and unit conversions. The Walfront 

Store turbidity sensor was chosen to send signals to an electrically actuated valve based on a safe drinking 

number of particles, which is above or below 1,500 mg/L of total dissolved solids, as outlined by the Illinois 

Department of Public Health (Table 4). The turbidity sensor components must be enclosed in a watertight 

conduit and box (see Appendix A).  

 

 

The valve for the electrically actuated system was selected based actuation and site conditions 

and the power supply selection was finalized based on electrical calculations. Valve actuation for the 

electrically actuated system was determined based on a scored decision matrix including feasibility of 

actuation, complexity of installation and operation, and programmability. Solenoid actuation was 

evaluated with the highest score and selected for the water intake control system. Valve options were 

assessed based on existing site conditions and required operational parameters. Pressure felt on the valve 

Parameter Value Note: 

Photovoltaic Potential 3.0-3.2 KWhr/m2 Site assessment for 
solar power 
generation 

Total Solar Power 
Capability of a 115-Watt 
solar panel 

1,334 Watts-hours Based on 11-hour sun 
exposure. 

Maximum Distance 
between Solar panel and 
loads 

45 ft Within 3-5% drop 
recommendations 

Table 3: Solar Power Potential for Wala, Panama 

Total Dissolved Solids 
Ranges (mg/L) 

Deciding Factors Valve Function 

Less than 500 Satisfactory Open 

500-1,000 Less than desirable Open 

1,000-1,500 Undesirable Open 

Over 1,500 Unsatisfactory Close 

Table 4: Valve Functions for Turbidity ranges 
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was calculated based on hydraulic principles and compared to valve data sheets. A 4-inch normally open 

solenoid valve was selected from Sizo Tech Corporation’s catalogue. Power demand was calculated for 

the turbidity sensor, valve cycling, and Arduino board, assuming 24-hour continuous energization, based 

on engineering fundamentals and basic electrical power equations (Error! Reference source not found.). T

he Victron Energy LFP Smart 12.8/160 Lithium Battery was selected based on battery capacity assessment 

assuming 3-day maximum electrical loading. One 115Watt Blue Solar Monocrystalline solar panel from 

Victron Energy’s catalogue was determined to provide sufficient power capacity for system electrical loads 

and was selected with consideration towards sustainability and maintaining the natural environment 

(Table 5).  

 

Equipment: Totals Manufacturer: Quantity Notes: 

Power 
Requirements 

517.2 Watt-hours Various 1 of each 
component 

Power includes turbidity 
sensor, Arduino board, valve 

115-Watt Solar 
Panel 

1, 334 Watt-hours Victron Energy 1 One solar panel with 11.6 
hours of sun provides more 
power than required.  

Lithium Battery 160 Ah Victron Energy 1 Storge for 3-days at 
maximum loading 

Solenoid Valve 4” Sizo Tech 
Corporation 

1 Rated for 100% continuous 
duty cycle.  

Table 5: Equipment selections for electrical solution 

Protection schemes were developed to ensure effective performance of both water intake control 

systems. A protective component that was designed to be implemented for both the mechanical and 

electrical water intake control systems is a protective screen. The protective scheme is designed with the 

screen being placed at the inlet of both control system designs. A No. 200 screen was selected based on 

its filtration properties. It was determined that the screen would not restrict flow through the pipe using 

the head loss of fluid through a screen equation. Protection for the electrical components of the 

electrically actuated water intake control system was developed based on NEMA ratings. The electrical 

systems will be subject to submersion for prolonged periods. The protective system involves the electrical 

components being placed in NEMA 6P enclosures with a water-tight conduit running necessary wiring to 

each enclosure. A protective component for the mechanically actuated water intake control system was 

designed to protect the float valve from debris. The control box that houses the float valve was designed 

to be constructed out of concrete with anchoring rebar rods and have a compressive strength of 4,000 psi 

in accordance with KUB standards. The control box was designed to be installed on the site’s existing 

igneous rock by drilling holes and using epoxy to anchor the rebar. The box was designed to have a square 

base with a width of 4 ft. and height of 5 ft. The structural aspects of the control box were modelled after 

Tennessee Department of Transportation standard drawings and designed to have 8 in. thick walls in 

accordance with ACI 318-19 exterior wall requirements and 8 in. thick footing. The spacing of the 

reinforcement is to be 18 in. maximum with a 3 in. cover in accordance with ACI 318-19 11.7.2.1 and 

20.5.1.3.1. The box was designed with dowels with a 90-degree bend and development length of 12 in. to 

connect the walls to the footing (see drawings). The shearing force the control box is subject to was 

determined to be caused by the hydrostatic pressure of the water within the box and the concrete's 

weight. The hydrostatic pressure was calculated as 1,331 lbs. and the concrete's weight was 8,550 lbs. The 
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total shearing force was calculated to be 10,000 lbs (see appendix A). The anchoring rods were designed 

to withstand the shearing force. The anchor rods selected were four # 5 rebar rods. The shear strength of 

the rebar anchor rods was calculated for four grade 60 #5 rebar rods to be 135,000 lbs. The necessary rod 

diameter based on pull-out from shear forces was calculated to be 0.56 in2. #5 rebar was selected because 

it has a diameter of 0.625 in2. The necessary pull-out depth of embedment based on #5 rebar anchor rods 

was calculated to be 10in (see appendix A). There is no information regarding anchoring into rock using 

epoxy so the team selected Hilti RE 500 V4 as the anchoring epoxy due to it having the highest available 

bond strength. 

Prototypes 
Two scaled prototypes were developed to assess the effectiveness of the mechanical and electrically 

actuated water intake control systems. Tickle Tech devised a prototyping plan for both the mechanical 

solution and electrical solution. A scale prototype of the team’s mechanical solution was constructed at 

UTK’s East Tennessee Research and Education Center and tested to evaluate performance based on water 

elevation change. Proof of concept of the mechanical solution was analyzed based on intended 

operational functions to verify the designs’ hydraulic feasibility. The electrical solution was also 

assembled, and valve cycling was tested for specified turbidity conditions in a tabletop experiment. Proof 

of concept of the electrical solution was analyzed based on the tabletop experiment's effectiveness in its 

intended purpose. 

Tickle Tech devised protype plans for both the mechanical and electrical solutions. A materials list was 

compiled to prototype the systems based on the components’ availability in Panama and manufacturers 

Solea Water preferred. The materials list was compiled based on mentor input and client needs. The 

materials list was examined to determine where Tickle Tech could acquire the materials needed to 

construct the prototypes. Once the materials list and sources were outlined, Tickle Tech ordered the 

materials. It was determined that the mechanical prototype would be constructed on a quarter scale 

based on material availability and construction feasibility. Tickle Tech developed prototype testing 

parameters for both the mechanical and electrical water intake control designs. The prototype materials 

were acquired, and the prototypes were constructed following the CEE Field Safety Manual. The 

mechanical design was tested as a scaled prototype and the electrical design was tested as a tabletop 

experiment. The hydraulic feasibility for the mechanical prototype was defined as the float valve closing 

the inlet pipe at a water elevation change within the box of 6in. The effectiveness of the electrical solution 

was defined as the valve closing in a turbid sample and opening in a clear sample. The prototypes were 

used to refine both designs. The prototype process is outlined in (Figure 4).Figure 4 

 

Figure 4: Prototype Process 
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A scaled model of the mechanical water intake system was built to show proof of the design's concept. 

The prototype was constructed in the flume at the University of Tennessee Knoxville’s Agriculture 

Research Center (Figure 5) to determine functionality. The model dam structure was created out of 

particle board acquired through left over materials from flume construction. Wooden plank supports were 

installed on the downstream side of the dam and secured to the side of the flume with waterproof 

caulking. The pipe heights were determined to be 4 inches and 12 inches from the ground to simulate the 

pipes in the existing dam structure. A hole was added to allow water to flow through the dam, similar to 

the open outflow pipe in the site dam. The control box with the float valve was created to be 22.5 inches 

by 20 inches by 48 inches (Figure 6) in order to hold up to 2 feet of water with 2 feet of extra freeboard 

(see Appendix B). The control box was lined with waterproof material, and all connections were sealed 

with waterproof caulking (Figure 7). Two PVC pipes were added to the dam and connected to the box. A 

one inch Robert Manufacturing float valve was installed within the box and connected to the discharge 

pipe representing the pipe that would lead to the community water system. 

 

Figure 5: Agriculture Research Center Flume 
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Figure 6: Prototype Configuration 

        

Figure 7: Valve Connection and Waterproof Lining 

Proof of concept of the mechanical prototype was analyzed based on the scaled mechanical prototype’s 

functionality. The testing metrics that Tickle Tech devised to prove proof of concept were that the float 

valve closes when water in the control box passes and set elevation and opens when the stage lowers. To 

test proof of concept Tickle Tech used a 1 hp pump to fill the flume and allow water to flow into the 

control box. During the testing, the water in the control box rose to an elevation change of 6 in and the 

valve closed and did not allow more water to flow. The float valve shut, the team stopped the flow into 

the control box and let the excess water drain. When the water elevation in the box lowered, the float 

valve opened and let flow pass. Based on the prototype test, Tickle Tech determined that proof of concept 

was proved. 

The electrical water intake system was prototyped to verify accuracy of component connections and 

compatibility with Arduino code. The electrical valve was scaled to 1-inch based on cost and compatibility 
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with existing laboratory and campus equipment. A 12-V charged car battery was selected as the power 

source to power the valve simulating the solar battery bank for the proposed system. A 5-volt battery was 

used to power the Arduino system components simulating the intended disposable batteries for the 

system. Kaolinite slurries were prepared in accordance with standard methods at 500 mg/L, 1500 mg/L, 

and 2,000 mg/L with deionized water to clean the turbidity sensor between tests (Appendix B). Testing 

was performed on a simplified version outside of an operational system to verify turbidity sensor accuracy, 

compatibility with the valve, and to verify the Arduino code controlled valve actuation in stable conditions. 

The turbidity sensor was submerged 1-inch into solutions to simulate proposed conditions when within 

the pipes of the water intake system. The electrical prototype is shown in Figure 8. Electrical connections 

were verified and finalized drawings were drawn based on prototype electrical connections. 

 

 

Figure 8: Electrical Prototype 

 

Proof of concept of the electrical prototype was analyzed based on the functionality of the tabletop 

experiment. The testing metrics devised to prove proof of concept were that the solenoid valve closes 

when there is high turbidity in water and opens when there is low turbidity. Tickle Tech followed the 

health standards of total dissolved solids in drinking water from the Illinois Department of Public Health 

to create two water solutions. The unsatisfactory amount of total dissolved solids was used for the high 

turbidity condition, and the satisfactory range was used for the low turbidity condition. Tickle Tech 

created the high turbidity condition with a solution of 1,500 mg/L of Kaolinite particles in water and the 

low turbidity condition with pure distilled water. We needed the valve to close when the turbidity sensor 
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was placed in high turbidity and close when in low turbidity. Tickle Tech determined proof of concept 

based on the valve’s correct functionality from the reading of the turbidity sensor.  

 

Operations Guide and Lifecycle Cost 
An operational guide was created for the community to utilize, and the lifecycle cost was estimated for 

the design solutions, influenced by the prototyping outcome. The operational guide was created by 

outlining the installation, operation, and maintenance steps considering community skills and experience. 

The lifecycle cost was estimated for the mechanical and electrical valve systems inclusive of initial 

investment alongside forecasted cost of consumable and reusable materials. 

A detailed guide was created explaining the installation, operation, and maintenance of the proposed 

water systems to allow long-term sustainability of the system and provide the local community with field 

operation steps. The materials needed to install the mechanically automated and electrically automated 

water systems were determined through the prototype process. Materials for each system were selected 

considering the remote location of the project site and the need to physically carry the materials to reach 

the site. A materials list was specified in the operations guide in preparation for installation steps. 

Installation steps were written following the EPA’s Guidance for preparing standard operating procedures 

for each section of the project (Table 6). Steps for the mechanical installation were determined to outline 

the box construction, the piping connections, and the valve connection. Electrical solution installation 

steps were chosen to detail the power supply and electrical valve. A total of 40-man hours was calculated 

to be needed based on prototype construction hours and assuming a team of 4 members (see appendix 

C). The system operation was established according to the community’s needs and strengths. The 

mechanical operation section was chosen to explain the water elevation valve control including how to 

check for proper function. The electrical operation was detailed through the Arduino programming and 

valve actuation steps. Maintenance checks and frequencies were listed based on aspects that might 

malfunction including pipe fittings, structural integrity, debris build up, and water damage. 

 

Operations Guide 

System Installation Operation Maintenance 

Mechanical Concrete Box, Pipe 
Connections, Valve 

Connections 

Water Elevation, Valve 
Automation, Valve 

Reopening 

Cleanout, Pipe Fittings, 
Float Angle, Storm 

Event Function  

Electrical Power Supply and 
Electrical Valve 

Arduino Programming, 
Valve actuation 

Structural Integrity, 
Connections, Water 

Damage 
Table 6: Operations Guide Outline 

The construction cost estimation was calculated for the mechanical solution and electrical solution. 

Material lists were compiled for both water intake system solutions based on previously selected 

materials and manufacturers. Unit prices and number of units for initial construction were identified for 

each system based upon design decisions for the water intake systems. Initial construction costs were 

calculated to be $1, 974.12 for the mechanical solution and $4,318.29 for the electrical solution. 25-year 

costs were estimated based upon lifespan of individual materials and number of units required for each 
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material over the 25-year duration (Appendix C). The 25-year costs of the electrical solution were 

calculated to be $6, 630.63 for the electrical solution and $2,535.08 for the mechanical solution (Table 7).  

 INITIAL COST 25-YEAR COST 

MECHANICAL SOLUTION $2,098.10 $2,535.08 
ELECTRICAL SOLUTION $4,318.29 $6, 630.63 

Table 7: Initial and Lifecycle Cost Estimate 

 

 

Conclusion 
Two water intake control systems were developed with an operational guide and cost estimate for use in 

a rural drinking water system piloted in Wala, Panama. The Merrill Manufacturing float valve and the Sizo 

Tech Corporation solenoid valve were chosen for the corresponding designs. A scaled design of the 

mechanical system and a tabletop experiment of the electrical system proved proof of concept of the two 

water intake systems. The operational guide can be utilized for construction, and the initial project cost 

for the mechanical and electrical systems are roughly $2,098.10 and $4,318.29.  
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Appendix A: Water Intake Control Systems 
 



Conceptual Brainstorming 

 

 

Solution 1: 

 

• Float valve could break off when water gets high. 

• The valve would only close after the flow gets too high and would probably start to 

overwhelm the system before closing. 

• Mechanics of a float valve do not allow the valve to directly connect to the inlet pipe. 

 

 

 

Solution 2:  

• Box with float valve on downstream side of dam. 

• Float valve inserted into pipe, based on level that flows through the pipe. 

• Client input: nothing can be put on the downstream side of dam, the water would be too 

violent during high precipitation. 

 

 

 

 

 

 

 

 

 



Solution 3: 

 

• Water will flow through weir to the box. 

• The elevation in the box will depend on the water elevation in the pool upstream of the 

dam. 

• The box will have a designed orifice to discharge water to the river. 

• The village intake pipe will go through the box and will be connected to a valve. 

• The box will have an overflow design as well. 
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Max Voltage 19
Max Current 6.04
Power 114.76

Dimensions opt 1 (mm) 1015*668
Dimensions opt 2 (mm) 1030*668
Area of 115 Watt solar panel opt 1 0.67802
Area of 115 Watt solar panel opt 2 0.68804

January 11.7
February 11.8
March 12.1
April 12.3
May 12.5
June 12.6
July 12.6
August 12.4
September 12.2
October 11.9
Novemer 11.7
December 11.6
Average 12.11667
Max 12.6
Min 11.6

Jan 5.11
Feb 5.38
Mar 5.45
Apr 5.64
May 4.79
Jun 4.8
July 4.66
August 4.87
September 4.81
October 4.46
November 4.17
December 4.45
Average 4.8825
Max 5.64
Min 4.17

Hours of peak sunlight

Hours of Daylight



Based on Area of the solar panels and photovoltaic potential maps:
Available solar power per Sun Radiance (Kw/Day) 2.71208

Based on rating of solar panel and minimum available hours of sunlight:
Power Generation 115 Watt solar Panel (Watts-hours) 1334
From A02F 517.2 Watt-hr required, 1334 watt-hours>517.2 --> One 115-Watt Solar panel sufficient

**Power generation based on poor light conditions/poor exposure
Based on Peak Sunlight hours (Watts/day) 478.5492
Based on A02F, if poor sunlight conditions, 2 Solar panels  required to meet 517.2 Watt-hours

Design based on full sunlight exposure (11.6hrs). One solar panel sufficient

Victron energy has warranty for 10 years at 90% power output(Watt-hours) 1200.6
Victron energy has warranty for 25 years at 80% power output(Watt-hours) 1067.2
Both remain above the 517.2 Watt-hours required for loading



Optimum solar panel angle changes based on time of year
**For best performance angle of solar panel should be adjusted as follows:

http://www.solarelectricityhandbook.com/solar-angle-calculator.html



Electrical Power Suply Selection

Type of Power Solar
Power Rating 115 Watts
Requirements to produce power Euro US Dollar
Voltage Rating 18.9 V 109 117.72
Current Rating 6.08 121 130.68
Cost < $200 127 137.16
Manufacturer Victron 172 185.76
Weight (Portability) 8 Kg
Type of Current **DC
website https://ww



Voltage Drop Calculation

ENTER INFORMATION:
Project: Intake Valve for Solea Water

Site #:
Location: Wala, Panama

Power Service:
Circuit:

Sheet #:
Supply Voltage: 12 Volts
Calculations by:

Wire Size (AWG)
Resistance 
(Ohms/Kft)

12 2.05
10 1.29

8 0.809
6 0.51
4 0.321
3 0.254
2 0.201
1 0.16

1/0 0.127
2/0 0.101
3/0 0.0797
4/0 0.0626

High likelyhood Power would n     
Best distance for environment   
acceptable distance due to env  



Length (ft) AWG
Resistance 
(Ohms/Kft)

At Point Accum In Section Accum % Drop
Power Loss 

(W/ft)
46 10 1.29 5 5 0.5934 0.5934 4.9450 0.0645
40 12 2.05 5 10 0.82 1.4134 6.8333 0.167
25 10 1.29 5 15 0.3225 1.7359 2.6875 0.2315
25 12 2.05 5 20 0.5125 2.2484 4.2708 0.334

100 10 1.29 5 25 1.29 3.5384 10.7500 0.3985
100 12 2.05 5 30 2.05 5.5884 17.0833 0.501

30 .. .. .. ..
30 .. .. .. ..
30 .. .. .. ..
30 .. .. .. ..
30 .. .. .. ..

Section Current (Amperes Voltage Drop

Voltage Drop Equations:

Voltage drop in circuit section =2∗𝐼𝐼∗𝑙𝑙∗𝑅𝑅
1000

(V)

𝐼𝐼 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑖𝑖𝑖𝑖 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝐴𝐴
𝑙𝑙 = 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑓𝑓𝑓𝑓

- length includes the length of section with 5-10 ft added to each end,                 
then round up to the closest increment of 5 ft.
𝑅𝑅 = 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 (𝛺𝛺/1000𝑓𝑓𝑓𝑓)

& Drop = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉

∗ 100 (%)

Power Loss = 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑖𝑖𝑖𝑖 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠∗𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤
𝑓𝑓𝑓𝑓

Wire Data from 2011 Edition of National Electrical Code, Chapter 9 Table 8



Range 1-5 (Worst-Best)

Criteria CQRobot Ocean Walfront Store
Cost 5 4

Compatability to Arduino 4 5
Ease of Use 3 4

Measurment Range 3 4

Total Points 15 17



// This program will read the turbidity through the Turbidity sensor 

// and will send a signal to an electrically actuated valve to open or close 

// when the total dissolved solids is above or below 1,500 mg/L 

 

const int valve_relay_pin = 12; //Defined pin for the valve relay 

 

void setup() { 

  Serial.begin(9600); // initializes water 

  pinMode(valve_relay_pin, OUTPUT); // Define the pin mode for valve relay output 

} 

 

void loop() { 

   

  int turbidity_raw = analogRead(A0); 

  float turbidity = turbidity_raw*(5.0/1024.0)*3; 

  Serial.println(turbidity); 

  delay(500); 

 

  if(turbidity <= 2){ //open valve, this corresponds to just under 1,500 mg/L 

    Serial.println("Open Valve"); 

    digitalWrite(valve_relay_pin, HIGH); 

  } 

  else{ //close valve, this corresponds to 1,500 mg/L 

    Serial.println("Close Valve"); 

    digitalWrite(valve_relay_pin, LOW); 

  } 

 

} 
 



Selecting Watertight Conduit

Criteria
Waterproof ✓

Fits electrical wiring ✓
Allows connection to 

watertight box ✓

https://www.am



 

trytostaybelow 1,000ppm
but probablycloser
to 1500ppm



Type of system AC or DC

***DC was selected based on comparison between the adverse health effects of DC and AC exposure.
***DC systems are less complex and require less equipment. 





 
 

 

  
   



Complexity(installation) Actuation (feasibility w/site) Programmable Automatic Totals
Score Weight 15% 20% 40% 25%
Electrical 3 4 4 3 3.6
Pneumatic 2 2 3 3 2.65
Manual 4 4 1 1 2.05
Solenoid 3 4 4 4 3.85
altitude 1 1 2 2 1.65
Scale 1: Minimum 2: Acceptable 3: Good 4: Excellent

***First Choice Solenoid
**Second Choice Electrical operator

Valve Actuation



Valve Type Solenoid Solenoid Solenoid Solenoid Solenoid 
Valve Size 4" 2" 3" 4" 4"
Normal Position Normally open Normally opeNormally Open Normally Open Either
LOP Position
Power Requireme13-20 Watts 13-20 Watts 35-40 Watts
Valve Material Stainless Steel Stainless SteeBrass SS(optional) SS
Valve Cost $2,931.17 $846.32 $3,483-$4,700 Undisclosed
Manufacturer STC STC Magnatrol Valve Corps Flomatic Rotex
website https://www.stcvalv   https://www.   https://www.magnatrolhttps://www.flomhttps://rotex  
Product 2DSO400-2000 Serie   2DSO400-200    "AR" Full Port Molel: C/CF802 Model 24101

Project Valve Suggestion

https://www.stcvalve.com/Process_Valves.htm
https://www.stcvalve.com/Process_Valves.htm
https://www.magnatrol.com/product.cfm?prod=type-ar
https://www.flomatic.com/valves/automatic-control-valves/solenoid-control/c801-2-cf801-2/
https://rotexautomation.com/solenoid-valves/2-port-solenoid-valve/2-port--2-1/2''-till-4''/2-port--intrinsically-safe---2-12-till-4




Cost Size Power Req'dMaterial Totals
Score Weigh 15% 20% 40% 25%
STC 4" 3 4 4 4 3.85
STC 2" 4 1 4 4 3.4
MVC 3" 1 2 2 2 1.85
Rotex 4" 1 4 1 4 2.35
Scale 1: Minimum 2: Acceptable 3: Good 4: Excellent

 
 

Valve Selection



Voltage (volts) 7 Watts Hours Per Day Watt-Hours
Current (200 ma) 200 Arduino Board 24 33.6
Power Draw 1.4 Turbidity Monitor 24 3.6
Type of Current DC Valve (Max) 24 480
Continuous/Cycling continuous Total N/A 517.2

Watts Hours per Day Watt-Hours
Voltage (volts) 12 20 0 0
Current 1.66666667 20 1 20
Power Draw (Watts) 20 20 2 40
Type of Current DC 20 3 60
Continuous/Cycling Cycling 20 4 80

20 5 100
20 6 120
20 7 140

Voltage 5 20 8 160
Current 30 20 9 180
Power Draw 0.15 20 10 200
Type of Current DC 20 11 220
Continuous/Cycling continuous 20 12 240

20 13 260
20 14 280
20 15 300
20 16 320
20 17 340
20 18 360
20 19 380
20 20 400
20 21 420
20 22 440
20 23 460
20 24 480

Min (No turbidity) Mid (12 Hour) Max (24 hour)
37.2 277.2 517.2

Watt-Hours

DC Loads

Solenoid Valve 

Load 1: Arduino Board

Load 2: Solenoid Valve

Load 3: Turbidity Monitor

𝑃𝑃 = 𝐼𝐼 ∗ 𝐸𝐸



 

 

 
 

  



https://weatherspark.com

January 11.7
February 11.8
March 12.1
April 12.3
May 12.5
Jun 12.6
July 12.6
August 12.4
September 12.2
October 11.9
November 11.7
December 11.6
Average 12.11667
High 12.6
Low 11.6
Standard Dev. 0.368864

Temperature in Panama
High Average Low

Jan 88 81 76
Feb 89 81 76
Mar 90 82 76
Apr 89 83 77
May 87 81 77
Jun 86 81 77
Jul 87 81 77
Aug 86 80 76
Sep 86 80 76
Oct 85 80 76
Nov 85 80 76
Dec 87 80 76

Hours of Daylight



ᵒF ᵒC
Average High Temp 87.1 30.6
Average Low Temp 76.3 24.6
Average Temp 80.8 27.1
Temperature Max 90.0 32.2
Temperature Min 76.0 24.4

Max DC Load (Watt-hour) 517.12
Battery Voltage 12
Battery Capacity 43.09333
Assume Lithium Batter (80%) 53.86667
3-Day storage capacity 161.6

3-day storage capacity was selected to provide margin to battery depletion under 24-hour turbid conditions
*** Average temperature is >25ᵒC which will reduce lifespan of the battery
*** LFP-Smart 12.8/160 provides sufficient Ah for the calculated 3-day storage capacity
***Selected battery enclosed in red box

Required Ah for battery



Starting elevation (ft) 702
ending elevation (ft) 200
pipe length total (ft) 5280
pipe length to valve (ft) 15
Diameter of pipe (inches) 4
area of pipe (ft2) 0.087266
max flow of water (gpm) 150
min flow of water (gpm) 30
elevation 15 feet from dam (assumed) 697
gravity constant (ft/sec) 32.2
Diameter of pipe (ft) 0.333333
friction factor (assumed) 0.04
Conversion to gpm
conversion factor 448.8
max flow (ft3/min) 0.334225
min flow (ft3/min) 0.066845

max: 1.906098 psi
Head loss values
45 degree bend 0.24
90 degree bend 0.45
Valve 0.15

Specific Weight of Water (lb/ft3) 62.4 min: 0.034669
Max Velocity 3.829932
Min Velocity 0.765986

hL (major) using max V 0.409986 **** Valves must operate under a minimum of 5 psig
hL (minor) using max v 0.191327
hL (Total) using max 0.601312
hL (major) using min V 0.016399
hL (minor) using min V 0.007653
hL total using min 0.024052

𝑃𝑃𝑃
𝛾𝛾

+ z1+
𝑣𝑣𝑣

2 ∗ 𝑔𝑔
=
𝑃𝑃𝑃
𝛾𝛾

+ z +
𝑣𝑣𝑣

2 ∗ 𝑔𝑔
+ hL

ℎ𝐿𝐿 (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) =
𝐿𝐿 ∗ 𝑣𝑣2

2 ∗ 𝑔𝑔 ∗ 𝐷𝐷

ℎ𝐿𝐿 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 = 𝐾𝐾𝐾𝐾 ∗
𝑣𝑣2

2 ∗ 𝑔𝑔

𝑃𝑃𝑃
𝛾𝛾

+ z1+
𝑣𝑣𝑣

2 ∗ 𝑔𝑔
=
𝑃𝑃𝑃
𝛾𝛾

+ z +
𝑣𝑣𝑣

2 ∗ 𝑔𝑔
+ hL

700 𝑓𝑓𝑓𝑓 =
𝑃𝑃𝑃
𝛾𝛾

+ 0.6 𝑓𝑓𝑓𝑓 + 697 𝑓𝑓𝑓𝑓

700 𝑓𝑓𝑓𝑓 =
𝑃𝑃𝑃
𝛾𝛾

+ 0.0.024 𝑓𝑓𝑓𝑓 + 697 𝑓𝑓𝑓𝑓.



 

No 200 Screen was selected 
and these parameters were 
used to calculate head loss 
caused by the screen. This 
screen was selected 
because it will not allow 
course-grained sediment to 
pass 



https://v3.camscanner.com/user/download


 

Tickle Tech based its concrete specifications 
recommendations on the KUB standard value 
of a minimum 28-day compressive strength of 
3000psi. 



 

 
Tickle Tech recommends the use of NEMA 6P 
enclosures for all electrical components due to 
the relation of the electric components to the 
water. 



https://v3.camscanner.com/user/download


https://v3.camscanner.com/user/download
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Appendix B: Prototype  
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Electrical Solution Prototype materials List Provided By

Solenoid valve

Turbidity Monitor

Tee Connection

No. 200 Protective Screen

PVC Pipeing (diameter TBD)

Solar Panel UTK

Arduino Board Mark McKinney

Wiring

Conduit

Relay switches

Mechanical Solution Prototype materials List

Float Valve

Water Receptacle (Volume TBD)

PVC Pipeing (diameter TBD)



 

 
 

 
 
 
 
 

 
 
 

Prototype Plan: Tickle Tech Electrical 
Solution 
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Introduction 
 
Solea Water has requested an intake system for their gravity fed water systems. 
During the wet season of Panama, rivers flood and debris flow down river causing 
high turbidity conditions in the drinking water. An automatically actuating intake 
system was designed and requires testing to verify accuracy and proof of concept. 
The electrical water intake system utilizes a turbidity monitor to continuously 
monitor the water quality and send data through an Arduino board which then 
sends an electrical signal to a valve through a pre-uploaded code. During low 
turbidity conditions, or normal conditions the valve remains open, but when the 
turbidity conditions surpass a programmed setpoint, the valve closes.  
 
Methods 
 
Three samples: 500mg/L, 1500mg/L, and 2000mg/L of Kaolinite slurry were 
prepared for tabletop testing, proof of concept testing. They were prepared in 
accordance with standard methods.  
 
Equipment 
 

1. 12Volt Charged Car battery. 
2. 5-Volt power source (USB connection) 
3. Arduino Board 
4. Bread Board 
5. Solenoid Valve 
6. Various Concentrations of Kaolinite slurry 
7. Compatible relay with valve and Arduino 
8. Turbidity sensor 
9. Suitable wires to connect components.  

 
Measuring and Sample Procedures 
 

1. Place measuring container on scale and zero scale.  
2. Measure the appropriate amount of Kaolinite needed for each solution.  
3. Mix Kaolinite solution with Deionized water until the proper 

concentration is reached.  
4. Place each sample in a labeled container. 

 
Testing Procedures 

 
1. Electrically connect components with wire. 
2. Connect system to power source provided.  

a. If the system does not work, verify electrical connections. 
b. Verify charge on the battery.  
c. Verify power to both sides of the relay.  

3. Test accuracy of the turbidity sensor. 
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a. Verify readings with deionized water. 
b. Verify readings with various kaolinite concentrations.  

4. Verify valve actuates at correct setpoint: 
a. Submerge the turbidity sensor 1-inch into the solutions at or 

greater than 1500 mg/L.  
b. Observe and record response (Valve Actuation is heard) 
c. Rinse the turbidity sensor with deionized water between 

Kaolinite solutions.  
5. Verify valve does not actuate at concentrations below the setpoint.  

a. Submerge the turbidity sensor 1-inch into solutions lower than 
1500 mg/L. 

b. Observe and record response.  
c. Rinse the turbidity sensor with Deionized water between uses.  

 
Table 1: Electrical tabletop test 

 Deionized Water 500 mg/L 1500 mg/L 2000 mg/L 

Valve Position (Expected) Open Open Closed Closed 

Valve Response (Actual) No actuation No Actuation Actuation Actuation 

 
 
Lessons Learned and Future work 
 
The 5-Volt power supply and the 12-Volt power supply for the Arduino and valve 
should be different power supplies. The relay electrically isolates both sides, the 
Arduino side and the valve side, of the electrical system. The valve actuates in 
concentrations as intended. Proof of concept was a success. Future work should 
include the turbidity monitor installation in existing equipment as a test for 
feasibility of setup.  
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Appendix: 
References: 
EPA. 1993. Method 180.1: Determination of Turbidity by Nephelometry. 
Cincinnati, Ohio.  
NEMI. 1995. Standard Methods: 2130 B: Turbidity by Nephelometry.  
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Raw Data/Pictures: 
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// This program will read the turbidity through the Turbidity sensor 

// and will send a signal to an electrically actuated valve to open or close 

// when the total dissolved solids is above or below 1,500 mg/L 

 

const int valve_relay_pin = 12; //Defined pin for the valve relay 

 

void setup() { 

  Serial.begin(9600); // initializes water 

  pinMode(valve_relay_pin, OUTPUT); // Define the pin mode for valve relay output 

} 

 

void loop() { 

   

  int turbidity_raw = analogRead(A0); 

  float turbidity = turbidity_raw*(5.0/1024.0)*3; 

  Serial.println(turbidity); 

  delay(500); 

 

  if(turbidity <= 2){ //open valve, this corresponds to just under 1,500 mg/L 

    Serial.println("Open Valve"); 

    digitalWrite(valve_relay_pin, HIGH); 

  } 

  else{ //close valve, this corresponds to 1,500 mg/L 

    Serial.println("Close Valve"); 

    digitalWrite(valve_relay_pin, LOW); 

  } 

 

} 
 



Mechanical Solution Prototype Testing and Results 

 

Test Run: valve closes when water elevation in box increases and reopens when water elevation 

in box decreases. 

 

 

 

 



Pump set up next to flume discharge pipes: 

 

 

 

 

 

 

 

 

 



Images below show the water flow when the pipe is partially open (top) and when it is almost 

fully closed (bottom). Testing did not result in water flow completely stopping because water 

elevation in the box was not able to keep constant due to leakage. 
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Appendix C: Operation Guide and Cost 
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Operations Guide Outline Plan: 

 

• What would the Panama community need to create a self-sustaining process? 
o Instructions for the entire project 
o How the system should function so that they are educated on how it works and 

should work/what could go wrong 
• What level of writing should the guide be at? Does it need to be easily translated to 

Spanish? 
o The report should be written simply but it can be translated to Spanish and does 

not need to consider the wording used because a translator will be able to change 
it for the community 

• What have previous teams done in terms of operations guide sections or formatting? 
o They used clear steps for what should be done, and prefaced sections with what 

the purpose was 
o Included product manuals and manufacturer sheets in appendix 

• What does the drafted technical scope of work say should be present? 
o Produce a user-friendly manual in English for the construction, operation, and 

maintenance of the designed solution(s) 
• What does the EPA writing guide say about formatting and language? 

o Straightforward steps and simplified language 

 

Determined Purpose: Help the community create a self-sustaining water intake system. This 
echoes the Solea Water mission of supporting communities to become self-sufficient for 
“community led, long term, sustainable, and collaborative solutions.” 

 

Rough Outline: 

I. Installation 
a. Simplifies the project for a less technical audience and provides direct steps they 

can take to implement the solution. 
II. Operation 

a. Give community basic understanding of how the system works do they can be 
educated when something goes wrong. 

III. Preventative and corrective maintenance  
a. Regular checks 
b. Troubleshooting malfunctions 

 



 

We will define 

costs based 

on previous 

projects 

Method could 

be used for 

weir, pvc, and 

channel 

prices 



 

 



 

Example for appendix 

table 



Final Project Cost
Item Description Units Unit Cost Total

Mechanical Valve Solution

2in Float Valve Merrill Manufacturing 1 124.00$        124.00$    

Float Rod Merrill Manufacturing 1 5.50$             5.50$         

Float Ball Merrill Manufacturing 1 27.00$           27.00$      

4" PVC Piping

10 ft sections of piping 
for connections from 
dam to gravity feed 

piping to village

3 23.94$           71.82$      

Ball Valve 4in PVC Ball Valve 2 61.99$           123.98$    

Waterproof caulking
caulking to create 
watertight seals

10 9.84$             98.40$      

15'x15' waterproof pond lining Lining for box interior 1 335.00$        335.00$    

PVC Pipe bends
Bends for float valve 

assembly
4 13.63$           54.52$      

PVC Pipe reducing couplings (if needed) To match float valve size 2 13.94$           27.88$      
Concrete Control box concrete 57 ft^3 10.00$           570.00$    
Hilti Re 500 V4 Epoxy for anchoring rods 4 165.00$        660.00$    

Total 2,098.10$ 
Electrical Valve Soltuion Cost Estimate (Initial)

Sloenoid Valve
reoccuring cost - will 
have to be replaced. 

Lifespan 20 years
1 2,931.17$     2,931.00$ 

Solar Panel
reoccuring cost- 

replacement every 25 
years

1 117.00$        117.00$    

Lithium Battery

reocurring cost-will 
have to be replaced. 

Lifespan is approx. 10 
years

1 1,109.25$     1,109.25$ 

Turbidity Sensor
reoccuring cost - will 
have to be replaced 

every 5 yrs
1 23.46$            $         23.46 

Arduino Board
programmed to work 
with turbidity sensor

1 27.60$           27.60$      

Watertight Conduit
Use Conduit to connect 

to Watertight box
1 49.99$           49.99$      

Watertight Box
Where Electrical 

components are placed
1 59.99$           59.99$      

Total 4,318.29$ 



Time to build calculation

Hours for 
prototype per 
person

Number of 
team members 10
Man hours 4

40
If you are using a voltage regulator, ensure you have wires to connect the input and output sides of the regulator.

Arduino boards operate within a voltage range of 7-12V. Common choices include 9V batteries or rechargeable lithium-ion batteries.

https://www.amazon.com/dp/B07MVRQXFW/ref=sspa_dk_detail_0?psc=1&pd_rd_i=B07MVRQXFW&pd_rd_w=D2Tlj&content-id=amzn1.sym.f734d1a2-0bf9-4a26-ad34-2e1b969a5a75&pf_rd_p=f734d1a2-0bf9-4a26-ad34-2e1b969a5a75&pf_rd_r=HKAM1EDX8504PYCTH2ME&pd_rd_wg=xoT37&pd_rd_r=2249e835-a868-4281-bd48-9c68c768a887&s=industrial&sp_csd=d2lkZ2V0TmFtZT1zcF9kZXRhaWw

https://www.amazon.com/Arduino-A000066-ARDUINO-UNO-R3/dp/B008GRTSV6/ref=pd_ci_mcx_mh_mcx_views_0?pd_rd_w=OhHKm&content-id=amzn1.sym.225b4624-972d-4629-9040-f1bf9923dd95%3Aamzn1.symc.40e6a10e-cbc4-4fa5-81e3-4435ff64d03b&pf_rd_p=225b4624-972d-4629-9040-f1bf9923dd95&pf_rd_r=CANKQ66ZYKGRFASFJGPZ&pd_rd_wg=Is76Z&pd_rd_r=3ae1176d-1930-4149-8181-0432139ec03a&pd_rd_i=B008GRTSV6&th=1

https://www.amazon.com/DWALE-Liquid-Tight-Connector-Electrical-4inch50ft/dp/B0B4C1GL8K/ref=sr_1_1_sspa?crid=2LS5LWC3ED3LI&keywords=watertight%2Bconduit&qid=1707867513&s=electronics&sprefix=watertight%2Bconduit%2Celectronics%2C102&sr=1-1-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1

https://www.merrillmfg.com/products/plastic-float-valve?variant=37642172760253&currency=USD&utm_medium=product_sync&utm_source=google&utm_content=sag_organic&utm_campaign=sag_organic&srsltid=AfmBOoqinHH-6KMTEPhliJ4ryKWx_yHEidDG8NKu_LIP3eTEOFnGKT24V0w#

https://www.merrillmfg.com/products/float-ball#
https://www.merrillmfg.com/products/stainless-steel-float-rod?_pos=3&_sid=fe7478fcd&_ss=r&variant=37642454925501#

https://www.amazon.com/Joinfworld-Electrical-Weatherproof-Waterproof-Electronics/dp/B0CNG5ZQTR/ref=sr_1_6?crid=RZFT99UENE6Y&keywords=watertight%2Bbox%2Bwith%2B4in%2Bopening&qid=1707867569&sprefix=watertight%2Bbox%2Bwith%2B4in%2Bopening%2Caps%2C105&sr=8-6&th=1

https://www.amazon.com/Joinfworld-Electrical-Weatherproof-Waterproof-Electronics/dp/B0CNG5ZQTR/ref=sr_1_6?crid=RZFT99UENE6Y&keywords=watertight%2Bbox%2Bwith%2B4in%2Bopening&qid=1707867569&sprefix=watertight%2Bbox%2Bwith%2B4in%2Bopening%2Caps%2C105&sr=8-6&th=1
https://www.amazon.com/Joinfworld-Electrical-Weatherproof-Waterproof-Electronics/dp/B0CNG5ZQTR/ref=sr_1_6?crid=RZFT99UENE6Y&keywords=watertight%2Bbox%2Bwith%2B4in%2Bopening&qid=1707867569&sprefix=watertight%2Bbox%2Bwith%2B4in%2Bopening%2Caps%2C105&sr=8-6&th=1
https://www.amazon.com/Joinfworld-Electrical-Weatherproof-Waterproof-Electronics/dp/B0CNG5ZQTR/ref=sr_1_6?crid=RZFT99UENE6Y&keywords=watertight%2Bbox%2Bwith%2B4in%2Bopening&qid=1707867569&sprefix=watertight%2Bbox%2Bwith%2B4in%2Bopening%2Caps%2C105&sr=8-6&th=1
https://www.amazon.com/Joinfworld-Electrical-Weatherproof-Waterproof-Electronics/dp/B0CNG5ZQTR/ref=sr_1_6?crid=RZFT99UENE6Y&keywords=watertight%2Bbox%2Bwith%2B4in%2Bopening&qid=1707867569&sprefix=watertight%2Bbox%2Bwith%2B4in%2Bopening%2Caps%2C105&sr=8-6&th=1
https://www.amazon.com/Joinfworld-Electrical-Weatherproof-Waterproof-Electronics/dp/B0CNG5ZQTR/ref=sr_1_6?crid=RZFT99UENE6Y&keywords=watertight%2Bbox%2Bwith%2B4in%2Bopening&qid=1707867569&sprefix=watertight%2Bbox%2Bwith%2B4in%2Bopening%2Caps%2C105&sr=8-6&th=1
https://www.amazon.com/Joinfworld-Electrical-Weatherproof-Waterproof-Electronics/dp/B0CNG5ZQTR/ref=sr_1_6?crid=RZFT99UENE6Y&keywords=watertight%2Bbox%2Bwith%2B4in%2Bopening&qid=1707867569&sprefix=watertight%2Bbox%2Bwith%2B4in%2Bopening%2Caps%2C105&sr=8-6&th=1
https://www.amazon.com/Joinfworld-Electrical-Weatherproof-Waterproof-Electronics/dp/B0CNG5ZQTR/ref=sr_1_6?crid=RZFT99UENE6Y&keywords=watertight%2Bbox%2Bwith%2B4in%2Bopening&qid=1707867569&sprefix=watertight%2Bbox%2Bwith%2B4in%2Bopening%2Caps%2C105&sr=8-6&th=1
https://www.amazon.com/Joinfworld-Electrical-Weatherproof-Waterproof-Electronics/dp/B0CNG5ZQTR/ref=sr_1_6?crid=RZFT99UENE6Y&keywords=watertight%2Bbox%2Bwith%2B4in%2Bopening&qid=1707867569&sprefix=watertight%2Bbox%2Bwith%2B4in%2Bopening%2Caps%2C105&sr=8-6&th=1
https://www.amazon.com/dp/B07MVRQXFW/ref=sspa_dk_detail_0?psc=1&pd_rd_i=B07MVRQXFW&pd_rd_w=D2Tlj&content-id=amzn1.sym.f734d1a2-0bf9-4a26-ad34-2e1b969a5a75&pf_rd_p=f734d1a2-0bf9-4a26-ad34-2e1b969a5a75&pf_rd_r=HKAM1EDX8504PYCTH2ME&pd_rd_wg=xoT37&pd_rd_r=2249e835-a868-4281-bd48-9c68c768a887&s=industrial&sp_csd=d2lkZ2V0TmFtZT1zcF9kZXRhaWw
https://www.amazon.com/dp/B07MVRQXFW/ref=sspa_dk_detail_0?psc=1&pd_rd_i=B07MVRQXFW&pd_rd_w=D2Tlj&content-id=amzn1.sym.f734d1a2-0bf9-4a26-ad34-2e1b969a5a75&pf_rd_p=f734d1a2-0bf9-4a26-ad34-2e1b969a5a75&pf_rd_r=HKAM1EDX8504PYCTH2ME&pd_rd_wg=xoT37&pd_rd_r=2249e835-a868-4281-bd48-9c68c768a887&s=industrial&sp_csd=d2lkZ2V0TmFtZT1zcF9kZXRhaWw
https://www.amazon.com/dp/B07MVRQXFW/ref=sspa_dk_detail_0?psc=1&pd_rd_i=B07MVRQXFW&pd_rd_w=D2Tlj&content-id=amzn1.sym.f734d1a2-0bf9-4a26-ad34-2e1b969a5a75&pf_rd_p=f734d1a2-0bf9-4a26-ad34-2e1b969a5a75&pf_rd_r=HKAM1EDX8504PYCTH2ME&pd_rd_wg=xoT37&pd_rd_r=2249e835-a868-4281-bd48-9c68c768a887&s=industrial&sp_csd=d2lkZ2V0TmFtZT1zcF9kZXRhaWw
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25 Year Cost Estimation

Item Description Units Unit Cost Total
Electrical Valve Soltuion Cost Estimate 

Sloenoid Valve
reoccuring cost - will have to be 

replaced. Lifespan 15 years
2 2,931.17$ 2,931.00$            

Solar Panel
reoccuring cost- replacement 

every 25 years
1 117.00$    117.00$               

Lithium Battery
reocurring cost-will have to be 
replaced. Lifespan is approx. 10 

years
3 1,109.25$ 3,327.75$            

Turbidity Sensor
reoccuring cost - will have to be 

replaced every 5 yrs
5 23.46$       $                  117.30 

Arduino Board
programmed to work with 

turbidity sensor
1 27.60$      27.60$                 

Watertight Conduit
Place Sensor at one end and use 
conduit to connect to Watertight 

box
1 49.99$      49.99$                 

Watertight Box
Where Electrical components are 

placed
1 59.99$      59.99$                 

Total 6,630.63$           

Item Description Units Unit Cost Total
Mechanical Valve Solution

2in Float Valve
Merrill Manufacturing; Replaced 

every 10 years
3 124.00$    372.00$               

Float Rod Merrill Manufacturing 3 5.50$         16.50$                 
Float Ball Merrill Manufacturing 3 27.00$      81.00$                 

Ball Valve
4in Ball Valve need replacing 

every 15 years
4 61.99$      247.96$               

4" PVC Piping
10 ft sections of piping for 

connections from dam to gravity 
feed piping to village

3 23.94$      71.82$                 

Waterproof caulking
caulking to create watertight 

seals
10 9.84$         98.40$                 

5'x15' waterproof pond linin Lining for box interior 1 335.00$    335.00$               
PVC Pipe bends Bends for float valve assembly 4 13.63$      54.52$                 

PVC Pipe reducing couplings To match float valve size 2 13.94$      27.88$                 
Concrete Control box concrete 57 ft^3 10.00$      570.00$               

Hilti Re 500 V4 Epoxy for anchoring rods 4 165.00$    660.00$               

Total 2,535.08$           

25-Year Cost Estimate

25-Year Cost Estimate


