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Abstract 

This project aimed to capitalize on a future trend in housing that allows for new sustainable 

housing solutions. Due to advancements in the virtual workplace catalyzed by COVID-19, 

virtual work and virtual work platforms have been normalized, allowing people who live in cities 

greater flexibility in where they choose to live. Many companies, including Facebook, Google, 

and Microsoft, have implied that they will likely keep remote work as an option indefinitely, 

allowing for increased flexibility in workers’ living situations. This change allows for employees 

to venture outside of the city to suburbs or even rural areas. The goal of this project was to assess 

one possible sustainable living option given this likely trend: a suburban tiny home community. 

The scope of this project included the design of a model tiny home structure, the design of water 

resource systems to meet in-home community water demands, the municipal design of the 

development, and a construction cost estimation of a single tiny home. It did not deeply explore 

further details such as the electricity or agriculture, which may be expanded upon in future 

iterations of this project. 
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Introduction 

In the era of climate change, the consequences of 200 years of unregulated 

industrialization are becoming increasingly known and understood. It is widely accepted among 

scientists that climate change is a human issue and that it must be wholeheartedly addressed [1]. 

If climate change continues to accelerate, sea levels will rise, agricultural crops and drinking 

water will become sparser, and natural disasters will grow more common and extreme [2]. The 

effects of climate change call for a fundamental change in societal living norms. Carbon Dioxide 

emissions must be severely decreased and more sustainable habits must be widely adopted [3].  

One roadblock in finding sustainable solutions to the problem of overuse is the 

unsustainable infrastructure of cities. In his paper about sustainability and urban infrastructure, 

Tomaz Dentinho, an expert in environmental economics, argues that cities that grow without 

centering sustainability suffer from the ‘tragedy of the commons’ [4]. There are two contributing 

factors to this: first, when people are separated from the source of their water and power and 

have no reason to regulate their use, they tend to use freely [4]. Second, when a large population 

is concentrated in a small area, the land cannot provide for everyone unless resources are 

renewed at the rate of use. The result, Dentinho says, is resources being used at a higher rate than 

the surrounding environment’s ability to supply these resources [4]. Since so many people living 

in cities already rely on these unsustainable urban infrastructures, it is difficult to make 

significant shifts in city living standards. While there is great work being done in the field of 

green infrastructure to make cities more sustainable, there is also room to look outside the city to 

something that centers sustainability in its conception instead of attempting to reform deeply 

unsustainable practices. 
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The idea of a modern sustainable community has not yet been normalized to the point 

where it is seen as a viable alternative to city living. This is largely due to the fact that most 

economic activity takes place within the city, forcing most people who are aiming to work in a 

lucrative job sector to look towards the city [5]. However, since the COVID-19 pandemic, 

remote work has become much more common. In many cases, the option to work remotely will 

remain indefinitely, allowing many people who previously needed to live in cities for work to 

migrate elsewhere while experiencing the same job market [6]. This creates a potential market 

opportunity for suburban housing communities. Mixed with the problem of climate change, this 

potential market is also an opportunity to center sustainability. 

An off-grid, suburban tiny home community tackles the intersection of climate change 

and the added living flexibility many are experiencing due to COVID-19. Designing self-

sufficient communities of small, sustainable tiny homes in suburban areas combats climate 

change while capitalizing on the changes society is experiencing due to the global pandemic.  

Overall, the community’s methods of obtaining their water, power, and food and how the 

community will be organized with respect to transportation and community living must all be 

addressed.  

  This project looked at creating an outline of a tiny home community that can be 

replicated in a variety of locations. The design for this project focused on the criteria and 

challenges of the area around the city of Seattle. Overall, the goal of this project was to 

determine what it would look like to design a tiny home development from the ground up. This 

report aimed to assess the design options for a community of this nature and the difficulties and 

limitations that a project like this might face in future iterations. It focuses on Seattle and its 

suburbs because the wet environment allows for more water resource options. By analyzing this 
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situation, other engineers or groups continuing this project in the future may take the findings 

and create a set of solutions to meet a community’s demands in different climates. If a group 

were to pick up where this project leaves off, they could apply its findings to a specific location 

they decide to develop. This means they will be able to look at the demands of the development 

and easily determine what methods of water collection, construction, etc. to use based on the 

restraints of the location’s climate. The scope of this project looks specifically at shelter, in-home 

water use, and municipal design. The scope of the overall project is significant, so further aspects 

of the development such as food, electricity, and fire safety will be left for future iterations of the 

project to determine.  

To begin designing a development, a variety of parcels near Seattle were considered. The 

goal was to find a large, relatively flat piece of land that could be effectively divided into equally 

sized smaller lots. Ultimately, a 68 acre parcel of land about 40 miles outside of Seattle was 

chosen (Figure 1 and Figure 2). The geography of this parcel was analyzed to determine the best 

methods of meeting the needs of community members. For in-home water use, rainwater 

catchment and well water proved to be capable of meeting water demands. For the structure of 

the tiny house, a 250 square foot (ft²) single story tiny house was chosen to accommodate for the 

needs of having enough space to work remotely, as well as ensuring it to feel as home-

welcoming as possible. The tiny house will be constructed out of timber because it is the most 

cost effective and most sustainable material for the scale of the full project.  
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Figure 1: Outline of the Parcel.  

 

Figure 2: Location of the Parcel.  
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Comparative Alternative Analysis 

In deciding on a location, the goal was to pick a region that matched the intentions of the 

project and allowed for as many design options as possible. To do this, three general locations 

were considered: Chicago, San Jose, and Seattle. Table 1 shows an alternative analysis of the 

three (3) locations. In this analysis, each option was ranked from best to worst, with the number 

1 representing the best choice in that category and the number 3 representing the worst. Next, 

each criteria was given a weight of importance. Availability of water and potential for remote 

work were each given a weight of 2x because of their relevance to the goals of this project. 

Finally, the ranks for each alternative were summed, with the lowest total score representing the 

best option. 

Table 1: Comparison of Potential Locations. 

 Availability 

of Water 

(2x) 

Potential for Remote 

Work (3x) 

Cost Hazard 

Possibility 

Totals 

Chicago 1 3 1 3 14 

San Jose 3 1 3 2 14 

Seattle 1 2 2 2 11 

 

After adding the rows, the greater Seattle area was chosen as the most favorable location 

to design the desired community. Most importantly, Seattle experiences a significant amount of 

rainfall and is a hotspot for jobs in the tech industry [7]. San Jose has even more potential for 

remote work with Silicon Valley nearby, however the lack of options for water resources vastly 

decreases the feasibility of a self-sustaining community. Chicago’s lesser potential for remote 

work made it a less favorable option despite its water availability [8].  
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With the location chosen, there were three main pieces within the scope of this project: 

the structural design of the homes, water resource systems, and the municipal layout of the 

development. Alternatives will be compared for each aspect of the project in the following 

sections. 

Structural Alternative Analysis 

The structural design of the homes were designed to meet the accommodations of 

someone who is working in tech related industries or any company that has allowed their 

employees to work remotely from home. This means that employees can live in tiny homes away 

from the city, but at the same time feel like the tiny house has everything that a normal house in 

the city would provide for them.  

When designing the tiny houses, the primary material that was decided on was timber. 

Using timber would not only tackle the issue of civil engineers combating climate change, but 

also through research on price comparison between steel and concrete, timber was a more cost 

effective choice. Both the architectural and structural design of the house was pretty simple. 

Each tiny house was designed to be 250 square feet (ft
2
). Each tiny house would include space 

for a living room, kitchen, full bathroom, and a bedroom.  

As society increasingly progresses towards advanced technology, more and more carbon 

embodied materials are being used. The result of society progressing has caused a major issue in 

today’s world. That issue is climate change. The design of the tiny homes in this project not only 

focuses on creating an opportunity for those that have been impacted by COVID-19 in relation to 

their work, but also more importantly, tackle the issue of climate change. There are currently 

very few mainstream sustainable living options. The infrastructure in cities is very outdated and 

unstainable. Furthermore, it is difficult to make significant changes in city infrastructures due to 
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many people relying on these outdated infrastructure. Due to these reasons, the choice of 

designing the tiny house out of timber is a solution that will center sustainability from the start.  

 Timber has an advantage over other materials such as concrete and steel. By using timber 

to design the tiny houses, it allows for residents to reduce the amount of carbon footprint on 

society. This is due to the fact that timber naturally stores carbon but at the same time avoids any 

greenhouse gas emissions. In modern engineering, most skyscrapers are made of steel. This is an 

issue because steel produces about 8% of the global CO2 emissions. A single story house built 

out of steel averages at about 40-45 tons of steel. However, since these homes are tiny houses 

and not regular sized houses, a rough estimation of about 15-20 tons of steel would be used. For 

each ton of steel being used, approximately 1.85 tons of CO2 is being emitted into the 

atmosphere. For each tiny house, if it were to be built out of steel, it would generate up to 37 tons 

of CO2. However, by designing and building these tiny houses out of timber, the timber, instead 

of emitting, essentially sequesters at a minimum of 37 tons of CO2 per tiny house. Sustainability 

was not the only deciding factor in why timber was chosen to design the tiny homes. Table 2 

below provides a comparison with a ranking system from 1-5, 1 being the best and 5 being the 

worst, between the different types of materials that were considered based on the following 

requirements. 

Table 2: Comparison of Potential Building Materials. 

 Sustainability Cost (low cost) Difficulty(constructability) Total 

Timber 2 2 1 5 

Steel 5 5 4 14 

Concrete 3 4 3 10 
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As seen in Table 2 above, timber exceeds in not only sustainability over steel and concrete, but 

also in being the most cost effective and being the material that requires the least amount of skill 

to build with. After comparing the three different alternatives, timber was chosen to design the 

tiny house. 

Water Resources Alternative Analysis 

For the water resource system, there were a few options for systems to meet the demand 

of the development. Given that the parcel is not located in a city water district, the collection 

system must be off the grid. This left the options of rain water, surface water, groundwater, 

snowmelt, and sourcing water from outside the development (trucks bringing water to the 

development). In terms of sustainability, self sufficiency is important, and it is unreasonable to 

bring water in from outside the development if demands can be met from within. For this reason, 

bringing water from outside was seen as a last resort for when there was no way to meet 

demands with the water that flows through the bounds of the parcel. Another option that was not 

explored deeply in this context was snowmelt. Monroe, the closest town to the parcel, 

experiences only three (3) inches of snow per year, meaning snowmelt is not a viable option in 

meeting water demands. This left rainwater, groundwater, and surface runoff. All of these were 

viable options in the context of the development, however surface runoff was not explored in this 

project because a pre-existing well, capable of meeting all demands, was found on the parcel. In 

the future, surface water may be considered in meeting other water demands, such as fire safety 

or irrigation. This project covers a rainwater collection and storage system and a well water 

system to meet in-home demands.  

Another set of alternatives that were explored in order to understand the design criteria 

for the water resource systems of the development was sewage management. The three options 
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were a septic system, composting toilets, and tying into the grid. Table 3 shows an alternative 

analysis between these three options. This analysis was done with the same scoring convention 

as Table 1, ranking each alternative from 1 to 3, assigning weights to the scoring criteria, and 

summing up totals to find the lowest score. Water use was given a 1.5x weight due to the 

emphasis this project places on sustainability. Cost, constructability, and lifespan were all given 

an even weight of 1x. Usability was given a weight of 3x as it proved extremely difficult to 

justify making a decision for users that greatly impacts their experience when compared to living 

outside development. In other words, the difficulty of use associated with composting toilets was 

too much to expect the average resident to accept.  

Table 3: Toilet Alternative Analysis.  

 Water 

use 

(1.5x) 

Cost Constructability Usability 

(3x) 

Lifespan Totals 

Septic 3 2 2 1 1 11.5 

Composting 1 1 1 3 2 14.5 

Tie-in 3 3 3 1 1 12.5 

 

After adding each row, the septic, composting, and tie-in toilets received scores of 11.5, 

14.5, and 12.5 respectively. Since the septic system had the lowest score, it was deemed the best 

option. As mentioned, while the composting toilet is extremely easy to implement and uses no 

water, its unfamiliarity and the general dislike of human waste made it unreasonable to expect 

the average person to use it. Since tying into the grid would require the construction of a new 

sewer line and the parcel is thousands of feet from the nearest line, it is by far the most expensive 

and difficult to implement option. Since the development is relatively small, septic toilets are a 

better option than tying into the grid. Given the sustainability benefits of composting toilets, 

residents should be given the option to use composting toilets. That is, it should not be a given 
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that a septic system will be installed in constructing every house. In estimating the demand of 

each house and the community at large, however, a septic system was assumed to be installed at 

each house. 

Municipal Alternative Analysis 

The municipal portion of this project had many alterations during its design. Towards the 

very beginning of the project, there was a great deal of deliberation on the location of the 

community. The greater Seattle area was eventually chosen and potential parcels were ranked by 

their attributes. Initially there was one other parcel that a basic municipal layout was drawn for. 

However, this parcel was deemed less desirable due to price, existing foliage, and water 

availability. Once the team chose the final plot of land, there were two versions of the lot layouts, 

one with 100 lots and one with 70 lots. The 70 lot layout was chosen because the amount of 

water required to service 100 houses was not feasible given the rainwater runoff amounts and 

well drawdown times. An added benefit of the 70 lot layout was that it gave the residents two 

recreation and community areas that could also be developed in the future. These areas also 

house the well, well-water storage, and the pond which provide water for the community. 

Choosing the 100 lot layout would not only give the community no place to expand, but it would 

also mean more water consumption which would put strain on the water system. This would 

mean having to transport water at various times when the community was running low, which 

would create higher homeowners association fees as well as being a less sustainable design. The 

choice of the 70 lot design also allowed the team to have room for multiple bioretention ponds 

that service the property.  

The drainage system for the community was a challenge due to the lack of a municipal 

storm drain system as well as a close proximity to the Snohomish River. The team looked into 
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many filtration options including different types of sand filters and even having a small filtration 

system. However, these options were either not adequate in decontaminating the runoff or too 

expensive to be viable. In the end, a bioretention swale was chosen which combines 30 inches of 

engineered soil and aggregates in order to effectively filter the contaminated runoff from the 

community. Initially the bioretention swales were situated on the western and south western 

edges of the community. However, these locations were designated as being too close to the 

river, and the team decided to not risk any unforeseen pollution so the swales were then moved 

to the north eastern side of the property. The different iterations of the property layout was a 

struggle but ended up helping the final design become even better through trial and error.  

 

 

Design Criteria & Standards 

Structural Design Criteria & Standards 

Each tiny house will be 250 square foot (ft²), and will include a kitchen/living room, a 

bathroom, and a bedroom. The tiny houses will have a sloped roof to assist with the rainwater 

catchment that will be discussed later in this report. The interior of the tiny house was designed 

to provide a livable and workable home for tech employees that have chosen to work remotely 

and also want to reduce their carbon footprint on society. The design of the interior tiny house 

can be seen below in Figure 3. 



 

12  

 

Figure 3: Floor plan of tiny house. 

To assist the design for the tiny house, a list of resources were utilized. These sources 

include; 2018 National Design Specification for Wood Construction [9], California Building 

Code [10], Special Design Provisions for Wind & Seismic (SDPWS) [11], Seattle SDCI - Seattle 

Building Code [12], Design of Wood Structures ASD/LRFD - 6th Edition [13], and the ASCE 7-

16 [14].  

During the design phase of the house, the members chosen for the framework of the 

houses were all based on calculations as shown in Appendix E-M. In terms of design for gravity 

loads, dead load was calculated as shown in Appendix E by taking into consideration the weight 

of the roof rafters along with plywood over the roof rafters and a sheet metal on top of the 

plywood to assist with rainwater catchment. For the wind load, using the ATC Hazard by 

Location that is developed by the Applied Technology Council located in Redwood City, 

California [15], the maximum wind load of 98 miles per hour (mph) for a risk category 2 was 

chosen for the plot of land in Snohomish County. The exposure that was used for the calculation 

was exposure C due to the openness of the parcel that was chosen. Using these data, the 

maximum wind speed from both north-south and east-west directions were calculated to be 15.3 
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pounds per square foot (psf) per ASCE 7-16 [14]. The worst case total wind shear was calculated 

to be 6.24 kips at the roof as shown in Appendix I. 

 

Figure 4: Wind load values for chosen parcel. 

 

 In terms of the seismic load, after carefully looking through the PDS Map Portal provided by the 

Snohomish County Planning and Development Department [16], it was determined that the soil 

site class of the chosen parcel was soft clay soil. This meant that the classification of the soil type 
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would be type E. This type of soil is difficult to work with and would not typically be 

recommended to build on because of how susceptible to moisture fluctuations. Clay will expand 

when it becomes wet and contract when it is dry. Building on type E soil will ultimately result in 

having deeper footings, use of drilled piers and even pre-tensioned slabs. However, because the 

class of the soil was determined midway through the project, choosing a different parcel was not 

possible. With the given information on the parcel, similar to the wind load calculations, the 

address and data collected was plugged into the ATC Hazardby Location provided by the 

Applied Technology Council [15] to determine the necessary values to determine the seismic 

spectrum parameters.  However, due to the site classification, only the ground motion (Ss) and 

(S1) values were provided. This meant that the other basic seismic parameters such as the site-

modified spectral acceleration value (SMS) and the numeric seismic design values (SDS and SD1) 

were determined by using ASCE 7-16 Chapter 11 & 12 [14]. To begin determining the missing 

seismic parameters, the site coefficient (Fa) was determined to be 0.9 by using Table 11.4-1 in 

the ASCE 7-16 Chapter 11 [14]. After determining the site coefficient, the site-modified spectral 

acceleration value (SMS) and numeric seismic design value (SDS) can be determined by referring 

to ASCE 7-16 11.4.3 and ASCE 7-16 11.4.4 [14] respectively. The site-modified spectral 

acceleration value (SMS)  was calculated to be 1.148 by multiplying the site coefficient (Fa) and 

ground motion (Ss). The numeric seismic design value (SDS) was calculated to be 0.765 by 

multiplying the site-modified spectral acceleration value (SMS) by two-thirds.  These calculations 

can be seen in Appendix J. Using the seismic parameters from ATC Hazard by Location along 

with the calculated seismic parameters, the total seismic weight estimate that included the weight 

of the roof and walls was 1.455 kips.  
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 Though the design of the tiny homes were fairly simple, all the calculations were 

calculated by hand so that going through the process would be considered a learning experience 

on how to design a house from scratch. During the process, no prescriptive models or residential 

code methods were used. Although the tiny home community is located in Snohomish County in 

Seattle, the California Building Code was referenced for a better understanding on design 

specifications required for design in California. 

 

Water Resources Design Criteria & Standards 
 

Seattle and the areas surrounding it are known for having a significant number of rainy 

days due to their windward orientation to the Cascade Mountains [17]. According to PRISM, a 

climate group that specializes in collecting climate data in the United States, the location of the 

parcel averaged 46.18 inches of rain per year between 1981 and 2010 [18]. The 300 square foot 

(ft
2
) roofs of the tiny homes allow each home to catch up to 8,600 gallons of water per year 

without accounting for the runoff coefficient of the roofing material. The roof’s runoff 

coefficient was determined according to the Storm Water Management Model 5 (SWMM5), a 

resource used to predict runoff quality and quantity [19]. 

 In terms of water demand, the goal was to make this community sustainable but still 

attractive for those who wish to live comfortably. This means the per person demand accounted 

for a dishwasher, washing machine, and shower. According to Finish brand, a standard 

dishwasher uses about three (3) gallons of water per cycle and is more efficient than hand 

washing dishes with the exception of highly efficient handwashing techniques that cannot be 

expected of every resident [20]. There are no reputable statistics available on how frequently the 

average American household washes dishes, but it is largely dependent on the size of the 
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household. For this project, it was estimated that each person will use the dishwasher an average 

of two times per week, yielding six (6) gallons of water per person per week. While it is unlikely 

that a two person household will use exactly twice as many dishes as a one person household, 

there was no better way to make this estimation and it is better to be conservative. This estimate 

was used for every person in the development, regardless of the size of household. Washing 

machines have become much more efficient in recent years [21]. It is possible to find washing 

machines that wash clothes adequately while only using seven (7) gallons of water per cycle, as 

opposed to the 40 gallons of the 20 year old washing machine. Washing machines can even use 

as little as two (2) gallons per cycle, but Consumer Reports states that the lowest use washing 

machines do not work well [21]. Their recommendation for the best washing machine that uses 

the lowest amount of water is a machine that uses seven (7) gallons per cycle [21]. This number, 

along with an estimate of two cycles of clothes per week per person yields an estimated 14 

gallons of water per person per week for clothes washing. According to the EPA, the average 

shower is eight (8) minutes long [22]. Ideally, residents of a tiny home development would take 

shorter showers in the spirit of sustainability, but it is not reasonable to control this, so the eight 

(8) minute value was used. Shower water use varies heavily depending on the shower head, so it 

is important to use a low flow shower head in order to conserve water. For this project, a 

commercially available low flow shower head that uses 1.5 gallons per minute was used [23]. 

Assuming each person takes the average eight (8) minute shower once a day, each person will 

use 12 gallons of water per day to shower. According to MayoClinic, a healthy amount of water 

to drink per day is about 0.85 gallons [24]. For the total demand estimation, this was rounded up 

to one gallon per person per day. Sinks used for washing hands, brushing teeth, and other uses 

account for one gallon per person per day.  
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For toilets, the alternative analysis found that composting toilets have yet to gain social 

acceptance, making them unrealistic to require. For this reason, a septic system with normal 

flushing toilets was assumed for each tiny home in determining the demand design criteria. 

Toilets are another appliance that have improved in terms of their water use in recent years. It is 

reasonable to assume 0.8 gallons per flush based on toilets are available on the market [25]. With 

an average of five (5) flushes per person per day, four (4) gallons of water per person per day 

were added to the total demand [26]. Every appliance together yields an average daily demand of 

20.85 gallons per person, but to account for the significant uncertainty in the frequency and 

intensity at which these appliances may be used, a value of 30 gallons per person per day was 

used as a starting point to design water resource systems for the development. ASCE’s Field 

Guide to Environmental Engineering Development Workers was used to outline methods of 

storage design [27]. 

The 30 gallon per day demand was the basis for this project and only takes into account 

in-home water use. Fire suppression, a crucial component of any water system, was left out of 

the scope because the high instant water demand could not feasibly be drawn from the water 

source options examined in this project. Similarly, with limited foresight of the way food 

demands would be met in this community, irrigation was left out of the scope. There are options 

available, such as surface water and outside sources, to meet these needs, however their high 

demands and independent sourcing justifies focusing on systems of meeting in-home demands 

separately. 

For the well water system, a well report was found for a pre-existing well located on the 

development [28]. The well report, Figure 5, included significant information that the well 

analysis and pump design stemmed from. The well is drilled 125 feet deep with a diameter of six 
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(6) inches. Water was found 40-50 feet deep in a layer of sandstone. In a well test, a pump rate of 

33 gallons per minute yielded a 30 foot drawdown after two (2) hours of pumping. With 

uncertainty around the characteristics of the aquifer, critical assumptions were made in order to 

estimate the aquifer’s storativity. To define the type of aquifer, the soil types above the water 

level specified in the well report, as well as the depth of water were examined. Most of the soils 

above the water level were permeable, though there was a nine-foot layer of brown clay mixed 

with gravel from six to 15 feet below the surface. Despite this low permeability layer, it was 

assumed that there is a chance for water to seep through the ground into the aquifer. Unconfined 

aquifers are characterized by surface water flowing through permeable layers of soil into the 

aquifer and they usually occur closer to the surface than confined aquifers, which have 

impermeable layers above and below. According to the well report, water is first found at 40 feet 

below the surface, a relatively shallow depth that strengthens the case for an assumption of an 

unconfined aquifer. Taking what was known about the aquifer into account, a storativity value of 

0.1 was estimated. This value is on the lower range of values for unconfined aquifers because of 

the clay layer. In the future, this value should be more extensively researched with a full 

drawdown-recovery test to gain greater confidence in the results of this report.  

These values were used to analyze the well’s yield and drawdown and recovery and 

determine to what extent the well would be capable of meeting community water demands. This 

analysis was done according to the Freeze and Cherry Groundwater Hydrology Text [29]. The 

Cengel and Cimbala fluid mechanics text was used to define a pump to move water from the 

well into storage [30].  For the well water distribution system, a range of 30-90 psi supplied to 

each home was used to control design according to Snohomish standards [31]. 
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Figure 5: Well Report for Pre-Existing Well on Parcel. 
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Municipal Design Criteria & Standards 

First and foremost, the community has been designed with the homeowner in mind, 

beginning with each lot and expanding to the roads and community spaces. The desired acreage 

for each lot started as half of an acre in order to give residents ample space to have a large yard, 

garden, pond, or carport. Due to concerns about water availability, the design of the community 

was limited to a maximum of 75 lots. The ending design featured 70 lots with an average of 0.6 

acres per lot, which exceeds the initial design criteria and allows for a slightly higher price point 

and profit. The largest lot is approximately one acre, while the smallest is 0.45 acre. Many of the 

lots along the left side of the property are uniform in design and have an acreage of 0.56.   

In order to service up to 140 residents, 36 foot roads were needed to create a smooth 

traffic flow as well as room for streetside parking. The community spaces were designed with a 

total of 22.5 acres in order to fulfill the need for community amenities such as the well, water 

pump, and storage as well as room for future expansion. 

Description of Designed Facilities 

Structural Design 

For the structural members of the house, since the design of the house was fairly simple, 

the members that were considered during the design process were the ceiling joists, roof rafters, 

exterior walls, and key headers that will be discussed more in detail.  For both the roof rafters 

and the ceiling joists, No. 2 2x8 Douglas Fir Larch were chosen to structure the roof at 16 inches 

on center, with deflection controlling the design. The exterior walls were designed to be 2x6 
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Douglas Fir Larch at 16 inches on center as well. The typical connection from the roof rafter to 

the south wall can be seen below in Figure 6. 

 

 

Figure 6: Typical Roof Rafter Over N-S Wall. 

. 

The 2x8 roof rafter will be nailed into the ceiling joists. Blocking will be placed between each 

roof rafter to prevent any horizontal movement. An A-35 clip will then be placed to assist the 

nailing from the exterior plywood to the blocking to help transfer the load into the 2x6 exterior 

studs and into the foundation. A half (½) inch with 3x3 plate washers will be used to anchor the 

exterior studs concrete slab as shown in Figure 6 above. 

 When designing the architecture of the house, glass panels were incorporated into the 

design. Since there will be glass panels in the design of the house, having a post at the corner 

where the two glass panels meet will make the design aesthetically not pleasing. This design 
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resulted in having to have two header beams on both the south wall and the west wall, where the 

south wall header is carried by the cantilever west wall header as shown below in Figure 7.  

 

 

Figure 7: Structure Framing of Tiny House. 

 

However, due to the length of the west and east wall being 10 feet long, the four (4) foot glass 

panel on the west wall turns the west wall from being ten (10) feet long to a six (6) feet long 

wall. The header on the west wall will sit on top of two 4x6 posts, one located at the north end of 

the beam and one located six (6) feet from the north end of the beam. On the south wall, there is 

also a 4x6 post that is located eight (8) feet away from where the west wall is connected to the 

south wall. A 6x8 No.2 Douglas Fir larch header for the south wall was sized to connect to the 

west wall header. Due to the design of the west wall, the standard rule of thumb to design for 

cantilever beams could not be utilized when designing for the header. Since the west wall header 

cantilever did not have a standard 2:1 back span cantilever ratio, in order to design and size for 
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the proper header size, integration, as shown in Appendix M, was utilized to find that the best fit 

header would be a 6x14 parallam lumber to reduce the amount of deflection that would be 

caused by the southwall header. The controlling factor here is deflection caused by the shear 

force at the end of the south wall header being transferred over to the west wall header. This will 

result will cause more deflection on the west wall header. The south wall header will then be 

connected to the west wall header by using a Simpson Strong-tie HUC614. In Figure 8 and 

Figure 9 below, structural details are shown on how the headers will connect. 

 

Figure 8: West-South Wall Header Connection. 
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Figure 9: West Wall Framing. 

 

 

  

In Figure 10 below, the shear wall plan is shown for the tiny house.There are four (4) shear walls 

that are applied to the tiny house. The most concerning is the west wall due to the short six (6) 

feet span. In order to prevent the west shear wall from tearing due to having too many nails on 

one side, shear panels were incorporated on both inside and outside of the wall. The 2018 

National Design Specification [9] was utilized to help calculate the thickness of the shear panel 

and the nailing space, 15/32” plywood with 8d fasteners at four (4) inches on center was selected 

for the west wall. The three (3) remaining walls, in order to ensure that errors were minimized in 



 

25  

applying the shear walls during the construction process,  all shear panels were selected to have 

the same thickness and nailing spacing. In Figure 11, a detail shear wall schedule can be found. 

 

Figure 10: Shear Wall Plan. 

 

 

Figure 11: Shear Wall Schedule. 
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Water Resources Design 

There were five main design components in the scope of the water resources for this 

project:  

1. A demand estimation to build the water resource systems according to.  

2. An analysis of rainwater catchment as a way of meeting demand centering around the 

analysis of 40 years of daily rainfall data.  

3. An analysis of a pre-existing well on the parcel’s ability to meet demand. 

4. The design of a pump and storage system for said well.  

5. A distribution model in WaterGEMS to specify a distribution pump and pipe sizes.  

 

The demand estimation was explained in depth in the Design Criteria section, as it creates the 

design criteria for the remainder of the water resource systems, which will be detailed in this 

section. To begin to understand the viability of rainwater catchment, an estimate of how much 

rainwater can be caught on the roofs of the tiny homes was made. As mentioned, given the 46.18 

inch annual rainfall value and the roof area of 300 square feet, each house experiences an 

average of 8,600 gallons of runoff per year. The roof surface was chosen as corrugated sheet 

metal due to the material’s zinc sealing, which reduces possible contaminants in runoff. With 

corrugated sheet metal, a runoff coefficient of 0.9 was chosen according to SWMM5 [19]  and 

used in equation 1, from the ASCE manual [27], to calculate a total average yearly runoff of 

approximately 7,750 gallons per house.  

V = P x A x C      (Eq. 1)  

Where P is the precipitation in inches, A is the catchment area, and c is the runoff coefficient. 
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With a yearly demand of 10,950 gallons per person, 7,750 gallons of rainwater catchment per 

house means up to nearly three fourths (¾ ) of the demand in a one (1) person household can be 

met with rainwater. Given the project’s goal of sustainability, this rough preliminary viability 

test showed that though it does not fully reach demand, rainwater catchment is a promising 

method of supplementing other water sources in supplying water to the community. 

 The estimate of 7,750 gallons does not take into account the impossibility of storing all 

the rainfall in a year in a reasonably sized tank. Since rainfall dramatically fluctuates over the 

course of a year, picking a storage tank capable of catching all of the rainwater during the peak 

rainy season would result in an oversized tank that would sit nearly empty for the majority of the 

year. To find the right size storage tank, a storage analysis was performed according to methods 

based on those found in ASCE’s Field Guide to Environmental Engineering Development 

Workers [27]. In this method, the amount of water in a storage tank at the end of any month, Vt , 

is calculated by adding runoff to the storage left in the tank at the end of the previous month, Vt-

1, and subtracting demand: Vt = Vt-1 + runoff - demand. When this method, using monthly data, 

is applied to the site of this project, it yields a maximum available storage capacity of 1,100 

gallons (December) and minimum of zero gallons (July, August, September).  A 1,100 gallon 

tank that sits completely empty for three months is not reasonable or realistic, pointing to an 

error in methodology. To provide more useful information about rainwater storage, the method 

found in ASCE’s guide was expanded upon. A more complete picture of rainwater storage 

throughout the average year was found by analyzing 40 years of PRISM daily precipitation data 

in Microsoft Excel. In addition to the simple ASCE analysis, variables to account for a varying 

tank size, demand shortfall, overflow (spill), and percentage of demand met were added.  
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First flush was also taken into account. When it does not rain for a period of time, debris 

such as bird droppings, dust, trees, and anything else travelling through the air builds up on the 

roof surface. In a safe rainwater collection system, a first flush system diverts the early rainfall, 

which cleans the roof surface of debris, out of the system. To calculate the volume of water that 

should be diverted in a new rainfall event, a commercially available first flush diverter was 

found. In the details of the system, a specification of how to calculate the volume of first flush 

was given as 0.0125 gallons per square foot for minimal pollution and 0.05 gallons per square 

foot for substantial pollution. Substantial pollution is specified by the manufacturer as “Leaves 

and debris, bird droppings, various animal matter, e.g. dead insects, lizards, etc.” [32]. Given 

limited knowledge of the parcel and an assumption that all specified types of pollution are 

possible on the parcel, the substantial pollution value was used in this analysis, meaning 15 

gallons of rainwater was subtracted from the total daily runoff when there was no rainfall on the 

previous day. This is not a perfect estimate since the first flush diverter will be most active after 

longer periods of no rainfall, and there will be little debris after a single day of debris 

accumulation. There are, however, few days where rain only ceases for a single day in a row and 

it is better to be conservative in these estimates [18].  

 Taking all of these variables into account, a summarization of data for both one and two 

person households was completed. There are two important variables to define in this 

summarization: (1) Days not reaching demand and (2) Overflow/Runoff. Days not reaching 

demand takes a storage tank size and counts the average number of days per year that the 

rainwater stored in the tank does not meet the 30 gallon per person requirement. This variable 

helps to measure the viability of rainwater collection in meeting demands and provides a 

measure of how well the given tank size utilizes the total runoff. With a small tank size, there 
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will be very few days where demand is met because most of the runoff will spill out of the tank 

and as mentioned previously, a storage tank that is capable of catching all rainfall will sit nearly 

empty for most of the year. Overflow/Runoff is similarly given a tank size and returns the 

percentage of total runoff that spills out of the storage tank. Again, this variable provides an 

important measure of how much the tank size is able to utilize the total rainfall. In a particularly 

rainy part of the year, more rainwater will spill out. Together, these variables were used to find a 

tank size that optimizes the tank’s utility, meaning it meets as much demand as possible and has 

less spill, but does not use an excessively large tank. Figures 12 and 13 show charts of these 

variables compared with tank size for the case of single person households. Figures 14 and 15 

show the same graphs for the case of two person households. 

 

 

Figure 12: One Person Household Number of Days/Year Not Reaching Demand. 
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Figure 13: One Person Household Overflow/Runoff. 

 

 

 

Figure 14: Two Person Household Number of Days/Year Not Reaching Demand. 
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Figure 15: Two Person Household Overflow/Runoff. 

 

In the graphs above, as the tank size increases, the unfavorable variable decreases but 

there is a diminishing return as tank size continues to increase. Looking at each figure, a tank 

size was chosen based on the slope and the curvature at that point. A smaller slope means the 

return has diminished and there is less reason to pick a larger tank. More favorable storage sizes 

also occur when the slope has recently decreased. For each size house, a 250 gallon storage tank 

was chosen as the best option given the results of the storage analysis. In a one person 

household, a 250 gallon tank will not meet demand for 175 days and 16% of runoff will spill out 

of the tank. For a two person household, there will be 292 days not reaching demand and only 

3% of runoff will overflow. Overall, this means that rainwater is a viable and important way of 

reaching demand in this project, but other systems must be looked at in order to fully reach the 

demand. 

 Well water from the preexisting well on the parcel was considered as a supplemental 

method of meeting demands. To understand how much water could feasibly and sustainably be 
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taken from the aquifer, an aquifer analysis based on the findings of the well report was 

performed. To simulate the aquifer’s behavior under different pumping conditions, the variables 

required to calculate drawdown at different pump rates were first defined. To calculate unknown 

variables, the Cooper-Jacobs drawdown equation was used [29]. The Cooper-Jacob’s equation 

outputs drawdown given pump rate, time of pumping, distance from the well at which drawdown 

is to be measured, transmissivity, and storativity. Out of these variables, transmissivity and 

storativity were unknown, but storativity was estimated as 0.1, as outlined in the design criteria 

section (Appendix B).  

With a storativity estimate and the values of drawdown, time, and pump rate given in the 

well report, transmissivity was calculated as 0.0975 ft
2
/min using the Cooper-Jacobs Equation. 

Next, a drawdown-recovery analysis was performed. In this analysis, the Thies equation was 

used to find drawdown with time as the dependent variable. This was carried out with multiple 

pump rates for t = 0 to t = 120 minutes. Recovery was simulated using a method found in the 

Freeze and Cherry text in which the Cooper-Jacobs equation is effectively reversed when 

pumping stops [29]. More details on this method can be found in Appendix B. 

Before going into depth about the findings of the drawdown-recovery analysis, it is 

important to define the criteria for assessing the well’s ability to supply the community with 

water. First, the maximum well water demand was determined by creating a scenario of a 

summer day with no rainwater left in the rain tanks, meaning all water throughout the 

development would need to be supplied by well water. To calculate a well water demand 

estimate for this scenario, an assumption was made that the 70 houses are made up of 35 single 

person households and 35 two person households, yielding a maximum daily well water 

requirement of 3090 gallons. The goal of the drawdown recovery analysis was to assess whether 
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this amount of water could be pumped on a daily basis with full recovery before pumping 

resumes the next day. The analysis assumes that all of the well water pumping occurs in the same 

time period every day and the aquifer spends the remainder of the 24 hour period recovering. 

Figure 16 shows the number of hours of pumping required to yield 3090 gallons of water at 

different pump rates.  

 

Figure 16: Hours of Well Pumping to Reach Demand with no Rainwater. 

 

By examining the figure above and testing different pump rates on the drawdown 

recovery graph, a final pump rate recommendation was chosen as 30 gallons per minute. With 

this pump rate, 3090 gallons of water can be pumped out of the well in 1.7 hours, leaving 22.3 

hours for the aquifer to recover. Figure 17 shows the drawdown-recovery graph for a single 24-

hour period with the recommended pump rate. 
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Figure 17: Drawdown-Recovery Over 24-Hour Period for 30 GPM Pump Rate. 

 

In this graph, it is clear that the aquifer is able to make a full recovery by the time 

pumping begins the next day, meaning the well will not dry out in meeting its maximum yearly 

demand. In other words, it is sustainable to use well water to supply the community with water 

even when there are no other sources to supplement. The drawdown analysis was consistent with 

the well’s reported drawdown values, and the fast recovery is likely due to the estimated 

storativity value. It is important to note that there was no recovery data reported and a well 

recovery test would be helpful in confirming these results.  

Another important aspect of aquifer drawdown is how far reaching the drawdown is. In 

certain cases, pumping results in a drawdown that affects the nearby well’s abilities to pump 

water. In the case of this well, it was important to assess whether or not the drawdown associated 

with meeting demand would affect nearby wells and properties. To achieve this, the same 

equation (Cooper-Jacobs) was used, this time varying distance instead of time with drawdown. 
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Figure 18 was created using R and shows drawdown varied with distance after 1.7 hours of 

pumping at 30 gallons per minute. 

 

Figure 18: Distance-Drawdown After 1.7 Hours of Pumping at 30 GPM. 

 

Figure 18 shows that the drawdown is consolidated to the immediate area around the 

well. Even 30 feet away from the well, there is virtually no drawdown. This is another positive 

result because it shows meeting demands with well water will not affect nearby wells or 

properties, as the property line is significantly further than 30 feet away from the well. In 

summary, a 30 gpm pump rate takes 1.7 hours of pumping to meet the community’s highest 

yearly demand, while allowing the aquifer to recover fully within 24 hours and without affecting 

nearby properties. 

Next, the well water storage location was selected. To pick the best location on the 

parcel, the distribution of well water throughout the community was considered. After looking at 
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the topography of the parcel and the location of the well, a hill approximately 430 feet away 

from the well was chosen (Figure 19). The hill’s elevation is 80 feet and is the highest point on 

the parcel, allowing for the force of gravity to aid in the distribution of water.  

 

Figure 19: Elevations and Distance Between the Well and the Storage Location. 

 

There are two pumps to define in this well water system. First, the water must be pumped 

from the well into the tank. Once the water is ready to be distributed out of the tank, it will flow 

down the other side of the hill, and a second pump will be used to distribute the water to each 

home. The pump used to move the water from the well into the storage tank was first chosen and 

analyzed. Given the previously recommended pump rate of 30 gallons per minute and the 90 foot 

static head between the well water level (40 feet below the ground) and the top of the hill, a 

Grundfos pump (30 GPM, 90’ rated head) was chosen for analysis [33]. Seen in Appendix C, the 

 Top of hill at 
80 ft 

 Well at 30 ft 

 Distance = 430 
feet 
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pump is fully submersible, 0.75 horsepower, and fits within the six-inch (6”) diameter well 

casing with a three-inch (3”) diameter. To determine the operating point of this pump in this 

scenario, the total dynamic head was calculated at different pump rates and pipe sizes and plotted 

on the pump curve provided by the manufacturer. The friction factor was calculated using the 

Haaland equation and the friction head loss using Darcy-Weisbach with a distance of 450 feet to 

account for the slope of the hill (Appendix C) [27]. The total dynamic head values were tabled in 

Excel spreadsheets with pump rates ranging from zero (0) to 40 gallons per minute. This 

procedure was repeated for different pipe types and sizes until the plotted line intercepted the 

Grundfos pump curve at approximately 30 gallons per minute (Appendix C). As seen in Figure 

20, The operating point of 30 gallons per minute with a 131 foot head was achieved with a 2.5 

inch PVC pipe.  

 

Figure 20: Determination of Pump Operating Point on Pump Curve. 

Next, the distribution pump was defined by first creating a WaterGEMS distribution 

layout (Figure 21). In this layout, the lots were divided into 15 junctions with each junction 
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supplying between four (4) and six (6) homes. The tank is seen as T-2 in Figure 21 and the pump 

PMP-2. According to Snohomish County standards, a pressure range was defined between 30 

and 90 psi. A variety of commercially available booster pumps were considered in this system. A 

line of Grundfos booster pumps were ultimately compared for the final design. Each pump, 

ranging in power, was defined in WaterGEMS and run in the Darwin Designer feature to 

determine its resulting pipe pressures, sizes, and costs. The most efficient distribution system 

used a 15 horsepower booster pump to meet the range of pressures. The table of pressures, pump 

curve, pipe sizes, and pipe system cost can be seen in Appendix D.  

 

Figure 21: WaterGEMS Distribution Layout. 

Municipal Design 

 The municipal design for the community consisted of three main work sections. The first 

was the initial research into the lot, housing requirements, and water demands as well as on the 
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drawing of the community along with basic community design decisions. The second municipal 

design phase involved calculating the cut and fill of the area. Finally, the third municipal section 

was dedicated to the drainage system for the community.  

 The community layout design started with an image taken from Google Maps and loaded 

into AutoCAD to be outlined. Initially, the layouts were created randomly to get a feel for the 

layout of the property, as well as the property’s topographic features. Using the preliminary 

design criteria of 36 foot roads, approximately 0.5 acres of land per lot, and the 75 lot limit due 

to water constraints, the most effective parts of each trial drawing were combined. What resulted 

was the first iteration of the team’s final design that can be seen in Figure 23. This design 

featured exactly 75 lots with two large community spaces in the middle of the parcel as well as 

around the pond. The creation of the individual plots of land began as uniform 0.56 acre lots on 

the west side of the property. However, as the property line became non-linear, the property sizes 

also started to vary. The lots along the North-East border range anywhere from 0.35 acres at the 

smallest to about one (1) acre at the largest.  Further research into the property showed that 

municipal storm drain, electrical, and sewage lines did not reach the property, which meant that 

an eco-friendly way of filtering the pollutants found in the runoff needed to be designed. 

Bioretention swales were found to be the best option, as they can reduce runoff by up to 90% and 

are becoming standard in communities across the United States.  

 Initially, cut and fill as well as elevations for top of curb and top of pad were to be 

calculated for the entire property. The topographic maps [34] that were found proved ineffective 

due to inaccuracy as well as the inability to export the information into the AutoCAD Civil 3D 

software. After talking with multiple advisors about this issue, it was determined that to complete 

this task, a professional survey of the property would need to be conducted. Since it would not be 
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feasible to conduct a survey, the existing geographical topography would be used and accounted 

for when designing the bioretention swales. Except for a small hill in the middle of the property 

located towards the south end of community space 2, the land was already graded since it had 

been used as agricultural land in the past. Keeping this hill had the added benefit of also being 

the designated area for the well water storage and allowed for easier distribution of the water to 

the community. In future properties however, it is recommended that the entire parcel be graded 

to the desired design.  

 Since a traditional drainage system was unobtainable, the team had to look into other 

options for the community. Bioretention was the most logical source due its sustainability 

benefits, effectiveness, and its ease of design and implementation. The bioretention design was 

based on the Snohomish County Drainage Manual recommendations (Figure 22) for bioretention 

swales [35]. There is a bottom width minimum of one (1) foot, while the slope of the sides have 

a minimum 1:3 ratio. The maximum allowed ponding depth was set at 12 inches, and the 

freeboard for these swales have a six (6) inch minimum. 
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Figure 22: Snohomish County Bioretention Design. 

 

 Due to the lack of storm drain lines available to the property, a bioretention soil mix designed 

for maximum water filtration was necessary. This soil composition consisted of 85% sand by 

volume, 10% fines (Silt/Clay) by volume, and 5% organic matter (Grade 2 Compost) by volume. 

To find the final area of bioretention necessary for the property, the Western Washington 

Hydrology Model software was used [36]. This allowed the use of accurate rainfall and runoff 

measurements based on the existing topography to simulate how well the bioretention system 

would function. With the previously stated bioretention design and the runoff patterns of the 

property, it was determined that three (3) acres of land would need to be set aside for 

bioretention. At first many of the larger bioretention areas were located on the West side of the 

property (shown below in Figure 23), near the Snohomish River. As the project progressed, it 

was realized that although the design filtered most of the water, this could potentially lead to 

pollution seeping into the river and marshlands. The bioretention areas were then moved to the 

North-East area of the property in order to minimize the amount of pollution distributed to the 

river. This final design can be seen below in Figure 24. 
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Figure 23: Initial Bioretention Layout. 

 

Figure 24: Final Bioretention Layout. 

Cost Estimate 
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 To begin the cost estimation portion of this project, a work breakdown structure (WBS)  

was created. The WBS lists the major components of the construction project so that all activities 

will be accounted for. The main sections for the WBS included site mobilization, excavation and 

grading, foundation, framing, interior finishes, and exterior finishes. These sections are further 

broken down into smaller pieces which can be seen below in Figures 25 and 26. This way of 

organization helps the contractor get a basic idea of the amount of work that will be required for 

the project.  
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Figure 25: Work Breakdown Structure Table 1. 
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Figure 26: Work Breakdown Structure Table 2. 

 

 The second major section of the construction estimation focused on the activity list which 

provides more in depth information about specific activity durations, materials, and labor 
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requirements. An example of this can be seen in Figure 27, below. and the full activity list can be 

found in the Appendix O. All activities are found through the RSmeans online cost data [37] and 

input with their respective descriptions, units, daily output (based on eight-hour workdays), and 

type of crew, as well as material, labor, and equipment costs per unit. Using the 3D model of the 

structural framing that team member Chris developed (Figure 6), quantity takeoffs of all the 

activities were performed. Dividing the total quantity of an activity by the daily output produces 

the estimated duration of the activity in eight-hour work days. These durations ranged anywhere 

from 0.1 days for items such as outlets, up to 1.88 days for the flooring installation.  
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Figure 27: Example Activity List for the Cost Estimate.
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The cost estimations for the activities are based on RSmeans 2017 data which meant that 

the values for material, labor, and equipment would have to be adjusted to the year 2021. The 

RSmeans 2021 cost indices were used in order to calculate the rising cost of construction due to 

Covid-19 manufacturing and shipping issues. These indices include adjustment factors for waste, 

taxes, and inflation factors of specific cities, which when put together is known as the WTC 

factor. An example of this can be found below in Figure 28. Also given by RSmeans are the 

factors for different types of material including woods, metals, and composites. The average cost 

factor for material was about 1.25x, while the average cost factor for labor was about 1.4x. After 

all the cost factors were input, the total cost of the line item was derived by multiplying the 

material, labor, and equipment costs by their respective cost adjustment factor and then adding 

them together.  

 

Figure 28: Example Adjustment Factors for Cost Estimation. 

 

 Scheduling was the final part of the cost estimating process, and it utilized the data 

collected during the creation of the activity list. Putting the line item descriptions and the task 

durations into the Microsoft Project software allows for a simple but effective construction 
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schedule. With a resource constraint of four carpenters on site at one time, the total duration of 

the project concluded at 22 work days. A total of nine different trades, including glazers, 

electricians, and plumbers will be working on the project as well at different times. 

 The total cost to develop a single lot equated to $58,000. With a half acre of land costing 

approximately $100,000 in the greater Seattle area, the total project cost per lot is $158,000. If 

the developer aims for a 20% profit, they would need to sell for $189,000. The net gain for a 

single lot would be $31,000 and the net gain for the entire project would come out to be 

$2,250,000 before the construction of the roads and bioretention swales. The scope of the cost 

estimation portion of the project only included the estimation for a single lot and in the future, a 

price for the total project would need to be calculated. 

 
 

Future Work 

There is potential for this project to be continued in the future. This section will outline 

the next steps based on the findings of this report. First, it is important to be clear about the 

shortcomings of the chosen parcel. The parcel was chosen without a full evaluation of the site. 

For this reason, many aspects of the parcel proved to be suboptimal late in the design process. In 

the future, new parcels should be examined extensively before design. Soil type, as well as water 

courses on the parcel, proved to be critical aspects that would have changed the choice of parcel 

if considered at the beginning. These may both be aided by the future ability to see the parcel in 

person before design, something that could not happen in this iteration of the project due to 

COVID-19.  

If it is determined that the best option moving forward is to restart with a new parcel, 

most of the design must be redone. Many of the methods outlined in this report, however, may be 
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applied to a new parcel, especially if said parcel is in a similar location. If the design outlined in 

this report is deemed worthy of expansion despite the parcel’s faults, the following paragraphs 

may be used to outline possible directions for future design. 

Future structural improvements that can be made to this tiny homes community is vast. 

Since the tiny home design is very simple, future projects can look to increase living spaces by 

combining two tiny homes together to provide for not just single use, but for family use. The 

possibility of stacking tiny homes to increase more living area within the small plot of land is 

also something that can be incorporated into the future development. Future structural 

improvements do not need to be focused strictly on the tiny homes, but can also be focused on 

designing a community center for the residents within the community. Providing a center for 

residents will draw more attention to people that are on the verge of deciding whether they want 

to move to a place that consists of nothing more than just a living space. The future for structural 

improvements is endless and will only continue to improve in compliance to the residents of the 

tiny home community. 

The scope of the water resource systems in this iteration of the project can be described 

as estimating the community’s in-home water demand and designing solutions to meet this 

demand. As mentioned, there are many important systems that were deliberately left out of the 

scope; water treatment, irrigation, and fire safety were not considered. Including water treatment 

would have changed the shape of the systems that have been described in this report, and it 

would be an important next step for those wishing to carry on with what has been found in this 

project. Given the limited supply of the two water sources that were considered in this project, 

fire safety and irrigation would likely need to be supplied using other water sources, but are 

extremely important in designing a safe and healthy community. Again, these community needs 
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should be addressed in future iterations. Another way the water resource systems may be 

expanded upon is the inclusion of a system of recycling greywater. If the greywater was cleaned 

and used to fuel a hydroponics system, for example, the agricultural water demands may be 

reduced.  

The future municipal improvements to this project, as well as the iterations that will come 

after, include the addition of other community buildings, electrical engineers that can design 

more of the electrical components for the community, and finally a full community cost estimate. 

In the future, new community centers or small stores could increase the desirability of the 

development. This would allow the developers to sell the houses for more profit and make the 

community more financially viable. Along with this, other engineering disciplines could add 

their specialties to the project. Electrical engineers will be needed to design the solar and 

electrical systems for the houses, streetlights and water distribution systems. Finally, a full 

community cost estimate would be necessary for the developer to determine the feasibility of the 

entire project versus only developing single lot tiny homes.  

 

 Conclusion 

The goal of this project was to explore the early design, viability, and limitations of a 

suburban tiny home community that gives sustainable living options to those experiencing an 

increase in workplace flexibility after the COVID-19 pandemic. After choosing a parcel to work 

with, this project included the design of a model tiny home structure, the layout of the 

community, the bioretention drainage system, a rainwater catchment system, and a well water 

system. With all of its different design solutions, this project created a starting point for its 

greater scope. It also showed some significant limitations in the way it was carried out. Since the 

parcel was chosen as a starting point and design began immediately, the parcel was not fully 
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vetted and many design issues emerged throughout the project. It was determined late in the 

process that there is a water course running through a significant portion of the parcel for a part 

of the year, rendering the current layout useless. Also, the class E soil and agricultural zoning of 

the parcel did not match up well with the intended use of this community. These issues are partly 

due to not being able to see the parcel in person and partly due to a lack of understanding of how 

a project like this should begin, but a great deal was learned because of this project. In future 

iterations of this project, the parcel should be fully vetted for the intended use of the land. Soil, 

zoning, and other possible design considerations like water courses, should be fully understood 

before any design is done. 

It is also important to reiterate that this project only scratches the surface of what it can 

become in the future. In terms of engineering, designing and building a complete tiny home 

community, it will require an interdisciplinary approach, with electrical engineers to think about 

powering the community and other engineers to think about each and every need of the 

community. Also, this project focused on a specific location where water resources are abundant. 

In the future, other locations should be considered, requiring an entire new set of design 

solutions. While the work outlined in this report will not provide all of the answers, it provides a 

baseline of methods for the early design thinking of a suburban tiny home community. Outside 

of engineering, a community of this nature should be explored from a social scientific 

perspective to understand how the community will function. Ultimately, the social goals of the 

community must be defined along with a set of rules and regulations within the community to 

ensure its success.  

  



 

53  

References 
[1] The Causes of Climate Change. (2021, May 10). [online] Available: 

https://climate.nasa.gov/causes/ 

[2] The Effects of Climate Change. (2020, December 23). [online] Available:                                                                                                                             
https://climate.nasa.gov/effects/ 

[3] Dryzek, J. S., Norgaard, R. B., & Schlosberg, D. (Eds.). (2011). The Oxford handbook of 
climate change and society. Oxford University Press. 

[4] Dentinho, T. P. (2011). Unsustainable cities, a tragedy of urban infrastructure. Regional 
Science Policy & Practice, 3(3), 231-247. 

[5] Dobbs, R., Smit, S., Remes, J., Manyika, J., Roxburgh, C., & Restrepo, A. (2011). Urban 
world: Mapping the economic power of cities. McKinsey Global Institute, 62. 

[6] Castrillon, C. (2021, January 11). This Is the Future Of Remote Work In 2021. [online]. 
Available: https://www.forbes.com/sites/carolinecastrillon/2021/12/27/this-is-the-future-
of-remote-work-in-2021/?sh=3aa1a3551e1d 

[7] US Tech Hubs. (2021). Builtin. [online]. Available: https://builtin.com/tech-hubs 

[8] 2021 Compare Cities Job Market: Seattle, WA vs Chicago, IL. (2021). Best Places. [online]. 
Available: https://www.bestplaces.net/compare-cities/seattle_wa/chicago_il/jobs 

[9] 2018 National design specification for wood construction. Leesburg, VA: American Wood 
Council, 2018.  

[10] California building code. Sacramento, CA: California Building Standards Commission, 
1998.  

[11] SDPWS Special design provisions for wind & seismic with commentary, 2015 edition. 
Leesburg, VA: American Wood Council, 2015.  

[12] 2012 Seattle building code. Seattle, WA: City of Seattle, Department of Planning and 
Development, 2013.  

[13] ASD/LRFD wind & seismic, special design provisions for wind and seismic: with 
commentary. Washington, D.C.: American Forest & Paper Association, 2009.  



 

54  

[14] Minimum design loads and associated criteria for buildings and other structures: ASCE/SEI 
7-16. Reston, VA: Published by American Society of Civil Engineers, 2017.  

[15] “ATC Hazards by Location,” Home. [Online]. Available: https://www.atcouncil.org/. 
[Accessed: 05-Jun-2021].  

[16] Geocortex Viewer for HTML5. [Online]. Available: 
https://gismaps.snoco.org/Html5Viewer/Index.html?viewer=pdsmapportal. [Accessed: 
05-Jun-2021].  

[17] Western Regional Climate Center. (n.d.). [online]. Available: 
https://wrcc.dri.edu/Climate/narrative_wa.php 

[18] PRISM Time Series Data Set: Daily Precipitation for 1981-2020 Lat: 47.8514 Lon: -
122.0740, Prism Climate Group, (2021, March 1). [Online]. Available: 
https://prism.oregonstate.edu/recent/ 

[19] Runoff Coefficient in InfoSewer and InfoSWMM. (2017, November 6). SWMM5 [online]  
Available: https://swmm5.org/2017/11/06/runoff-coefficient-in-infosewer-and-
infoswmm/ 
 

[20] How Much Water Does a Dishwasher Use? (2020). Finish. [online]. Available:  
https://www.finishdishwashing.com/dishwasher-benefits/water-consumption 

[21] Janeway, K. (2017.). Yes, Your Washing Machine Is Using Enough Water. [online].  
Available:https://www.consumerreports.org/washing-machines/yes-your-washing-
machine-is-using-enough-water/ 
 

[22] Shower Better. (2020, October 22). [online]. Available: 
https://www.epa.gov/watersense/shower-better 

 
[23] (n.d.). All Metal 1.5 GPM High Efficiency Low Flow Showerhead. [online]. Available:  

https://www.amazon.com/dp/B001W2CEYA?tag=dotdashtreehu-
20&linkCode=ogi&th=1&psc=1&ascsubtag=5086864%7Cna665e470009f4e7197f85749
4a61387a20 
 

[24] MayoClinic Staff. (2020, October 14). How much water do you need to stay healthy?  
[online]. Available: https://www.mayoclinic.org/healthy-lifestyle/nutrition-and-healthy-
eating/in-depth/water/ 

 
[25] (n.d.). Niagara 77001WHCO1 Stealth 0.8 GPF Toilet with Elongated Bowl and Tank  



 

55  

Combo, White. [online]. Available: https://www.amazon.com/Niagara-77001WHCO1-
Stealth-Toilet-
Elongated/dp/B009MY4K1K/ref=as_li_ss_tl?ie=UTF8&linkCode=ll1&tag=plumbinginf
o-20&linkId=d598efb6fa4f7529be77d9b639a19cf6&language=en_US 
 

[26] “Toilets,” Toilets | Home Water Works. [Online]. Available:  
https://www.home-water-works.org/indoor-use/toilets#:~:text=According to the 2016 
Residential,and mechanical adjustments to replacement. 
 

[27] Mihelcic, J. R., & Carter, J. (2009). Field guide to environmental engineering for  
development workers: Water, sanitation, and indoor air. Reston, Va: ASCE. 
 

[28] Drilling report via Aquatech Well Drilling & Pumps Inc. Department of Ecology, State of  
Washington. ( 2/12/2021) [online]. Available: 
https://appswr.ecology.wa.gov/wellconstruction/map/WCLSWebMap/SearchResultsWith
Paging.aspx?left=-13590898.68452082&right=-
13585505.096712304&top=6080334.178252562&bottom=6082966.478414201&selLeft
=1253512&selRight=1253778&selTop=921732&selBottom=921601&search_scope=1&
result_num=10&sort_order=Well%20Owner%20Name 
 

[29] Freeze, R. A., & Cherry, J. A. (1979). Groundwater. Englewood Cliffs, N.J: Prentice-Hall. 

[30] Cengel, Y. A., & Cimbala, J. M. (2017). Fluid mechanics: Fundamentals and applications 
(4th ed.). McGraw-Hill Education. 

[31] Water Distribution Design and Construction Standards and Specifications, Snohomish  
County. (2011) [online]. Available: 
https://snohomishwa.gov/DocumentCenter/View/50/Chapter-5-Water-
Distribution#:~:text=The%20required%20working%20pressure%20in,condition%20of%
20the%20current%20infrastructure 
 

[32] Rain Harvesting Pty 3 Inch First Flush. RainHarvest System. (n.d.). [online]. Available:  
https://www.rainharvest.com/rain-harvesting-pty-3-inch-first-
flush.asp?gclid=Cj0KCQjw7pKFBhDUARIsAFUoMDa6_iCZdkmz5CGCNuhWC4ugqy
wLt7eZezqi9YzoRvRrslh30mLpYIYaAnSsEALw_wcB 
 

[33] Grundfos Pumps 96160203 Grundfos 30SQE07-90 - 30 GPM 3/4 HP SQE-Series Deep 
Well Submersible Pump 90' Rated Head 2W - 200-240V. Water Pumps Direct. (n.d.). 
[online]. Available: https://www.waterpumpsdirect.com/Grundfos-Pumps-96160203-
Water-Pump/p80399.html 

[34] TNM Download v2, United States Geographical Survey,  



 

56  

apps.nationalmap.gov/downloader/#/. 
 

[35] “Snohomish County Drainage Manual - Volume V - Runoff Treatment BMPs.” Snohomish  
County WA , Jan. 2016, snohomishcountywa.gov/DocumentCenter/View/31223/Volume-
V---Runoff-Control-BMPs?bidId=.  
 

[36] “Western Washington Hydrology Model.” Western Washington Hydrology Model -  
Washington State Department of Ecology, ecology.wa.gov/Regulations-
Permits/Guidance-technical-assistance/Stormwater-permittee-guidance-
resources/Stormwater-manuals/Western-Washington-Hydrology-Model.  

 
[37] “Instant Access to the Latest Pricing for 85,000+ Construction Items.” RSMeans Online,  

www.rsmeansonline.com/.  
 
 
Unreferenced:  

Chapter 246-290 WAC: Group A Public Water Supplies. Washington State Legislature. (2019,  

March 19). Available: https://app.leg.wa.gov/wac/default.aspx?cite=246-290.  

 

 

 

 

 



 

 

 

 

 

 

 

 

Appendices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

A-1 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Appendix A 
Rainwater Storage Excel Sample 
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The following shows the first 17 days of precipitation data and analysis of data. 
Each column was performed for 40 year worth of daily data. 

Runoff = Precipitation * Roof Area () * Runoff Coefficient * Conversion to gallons 
Runoff = Precipitation * 43200 * 0.9 * 0.004329  
 
Excess Water =Runoff - Demand (If Runoff  > Demand) 
Shortfall = Demand - Runoff (If Demand > Runoff) 
 
Tank Storage = Maximum of (Tank Storage of previous day - Shortfall + Excess water) and Size 
of storage tank 
 
Overflow:  
If (Tank Storage of previous day - Shortfall + Excess water) > Size of storage tank,   

Overflow = (Tank Storage of previous day - Shortfall + Excess water) - Storage tank 
 

If Size of storage tank > (Tank Storage of previous day - Shortfall + Excess water), 
 Overflow = 0 
 
% of demand = (Tank storage + runoff)/Demand  
 
Days not reaching demand: 
Count Cell if % of demand < 100, divide by the number of years (40)  
 
Overflow/Runoff: 
Sum of overflow/sum of runoff 
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Appendix B 
Well and Aquifer Calculations 
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Transmissivity Calculation (Eq. 8.42 from Freeze and Cherry): 
 

 
Sample of Drawdown Spreadsheet: 
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Freeze and Cherry Equations for U and Drawdown: 

 

 
  
Where r = 3 inches = 0.25 ft, T = 0.0975 ft2/min, S = 0.1, Q = 30 gpm = 4.01 ft2/min 
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Sample of Recovery Method: 
 
The following takes place when pumping stops (t = 1.7 hours) 

 
U2 is equal to U at the beginning of pumping, meaning the values of U2 starting at t = 106 
minutes are the same as the values of U starting at t = 0. The Recovery variable uses the same 
Thies equation (8.42) as Drawdown, with using U2 instead of U and reversing the resulting 
solution, making it negative. 
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R-script for Distance-Drawdown Graph: 
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Appendix C 
Well Pump Definition and Calculations 
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Grundfos 30SQE07-90 - 30 GPM 3/4 HP SQE-Series Deep Well Submersible 
Pump (90' Rated Head) (2W - 200-240V) 
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Friction Loss Calculations: 
 
The following shows calculations for the first 10 rows of data. The same 
calculations were done for flow rates up to 40 gallons per minute. 

 
 
Velocity = !/#	 = 	 !

"($/2)2 

 
Reynold’s Number = (Density * Velocity * Diameter)/Dynamic Viscosity 
 
Friction Factor: Haaland Equation: 

 
 
Where ! = 0 and f = friction factor 
 
Friction head loss: Darcy-Weisbach 
 

ℎ ! = " #$
%2
2& 

 
f = friction factor, L = 450 ft, D = Diameter, V = velocity, g = 32.2 ft/sec2 

 

TDH = 90 (TSH) + Friction head loss 
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Hand Plots of different pipe sizes to find acceptable operating point: 

 
 
 
Only one pipe size was tested before the ideal 30GPM operating point (given aquifer analysis) 
was found. 
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Appendix D 
WaterGEMS Distribution Layout Details 
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Pump Curves on Grundfos Website: 

 
3 Point Pump Definition in WaterGEMS: 
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Junction Simulated Pressures in Darwin Designer: 

 
Pipe Sizes and Costs for Darwin Designer Simulation: 
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If pipe diameter variation is an issue for constructability, pipe diameters can be limited. To 
confirm this, a simulation with only 3 and 6 inch pipes was run, yielding a more expensive, but 
more constructable system: 
 
Pipe Diameter (in) Cost ($) Diameter (in) Cost ($) 

P-1 6.0 1,100.00 6.0 1,300.00 

P-2 6.0 900.00 6.0 1,100.00 

P-3 2.0 1,500.00 3.0 2,500.00 

P-4 2.0 1,100.00 3.0 1,800.00 

P-5 2.5 1,600.00 3.0 1,600.00 

P-6 6.0 3,100.00 3.0 1,700.00 

P-7 2.0 1,000.00 3.0 1,600.00 

P-8 6.0 3,100.00 6.0 3,000.00 

P-9 3.0 800.00 3.0 800.00 

P-10 3.0 1,300.00 3.0 1,300.00 

P-11 2.0 900.00 3.0 1,500.00 

P-12 2.0 900.00 3.0 1,600.00 

P-13 2.0 1,200.00 3.0 2,100.00 

P-14 6.0 4,200.00 3.0 2,300.00 

P-15 2.0 600.00 3.0 1,000.00 

P-16 2.0 750.00 3.0 1,300.00 

  $24,050.00  $26,500.00 
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Appendix E 
Structural Analysis Gravity Loads 
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Appendix F 
Structural Analysis Roof Rafter Member 
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Appendix G 
Structural Analysis Ceiling Joist Member 
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Appendix H 
Structural Analysis Exterior Wall Member 
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Appendix I 
Structural Analysis Wind Load  
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Appendix J 
Structural Analysis Seismic Design  
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Appendix K 
Structural Analysis Shear Wall Design  
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Appendix L 
Structural Analysis South-Wall Header Design  
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Appendix M 
Structural Analysis West-Wall Header Design  
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Appendix N 
Lot Areas Table 
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Appendix O 
Activity List and Cost Estimation 
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Appendix P 
Cost Adjustment Factors 
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Appendix Q 
Construction Schedule 
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