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Abstract
Cities all around the world are experiencing new challenges in the wake of climate
change. In the United States the effects of climate change, coupled with failing infrastructure,
are leading to major problems when it comes to flooding and storm water management. With
the predicted increase and severity of storm events due to climate change, storm water
mitigation is becoming an important task for planners, engineers, and landscape architects.
Green infrastructure is emerging as a solution to these challenges where in place of traditional
infrastructure multi-layered systems that mimic natural processes are being used to capture,
treat and infiltrate storm water on site. This capstone examines the various components of
green infrastructure design and how it can be utilized on the University of Arizona campus. This
research, in addition to quantitative storm water calculations, have been used to inform the redesign of a site on campus using green infrastructure practices to mitigate flooding and capture
storm water runoff. Through a carefully planned green infrastructure approach, the proposed
design captures 90% of the storm water that falls in a 100-year, 60-minute design storm on site.
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Introduction
Cities all over America are experiencing problems with storm water management. A
culmination of several independent events is making storm water management a difficult task.
Traditional infrastructure, sometimes called gray infrastructure, includes culverts, underground
pipes, and concrete channelization of rivers and streams. The main goal of gray storm water
infrastructure is to convey water off site. Little thought and planning is put into what happens
to the water after it leaves the site (Smith & Culp, 2017). American cities are watching their
traditional storm water infrastructure systems fail as many of them are over a century old.
Similarly, to other types of infrastructure, the pipes, culverts and other elements of grey
infrastructure need to be maintained or the system fails. Many cities are facing expensive repair
costs or a complete overhaul of existing systems. In addition to the age of these systems many
are combined sewer and storm water systems that in heavy rain events overflow and discharge
sewage and industrial waste into nearby water sources (Karvonen, 2014). With the increase in
severity and frequency of heavy rain events due to climate change these problems will only be
exacerbated. It is clear that current storm water management practices are not sufficient, and it
is time to approach storm water management in a different way.
Green infrastructure (GI) is a method for managing storm water that aims to use natural
water cycle processes in an urban context (Recovery, Act, Reserve, & Fund, 2009). In a natural,
undeveloped area rainfall is captured, and filtered by the soil and vegetation. The water then
percolates into the soil, replenishing the aquifer. In a natural setting almost, no water is lost to
run off. However, in an urban environment where most of the surfaces are hardscape, almost
all of the water not conveyed by underground pipes is lost to evaporation. On a city-wide scale
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this can be a significant amount of water lost to evaporation that could be utilized in other
ways. Green infrastructure treats water as a resource rather than a nuisance that should be
conveyed off site and out of mind. When properly designed and implemented, GI projects
reduce storm water flooding and treat polluted water on site. In addition to these benefits, GI
projects also contribute to greater social and environmental health in the areas they are
implemented.
So how does green infrastructure fit into the greater context of Tucson and the
University of Arizona campus specifically? Tucson has a climate that brings unique challenges to
storm water infrastructure. Tucson’s climate is characterized by mild winters and extremely hot
summers with temperatures well into the 100s (Higgins, 2006). However, from July to
September Tucson experiences monsoon rains, where Tucson receives over half of its annual
rainfall. Other than scattered storms in the winter months, the monsoon rains are where
Tucson receives the majority of its rainfall. Monsoons are complex storm systems. Monsoon
storms are caused by warm air that create pockets of low pressure that pull moisture from the
ocean. In addition to this, a change in summer winds draw moisture from the Pacific Ocean and
the Gulf of Mexico. These factors create the powerful monsoon storms that operate in a cycle
of intense rainfall followed by lighter rainfall (Higgins, 2006). A monsoon season that is too wet
can cause dangerous, and sometimes life-threatening, flooding. A monsoon that is too dry can
wreak havoc on ecological communities that depend on the summer rains (Higgins, 2006).
Monsoon storms are a lot to plan for as is. However, experts predict that with climate change
monsoon storms may began to change. It is predicted that the frequency of rainfall will
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decrease but when monsoon storms do happen they will be increasingly severe (Fleishman et
al., 2013).
Traditionally, GI projects have been focused on areas that receive heavy rainfall yearround, such as Seattle. However, GI projects in Tucson must be able to handle extreme storms
for 3 months of the year and be resilient to hot temperatures and little rainfall for the rest of
the year. These intense storms lead to major flooding throughout Tucson. Tucson’s storm water
infrastructure focuses on conveying water away from the streets and into a larger water source
like the Rillito River or the Santa Cruz. However, there is virtually no storm water management
systems in place for reduction of flooding on site.
Similar to the rest of Tucson, the UA Campus experiences heavy flooding during this
time of year. Many important areas of campus flood, including streets, intersections, and
parking lots making traveling for students and vehicles difficult. After the storms almost, all of
the run off evaporates due to hot temperatures before any of it can reach local water channels.
The UA Campus could benefit greatly from the implementation of GI projects. In addition to
mitigation of flooding, GI projects could reduce the effects of the urban heat island, as well as
contribute economic and social benefits. The goal of this study is to determine the best
practices for green infrastructure in the southwest, specifically on the University of Arizona
campus.
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Literature Review
Applications of Green Infrastructure
Green infrastructure is comprised of a wide variety of techniques all with the goal of
smarter and more sustainable development. Through the use of GI features many problems
from storm water flooding to pollution can be mitigated. The combination of several GI
features can create a system with multifaceted benefits. One of the most common GI features
are rain gardens. Rain gardens, also referred to as bioretention cells, are shallow vegetated
basin (Recovery et al., 2009). These elements are designed to receive and retain runoff from
streets, parking lots, sidewalks or any hardscape near a site. Water is diverted into the rain
garden where it is retained, allowing the run off to percolate into the soil. Rain gardens are
different than traditional gardens or vegetated areas because of they do not receive direct
irrigation. This makes them perfect for drier regions, like Tucson (Recovery et al., 2009).

Figure 1. An example of a rain garden in Tucson. The shallow basins fill with water
during a rain event, holding the water and allowing for infiltration into the soil
(Watershed Management Group).
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Similar to rain gardens, swales, also called bioswales, are vegetated depressions used to
retain runoff. However, swales act as channels to move water. So in some ways they act as a
traditional storm water feature in that they are conveying water away from streets, buildings,
sidewalks and other hardscape elements, however they have capacity to retain and infiltrate
water (Recovery et al., 2009). Swales can function as smaller rain gardens or as a channel to
move water to a larger detention/retention basin or rain garden. Swales work particularly well
in sites where there is a natural change in topography that creates a downslope. Due to their
long, narrow configuration swales function well in areas where there is little space for a rain
garden or larger retention basin. Swales placed along roadways or transforming a road ditch
into a bioswale can be very effective in mitigating flooding along streets.

Figure 2. An example of a bioswale in Illinois.
The swale is placed at a low point in the
landscape to gather and infiltrate as much
water from the site as possible (USDA
Natural Resources Conservation Service).

Porous pavement is another GI element that is commonly used in the landscape. Porous
pavement can be found in two forms. The first is permeable surface, such as decomposed
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granite or porous concrete, and the second is interlocking concrete pavers. Both types of
porous pavements have a soil bedding underneath that allows for the infiltration of water
(Ando & Netusil, 2013). In addition to infiltration, studies have shown that these pavements can
help to treat water. Water that flows through permeable pavements go through the pavement,
several layers of bedding and into the soil below. All these layers help to treat pollutants found
in urban water (Recovery et al., 2009). However, porous pavement system may not be the most
effective method for green infrastructure application. The main concern with permeable
pavement systems is clogging. If the pores of the pavement become clogged the water is no
longer able to infiltrate into the ground, rendering the system useless. Sediment carried from
vehicles, pedestrians and water can become stuck in the pores of the system if it is not properly
maintained. In addition to this, stress from vehicles and pedestrians walking over the pavement
can cause the pores to collapse (Scholz & Grabowiecki, 2007). To prevent these problems from
occurring frequent maintenance and replacements are needed. These can be expensive making
porous pavement systems not a viable option for most projects.

Figure 3. A diagram of three common types of porous pavements;
porous pavers, porous concrete and porous asphalt (Philadelphia
Water’s Storm Water Plan Review).
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Active water harvesting via rain barrels or cisterns is another application of green
infrastructure. Water harvesting aims to collect water from a site and store it for future use.
This strategy can be very effective in collecting additional water for irrigation of plants. Rainfall
that falls onto the roofs of structures is channeled to a downspout where it can be stored in
cisterns, or in some cases underground tanks (Critchley & Siegert, 1991). This ensures that
water collected on roofs does not contribute to flooding and that this water is used in a
beneficial way.
GI is extremely beneficial because of its capacity to function at the site scale as well as at
a larger, watershed level scale. The addition of one rain garden can mitigate flooding challenges
for one street. However, if multiple GI features are implemented to create a system and that
system is placed high in the watershed, it can improve flooding problems lower in the
watershed.

Storm Water Management
In a conventional, or grey storm water infrastructure system, the goal of the system is to
detain water and move it off of site. In traditional engineering practices, detaining water is one
of the only objectives. However, these systems don’t always take into account the complexities
of an urban water system. Urbanization has adverse effects on the water that runs through a
city. “Urbanization has dramatically increased the volume and peak flow of storm runoffs,
exposing communities to greater risks of flood hazards.” (Liu, Chen, & Peng, 2014). In situations
where more hardscape and impervious surfaces are in an urban area, less water is allowed to
percolate into the ground. In turn, more water floods into the streets affecting homes and
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businesses. The aging infrastructure systems in most cities were built to address a different set
of issues than the built environment faces today. Green infrastructure can make huge impact
on the severity and frequency of floods.
When it comes to storm water management the main concern is larger storms. In
smaller rain events a small-scale GI system, such as a rain garden or a bioswale, can be enough
to handle storm water and flooding on site. However, in large scale storms, such as a 100-year
storm event, flooding is still a major concern. In these cases, GI elements can be integrated with
existing or new gray infrastructure to address these concerns. The combination of these
elements is often referred to as ‘sage’ infrastructure (Karvonen, 2014). An example of this type
of system would be a detention tank that is connected to a series of rain gardens or other
vegetated areas. In a small storm the detention tank would drain out quickly and water the
plants. In larger storms the tank fills and holds the water preventing the water from flooding off
site.

Surface Water Pollution
In addition to addressing flooding issues on site, green infrastructure has numerous
benefits when it comes to the treatment of pollutants in urban runoff. In urban areas there are
many sources of pollution that pose a threat to natural waterways, non-point source pollution
being the largest. Non-point source pollution is caused by rain or snow moving through urban
areas. As it travels it collects chemicals, animal waste, debris and other pollutants that
eventually end up in rivers and other waterways (Ando & Netusil, 2013). These pollutants can
have negative impacts on waterways such as decreased water quality, therefore requiring more

BENEFITS AND APPLICATIONS OF GREEN INFRASTRUCTURE

12

treatment before it can be used by humans. In addition to this, it can have adverse effects on
plants and animals that live in and around these waterways. Non-point source pollution can be
very difficult to address because there is no single source of pollution. However, green
infrastructure is one of the methods being used to address and manage non-point source
pollution.
Green infrastructure is being used to hold and infiltrate what is called the first flush. The
first flush occurs during the beginning of a storm event when water first begins to flow. During
this period there is a high concentration of pollutants in these waters compared to later in the
storm (Lee, Bang, Ketchum, Choe, & Yu, 2002). If first flush water is allowed to flow into
receiving waters, it can have negative impacts on the health of receiving waters. In fact, “storm
water runoff has been identified as one of the leading causes of degradation in the quality of
receiving waters, especially during the first flush.” (Lee et al., 2002). First flush waters are a
significant threat, but the negative impacts can be eliminated with green infrastructure. Rain
gardens, vegetated basins, or bioswales can be used to collect first flush waters. These GI
features would not only hold the polluted waters and prevent them entering streams and rivers
but would also filter out the pollutants. Plants have a direct effect on the amount of pollutants
that remain in first flush waters. Plants have the ability to remove pollutants directly from the
water due to adsorption and uptake of pollutants by the plants. Studies have shown that plants
are extremely effective in removing both organic and inorganic pollutants from storm water.
Plants can reduce the concentration of nitrogen, phosphorus, carbon, and even heavy metals
from polluted waters (Read, Fletcher, Wevill, & Deletic, 2010).
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Urban Heat Island Effect
Green infrastructure can also be used to lessen the impacts of the urban heat island
effect and create a more comfortable microclimate. The urban heat island effect is a more
recent phenomenon caused by human activities in urban areas. Urban areas, compared to rural
areas, are significantly hotter. Urban heat islands are caused by development and increases in
impervious surfaces and hardscape. In rural or natural settings heat is not captured and held
onto as long as in an urban environment. Buildings, sidewalks, and roads do an excellent job of
absorbing heat and radiation from the sun and holding onto it for extensive periods of time.
Even after the sun goes down temperatures remain higher. The heat stored in these surfaces is
slowly released at night which maintain steadily hotter temperatures in urban areas (Norton et
al., 2015). Higher city temperatures impact the daily lives of its citizens in many ways. High
temperatures make it uncomfortable for people to be outside and interact with their city.
People are less likely to use public transportation or walk to their destinations. Energy use is
also affected. With hotter temperatures homes and businesses consume more energy to keep
the buildings cooler. High temperatures also have effects on human health. Extreme
temperatures can cause a myriad of health problems including; respiratory difficulties, heat
exhaustion, heat stroke, and in extreme cases, death (EPA, 2017).
One of the additional benefits of green infrastructure is its potential to mitigate some of
these effects. Vegetation and tree canopies have a large impact on the temperature off a space.
Both have cooling affects that when applied on a larger scale can have an impact on the
temperature of urban areas. Plants cool reduce the air temperature directly due to
transpiration. When the temperature around a plant increases it releases stored water to cool
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itself. This water travels into the air, creating a cooling effect (Emmanuel & Loconsole, 2015).
Vegetative cover also has indirect cooling effects. By covering and shading impervious surfaces,
less heat is able to be absorbed thus reducing the temperature. Also, the removal of impervious
surfaces altogether to put in GI projects means less heat will be trapped in these surfaces,
reducing the effects of the urban heat island. A study done in Melbourne, Australia found that,
“a 10% increase in vegetation cover could reduce daytime urban surface temperatures by
approximately 1 degree Celsius, or 1.8 degrees Fahrenheit.” (Norton et al., 2015). 10% is a
relatively low percentage with significant cooling effects and the more vegetative cover, the
more urban temperatures can be reduced.
These reductions in temperature could be particularly useful in Tucson. Due to this
regions desert climate, temperatures, especially in the summer months, are extremely high.
Large scale applications of green infrastructure throughout Tucson could greatly reduce
temperatures and mitigate the effects of the urban heat island.

Climate Change Mitigation
The effects of climate change are becoming extremely clear throughout the world. In
addition to warmer temperatures, experts predict that climate change will have numerous
other effects of varying severity. Due to the challenging and complicated climate of the
southwest, it is likely that this region will experience some of the most difficult climate change
factors. Among these are hotter temperatures, a decrease in precipitation, an increase in
extreme precipitation events, reduction in snow-melt, decreased soil moisture, reduction in
river flow, increased flooding and more severe droughts (Fleishman et al., 2013). Climate
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change has already occurred, and the effects may not be reversible. However, with proper
mitigation and adaptation strategies, the effects of climate change can be lessened, and more
adverse effects can be prevented. It is important that smarter and more sustainable strategies
are implemented to ensure that southwestern communities are resilient to climate change.
Green infrastructure could play an important role in mitigating and adapting to climate change.
The functions and services that GI provides line up with the predicted effects of climate change.
GI and urban green spaces help to sequester carbon, increase thermal comfort by increasing
shading and vegetation, reduce flooding risks, and improve water quality (Demuzere et al.,
2014). Green infrastructure is also a promising strategy for building resilient communities
because of its ability to be applied at a variety of scales. GI functions well at both smaller scales
and larger ones. Individual GI elements such as rain gardens work for site specific issues but a
network of GI elements implemented on a city-wide scale can have tremendous benefits. While
smarter development, reduction of emissions and smarter uses of resources are essential to
prevent the negative impacts of climate change from occurring, GI could be an important
mitigation tool. A network of GI elements can create a framework for developing adaptable and
resilient communities in the face of climate change.

Methodology
As there continue to be more problems with the intersection of natural processes, such
as large storm events, and the urban environment it is increasingly important that multi-faceted
solutions be utilized. A majority of this capstone is aimed at gathering a breadth of knowledge
on the most effective green infrastructure methods and how they can be adapted and
implemented for the climate and context of the University of Arizona campus. My methods
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consist of a thorough literary review on green infrastructure components and how they are
best used. In addition to this, a case study of a university campus redesign with a similar arid
climate will be examined. A site that experiences regular heavy flooding during storm events on
the University of Arizona campus will then be selected. An analysis of the site’s current
conditions will be performed. Hydrology, circulation, and other factors will be analyzed. Storm
water runoff for a one-year, 5-year, 10-year, 50-year and 100-year, 60-minute design storm will
be calculated so that there is a benchmark for exactly how much water is flowing through the
site in a variety of storms. All of these elements will then be synthesized to inform a green
infrastructure design for the site.

Data
Case Study
University of Texas El Paso Campus Transformation
The University of Texas El Paso Campus Transformation is an ASLA Award of Excellence
project completed in 2015. In addition to the number of awards, this project is also SITES Silver
certified. Due to rigorous planning and attention to detail this project serves as an example of
sustainable design for future projects. This project transformed the heart of the UTEP campus
from what was essentially a parking lot into a network of green infrastructure and recreational
elements. Prior to the campus redesign this portion of campus experienced heavy flooding in
rain events due to the large amounts of impervious surface and the natural topography of the
site. A network of constructed vegetated arroyos surrounding the campus mall collects storm
water and channels it away from walkways and buildings. The vegetated arroyos help to slow
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the water and infiltrate it into the soil. Decomposed granite replaces traditional concrete in
many of the major walkways, reducing storm water run-off. The use of an entirely native plant
palette ensures that the plantings require little supplemental irrigation. The success of this
project is shown not only through the professional awards it has received, but through the
SITES Certification. This project was the first project to be SITES certified after the pilot testing
of the program finished. SITES is a rating system that helps to create a framework for designing
sustainable landscapes. Green infrastructure and storm water management are core
components to the SITES system. This project is a great example of how green infrastructure
can be utilized to mitigate storm water while also creating urban natural areas and places for
recreation.

Figure 6. Top: Before the campus transformation Bottom: UTEP after the transformation (Ten Eyck Landscape
Architects)
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Site Selection
My chosen site is located on the western side of campus where Park Avenue meets
James E Rogers Way. The site includes James E Rogers Way, a one-way single lane street, and
the adjacent areas. This site is located in a busy portion of campus with three dormitories as
well as four academic buildings nearby. To the north of the site is E 2nd Street and to the west is
Park Avenue. Both of these are busy streets used by cars, bikers, pedestrians and the streetcar.
In addition to busy roads surrounding the site, a pedestrian and cyclist only pathway runs
through the site, intersecting James E Rogers Way. At several times during the day this area
becomes extremely congested. James E Rogers is also an important thoroughfare for
maintenance vehicles. Special considerations must be made to maintain circulation throughout
this site.
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Figure 7. A context map of the surrounding area. The site is outlined in dashed yellow.
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Figure 8. Where the bike path intersects
James E Rogers Way on the east end of the
site. (Taken by author).

Figure 10. Standing in the center of James E
Rogers Way looking west. (Taken by author).
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Figure 9. Existing constructed sidewalks and
vegetation in front of the dormitories (Taken
by author).

Figure 11. The corner of Park Avenue and
James E Rogers Way, where major flooding
occurs. (Taken by author).
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Hydrology
The hydrology of this site is an important aspect in future site design. In order to
mitigate flooding by implementing a green infrastructure design it is important to understand
the complexities of this site. The West University Wash runs directly through this site where
James E Rogers Way currently is located. The West University Wash is part of the larger West
Tucson watershed where it eventually connects with the Santa Cruz. The flow of the wash is
around 1000-2000 cubic feet per second. The City of Tucson has identified the area west of this
site, along Park Avenue, as a flood hazard zone. Due to the topography of the site, and the
larger Tucson watershed, during storm events water is channelized via James E Rogers Way and
ends up flooding Park Avenue. A meticulously planned green infrastructure design could
prevent this flooding from occurring.
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Figure 12. A map of the site’s existing hydrology.

Storm Water Calculations
Table 1. Existing Site Conditions

Existing Conditions
Buildings
Turf
Mulch/Other Pervious
Road
Sidewalk
Total

Area (sq/ft)
Area (acre)
69,543.13
95,164.00
39,041.76
20,740.93
19,520.88
244,010.70

% of Total
1.79
1.45
0.27
1.48
0.64
5.63

28.5
39
16
8.5
8
100
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Calculating the Average C value
The C-value, or runoff coefficient, is a crucial component to calculating storm water
runoff rates and volumes. C-values are standardized. The runoff coefficient is a dimensionless
value between 0 and 1. A C-value of one would be assigned to a completely impervious surface
and a C-value of zero would be assigned to a completely pervious surface. The C-value can be
calculated by identifying areas of each surface type of the site, finding the associated C-values,
adding them together and finding the average. The C-value for this site is 0.636.
Calculating the Peak Runoff Rates
The peak runoff rate is the rate at which storm water flows during the most intense
portion of the storm. This is calculated using the rational method formula, 𝑞 = 𝐶𝑖𝐴, where
𝑞 = peak runoff rate, in cubic feet per second
𝐶 = average runoff coefficient
𝑖 = rainfall intensity, in inches per hour, found using the associated value for
design storm and climate.
𝐴 = Site area, in acres
Table 2. Peak Runoff Rates Calculations

Design Storm
1-Year, 60
Minute Design
Storm
5-year, 60
Minute Design
Storm
10-year, 60
Minute Design
Storm
100-year, 60
Minute Design
Storm

C
Average

I (iph)

A (acres)

Peak Runoff Rate
(cuft per s)

0.636

1.86

5.63

6.7

0.636

3.18

5.63

11.38

0.636

5.17

5.63

18.51

0.636

5.8

5.63

20.76
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Calculation the Pre-Design Runoff Rates and Runoff Volumes
This calculation utilizes the modified rational method to calculate an average runoff rate
for the site through the duration of the design storm. Where the peak runoff rate in the
previous calculations finds the flow speed at the most intense part of the storm, the modified
rational method gives a broader picture of the runoff throughout the entire storm. The
modified rational method uses an additional runoff coefficient called the antecedent
precipitation factor. This coefficient is based off of the type of design storm, 1 year, 10 year,
etc. The modified rational method is as follows, 𝑞 = 𝐶𝐶& 𝑖𝐴, where:
𝑞 = runoff rate, in cubic feet per second
𝐶 = average runoff coefficient
𝐶&' antecedent precipitation factor
𝑖 = rainfall intensity, in inches per hour, found using the associated value for
design storm and climate.
𝐴 = Site area, in acres
Table 3. Pre-Design Runoff Rates

Design Storm
1-Year, 60 Minute
Design Storm
5-year, 60 Minute
Design Storm
10-year, 60
Minute Design
Storm
100-year, 60
Minute Design
Storm

C Average

Antecedent
Precipitation
Factor
I (iph)

A
(acres)

Runoff Rate
(cuft per s)

0.636

1

0.775

5.63

2.77

0.636

1

1.33

5.63

4.76

0.636

1.2

2.15

5.63

9.23

0.636

1.25

2.42

5.63

10.83
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Using the calculated runoff rates in the above table the total runoff volume can be
calculated. To find the volume the runoff rate is multiplied by the duration of the design storm.
The duration must be changed from minutes to seconds in order to get feet cubed. For a 60minute design storm the runoff rate would be multiplied by 3,600 seconds.

Table 4. Total Runoff Volume

Design Storm

Duration (s)

Runoff Rate (cuft per s)

Volume (cuft)

1-Year, 60 Minute Design
Storm

3,600

2.77

9,972

5-year, 60 Minute Design
Storm

3,600

4.76

17,136

10-year, 60 Minute Design
Storm

3,600

9.23

33,228

100-year, 60 Minute
Design Storm

3,600

10.38

41,569

Building Rooftop Runoff Volumes
Table 5. Rooftop Runoff Volumes
Building
Gila
Maricopa
Yuma
Arizona State
Museum
CESL
Communications

Roof Area
100 year, 60 Minute Storm
(acres)
Runoff Volume (cuft)
0.45
4,410
0.28
2,744
0.33
3,273
0.91
0.27
0.3

9,009
2,740
7,221
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Estimating Pre-Design Monthly Water Usage
Table 6. Estimated Monthly Water Usage for Existing Conditions

Land Cover
Turf
Mulch/Other
Pervious

Water
Demand
Medium

Irrigation
System
Rotor

Low

Drip

Est. Monthly Water Use
Area (sq ft) (gal)
95,164
737,337
39,014.76

85,743

Data gathered using the EPA WaterSense Budget tool.

Results and Discussion
Program
The main goal for this design program is storm water mitigation. Due to the hydrology
and typography of the site storm water is a major concern. The West University Wash runs
directly through the site resulting in significant flooding along the western edge of the site.
Within this overarching goal for the project there are three main objectives. The first objective
is to capture and treat storm water through the use of vegetation. The second objective is to
channel storm water runoff through the site to be used as irrigation for vegetation and prevent
any flooding to nearby buildings. The third objective is to create a secondary containment
element at the western edge of the site to hold and infiltrate water in larger storm events,
preventing flooding on Park Avenue. By utilizing an extensive green infrastructure design 90%
of water in a 100-year storm should be retained on site. The second goal of this program is to
create a useable green space for this part of the University of Arizona campus that mitigates the
urban heat island effect and allows for a greater connection with the environment on campus.
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Objectives for this goal include the use of shade trees and shade structures surrounding
intimate and group sitting areas. Also, the use of interpretive signage will lend information
about the benefits of the project.

Concepts
My first concept design eliminates car traffic along James E Rogers Way and converts
the road into a pedestrian and bike thoroughfare. Traffic congestion at the eastern edge of the
site is remediated with a bicycle roundabout that also serves as a first flush basin. Adjacent to
the pedestrian and bicycle pathways are vegetated bioswales. The swales run the length of
James E Rogers Way and have a series of bioretention basins and check dams to hold runoff and
allow for infiltration. The turf grass on either side of the swales is replaced with low water use,
desert vegetation that will help capture additional run off.
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Similarly, to my first concept my second concept also eliminates car access to James E
Rogers Way. This design daylights the West University Wash itself, allowing it to flow freely
during storm events. A first flush basin that serves as a traffic calming roundabout at the
eastern edge of the site is connected via pipe inlet to the daylighted wash. A series of rain
gardens are located south of the wash and connected via pipes to capture any overflow in
larger storm events. The turf south of the dorm is replaced with desert vegetation. Elevated
pedestrian walkways connect the site from north to south. These walkways feature observation
platforms allowing visitors to observe the wash when there is water flowing through.
Pedestrian and bicycle circulation are on both sides of the wash.
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Final Schematic Plan
The final schematic plan for James E Rogers Way combines several elements of my two
concepts to create what I have identified as the best practices to manage storm water for this
specific site on the University of Arizona campus. The northern border of the site, along 2nd
street, there are a series of micro-basins running the length of the street to capture and treat
the runoff. South of the historic dorms there is a network of decomposed granite pathways
designed to improve pedestrian circulation through the site as well has capture run off. A series
of five bioretention basins, or rain gardens, have been strategically placed near building
downspouts to capture storm water from the roof tops. Planting areas of desert vegetation
replace the pre-existing turf areas. In these planted areas there is seating for students. The
vegetated areas reduce impervious surfaces and irrigation needs. The main feature of the
design is the daylighted wash that runs through the site. James E Rogers Way has been
transformed from a single lane road to an ephemeral wash feature. A series of five large
bioretention basins are connected by a swale that runs through the daylighted wash. The banks
of the wash are stabilized with vegetation. On the southern edge of the site there are a series of
cisterns that capture the roof runoff of the Arizona State Museum, the CESL Building, and the
Chavez Building.
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Element Selection
2nd Street Micro-basins
Along 2nd Street there are a series of 16 micro-basins placed in the sidewalk. These
basins are designed to capture the first flush of storm water coming off of 2nd Street during a
storm event. In addition to capturing storm water they provide opportunities for street trees to
be planted along the sidewalk. The tree canopy would increase human comfort of those using
the sidewalk by providing shade. Each micro- basin has been sized and designed to capture 40
cubic feet, around 300 gallons, of water. For all 16 micro-basins this amounts to 640 cubic feet,
or 4,787 gallons.
Bioretention/Rain Gardens
South of the dorms Gila, Maricopa, and Yuma there are a series of 5 bioretention rain
gardens. The building downspouts have been redirected underground to flow into these basins.
This prevents flooding and possible erosion to the area surrounding the downspouts. Each
basin has an area of 1,800 square ft and a depth of 2 feet. This results in 3,600 cubic feet of
storage per basin. In total these basins can hold up to 18,000 cubic feet or, 134,650 gallons of
water.
Daylight Wash
The wash is the central feature of the design. The wash is essentially an enlarged swale
with a series of basins and check dams to hold onto to water and slow down the flow. Using the
continuity equation and Manning’s equation for open channels I determined that the minimum
width of the channel for the runoff rate of a 100-year, 60-minute design storm is 8.5 feet across
and the minimum depth is 1 foot. These were the basic parameters I used, although swale
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width and depth will vary slightly as it is not a cemented channel, rather it is a recreated wash
with vegetated banks. The basins vary in size, but all have a depth of 3.5 feet and have been
designed to fit into the existing curve of James E Rogers Way. Check dams associated with each
basin hold back the water, increasing infiltration and slowing down the water during more
intense storms.
Table 7. Bioretention Basin Storage Volumes
Bioretention
Basin
Storage (cuft)
Storage (gal)
1
1,312
9,812
2
2,800
20,945
3
2,800
20,945
4
2,100
20,945
5
1,312
9,812
Total
10,324
82,459
Cisterns
On the southern edge of the site there are a series of 4 cisterns to capture storm water
from the roof tops. The cistern located on the west corner of the Arizona State Museum will
hold 20,000 gallons whereas the other 3 cisterns will hold 15,000. This extra capacity is due to
the larger area of the roof as well as the buildings location. Because it is closer to the end of the
wash more cistern storage is required to prevent overflow from the cistern from releasing too
much water to the wash at once. Downspouts have been rerouted to filter into the
underground cisterns. In smaller storm events the water would be held and used for irrigation.
However, in larger storms where the cisterns reach capacity there is an outlet to the wash to
prevent the system from overflowing.
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Total Estimated Storage
The total storm water storage volume for my proposed green infrastructure design is an
estimated 37,653 cubic feet, or 286,896 gallons. The total estimated runoff volume from my
storm water calculations was 41,569 cubic feet of water. Through combining a variety of GI
elements and appropriately sizing them to the sites storm water requirements this design has
the ability to capture 90% of the storm water runoff in a 100-year, 60-minute design storm.
Table 8. Total Storm Water Storage Capacity of Proposed GI Elements
Element
2nd Street
Microbasins
Bioretention
Rain Gardens
Wash
Cisterns
Total

Storage (cuft)

Storage (gal)

640

4,787

18,000
10,324
8,689
37,653

134,650
82,459
65,000
286,896

Conclusion
The results of this research have shown that green infrastructure has the capacity to be
very successful in mitigating storm water flooding. Through a multi-layered and careful
approach to design 90% of storm water runoff can be captured on site. In the site’s existing
condition storm water flows through the site with very little infiltration. All of this runoff
accumulates at the eastern edge of the site along Park Avenue. This results in heavy flooding
which has led the University to deem this site as one of the top ten worst flooding zones on
campus. Through a combination of green infrastructure elements this extreme flooding can be
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eradicated. In addition to mitigating urban flooding green infrastructure creates many other
benefits. Vegetation used in the micro-basins, rain gardens and in the swale treat and filter the
water before it infiltrates into the soil. The cisterns allow for long term water storage where it
can later be used for irrigation, reducing the need for supplemental irrigation. The increase in
vegetation and tree canopy and reduction in hardscape create a cooler microclimate and help
lessen the effects of the urban heat island effect. Lastly, the creation of an urban green space
creates opportunities for students and visitors to have a greater connection with natural areas
and processes on campus. Green infrastructure has the potential to handle many of the
flooding issues on campus while also providing many benefits to students, faculty and visitors.

Limitations
One limitation to this study was the calculations themselves. The rational method and
modified rational method create a good overall picture of storm water runoff there are
additional methods that would have strengthened the data for this capstone. Analyzing the
entire watershed that my site falls in would have been beneficial in understanding the greater
hydrology and the health of the watershed. It would have also been interesting to analyze the
floodplain of the area and see how much the floodplain could be reduced with a green
infrastructure design. In addition to this the use of the runoff curve method would have added
another layer of quantitative data to the capstone. This method analyzes runoff, rainfall, soil
type and soil infiltration capacity. This method requires the use of an infiltrometer to record
infiltration rates of the soil before, during and after a storm event.
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Another component that would have been beneficial for this capstone is a cost benefit
analysis. One of the struggles of green infrastructure is that the upfront costs are often more
than more traditional gray infrastructure solutions. While the upfront costs may be more, the
long-term costs are often less or similar in cost to gray infrastructure. This combined with the
non-monetary benefits of green infrastructure make it a better solution for many sites.
There are many opportunities for future research on green infrastructure. I think an
important tool to the future of green infrastructure is the advancement of modeling tools.
Modeling programs that use site parameters such as soil type, hydrology, topography, among
other elements to create green infrastructure scenarios can help model the success of these
system. It could also be used to help reevaluate existing green infrastructure projects to help
improve them.
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