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INTRODUCTION 

     Water is essential to all life on Earth. Humans use water every day for drinking, bathing, 

cleaning, and in many other different ways. However, only 2.5% of the total water on Earth is 

considered fresh potable water, but only 0.775% of this water is accessible to humans (Misachi).  

Contaminated water sources are responsible for nearly 1 million deaths per year (Water.org). 

These contaminants can be anything from bacteria to heavy metals or even radioactive materials. 

This report will explain how the team plans to help mitigate the issues presented with access to 

clean water. This product will be able to supply potable water to rural areas that are not 

connected to municipality utilities, and this product also has the capacity to be used globally in 

the future.  

1 BACKGROUND 

This product is a whole-home water filtration system. It will be installed between the well 

and the water heater, or a softener if one exists. This will benefit houses in rural areas that do not 

have reliable access to municipality utilities. The target population are the elderly who tend to 

live in these homes. This demographic is more susceptible to diseases, and usually will have a 

fixed income with little to no room for extraneous expenses. This filter will be competing with 

products from companies such as Britta, A.O. Smith, and Premier Sales.  

1.1 PROBLEM STATEMENT 

 In some places of the world, there is no access to clean water. The goal of this product 

will be to provide a product that will allow homeowners to have reliably clean water at a low 

cost. The target demographic this product will serve are rural homes, not on municipality 

utilities. Access to clean water is a global issue that is prevalent for many people. However, this 
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issue can never be fully solved, only mitigated. It is important to reduce the exposure to dirty 

water as much as possible because it can have severe health consequences, sometimes resulting 

in death.   

1.2 REVIEW OF EXISTING SOLUTIONS 

 There are three types of readily available solutions to this issue related to the constructed 

filter. The first type of solution are Britta products, which are commonly water pitchers, Figure 

1, or faucet attachment, Figure 2, which both have removable filters. These water pitchers and 

attachments are inexpensive, easy to use, and small. The downside of these systems is that they 

do not filter all the water coming into the home from the water supply.  

 

Figure 1: Britta Pitcher Filter 
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Figure 2: Britta Faucet Filter 

The second type of filtration solution is an A.O. Smith whole home filtration system. 

This is an inline water filtration system that is easy to use and filters all household water. The 

downside is that this filter is relatively expensive at $400.00. This cost does not include any 

replacement filters or installation. This filter also only has a life span of 5 years. 

 

Figure 3: A.O. Smith Water Filtration System 

The third type of existing solution is the Premiere Sales Ultra Filtration Series, Figure 4. 

This is an Inline water filtration system that is easy to use, filters all household water, and is also 

small. The downside to it is that it is expensive, the retail price is $1,890.00. This does not 
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include any replacement filters or installation costs. These filters also have a life span of only 5 

years. 

 

Figure 4: Premier Sales Water Filtration System 

 

2 CONTEXTUALIZED DIAGRAM 

The contextualized diagram shows the filters location within the system. The water 

comes from the well/cistern and goes through the pump then enters the filter. The system was 

placed in this location to achieve the desired whole home filtration. After the filter comes the 

water softener, if there is one installed, then the hot water heater where it finally branches off to 

the respective hot and cold lines. The Contextualized Diagram is shown in Figure 5. 
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Figure 5: Contextualized Diagram 

3 DESIGN CRITERIA 

With the aquifer quality rapidly degrading, access to clean water is essential. Many 

homes that are utilizing well water are inhabited by more elderly people. This age demographic 

is more susceptible to health issues so clean drinking water is necessary for them. This filter will 

provide clean water for an entire home. This filter will produce safe and clean drinking water by 

using activated charcoal as a filtration media. Because activated charcoal has a high surface area, 

impurities can bond to the surface removing them from the water.  

Activated charcoal is also non-toxic and is widely used in hospitals in a process called charcoal 

apheresis. However, the purposeful ingestion of large quantities of activated charcoal is 

unhealthy and can cause GI complications, so design safeguards must be in place. This product is 

intended for use in homes that are not on municipality (city/county) utilities. However, this 

intention does not limit its use to only the intended group. People who live in homes on well or 

cistern water tend to have a fixed income with little flexibility. The filter addresses this issue by 
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being easily and cheaply maintained for the duration of its life. The product has the potential to 

be used globally, not just in its intended demographic. Due to the low complexity of the design 

and readily available materials, it could be produced and adapted to meet nearly all situations 

with relative ease. 

Cost is one of the most impactful components in this design. The team must consider the fact that 

the target demographic tends to be on an inflexible budget. Which means the product must be 

cheap to produce and maintain. 

Performance is the other most important component to this design. The product must be able to 

perform adequately to produce clean and safe water for the duration of its life. 

3.1 EPA RECOMMENDED VALUES  

 While there is no governing body that regulates the quality of water produced by private 

wells in the United States, the EPA does have a published document containing their 

recommended contaminant levels for drinking water. The table has been condensed to the 

contaminants the test strips chosen were able to monitor (Table 1). The table was further edited 

to highlight the values that saw a change in during the testing phase, all others remained zero 

throughout the testing. These values are in Table 1 below. The constructed filter must either 

reduce the contaminant level to meet or exceed the EPA’s recommended values. The method of 

testing we chose was Tespert brand well water testing strips (Figure 24). We chose these because 

this type of method would be more accurate to what a homeowner would do themselves. While 

we could have also sent the samples to the water testing lab on town for a more accurate testing, 

there were several factors that kept us from doing this; having the state test the water samples 

was very costly at $40.00 or more, the lab that we have access to only tests a few different 

containment levels, and the test results could have taken months to get back.  
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Table 1: EPA Recommended Maximum Allowable Contaminants 

Contaminant Maximum allowable (ppm)  

Nitrate 10 

Nitrite 1 

Total Hardness N.A. 

Free Chlorine 4 

Total Chlorine 4 

Bromine 1 

Micro-Plastics (MPS) 0 

Copper 1.3 

Iron 0.3 

Lead 0 

Nickle 0.1 

Sulfite 250 

Cyanuric Acid 200 
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Carbonate 180 (suggested) 

Total Alkalinity 30-400 (suggested) 

pH 6.5-8.5 (suggested) 

 

3.2 DESIGN CRITERIA MAIN POINTS 

 

 With these factors in mind, the project’s evaluation was set to these three points: 

1) Must cost under $350.00. 

2) Must remove all tested contaminants. 

3) Make safe, drinkable water.  

4 CONCEPTUAL DESIGN 

 This will be a pressurized water filtration system constructed entirely out of PVC that 

conforms to the NSF/ANSI 61 standard regarding material used for potable water systems. This 

system can also mate with any different pipe material with the correct connectors. For example, 

these materials could include PVC, CPVC, PEX, copper or any other materials. Due to the 

system being located on the trunkline, before any water softeners or heaters, it will provide clean 

water to an entire home, not just one outlet.   
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4.1 CAD ASSEMBLED SYSTEM DESIGN 

 This is a fully assembled system as a CAD model. In the pictures below (Figures 6,7) the 

water flows from left to right, as indicated by the blue arrow.  

 

Figure 6: Fully Assembled System Design 

4.2 CAD CONSTRUCTED FILTER BODY. 

The constructed filter body is comprised of 8 components: two 6-inch to 1-inch PVC 

reducer bushings, a water diffusion plate, two 6-inch PVC couplers, one 6-inch gravity drain 

line, and one puck filter screen and its associated holder. The water will flow from left to right as 

indicated by the blue arrow.  
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Figure 7: Constructed Filter Body 

4.3 DIFFUSION PLATE AND SCREEN HOLDER 

These components are the diffusion plate and screen holder which are found inside the 

constructed filter body. The filter screen used is a 304 stainless steel espresso puck screen with a 

mesh fineness of 100µm and maximum rated pressure of 20bar. This screen was optimal due to 

its readily availability, low cost, corrosive resistance properties, mesh fineness, and ultimate 

strength.  

 

 

 

 

 

 

 

 
Figure 9: Water Diffusion Plate Figure 8: Puck Filter Screen 

Holder 



 

15 

 

4.4 A.O. SMITH LARGE SEDIMENT FILTER 

 The A.O. Smith Large Sediment filter is intended to catch any filtrate blowby if there is a 

puck filter screen failure. Having the large sediment filter installed after the charcoal filter can 

also allow for the homeowner to visually inspect the water quality being produced as well as 

diagnose any major problems. While the manufacturer states the life of these filters is only six 

months, this is due to the filter filtering out all contaminants, not being the secondary filter. Due 

to this the filter will last longer than 6 months. 

 

 

Figure 10: A.O. Smith Large Sediment Filter 

 

4.5 BALL VALVES AND PRESSURE GAUGES 

 There are two 1-inch ball vales that allow the homeowner to isolate the filter from 

the rest of the home for service with minimal water loss. There are also two pressure 
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gauges within the system. These gauges were strategically placed to allow for the 

monitoring of the system’s internal conditions and diagnose any major issues.  

 

Figure 11: 1-inch PVC Ball Valve 

 

Figure 12: Pressure Gauge 
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5 SYSTEM HIERARCHY  

The system hierarchy has two main components, each with their own sub-assemblies. 

The housing component consists of piping and hardware. The filter component consists of the 

charcoal filtrate, diffusion plate, and the filter screen.  

 

Figure 13: System Hierarchy 

5.1 HOUSING SUBASSEMBLY 

 The systems housing is comprised of the pipe feeding the system, the hardware holding 

the filters together, and the specifications that go along with the housing subsystem. 

5.1.1 Pipe 

 The pipe sub-assembly is comprised of several different components. The components 

are as follows: One 18 inch long, 6 inch wide, SDR 35 Gravity drain line for the filters main 



 

18 

 

body. 10 feet total of 1 inch schedule 40 PVC pipe. Two 6-inch to 1-inch PVC bushing reducers. 

Two 6-inch PVC couplers, attaching the reducer bushing to the 6-inch filter body. 

5.1.2 Hardware  

The hardware sub-assembly is also comprised of several different components which are 

as follows: Two 1-inch PVC ball valves. Two single dial pressure gauges to read inlet and outlet 

pressure. One A.O. smith off the shelf large sediment filter to catch any possible blow by from 

the charcoal filter.  

5.1.3 Specifications 

The specifications for all components used in the housing are as follows: According to 

Charlotte Pipe, their 6-inch SDR 35 Gravity drainpipe has a burst pressure of 117.5 psi. The 1-

inch schedule 40 PVC pipe is rated for 450 psi for cold water. The 1-inch ball valve is rated for 

150 psi for cold water. The pressure gauges are rated for a maximum of 200 psi. While SDR 35 

piping is not approved for potable water usage, it was selected for the purpose of prototyping to 

its lower cost and because it was readily accessible in 24-inch segments where the NSF approved 

piping was sold by 20-foot segments. In a real installation the filter will conform to NSF/ANSI 

61, which is the standard that governs the materials to be used for potable water. 

5.2 FILTER SUBASSEMBLY 

The filter is comprised of charcoal filtrate, a diffusion plate, and a filter screen. These 

objects are held within the systems housing of the low-cost water filter. 

5.2.1 Charcoal Filtrate 

The filtration media is activated charcoal. Activated charcoal is widely used as a filter 

media for water filtration. The charcoal was crushed to a volume of 0.5 cubic-inches or smaller. 

It was then activated, by soaking in lemon juice and water, over a period of a week then loaded 
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into the filter body. There are a multitude of ways to activate charcoal, but this was the easiest, 

safest, and cheapest way to do so (wanow M). 

5.2.2 Diffusion Plate 

  A diffusion plate was added on top of the charcoal filtrate to even disperse the water 

across all the filtration media. This also regulates the pressure and helps mitigate channeling, 

which would decrease the effectiveness of the filter. The diffusion plate itself was 3D printed 

using ASA with a 50% infill using a gyroid pattern. A Gyroid pattern was chosen because this 

infill type provides support on all walls and faces. ASA was chosen as the material because it is 

highly resistant material.  

5.2.3 Screen 

The screen chosen was a 304 stainless steel espresso screen with a fineness of 100µm. 

This screen is designed to be used at pressures up to 20-bar and is reusable. When the 

homeowner services their filter, this screen can be easily removed, cleaned, and reinstalled. 

6 FULLY ASSEMBLED SYSTEM 

This is the fully assembled system. The water flows from left to right. The water Feeds in 

from the hose on the left side where it passes through the ball valve, then the inlet side pressure 

gauge, our constructed filter, the A.O. Smith large Sediment filter, the outlet pressure gauge, the 

final ball valve. 
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Figure 14: Constructed Filter 

7 SYSTEM TESTS 

The Low-cost water filter system had three separate tests ran on it, these tests showed its 

strengths of reaching desirable psi levels, filtering out contaminants, and making clean, drinkable 

water. It also showed its failure analysis in action.  

7.1 SYSTEM TEST ONE AND RESULTS 

 Test one was completed by running water through the testing pipe to ensure that the 

system will reach at least 40psi before it would be attached to the filter body. The parts used 

within this test include a PVC adapter to connect the pipe and hose together, a ball valve to 

regulate and build pressure, and a pressure gauge to read the pressure. The result of this test was 

48 psi, which is in between the normal 40- 60 psi (Gallagher) that wells within a home produce. 

7.2 SYSTEM TEST TWO AND RESULTS 

Test two consisted of gluing and cementing the system together and running an initial test 

to make sure water would pass through the system. Once the water passed through the system 

without breaking any of the joints, water was collected in a glass mason jar, and noticed the 

water was a dark grey color. So, the water ran longer to clear this charcoal residue. Once the 

water was clear, another sample was collected, and tested, in this test it was noticed that the pH 
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had lowered, compared to the spigot. The water ran for another 5 minutes and was tested. The 

results are shown below in Table 2. After the water was tested and showed all allowable 

numbers, the team taste tested the water, and found that the water was very drinkable, other than 

the initial charcoal flavor, the flavor will dissipate after running the water, which this is expected 

with any carbon-based filter in the very beginning.  

As the pH lowered and became better, there was a drop in cyanuric acid carbonate and 

alkalinity, the numbers are shown in Table 2 below.  

7.2.1 Test Results 

 This is the spigot baseline and Britta test results compared to the low-cost filter test. The 

filter is labeled constructed filter, and as you can see, the pH is the lowest of all the other 

baselines, and compared to the water from the spigot, the day of the test, hardness, carbonate, 

and alkalinity have all lowered also. Once again this is all that was tested due to the other 

contaminate levels remaining zero throughout the duration of the test. 

 

Table 2: Testing Results 

Contaminate 

Spigot 

Baseline 

Britta 

Constructed 

Filter 

Maximum 

Allowable 

Total Hardness 120 0 50 N.A. 

Sulfite 0 0 0 250 

Cyanuric Acid 0 0 0 200 
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Carbonate 240 180 180 180 (suggested) 

Total Alkalinity 240 120 180 30-400 (suggested) 

pH 8 7.6 6.8 6.5-8.5 (suggested) 

 

7.3 SYSTEM TEST THREE AND RESULTS 

Test three consisted of digging dirt from Dr. Ely’s yard and mixing it with water in a 

50/50 mixture. This mixture is called a “dirt slurry.”  The dirt slurry (2 containers) was poured 

into the hose attachment on the testing pipe shown below in Figure 14. The hose was then 

connected back on the hose attachment. 

 Water was run through the system for 30 seconds, to clear the old, already tested good 

water, out of the system. Once the 30 seconds mark was achieved, a water sample was taken. 

This sample was not yet clear, so it was tested after 60 seconds. At this point the water became 

clear, drinkable water that had no increase in the amount of tested for contaminants within it. 

This water also tasted better than the previous, charcoal flavored water originally tasted in 

System Test 2.  

 The team believes that there was no change of contaminants within the test due to the test 

strips only testing for inorganics and heavy metals and inorganics, which are what most common 

households test for, not the organic items placed into the system.   
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 This test also showed a failure of the system. The system had 2 pressure gauges that read 

inlet and outlet pressure. If one of these spikes or drops there could be an error within the filter 

body. While performing this test, the outlet pressure gauge dropped significantly, which resulted 

in a clogged system. This clog could be from digging up a rock, a piece of grass, or even a tiny 

stick. All these factors could have been the reason for the pressure drop. Due to having a change 

of parts from what was ordered, the filter body would have needed to be cut open to diagnose the 

issues.  

 

Figure 15: Dirt Slurry 

7.4 SYSTEM TEST 3 WATER APPEARANCES 

As mentioned above, the supply side pipe of the pipe was filled with a dirt slurry to test the filter’s 

capability. This method of testing is more extreme than a well would probably ever see as it simulates a total 

well integrity failure, or cave-in. After introducing the slurry and allowing the filter to push out the existing 

clean water, there was a major difference in the water clarity within 30 seconds and 1 minute. 
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Figure 16: Filter Time Milestones 

8 BUDGET 

 The University gave the project a total budget of $500.00, with a goal to produce the 

prototype for less than $350.00 (Table 3). The team succeeded in completing the project under 

budget with a total of $322.24, even with the extra components included. There is also an actual 

instillation estimate from a local plumbing company, Altstadt Hoffman Plumbing, of $140.00. 

There was then a cost estimate for a live installation, which excludes the extra components, 

materials, and uses the materials that conform to the NSF/ANSI 61 standard which governs the 

materials used for potable water (Table 4). This expected actual costs table also includes the 

estimate installation fee from the plumbing company. 
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Table 3: Prototype Costs 

Item (Prototype Costs) quantity cost ($) 

PVC Adapter T 2 6.22 

Teflon Tape 1 0.89 

Ball Valve 2 9.8 

PVC Adapter 1 1 1.65 

PVC Adapter 2 2 4.22 

PVC Reducer Bushing 2 84.98 

A.O Smith Filter Housing 1 29.99 

PVC Purple Primer 1 9.27 

IO-ft. PVC Pipe 1 7.56 

Pressure Gauge 2 23.96 

Lump Charcoal (hardwood only) 1 13.47 

100% Lemon Juice (1.8L.) 2 12.96 

ASA Filament 1 20.79 
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A.O Smith Sediment Filter 1 16.99 

6-in. PVC Gravity Drain Line 1 15.27 

All-Purpose Cement (PVC) 1 10.28 

Espresso Screens 2 25.48 

NDS 6-in PVC Coupling 2 16.76 

¼-in. x ½-in. Threaded Male Adapter Bushing  2 11.7 

 

    

 

Total Cost 322.24 

 

Table 4: Expected Actual Costs for Live Install 

Item (Expected Actual Costs) quantity  cost ($)  

PVC Adapter T 2  $          6.22  

Teflon Tape 1  $          0.89  

Ball Valve 2  $          9.80  

PVC Adapter 1 1  $          1.65  
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PVC Adapter 2 2  $          4.22  

PVC Reducer Bushing 2  $        84.98  

A.O Smith Filter Housing 1  $        29.99  

PVC Purple Primer 1  $          9.27  

4’ PVC Pipe 1  $          3.02  

Pressure Gauge 2  $        23.96  

Lump Charcoal (hardwood only) 1  $        13.47  

100% Lemon Juice 2  $        12.96  

ASA Filament 1  $          2.00  

A.O Smith Large Sediment Filter 1  $        16.99  

PVC DWV PE Solid Core Pipe 1  $        12.30  

All-Purpose Cement (PVC) 1  $        10.28  

Puck Filter Screens 1  $        12.74  

NDS 6-in PVC Sewer and Drain Coupling 2  $        16.76  

1/4in x 1/2in Threaded Male Adapter Bushing  2  $        11.70  
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  Parts Cost  $      283.20  

  Install Cost  $      140.00  

  Total Cost  $      423.20  

 

9 CAPITALIZED WORTH OF EQUIVALENCE 

 The calculated capitalized worth of equivalence for the constructed filter compared to 

competitive products was built. Capitalized worth equivalence was chosen over an A/P 

calculation because capitalized worth is more commonly used for permanent installations and 

construction projects where they have an “infinite” life. The initial costs and replacement costs 

of each system were found by visiting the manufacturer’s suggested retailer’s website and 

pricing the replacements out and applying the $140.00 installation quote to each system, except 

the Britta. Each system, except the Britta, has a manufacturer suggested life of no more than 5 

years. It is also estimated that the constructed filter will also have a life of 5 years. The produced 

filter also priced, at the time of this documents creation, that a homeowner could buy 5lbs of 

activated charcoal for $24.00, which is roughly the amount of filtrate the filter system used. To 

address Brittas’ short life, which the manufacturer states last no more than two months, which 

calculated the cost of replacements every two months for five years. This allows the team to 

make an equitable comparison. Table 5, shown below shows that the constructed filter system is 

significantly cheaper over an “infinite” life. These calculations were performed using a federal 
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interest rate, at the time, of 3%. Additionally, the price of the prototype was used in this 

calculation instead of the expected actual costs because these were real costs, not theoretical.  

 

Table 5: Capitalized Worth of Equivalence 

Filtration 

System 

Initial Costs ($) Replacement 

Costs ($) 

Capitalized 

Worth ($) 

Our Filter 462.24 24.00 612.96 

Britta 33.58 189.67 1,226.71 

A.O. Smith 540.00 540.00 3,931.20 

Premier Sales  2,030.00 2,030.00 14,778.40 

 

10 EVALUATION CRITERIA 

 The project exceeded the evaluation criteria set for it. It was well under the $350.00 

budget limit and filtered out all the tested contaminants nearly as efficiently as the 12 stage Britta 

filter.   
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11 PROJECT CHALLENGES 

 Several challenges were faced in this project due to wrong components, poor 

manufacturing, and missing orders. These issues caused the project to take longer to complete, 

however were easily overcome. 

11.1 WRONG COMPONENTS 

The reducers ordered for this project were 6-inch to 1 inch with a certain style. The 

company shipped 6-inch to 2-inch reducers with a 2-inch to 1-inch reducer plastic welded into it. 

Which was also a different style than what was originally ordered. Because of this change the 

proto prototype became solid and glued, rather than removable and clamped, which added two 

extra components. If the project was to be reconstructed, it would need to have the original 

components ordered. 

11.2 FAULTY COMPONENTS 

 The pressure gauges that received were not assembled in the same manner. The first 

gauge that was fitted to the pipe was easy to separate from its accompanying nut. The second 

one, however, had red Loctite on the threads locking it together. The team broke it trying to get 

the gauge and nut apart which halted testing until a new one could be purchased.  

11.3 SHIPMENTS 

There was also a shipped order that was delayed from distributions for several days. This 

slowed down the building stage significantly. After the package was received, it appeared to 

have destroyed threads on one of the socket adapters, which was required for this component, 

which made the adapter totally unusable.  

Even though there were several challenges faced, the team was able to adapt to them, and 

get the prototype finished on time and within budget. 
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APPENDIX 1: SCHEDULE 

 

Figure 17: Project Schedule 
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APPENDIX 2: FMEA 

 

Figure 18: FMEA 
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APPENDIX 3: PIPE SPECIFICATION 

A

 

Figure 19: Spears Dimensions and Pressure Ratings (Spears manufacturing) 

 

 

 

 

 



 

35 

 

APPENDIX 4: NATIONAL PRIMARY DRINKING WATER REGULATIONS 

 

Figure 20: EPA Water Regulations 1 (Enviornmental Protection Agency) 
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Figure 21: EPA Water Regulations 2 (Enviornmental Protection Agency) 



 

37 

 

 

Figure 22: EPA Water Regulations 3 (Enviornmental Protection Agency) 
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Figure 23: EPA Water Regulations 4 (Enviornmental Protection Agency) 
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Figure 24: EPA Water Regulations 5 (Enviornmental Protection Agency) 
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Figure 25: EPA Water Regulations 6 (Enviornmental Protection Agency) 
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Figure 26: EPA Water Regulations 7 (Enviornmental Protection Agency) 
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APPENDIX 5: WATER TESTING STRIPS  

 

Figure 27: Tespert Well Water Test Strips 
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APPENDIX 6: PHOTOS 

 

Figure 28: Photo Documentation 1 

 

Figure 29: Photo Documentation 2 
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Figure 30: Photo Documentation 3 

 

Figure 31: Photo Documentation 4 



 

45 

 

 

Figure 32: Photo Documentation 5 

 

 


