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Abstract 

Sports venues require large amounts of parking to facilitate the number of spectators 

attending an event.  The parking, mostly surface, is underutilized when compared to traditional 

parking lots accommodating daily use.  Large parking surfaces alter the natural hydrological cycle 

by generating large volumes of runoff.  Over time, pollutants build up on a parking surface and 

are discharged into a stormwater drainage system during a rain event.   The intent of the 

research is to investigate the use of Best Management Practices that ultimately reduce the 

pollutant loads created by stormwater runoff while creating amenities for spectators that could 

potentially generate revenue.   

The focus of the study will be on a 400 acre sports venue in Kansas City, Missouri, the 

Truman Sports Complex.   To understand retrofitting stormwater management practices, one 

must understand how large parking lots are constructed and understand successful examples.  

Through the use of archival research, interviews and analysis of two parking lot case studies, 

Northgate Mall in Seattle, Washington and US Cellular Field in Chicago, Illinois, the research 

analyzed how retrofitting design solutions are utilized to reduce stormwater pollutant loads.   

Each case study documents a distinct type of retrofitting strategy; bioswales at Northgate 

Mall and permeable concrete pavers at US Cellular Field.  Using the Design Point Method 

developed by the Center for Watershed Protection, the research analyzes each case study 

retrofit design solution - conceptually and post construction.  The Design Point Method allowed 

the research to measure the success of retrofitting strategies and informed the research to as to 

how the strategies could be implemented at the Truman Sports Complex. 

The conclusion of the project is a retrofit design solution of a surface parking lot at the 

Truman Sports Complex.  Using the Design Point Method as an analysis tool, the final study 

provides compelling evidence that retrofitting existing surface parking lots at sports venues using 

Best Management Practices provides a sustainable solution to reducing pollutant loads while 

creating the potential for enhancing the tailgate experience for the sports fan. 
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CHAPTER 1 - Introduction 

Gameday 

From a fans perspective, there is nothing better than firing up the grill and 

ŜƴƧƻȅƛƴƎ ǘƘŜ ōŜŀǳǘƛŦǳƭ Řŀȅ ǘƘŀǘ ƛǎ ƪƴƻǿƴ ŀǎ άDŀƳŜ 5ŀȅέ όCƛƎǳǊŜ м-1).  But what if that day 

ƛǎƴΩǘ ǎƻ ōŜŀǳǘƛŦǳƭΚ  Lǘ ƛǎ ǘƘŜ ŜƴŘ ƻŦ ŀƴƻǘƘŜǊ ƭƻƴƎ 

summer and the start of football season.  You 

just pulled your car into the stall at the stadium 

and you are greeted by asphalt that has been 

heating up all day long in the 100-degree heat.  

Scanning the vast sea of cars, you find no relief 

from the heat, just row after row of 

automobiles parked continuously on asphalt 

pavement.   

One of the goals for the modern sports 

venue is to maximize revenue.   Accompanying 

the fan on the journey to the suites, clubs, and 

box seats is the automobile.  The majority of sporting venues that have been built in the 

last 30 years rely on the availability of some type of parking relatively close to the venue.  

How close the average fan eventually parks to the venue depends upon how much 

money they want to spend.  Most venues offer mass transit opportunities, but mass 

transit does not resonate with the American love affair of the automobile.  Most venues 

Figure 1-1 Gameday KSU Stadium  

(http://www.k -state.edu/photo/spirit/tailgaters -

SI2013_003.jpg, 2004) 

 

 

http://www.k-state.edu/photo/spirit/tailgaters-SI2013_003.jpg
http://www.k-state.edu/photo/spirit/tailgaters-SI2013_003.jpg


 
2 

create as much parking as economically possible to capitalize on game day revenue.  The 

cheapest solution for sports venues is the asphalt parking lot.   

Forget green islands, landscape buffers, or grass medians.  Most cities and 

communities want a new franchise, or upgraded collegiate facilities.  Time and money 

are spent where the benefits for the fans are the greatest.  Creating tƘŜ ά{ǳǇŜǊ {ǳƛǘŜέΣ 

ǘƘŜ άtŀǊǘȅ {ǳƛǘŜέΣ ƻǊ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƴǳƳōŜǊ ƻŦ ǊŜǎǘǊƻƻƳǎ ŀƴŘ ŎƻƴŎŜǎǎƛƻƴǎ are high on the 

list of where the money goes when a new venue is built.    Upgrading all these amenities 

allows for higher ticket prices and increased revenue.  So why should the average fan 

care about parking, one 

ƳƛƎƘǘ ŀǎƪΚ  {ƘƻǳƭŘƴΩǘ ǘƘŜ 

area where people spend a 

majority of their time, the 

tailgate (Figure 1-2), be taken 

into consideration when 

analyzing how to potentially 

create added revenue for a 

sports venue?  What if 

enhancing the parking lot, or 

more importantly the 

tailgating experience, was a way to increase revenue?   

There are many ways to enhance the tailgate experience, but there is only one 

way to enhance the experience that also ties to sustainable methods for planning and 

Figure 1-2 Tailgating at Truman Sports Complex, 

(http://www.americaswonderlands.com/images/KC/ChiefsTailgat

ing-web.jpg, 2003) 

http://www.americaswonderlands.com/images/KC/ChiefsTailgating-web.jpg
http://www.americaswonderlands.com/images/KC/ChiefsTailgating-web.jpg
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design.  Using Low Impact Development (LID) to manage stormwater with the use of 

natural systems, rather than the typical end of pipe methods, is a way to create the 

άDǊŜŜƴ ¢ŀƛƭƎŀǘŜΦέ  [L5 ƛǎ ŀ sustainable design method of stormwater management and is 

modeled after nature and uses these materials and methods to reduce the impact to the 

existing hydrologic systems.    

 The intent of the research is to investigate the use of Best Management Practices 

that ultimately reduce the pollutant loads created by stormwater runoff while creating 

amenities for spectators that could potentially generate revenue.  The Truman Sports 

Complex (Figure 1-3), located in Kansas City, Missouri, is an example of an existing sport 

ŦŀŎƛƭƛǘȅ ōǳƛƭǘ ƛƴ ǘƘŜ ŜŀǊƭȅ мфтлΩǎ 

using traditional stormwater 

management practices.  The 

research will explore new 

approaches to stormwater 

management and apply the 

lessons learned into a design 

solution.  The final outcome will 

be a proposed design solution 

that demonstrates how 

retrofitting an existing surface 

parking lot at the Truman Sports Complex can reduce stormwater pollutant loads.    

Figure 1-3 Truman Sports Complex (Google Earth, 2008) 
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CHAPTER 2 - BACKGROUND 

History of Large Scale Parking Lots at Sports Venues 

   

aƻŘŜǊƴ ǎǘŀŘƛŀ ōǳƛƭǘ ƛƴ ǘƘŜ мфслΩǎ ŀƴŘ тлΩǎ ŦƻŎǳǎŜŘ ƻƴ ǘƘŜ ƛŘŜŀ ƻŦ ōǳƛƭŘƛƴƎ ŀ Ƴǳƭǘƛ-

purpose event space.  The singular stadiums for professional sports teams were being 

replaced with multipurpose stadiums like Qalcomm Stadium in San Diego (Figure 2-1). 

The advantage to a multi-purpose stadium was that cities could fund a singular project to 

serve two sports franchises.   

Land, infrastructure, public 

transportation, parking and the 

overall building costs were 

combined to save money.  (In 

most cases, this money was 

often public.)  Unlike stadiums 

of the past, which were 

generally built near the urban 

core, most multi-purpose 

stadiums were built with convenience of the fans in mind.  Most were carved out of large 

chunks of land near freeways or highways, with large, expansive parking lots surrounding 

the stadium. 

The purpose of the research is to change the way sporting venues design, 

manage, and use surface parking.  Across the United States there are roughly 1,795 

Figure 2-1 Qalcomm Stadium, San Diego (Google Earth, 2009) 
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stadiums that have a seating capacity of over a 1,000 (E40Projects, 2008). If we were to 

break down seating capacity further, there are roughly 298 stadiums with a seating 

capacity of over 20,000 in the United States.  Each of these stadiums (Figure 2-2) would 

typically have one parking space for every three fans, which would equal roughly 6,666 

parking spaces per venue.  If one averages the parking requirements for a typical 

stadium, that would equal about 1,986,468 parking spaces across the country dedicated 

to sporting venues.  

Traditionally a ratio of 100 

cars per acre is used in the 

early planning stages to 

determine how much land is 

required for parking. Taking 

that into consideration, 

roughly 66 acres are required 

for parking at each of these 

venues.  Each venue would 

require 2,874,960 square feet 

of parking to function. 

All of this land is not dedicated strictly to parking, because most cities have open 

space ordinances that dictate the design of parking areas.  Even if we throw out twenty 

percent for open space, there still would be approximately 15,750 acres (686,070,000 

square feet) dedicated to parking for sports venues.   Most of these surfaces are 

Figure 2-2 Ralph Wilson Stadium, Buffalo  

(Google Earth, 2009). 
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impermeable asphalt or concrete, creating runoff to traditional stormwater management 

practices.  So why are sports venues different from any other urban area that uses 

traditional impervious surfaces for parking lot design?  The answer lies with the use of 

these facilities.   

Typically, most sporting 

venues are rarely used year 

around.  Smaller multipurpose 

facilities typically have more 

events, but the bigger, more 

traditional stadiums (Figure 2-

3), have no more than 80 

events a year.  The biggest 

stadiums involving football and 

racing have even fewer.  

Looking at those schedules, 

why build a traditional parking 

surface for an event that only occurs 80 times a year or less?  Would it not make more 

sense to leave the parking surfaces closer to a natural state which allows the lot to 

function more like green space throughout the year?  

  All of the stadiums with seating capacities over 20,000 have surface parking 

greater than 10 acres.  Most of sports facilities use some type of traditional stormwater 

management practices.  Some have adopted different types of Best Management 

Figure 2-3 McAfee Coliseum ς Oakland, California  

(Google Earth, 2009) 
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Table 2-1 Stormwater Pollutant Types and Source, (NRDC, 

http://www.nrdc.org/water/pollution/storm/stoinx.asp, 

2003) 

tǊŀŎǘƛŎŜǎ ό.taΩǎύΣ ōǳǘ ŦƻǊ ǘƘŜ Ƴƻǎǘ ǇŀǊǘΣ ǘǊŀŘƛǘƛƻƴŀƭ ǎǘƻǊƳǿŀǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎ 

have been designed. All the facilities contribute to the problem of urban stormwater 

pollution.  Pollution in our drinking water, beaches, lakes and streams are primarily 

caused by rainwater washing over impervious pavements 

Urban Stormwater Pollution ς The Problem 

 

 According to the National Resources Defense Council, polluted runoff rivals or 

exceeds sewage treatment plant 

and factories as the number one 

source of water contamination 

as seen in Table 2-1. As 

development has occurred over 

time, more natural surface area 

has been covered by impervious 

surfaces such as buildings and 

pavement. The Center for 

Watershed Protection (CWP) 

estimates that 1.5 million square 

feet of land development is converted from a natural state to some type of impervious 

cover every year (1998).  Impervious surfaces do not allow the natural systems to absorb 

or filter stormwater runoff.  Instead, stormwater lands on an impervious surface, like an 

asphalt parking lot, and runs to the nearest stormwater drainage system.  According to 

http://www.nrdc.org/water/pollution/storm/stoinx.asp
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the Environmental Protection Agency (EPA)Σ άŀŘŘƛƴƎ ŀǎ ƭƛǘǘƭŜ ŀǎ мл ǇŜǊŎŜƴǘ ŀŘŘƛǘƛƻƴŀƭ 

impervious cover in a watershed can result in stream degradationέ ό9t!Σ нллрύΦ  

 The biggest problem with creating large amounts of impervious surface are the 

pollutants carried in the stormwater as the surface drains.  As stormwater flows over the 

impervious surfaces, it picks up numerous 

pollutants that lie on top of the surface (Figure 

2-4).   Examples of these pollutants include: 

 

- Sediment 

- Oil, grease, and toxic chemicals from 

motor vehicles 

- Pesticides and nutrients from lawns 

and gardens 

- Viruses, bacteria, and nutrients from 

pet waste and failing septic systems 

- Road Salts 

- Heavy metals from roof shingles, 

motor vehicles, and other sources 

- Thermal pollution from dark 

impervious surfaces such as streets.  
Figure 2-4 Relationship Between Impervious 

Cover and Surface Runoff,  

(http://www.epa.gov/nps/urban_facts.html), 

2003) 

http://www.epa.gov/nps/urban_facts.html
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If impervious pavement was eliminated or reduced, the natural systems would be able to 

help filter the pollutants by allowing them to process through the natural soil profile, 

thus reducing the amount of pollutants that end up in our rivers and streams. 

 άDǊŜŜƴ tŀǊƪƛƴƎέ ς Sustainability ς The Solution  

In the world of sustainability, everyone uses the term άDǊŜŜƴΦέ  {ƻ ǿƘŀǘ ŘƻŜǎ 

άDǊŜŜƴέ ǊŜŀƭƭȅ ƳŜŀƴ ƛƴ ǘƘŜ ŎƻƴǾŜǊǎŀǘƛƻƴ ŀōƻǳǘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀƴŘ ŀ άDǊŜŜƴ 9ŀǊǘƘέ όCƛƎǳǊe 

2-5)?   For most people, the internet is 

the first place people go to research new 

or unfamiliar information.  Many search 

engines churn out millions of web sites 

that try to define what green truly 

means.  Some sites talk about the green 

party while others lead you to a discount 

beverage store.  But, in reality, most 

people think of green as a color, so why 

does society instantly relate green to sustainability?   

To define green, one must truly understand the meaning of the word.  The Oxford 

New English dictionary defines green as: 

- (Green) concerned with or supporting protection of the 
environment.  

 

Figure 2-5 "Green Earth"  

(http://www.23hq.com/qasimkhan/photo/2320121/st

andard - 2008) 

 

http://www.23hq.com/qasimkhan/photo/2320121/standard
http://www.23hq.com/qasimkhan/photo/2320121/standard
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From the definition, the meaning of "Green" and in the context of the study is more 

about a solution or strategy rather than the color.   

 When thinking about stormwater, green solutions are strategies that result in on-

the-ground projects which are designed to reduce stormwater runoff, reduce water 

pollution, create recreational amenities that protect our natural resources through the 

ǳǎŜ ƻŦ άƎǊŜŜƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜέ όŀƭǎƻ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άƴŀǘǳǊŀƭ ǎȅǎǘŜƳǎέύ ǎǳŎƘ ŀǎ Ǌŀƛƴ ƎŀǊŘŜƴǎΣ 

bio-retention facilities, stream restoration, stream buffers and other scientifically proven 

methods  (KCMO, 2008).   

 In 1987, Gro Harlem Brundtland, then Prime Minister of Norway, directed a 

commission on Environment and Development to the United Nations.  The ǊŜǇƻǊǘΣ άhǳǊ 

/ƻƳƳƻƴ CǳǘǳǊŜΣέ ŘŜŦƛƴŜŘ ǎǳǎǘŀƛƴŀōƛƭƛǘȅ ŀǎ άŘŜǾŜƭƻǇƳŜƴǘ ǘƘat meets the needs of the 

ǇǊŜǎŜƴǘ ǿƛǘƘƻǳǘ ŎƻƳǇǊƻƳƛǎƛƴƎ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ŦǳǘǳǊŜ ƴŀǘƛƻƴǎέ ό{ǳǎǘŀƛƴŀōƭŜ {ƛǘŜǎΣ нллуύΦ  

Gro Harlem Brundtlan ƘŀŘ ŘŜŦƛƴŜŘ ǘƘŜ ǘŜǊƳ άǎǳǎǘŀƛƴŀōƭŜ ŘŜǾŜƭƻǇƳŜƴǘέΣ even though it 

was not the first time people had thought about sustainability.   

Looking at history, architects have found ways to design buildings to take 

advantage of the natural systems surrounding their new creations.  As modern buildings 

took shape during the Industrial Age, more and more raw materials were being 

consumed by their construction.   Climate controlled buildings, glass skyscrapers, and the 

seemingly endless supply of fossil fuels created a world without limits.  Anything seemed 

possible, and for mainstream society, there was not really a concern as to what human 

nature was doing to the natural systems that made our lives possible.  



 
11 

As time passed, more people became concerned with our planets natural 

systems; the ozone, forests, air pollution, and more importantly, water.  Water makes up 

roughly 70-75 percent oŦ ǘƘŜ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜΣ ŀƴŘ ƛǘ ƛǎ ƛƴ ŀ Ŏƻƴǎǘŀƴǘ ǎǘŀǘŜ ƻŦ Ƴƻǘƛƻƴ ŎŀƭƭŜŘ 

ǘƘŜ ά¢ƘŜ ²ŀǘŜǊ /ȅŎƭŜέ όCƛƎǳǊŜΣ н-6).  Without water, and its continuous state of motion, 

our planet would be very different. 

The main reason for the alarming 

concern with our natural water 

systems is the current state of 

declining water quality facing our 

population.  

In an urban setting, The 

Water Cycle is disturbed.  When 

undisturbed land is covered with 

forests and meadows, nearly all 

rainwater percolates into the ground, fills wetlands and ponds, or is taken up by plant 

material.  Once the land is covered with impervious roads and buildings, water runs off 

and forms urban stormwater. Urban stormwater runoff collects pollutants from 

impervious surfaces, finally discharging them into ditches, pipes, and creeks. 

Lƴ мфтнΣ ǘƘŜ /ƭŜŀƴ ²ŀǘŜǊ !Ŏǘ ǿŀǎ ǇŀǎǎŜŘ ōȅ /ƻƴƎǊŜǎǎ άǘƻ ŀŘŘǊŜǎǎ ǎŜǊƛƻǳǎ 

pollution problems affecting the Nations rivers, lakes, and coastal waters. The central 

objective of the Clean Water Act is to restore and maintain the chemical, physical and 

biological inǘŜƎǊƛǘȅ ƻŦ ǘƘŜ bŀǘƛƻƴΩǎ ǿŀǘŜǊǎέ (EPA, 2000, p. 1).  Several guidelines and 

Figure 2-6, The Water Cycle  

(USGS, http://ga.water.usgs.gov/edu/watercycle.html,  2008) 

 

http://ga.water.usgs.gov/edu/watercycle.html
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programs were established as a way to control pollutants into our Nations ά²ŀǘŜǊ /ȅŎƭŜΦέ  

By 1972, our Nations Rivers, lakes, and waterways had degraded so much that only one 

third were deemed acceptable for swimming or fishing (EPA, 2000, p. 1).  The outcome of 

the Clean Water Act was to create a permit system that required anyone discharging 

Ǉƻƭƭǳǘŀƴǘǎ ƛƴǘƻ ƻǳǊ ƴŀǘƛƻƴΩǎ ǿŀǘŜǊǎ ǘƻ ǊŜƎƛǎǘŜǊ ǿƛǘƘ ǘƘŜ National Pollutant Discharge 

Elimination System (NPDES).   

¢ƘŜ bt59{ ǿŀǎ ǘƘŜ άŎƻǊƴŜǊǎǘƻƴŜέ ƻŦ ǘƘŜ /ƭŜŀƴ ²ŀǘŜǊ !Ŏǘ ŀƴŘ ƛǘ άǊŜƎǳƭŀǘŜǎ the 

discharge of pollutants into the waters of the U.S.έ ό9t!Σ нлллΣ ǇΦ мύΦ  ¢ƘŜ ǇŜǊƳƛǘ ǇǊƻŎŜǎǎ 

allowed the quality of water in the U.S. to increase dramatically.  By 2001, nearly two 

thirds of the Nations rivers, lakes, and waterways were deemed acceptable for swimming 

or fishing (EPA, 2000, 1).  The permit process was expanded in 1987 and by 2003 the 

program had expanded its stormwater requirements.  By expanding the requirements, 

they άƘŀǾŜ ǊŜǎǳƭǘŜŘ ƛƴ ǘƘŜ ǊŜƳƻǾŀƭ ƻŦ ōƛƭƭƛƻƴǎ ƻŦ ǇƻǳƴŘǎ ƻŦ ŎƻƴǾŜƴǘƛƻƴŀƭ Ǉƻƭƭǳǘŀƴǘǎ ŀƴŘ 

Ƴƛƭƭƛƻƴǎ ƻŦ ǇƻǳƴŘǎ ƻŦ ǘƻȄƛŎ Ǉƻƭƭǳǘŀƴǘǎ ŀƴƴǳŀƭƭȅέ ό9t!Σ нлллΣ ǇΦ мύΦ    

Because of The Clean Water Act these point sources are regulated by the NPDES:   

              

- Municipal Wastewater Systems 

- Municipal and Industrial Storm Water Systems 

- Industries and Commercial Facilities 

- Concentrated Animal Feeding Operations 
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All the facilities are all required to have an NPDES permit which has played a key role in 

restoring the NŀǘƛƻƴΩǎ waterways for future generations. 

άDǊŜŜƴέ tŀǊƪƛƴƎ 5ŜŦƛƴŜŘ 

  Green parking can be interpreted many different ways.  For the purpose of this 

study green parking is defined as 

άǎŜǾŜǊŀƭ ǘŜŎƘƴƛǉǳŜǎ ǘƘŀt applied together reduce the contribution 
of parking lots to total impervious cover. From a stormwater 
perspective, green parking techniques applied in the right 
combination can dramatically reduce impervious cover and, 
consequently, reduce the amount of ǎǘƻǊƳǿŀǘŜǊ ǊǳƴƻŦŦέ  όEPA, 
2006, p. 1).  

 

As seen in Figure 2-7, several 

stormwater techniques fit the 

definition above, but the focus of this 

study is how stormwater techniques 

can influence the environmental 

impacts of parking lots.  The purpose 

of this study is to understand how to 

control/manage stormwater runoff by applying different stormwater management 

strategies.   According to the USGS, the main environmental impacts created by 

introducing impervious parking lots are: 

- Hydrologic Cycle 
- Pollutants 
- Heat Island Effect 
- Waste Impact 
- Plant & Animal Disturbance 

Figure 2-7 Green Parking Island, (IEC, 2004) 
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- Decrease in Green Space 
- Urban Sprawl 

 
 

Parking Economics 

 

One of the core issues facing sustainable design is cost.  Alternative stormwater 

management design strategies that deal with retrofitting parking lots are no different.  

To persuade a city, municipality, or private client to do something different or new is 

always challenging.  Case studies and previous design experience help to validate new 

design solutions/strategies, but ultimately a clieƴǘΩǎ ŎƘƻƛŎŜ ǳǎǳŀƭƭȅ ǊŜǾƻƭǾŜǎ ŀǊƻǳƴŘ ŎƻǎǘΦ  

LŦ ŀ ƴŜǿ ǎǘǊŀǘŜƎȅ Ŏƻǎǘǎ ƳƻǊŜ ǘƘŀƴ ǎƻƳŜ άƪƴƻǿƴέ ǎƻƭǳǘƛƻƴΣ ǘƘŜƴ ǳƭǘƛƳŀǘŜƭȅ ǘƘŜ 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀ ƴŜǿ ǎƻƭǳǘƛƻƴκǎǘǊŀǘŜƎȅ ōŜŎƻƳŜǎ ŎƘŀƭƭŜƴƎƛƴƎΦ  ¢ƘŜ ŜǾƻƭǳǘƛƻƴ ƻŦ .atΩǎ 

to stormwater management is no different.  Planning/design professionals and venue 

operators are familiar with drainage infrastructure and how it functions.  The challenge 

then is prove how traditional stormwater management techniques have become 

outdated and ultimately cost more.  According to Eileen Pannetier of CEI Engineering 

(2007, p. 25), typical retrofit costs can be compared to standard infrastructure costs.  The 

retrofit cost issues deal with eleven objectives that focus on: 

  

1. Public infrastructure costs are higher when a development is built 
within the context of urban sprawl, as compared to smart growth 
patterns that conserve land. 
 

2. At the site level, significant cost savings can be achieved from 
clustering, including costs for clearing and grading, stormwater and 
transportation infrastructure, and utilities. 
 



 
15 

3. Installation costs can be between $4,400 and $8,850 cheaper per acre 
for natural landscaping than for turf grass approaches. 
 

4. Maintenance cost savings range between $3,950 and $4,583 per acre 
per year over ten years for native landscaping approaches. 
 

5. Better site design can reduce paving costs. 
 

6. While conventional paving materials are less expensive than 
conservation alternatives, porous materials can help total 
development costs go down, sometimes as much as 30%, by reducing 
conveyance and detention needs. 
 

7. Swale conveyance is cheaper than pipe, systems, by some claims as 
much as 80%. 
 

8. The literature is not clear enough to resolve the cost differences 
between discrete detention and retention tools by themselves. 

 

9. Costs of retention or detention cannot be examined in isolation, but 
must instead be analyzed in combination with conveyance costs, at 
which point conservation methods generally have a cost advantage. 

 

10. Green Roofs are currently more expensive to install than standard 
roofs.  Yet costs are highly variable and going down. Green roofs also 
have significant cost advantages when looking at life-cycle costs.   

 
11. Several specific conservation tools can actually have multiple positive 

economic effects by themselves, both directly and indirectly. 

 

The cost issues associated with retrofitting then must be considered when retrofitting a 

surface parking lot with any type of BMP. 
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Best Management Practices 

 

 !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ !ƳŜǊƛŎŀƴ tǳōƭƛŎ ²ƻǊƪǎ !ǎǎƻŎƛŀǘƛƻƴΣ ά.Ŝǎǘ aŀƴŀƎŜƳŜƴǘ 

Practices (BMPΩs) are practical control measures (including technological, economic, and 

institutional considerations) that have been demonstrated to effectively minimize water 

ǉǳŀƭƛǘȅ ƛƳǇŀŎǘǎέ όMARC, 2008, p. 5).   As discussed previously, as the amount of 

development increases, the amount of imperious surface supporting the development 

also increases.  Once natural surfaces disappear, the amount of degradation to existing 

ǿŀǘŜǊǎƘŜŘǎ ŀƭǎƻ ƛƴŎǊŜŀǎŜǎΦ  !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ 9t!Σ άŘǳǊƛƴƎ the past two decades the rate 

of land development across the country has been more than two times greater than the 

ǊŀǘŜ ƻŦ ǇƻǇǳƭŀǘƛƻƴ ƎǊƻǿǘƘέ ό9t!Σ нллсύΦ  ¢ƘŜ ƻƴƭȅ ǿŀȅ to control the sources of 

pollutants from development is to attempt to manage them.  TƘŜ ǳǎŜ ƻŦ .atΩǎ ƛǎ άǘƘŜ 

most appropriate methoŘ ƻŦ ŎƻƴǘǊƻƭƭƛƴƎ ƴƻƴǇƻƛƴǘ ǎƻǳǊŎŜǎ ƻŦ Ǉƻƭƭǳǘƛƻƴ ōŜŎŀǳǎŜ .atΩǎ 

prevent or minimize pollution rather than retrospectively respond to ǘƘŜ ǇǊƻōƭŜƳέ 

(MARC, 2008, p. 2ύΦ  .Ŝƭƻǿ ƛǎ ǘƘŜ 9t!Ωǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ of Best Management Practices 

ό.atΩǎύ ǘƘŀǘ ŀǊŜ ŀǇǇƭied to stormwater management.   

 
Non-Structural BMPΩs  
  

Planning Procedures. Runoff problems can be addressed efficiently 
with sound planning procedures. Local master plans, 
comprehensive plans, and zoning ordinances can promote 
improved water quality in many ways, such as guiding the growth 
of a community away from sensitive areas to areas that can 
support it without compromising water quality.  
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Site-Based BMPΩs. These BMPΩs can include buffer strip and 
Riparian Zone preservation, minimization of disturbance and 
imperviousness, and maximization of open space.  

 
Structural BMPΩs 
  

Stormwater Retention/Detention BMPΩs. Retention or detention 
BMPs control stormwater by gathering runoff in wet ponds, dry 
basins, or multi-chamber catch basins and slowly releasing it to 
receiving waters or drainage systems. These practices can be 
designed to both control stormwater volume and settle out 
particulates for pollutant removal.  

 

Infiltration BMPΩs. Infiltration BMPΩs are designed to facilitate the 
percolation of runoff through the soil to ground water, and, 
thereby, result in reduced stormwater runoff quantity and reduced 
mobilization of pollutants. Examples include infiltration 
basins/trenches, dry wells, and porous pavement.  

 

Vegetative BMPΩs. Vegetative BMPΩs are landscaping features that, 
with optimal design and good soil conditions, remove pollutants, 
and facilitate percolation of runoff, thereby maintaining natural 
site hydrology, promoting healthier habitats, and increasing 
aesthetic appeal. Examples include grassy swales, filter strips, 
artificial wetlands, and rain gardens. (EPA, 2000, p. 2) 

 

 

Low Impact Development (LID) 

 

In the late 19улΩǎ and early 19флΩǎ, stormwater management began to address 

water quality problems while also focusing on how to control costs.  In ǘƘŜ мфулΩǎΣ Japan, 

Germany, and France were άinterested in applying distributed, integrated management 

techniques to reducing stormwater quantity which would alleviate problems with 

ŎƻƳōƛƴŜŘ ǎŜǿŜǊ ƻǾŜǊŦƭƻǿέ όIŀƎŜǊΣ нллоύ.  Failure of the bioretention areas that were 

thought to effectively filter out pollutants created a new thought process focusing on 

water quality. 
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By 1988, Larry Coffman, then associate director of Programs and Planning, 

Environmental Resources in Prince George's County, MD began to explore ways to 

remove pollutants from bioretention through a plants biomass.  By using the existing 

characteristics of a plants root structure, Coffman and various collaborators created a 

άplant-soil microbe filter modeled after a terrestrial forest complexέ όHager, 2003, p. 3).  

Using plants to remove pollutants was not a totally new way of thinking, but it further 

progressed into the idea of restoring the ecological function of a site.  The end result was 

still the same in that traditional stormwater methods still conveyed the natural systems 

on site into an infrastructure system.  

According to Coffman, the key elements 

of Low Impact Development (Figure 2-8) 

allow LID to eliminate the traditional 

infrastructure and replace that with a 

living site that functions without 

infrastructure (Hager, 2003). 

The roots of Low Impact 

Development were born and the process 

was implemented in various test projects.  

Most of LID projects were in Maryland or the East Coast of the United States.  In 1999, 

the EPA and Prince GeorgeΩs County published: Low-Impact Development Strategies: An 

Integrated Design Approach.  This manual ōŜŎŀƳŜ ǘƘŜ άbŀǘƛƻƴŀƭέ Ƴŀƴǳŀƭ ŦƻǊ [L5 

techniques and practices.  In the manual, LID is ŘŜŦƛƴŜŘ ŀǎ άƘȅŘǊƻƭƻƎƛŎŀƭƭȅ ŦǳƴŎǘƛƻƴŀƭ ǎƛǘŜ 

Figure 2-8, Key LID Elements, 

(UFC, 2004, p.1) 
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design with pollution prevention measures to compensate for land development impacts 

on hydrology ŀƴŘ ǿŀǘŜǊ ǉǳŀƭƛǘȅέ ό9t!Σ мфффΣ p. 1-1).  Also contained in the manual was a 

set of core goals that became the focus of Low Impact Development (Fig 2-8). 

The core goals were defined as: 

1. Provide an improved technology for environmental protection 
of receiving waters. 
 

2. Provide economic incentives that encourage environmentally 
sensitive development. 

 
3. Develop the full potential of environmentally sensitive site 

planning and design. 
 

4. Encourage public education and participation in environmental 
protection. 

 
5. Help build communities based on environmental stewardship. 

 
6. Reduce construction and maintenance costs of the stormwater 

infrastructure. 
 

7. Introduce new concepts, technologies, and objectives for 
stormwater management such as micromanagement and 
multifunctional landscape features (bioretention areas, swales, 
and conservation areas); mimic or replicate hydrologic 
functions; and maintain the ecological/biological integrity of 
receiving streams. 

 
8. Encourage flexibility in regulations that allows innovative 

engineering and site planning to promote smart growth 
principles. 

 
9. Encourage debate on the economic, environmental, and 

technical viability and applicability of current stormwater 
practices and alternative approaches. 

 

The practices of LID have grown over the last 15 years and have fostered further study 

and created additional guidelines for communities and design professionals alike.  
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CHAPTER 3 - Methodology 

Introduction 

A major goal for redeveloping existing parking lots with effective stormwater 

management is to improve the water quality of the watershed.  The intent of this study is 

to improve water quality, while also improving spectator comfort at sports venues.  The 

focus will be on existing facilities, and how retrofitting existing stormwater management 

systems can be utilized to achieve this goal.   The end result will take the shape of a 

revenue generating stormwater management system. 

 According to the CWP, large parking lots are an ideal retrofit because άthey 

generate more stormwater runoff and pollutants on a unit area basis than any other land 

use in a subwatershedέ ό/²tΣ нллтΣ ǇΦ уфύ.  By implementing different types of 

stormwater retrofit techniques, the factors that have disrupted/degraded the watershed 

ƻǾŜǊ ǘƛƳŜ Ŏŀƴ ōŜ ǊŜƳŜŘƛŀǘŜŘΦ  wŜǘǊƻŦƛǘǘƛƴƎ ǇŀǊƪƛƴƎ ƭƻǘǎ ǿƛǘƘ .atΩǎ ƛǎ ƴƻǘ ŀ ƴŜǿ ǇǊƻŎŜǎǎΦ  

Large-scale parking lot retrofits have been completed across the county, but limited 

examples of retrofitting sporting venues have been completed.  By analyzing alternative 

methods of stormwater management and applying those techniques to a hypothetical 

design study, one can begin to understand the impact of retrofitting large parking lots at 

sporting venues.   

The design study will be performed on a surface parking lot at a sports venue.  By 

understanding how to control or effectively manage the impacts stormwater has on 

existing parking lots, one can create a set of design strategies for the future.  By applying 

different structural and non-structural retrofit strategies to an existing surface the study 
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will try to understand how to deal with stormwater pollution from large impervious 

surfaces.    

While examples of structural and non-ǎǘǊǳŎǘǳǊŀƭ .atΩǎ ŜȄƛǎǘ in the Kansas City 

area, no large scale parking lots have ƛƳǇƭŜƳŜƴǘŜŘ ǊŜǘǊƻŦƛǘǘƛƴƎ ǘŜŎƘƴƛǉǳŜǎ ǳǎƛƴƎ .atΩǎΦ  

The lots constructed in the Kansas City area are relatively small (under 100 parking stalls) 

and parking lots ǳǘƛƭƛȊƛƴƎ .atΩǎ have been designed in conjunction with new 

construction.  Due to its age, the Truman Sports Complex has over 20,000 parking spaces 

on impervious asphalt using traditional stormwater management.   

Research Design 

  

The research will focus on four stages of design and implementation.  The first 

step will be to understand the existing planning and design strategies of retrofitting an 

existing impervious parking surface.  By conducting a literature review of planning 

policies, design, economics, and construction methods, one will be able to understand 

the standards used to retrofit an impervious parking surface.   Secondly, the study will 

conduct interviews of design professionals and identify the design standards and 

objectives related to retrofit stormwater strategies.  Taking the information gathered 

from the background, the study will begin to shape and mold the analysis strategies. 

Next, the study will use two comparative case studies.  The focus of the case 

study research will be to compare a newly constructed lot versus a lot that has been 

retrofitted with BMP techniques. The two case studies will have the requirement of being 

larger-scale parking lots that used retrofitting techniques to reduce and manage the 
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impact of stormwater runoff.   By using larger-scale parking lot it will allow one to 

understand the design standards and objectives of a new lot verses that of a facility that 

was retrofitted to improve the water quality of the watershed.  At the same time, the 

study will focus on how to create a better environment for spectators of the venue.  

Unfortunately, a local case study does not exist in the Kansas City metropolitan area, so 

one will not have the benefit of studying the effects of regional factors in the Midwest.   

By gaining knowledge through interviews with design professionals that worked 

on the case study projects, one can understand the retrofit design strategies for the 

completed project and compare that to new construction.  Using a set of analysis tools 

developed by the CWP, (Table 3-1), the retrofit design strategies will focus on: 

1. Site Context 
2. Design Opportunities 
3. Economics 
4. Installations and Maintenance 

 

Finally, the study will take the analysis tools and conduct a comparative analysis 

of the case studies using a modified version of the Eight Step Process for Stormwater 

Retrofitting (Figure 3-1) ŘŜŦƛƴŜŘ ōȅ ǘƘŜ /²tΩǎ Urban Subwatershed Restoration Manual 

#3. The stormwater retrofitting process will allow the author to evaluate the proposed 

ŘŜǎƛƎƴ ǎƻƭǳǘƛƻƴΩǎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƻŦ ƛƳǇǊƻǾƛƴƎ ǿŀǘŜǊ ǉǳŀƭƛǘȅΦ  ¢ƘŜ ŦƛǊǎǘ ǘƘǊŜŜ ǎǘŜǇǎ ƛƴ ǘƘŜ 

process deal with information gathering and for this study will be combined into one 

step, creating a six step process for analysis and evaluation.  
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Table 3-1, Eight Steps in the Stormwater Retrofitting Process 

(CWP, 2007, p. 192) 

 /²tΩǎ manuals represent over two decades of work and provide a sampling of 25 

urban watershed retrofits (CWP, 2007). The techniques and process represented in the 

manual where chosen for its simplistic nature.   /²tΩǎ Manual #3 defines the retrofitting 

process and provides the methods necessary to analyze a conceptual retrofit and 

measure the intended results.  Even thought other methods may be appropriate, /²tΩs 

six step process was chosen for its in-depth background and focus on retrofitting urban 
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watersheds.  By using the analysis method described by the CWP, one can define and 

understand the relationships between a theoretical retrofit of the Truman Sports 

Complex and retrofits of a similar nature that have been built.    

The end result will be to apply the lessons learned to the study area using the 

ά5ŜǎƛƎƴ tƻƛƴǘ aŜǘƘƻŘέ ǘƻ ŘŜǘŜǊƳƛƴŜ ǊŜǘǊƻŦƛǘ Ǉƻƭƭǳǘŀƴǘ ǊŜƳƻǾŀƭ ŜŦŦƛŎƛŜƴŎy (CWP, 2007).  

By using the Six Step Process for Calculating Pollutant Loads and Pollutant Load 

Reduction ŘŜŦƛƴŜŘ ōȅ ǘƘŜ /²tΩǎ Urban Subwatershed Restoration Manual #3, the 

analysis can evaluate and measure the potential success of a design solution.  For 

comparative purposes, the study will use nine steps to compare the pollutant loads of 

existing sites versus pollutant loads of a conceptual design solution.   
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 Figure 3-1, Methodology Diagram  
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Retrofitting Purpose 

 

The ideal scenario of any new facility would be to recreate the natural drainage 

patterns that existed on site before development.  As the knowledge base has grown for 

stormwater management, LID strategies have become the norm, but time has not stood 

still over the last 100 years as seen in Figure 3-2.   There has been substantial 

development in the management of stormwater in the urban environment.  New 

developments have 

fostered the need to 

created strategies for 

stormwater management 

that meets the 

expectations of a new 

άƎǊŜŜƴέ ǎƻŎƛŜǘȅΦ  

Unfortunately, the creation 

of άƎǊŜŜƴέ ŘŜǾŜƭƻǇƳŜƴǘ 

also means that decades of stormwater infrastructure exists that does not meet the 

ŎǳǊǊŜƴǘ ǎǘŀƴŘŀǊŘǎ ƻŦ ƻǳǊ ƴŜǿ άƎǊŜŜƴέ ǎƻŎiety.  But what happens to existing facilities?  

Ideally, existing facilities would be eliminated but cost, timing, and a basic understanding 

of how stormwater infrastructure ǿƻǊƪǎ ŘƻŜǎƴΩǘ ƳŀƪŜ ŜƭƛƳƛƴŀǘƛƻƴ plausible.  Stormwater 

retrofitting becomes so critical to the reduction of stormwater pollution and 

improvement of water quality.  Table 3-2 outlines the core differences between 

constructing new stormwater infrastructure verses that of urban retrofit practices. 

Figure 3-2, Channelized Stormwater Management 

(http://www.greatlakes.org/Page.aspx?pid=1027, 2010) 

http://www.greatlakes.org/Page.aspx?pid=1027


 
27 

Table 3-2 Why Retrofitting is Different from New Stormwater Design, (CWP, 2007, p. 3) 

¢ƘŜ ōƛƎƎŜǎǘ ǇǊƻōƭŜƳ ŦŀŎƛƴƎ Ƴƻǎǘ ƳǳƴƛŎƛǇŀƭƛǘƛŜǎ ƛǎ ǘƘŀǘ άǎǘƻǊƳǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ 

systems were built long before federal and state water quality regulations became more 

ǎǘǊƛƴƎŜƴǘέ όwŀŦǘŜǊΣ нллуΣ ǇΦ мύΦ   aƻǎǘ ŎƻƳƳǳƴƛǘƛŜǎ Ƨǳǎǘ Ǌŀƴ ǎǘƻǊƳǿŀǘŜǊ ƛƴǘƻ ǘƘŜ ŎƭƻǎŜǎǘ 

body of water without even a thought towards treatment.  NPDES regulations have 

improved the way stormwater is treated on site and the permit process for new 

development.  NPDES regulations force new developments to treat stormwater on site, 

ōǳǘΣ ǳƴŦƻǊǘǳƴŀǘŜƭȅΣ ǘƘŜ ǊŜƎǳƭŀǘƛƻƴǎ ŘƻƴΩǘ ǘƻǘŀƭƭȅ ǎƻƭǾŜ ǘƘŜ ǘǊŜŀǘƳŜƴǘ ǇǊƻōƭŜƳǎ ƻŦ ƻƭŘŜǊ 

developments. 

According to Jim Lenhart, Chief Technology Officer with Contech Stormwater 

{ƻƭǳǘƛƻƴǎΣ άǘƘŜǊŜ ƛǎ ƴƻ ǊŜŀǎƻƴ ǘƻ ƘŀǾŜ ŀ ǎǘƻǊƳǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ǎȅǎǘŜƳ ƛŦ ǘƘŜȅ ŘƻƴΩǘ Řƻ 

ǘƘŜ Ƨƻō ŜƛǘƘŜǊ ōŜŎŀǳǎŜ ƻŦ ŀƎƛƴƎ ƻǊ ōŜŎŀǳǎŜ ǘƘŜȅ ǿŜǊŜƴΩǘ ƛƴǎǘŀƭƭŜŘ ǇǊƻǇŜǊƭȅ ƛƴ ǘƘŜ ŦƛǊǎǘ 

ǇƭŀŎŜέ όwŀŦǘŜǊΣ нллуΣ ǇΦ оύΦ  Lƴ ŜǎǎŜƴŎŜΣ ǿƛǘƘƻǳǘ ǊŜǘǊƻŦƛǘǘƛƴƎ ƻǊ ǎǳōǎǘŀƴǘially improving the 
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existing stormwater infrastructure, the benefits of building new systems will not be fully 

utilized because the problems just keep moving from one location to the next.  There has 

to be a unified treatment plan that considers old infrastructure along with the new 

pieces so a holistic solution to stormwater treatment can be formed.  Stormwater 

retrofitting will only become more critical as our existing infrastructure continues to age 

and our population increases. 

Urban Stormwater Retrofit Manual   

 

The CWP has established itself as a leader in defining the standards for protecting 

and restoring watersheds across the county.  For the past 22 years, the organization has 

ǿƻǊƪŜŘ άto protect, restore, and enhance our streams, rivers, lakes, wetlands, and baysέ 

(CWP, 1998).    /²tΩǎ Ǝƻŀƭ ƛǎ ǘƻ άcreate viable solutions and partnerships for responsible 

land and water management so that every community has clean water and healthy 

natural reǎƻǳǊŎŜǎ ǘƻ ǎǳǎǘŀƛƴ ŘƛǾŜǊǎŜ ƭƛŦŜέ ό/²tΣ мффуύΦ 

In the last ten years, CWP has ǿƻǊƪŜŘ ƛƴ ŎƻƴƧǳƴŎǘƛƻƴ ǿƛǘƘ ǘƘŜ 9t!Ωǎ hŦŦƛŎŜ ƻŦ 

²ŀǎǘŜǿŀǘŜǊ aŀƴŀƎŜƳŜƴǘ ǘƻ ǇǊƻŘǳŎŜ ŀ ǎŜǊƛŜǎ ƻŦ мм aŀƴǳŀƭǎ ǘƘŀǘ άdescribe the 

techniques to resǘƻǊŜ ǎƳŀƭƭ ǳǊōŀƴ ǿŀǘŜǊǎƘŜŘǎέ ό/WP, 2007, p. i).  Manual 3, Urban 

Stormwater Retrofit Practices, deals with urban stormwater retrofits applied to the 

subwatershed level.  The key to restoring subwatersheds is to create stormwater 

treatment locations in areas where they did not exist or were ineffective (CWP, 2007).   

Creating stormwater treatment locations will help restore subwatersheds since they can 
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άremove pollutants, promote more natural hydrology and minimize stream channel 

ŜǊƻǎƛƻƴέ ό/²tΣ нллтΣ ǇΦ нύΦ    ¢ƘŜ ōŀǎƛŎ ǊŜǘǊƻŦƛǘ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǘƘƛǎ Ƴŀƴǳŀƭ ŀǊŜ ǘƻΥ 

- Correct Past Mistakes 

- Reduce Flood Damage 

- Educate & Demonstrate 

- Trap Trash & Floatables 

- Reduce Flows to Combined Sewer 

- Renovate Stream Corridor 

- Remove Pollutant of Concern 

- Reduce Bank Erosion 

- Support Stream Repair 

- Restore Entire Watersheds 

The intenǘ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ƛǎ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ǘƘŜ ǳǎŜ ƻŦ .atΩs that allow for a stormwater 

retrofit of an existing parking lot at a sports venue.    

In addition to the watershed diagnosis, the study seeks to understand the 

relationship between rainfall and runoff.    The rainfall frequency spectrum (Figure 3-3) is 

ǳǎŜŘ ǘƻ άŘŜŦƛƴŜ ǘŀǊƎŜǘ ǊǳƴƻŦŦ ǾƻƭǳƳŜǎ ŦƻǊ ǊŜǘǊƻŦƛǘǘƛƴƎέ ŀ ǇŀǊǘƛŎǳƭŀǊ ǎƛǘŜ ό/²tΣ нллтΣ ǇΦ сύΦ  

This ǎǇŜŎǘǊǳƳ άdescribes the 

average frequency of the depth 

of rainfall events that occur 

during a normal year, adjusted 

ŦƻǊ ǎƴƻǿŦŀƭƭέ ό/²tΣ нллтΣ ǇΦс). 

Figure 3-3, Rainfall Frequency Spectrum Example  

(CWP, 2007, p. 6) 
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Table 3-3 Rainfall Statistic and Frequency Spectrum Data  

(CWP, 2007, p. 7) 

According to the CWP, the rainfall spectrumάŘŜŦƛƴŜǎ the percent of rainfall events 

that are equal to or less thŀƴ ǘƘŜ ƛƴŘƛŎŀǘŜŘ ǊŀƛƴŦŀƭƭ ŘŜǇǘƘέ ό/²tΣ нллтΣ ǇΦтύΦ  !ǎ ǿŜ Ŏŀƴ 

see from Table 3-3,  90% of the storm events in the Kansas City Area produce about one 

inch of rainfall.  Typically, across the country,  0.8 to 1.21 inches of rain fall annually 90 

percent of the time (CWP, 2007).  Table 3-3 defines this 90 percent rain event for 

selected US cities.  It is also relatively easy to create a rainfall frequency spectrum for any 

city using the guidelines provided by the Center for Watershed Protection.   

 

The Steps to Create a Rainfall Frequency Spectrum are: 

1. Obtain a long-term rainfall record from adjacent weather station (daily 

precipitation is fine, but try to obtain at least 30 years of daily record). 

NOAA has several websites with long-term rainfall records (See 

http://ols.nndc.noaa.gov) 

 
2. Edit out small rainfall events than are 0.1 inches or less (also edit out 

snowfall events that do not immediately melt) 

 
3. Using a spreadsheet or simple statistical package, analyze the rainfall 

time series and develop a frequency analysis to determine the 

percentage of rainfall events greater than or equal to a given numerical 

value (e.g., 0.2, 0.5, 1.0, 1.5 inches, etc). 

 

4. Construct a curve showing rainfall depth versus frequency, and create 

a table showing rainfall depths values for 50, 75 90, 95 and 95percent 

frequencies. 

 

5. Use the data to define the recharge (20-50%), water quality event 

(90%) and one-year storm (99%)  (CWP, 2000). 
 

 



 
31 

 The importance of the Rainfall Frequeny Spectrum to the study is that a rain 

event that occurs 90 percent of the time is used to define water quality volume, while a 

one year storm (99% storm) is typically used to define channel protection volume (CWP, 

2007).  It is important to focus on the fact that άsurface pollutants are carried off by the 

first ½-inch to 1-inch of rainfall, or first flushέ όKevern, 2009, p. 11).  Highly urbanized 

land developments typically have large amounts of impervious areas.  By focusing on the 

άŦƛǊǎǘ ŦƭǳǎƘέ ǘƘŜ ǎǘǳŘȅ ǿƛƭƭ ōŜ ŀōƭŜ ǘƻ ƻǳǘƭƛƴŜ ǇƻǘŜƴǘƛŀƭ ǘǊŜŀǘƳŜƴǘ ǾƻƭǳƳŜǎ ŦƻǊ ǿŀǘŜǊ 

quality. 

After the target storm event has been established, one of the biggest challenges 

is establishing the optimization point for retrofit treatment.  Figure 3-4 diagrams the 

optimal point for 

retrofit treatment.  In 

essence, the larger the 

treatment volume, the 

less likely the site can 

support the number of 

retrofit opportunities 

on site.  The 

optimization point 

occurs when there are 

Figure 3-4, Optimization Point for Retrofit Treatment 

(CWP, 2007, p. 8) 
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just enough acceptable retrofit sites to treat the accepted water quality treatment 

volume.  The estimate of water quality volume targets is based on a subwatershedΩs 

imperviousness.  

Retrofitting Design Strategies 

 

As stated previously, the retrofit  design strategies will focus on five issues critical 

to analyzing the success or failure of implementing a stormwater retrofit to an existing 

site.  The retrofit design strategies will focus on: 

1. Site Context 

2. Design Opportunities 

3. Economics 

4. Installation and Maintenance 

 

With the help of Manual 3, Urban Stormwater Retrofit Practices, the retrofit strategies 

define and measure the success of the retrofit practices using the analysis tool, The 

Design Point Method, developed by the CWP. 

 

Site Context - The study explores the site context, what exists on site and defines 

the parameters of the watershed by its history.  By focusing on the diagnosis of a 

watershed, the study will:    

1. Review Past, Current and Future Stormwater Management 
2. Define Core Retrofitting Objectives for Subwatershed 
3. Translate Objectives into Minimum Retrofit Treatment Performance Criteria 
4. Define the Preferred Methods of Retrofit Treatment 
5. Estimate Retrofitting Effort Needed in the Subwatershed 
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Table 3-4 Pollutant Removal Capability, (CWP, 2007, p. 158) 

 

Design Opportunities ς There are many different ways to redevelop existing 

surface parking lots through the use of stormwater retrofit techniques.  The critical 

decisions that the study will explore will be to understand what treatment options were 

used and how the site functions after the established design parameters were 

implemented.   According to the Urban Subwatershed Restoration Manual 3, the core 

retrofitting design strategies for subwatersheds are: 

- Extended Detention 

- Wet Ponds 

- Wetlands 

- Bio-retention 

- Filters 

- Infiltration 

- Swales 

Once design strategies are defined, they can be analyzed in terms of pollutant load 

reduction using the information in Table 3-4.   The design can focus on the Best 

Management Practices that would allow the stormwater retrofit to have the greatest 

possible success from the standpoint of form and function. 

Legend 
TSS - Total Suspended Solids 
TP- Total Phosphorus 
TN- Total Nitrogen 
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Economics ς New products, technologies, or ideas that have evolved over a period of 

time create opportunities for new design solutions.  The biggest problem new ideas face 

is a perception of cost.  With anything new there is a lack of understanding of how a 

unique product or technique is applied.  Because of this learning curve, there will always 

be the initial reaction by the construction indusǘǊȅ ǘƻ ǎŀȅΣ άǘƘŀǘ Ŏƻǎǘǎ ƳƻǊŜΦέ 

Representative case studies exist that prove nontraditional methods of stormwater 

management can be done cost effectively, but an economic analysis using comparative 

cost analysis must be done on any theoretical design to understand the cost impacts of 

proposed design solution.   The economic analysis focuses on comparing the retrofit 

construction costs to the cost of new construction.  

1. Comparative Cost Models 

2. Preliminary Cost Estimate 

3. Life Cycle Costs 

 

Installation and Maintenance - Installation practices and the maintenance of a 

project will ultimately shape the success of a project.   Ideas are great, but if the design 

cannot deliver the client expectations, the project will be deemed a failure.  The 

practicality of the design from an installation and maintenance perspective must be 

assessed by two core goals: 

1. Can the proposed design be efficiently and effectively built? 

2. How will maintenance be handled to ensure that the proposed design will 

meet the project goals? 

 

The two core goals will be analyzed against the traditional methods of installation and 

maintenance and define the success of a project. 
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Analysis of Stormwater Management  

 Once the design issues are understood, the analysis or modeling of a proposed 

stormwater management solution can begin.   The site has been defined, the design 

parameters understood, cost data has been reviewed, and the installation and 

maintenance procedures have been established.   The result is a finalized design solution 

that reduces pollutant load and improves water quality while enhancing spectator 

comfort.  The only way to thoroughly test a design solution is to put the design through 

an analysis process that will test the proposed design against the existing conditions 

using a desktop retrofit analysis as defined in Manual 3.  The only modifications to this 

process will be steps 5 and 6, which will evaluate the design and not a constructed 

project.  The study will not end with physical construction of the intended design, rather 

hypothetical design that is analyzed. 

Stormwater Retrofitting Analysis Steps: 

 

1. Retrofit Reconnaissance Investigation 

2. Compile Retrofit Inventory 

3. Retrofit Evaluation and Ranking 

4. Subwatershed Treatment Analysis 

5. Final Design 

6. Evaluation 

 

While hypothetical in nature, analysis modeling provides a critical step in the 

development of any proposed design solution.   By understanding what has been done in 

the past, and what could potentially be done to an existing site, one can make informed 

design decisions.  The end result is a set of design criteria that suggests the benefits of 

the applied design solution. 



 
36 

Design Analysis ς ά¢ƘŜ 5ŜǎƛƎƴ tƻƛƴǘ aŜǘƘƻŘέ 

 

One of the main goals of redeveloping existing parking lots with stormwater 

management is to improve the water quality of the watershed.  Impervious surfaces have 

disturbed the hydrologic cycle of the watershed and its ability to function naturally.  The 

first step in the Design Point Method is to use the basic principles of the Simple Method. 

The Simple Method (Figure 3-рύ ŜǎǘƛƳŀǘŜǎ άǘƘŜ ŀƴƴǳŀƭ Ǉƻƭƭǳǘŀƴǘ ƭƻŀŘ ŜȄǇƻǊǘŜŘ ƛƴ 

stormwater runoff ŦǊƻƳ ǎƳŀƭƭ ǳǊōŀƴ ŎŀǘŎƘƳŜƴǘǎέ ό/²tΣ нллтύΦ  ²ƘƛƭŜ ǘhe manual 

acknowledges that the Simple Method as an analysis tool sacrifices accuracy due to the 

fact that it does not use local stormwater quality monitoring data. It does however 

provide an accurate way to 

calculate the reduction of 

pollutant loads on individual 

stormwater retrofits (CWP, 2007).   

Figure 3-5, defines how to 

άŎŀƭŎǳƭŀǘŜ ǘƘŜ ŀƴƴǳŀƭ Ǉƻƭƭǳǘŀƴǘ 

loads exported in pounds per year 

from the contributing drainage 

ŀǊŜŀ ǘƻ ŀ ǊŜǘǊƻŦƛǘέ ό/²tΣ нллтΣ ǇΦ .-1).  It is also important to recognize the Simple 

method is used to calculate individual retrofits less than one square mile in size.  If a 

watershed is larger than one square mile, a more comprehensive modeling analysis 

Figure 3-5, Pollutant Removal Capability ς ά¢ƘŜ {ƛƳǇƭŜ 

aŜǘƘƻŘέΣ (CWP, 2007, p. B-1) 
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should take place (CWP, 2007).  The study site, Truman Sports Complex has a watershed 

area of 400 acres (0.625 square miles). 

Process ς Calculating Pollutant Loads 

 

The Design Point Method uses nine basic steps to calculate pollutant loads before 

and after a retrofit.  The basic steps are:   

1.  Calculate Site Imperviousness of the Existing Site 

2. Calculate the Pre-Retrofit Pollutant Load of the Existing Site 

3. Identify the Stormwater Retrofit 

4. Calculate Site Imperviousness of the Proposed Design 

5. Calculate the Pre-Retrofit Pollutant Load of the Proposed Design 

6. Determine the Retrofit Pollutant Removal Efficiency 

7. Adjust the Removal Rates 

8. Calculate the Post-Retrofit Pollutant Load 

9. Calculate the Pollutant Load Reduction of the Retrofit  

Calculate Site Imperviousness ς Using a simple GIS base map or aerial 

photography of the study site, a desktop analysis can take place to calculate the sites 

imperviousness.  The CWP defines impervious cover as: 

άany hard surface in the catchment that cannot infiltrate rainfall, such as 

rooftops, roads, sidewalks, driveways and any other compacted gravel or 

dirt surfaces. As a general rule, man-made surfaces that are not 

vegetated ǎƘƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƳǇŜǊǾƛƻǳǎέ ό/²tΣ нллтΣ ǇΦ .-4). 

 

It is important to realize that unless impervious cover is removed, a sites imperviousness  

will remain the same after a retrofit is complete. 
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Calculate the Pre-Retrofit Pollutant Load - The next step is to identify the 

pollutant load that currently exists on site.  Using the Simple Method (Figure 3-5) the 

average annual pollutant load prior to retrofitting options can be calculated.  The Simple 

Method allows one to understand what types of pollutants are typically found on site 

based on its land use characteristics.    

The greatest factor in the pollutant load calculations are the pollutant 

concentrations (C) represented in the equation. Looking at Table 3-5, the method 

provides an estimated mean concentration of the stormwater pollutant of concern.  It is 

important to note that the concentration values have been derived from a collection of 

samples from the National Stormwater Quality Database (NSQD).  The concentration 

values can obviously be more accurate if testing results from monitoring wells can be 

utilized.  For this project, it is not feasible to use monitoring wells due to the conceptual 

nature of the study, so the values in Table 3-5 will be utilized for the calculations. 

Table 3-5, Summary of Pollutant Event Mean Concentrations Associated with Stormwater, 

(CWP, 2007, p. B-4) 
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Identify the Stormwater Retrofit ς The next step in the retrofitting practice is to 

choose the stormwater treatment option.  Using the information gathered by the CWP, 

there is a range of eight treatment types that can be utilized as retrofitting design 

strategies (CWP, 2007). 

1. Extended Detention 

2. Wet Ponds 

3. Grass Swales 

4. Wetlands 

5. Bioretention 

6. Filtration 

7. Infiltration  

8. Swales 

9. Other (Green Roofs, Rain Barrels,  

  

Each of the ƻǇǘƛƻƴǎ άŘƛŦŦŜǊǎ ƎǊŜŀǘƭȅ ƛƴ ƛǘǎ Ǉƻƭƭǳǘŀƴǘ ǊŜƳƻǾŀƭ ŎŀǇŀōƛƭƛǘȅΣ ǎǘƻǊƳǿŀǘŜǊ 

ōŜƴŜŦƛǘǎ ŀƴŘ ǊŜǘǊƻŦƛǘ ǎǳƛǘŀōƛƭƛǘȅέ ό/²tΣ нллтΣ ǇΦ мррύΦ  By conducting an analysis of the 

Truman Sports Complex one can focus on the retrofit strategies and decisions can be 

made on which type(s) of retrofit to use on the proposed design solution 

Determine the Retrofit Pollutant Removal Efficiency - ThŜ /²t ŘŜŦƛƴŜǎ άƳŜŘƛŀƴ 

Ǉƻƭƭǳǘŀƴǘ ǊŜƳƻǾŀƭ ǊŀǘŜǎ ŦƻǊ ŜŀŎƘ ǎǘƻǊƳǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ƻǇǘƛƻƴέ ό/²tΣ нллтΣ ǇΦ тύΦ  

Determining retrofit pollutant removal efficiency is the core of the Design Point Method.  

The biggest influences on pollutant removal rates are the site-specific factors that 

enhance or reduce the overall effectiveness of the treatment option (CWP, 2007).   The 

basic strategy behind the Design Point Method is to use a predefined series of tables that 

award points based on certain site specific conditions and design factors that are 

represented on a retrofit site.   By selecting the appropriate treatment technique, the 
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designer can assign a point table(s) based on that score.  From that point table the 

designer can apply the point data into the design point tables (Figure 3-6) and perform 

the calculations.  The design point tables used to establish the point rankings for the 

stormwater treatment options are shown in Appendix B. 

 

Figure 3-6, Sample Design Point Table, (CWP, 2007, B-6) 
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Adjusting the Removal Rates - If the design score is positive, the equation shown 

in Figure 3-7 is used to increase the removal rate for the pollutant of concern.  If the 

design score is negative, the equation shown in Figure 3-8 is used to decrease the 

removal rate for the pollutant of concern.  

Calculate the Post-Retrofit Pollutant Load ς The fifth step in the design point 

method is to calculate the post-retrofit pollutant load exported from the drainage area.  

The drainage area that is contributing to 

the retrofit and the equation determines 

annual amount of pollutant load that can 

be expected once the retrofit is 

complete (CWP, 2007). Figure 3-9 

defines the equation for calculating the 

post retrofit pollutant load.  

 

Figure 3-8, Adjusting Removal Rates for 

Retrofits with a Negative Design Score 

(CWP, 2007, p. B-6) 

 

Figure 3-9, Calculating Post-Retrofit 

Pollutant Loading, (CWP, 2007, p. B-7) 

Figure 3-7, Adjusting Removal Rates for 

Retrofits with a Positive Design Score 

(CWP, 2007, p. B-6) 
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Calculate the Pollutant Load reduction of the Retrofit ς The final step in the 

process is to calculate how effective the retrofit was in reducing the pollutant load.  

Using Figure 3-10, the design simply subtracts the predetermined pollutant load before 

the retrofit process from the post 

retrofit pollutant load.   The outcome 

is the annual pollutant load removed 

by the proposed retrofit (CWP, 2007). 

It is important to note that the analysis 

process determines the possible 

treatment types for the proposed 

design.  Any retrofit strategy will have 

to test the different treatment types to determine the best overall retrofit solution. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-10, Calculating Pollutant Load Reduction 

of the Retrofit (CWP, 2007, p. B-7) 
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Case Study Research 

Case Study 1 ς άwŜǘǊƻŦƛǘǘŜŘ [ƻǘέ - Northgate Mall, Seattle Washington  

  

Site Context - The parking lot design for Northgate Mall in Seattle, Washington is 

like many of the malls you would see across the country, except for the parking lot on the 

west side of the mall.  This 20-acre parking lot retrofit is an example of how private 

development can meet the needs of sustainable design. Northgate Mall is located north 

of downtown Seattle, Washington (Figure 3-11 & Figure 3-12) in the area of Seattle 

ŎƻƳƳƻƴƭȅ ƪƴƻǿƴ ŀǎ ΨbƻǊǘƘƎŀǘŜ 5ƛǎǘǊƛŎǘΦΩ Today, roughly 75,000 people live in Thornton 

Creek watershed that ultimately drains into Lake Washington.   

Figure 3-11, Northgate Mall Site Location (Google Earth, 2010, Adapted by Author) 
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Figure 3-12, Aerial of Northgate Mall & Thornton Creek Water Quality Channel, 

(Google Earth, 2009, Adapted by Author) 
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Built in 1950, the mall was hyped as the first mall in the United States (Cheek, 

2007).  hǊƛƎƛƴŀƭƭȅ ŀƴ ΨƻǳǘŘƻƻǊΩ Ƴŀƭƭ open to the sky, the current version has since been 

enclosed and has the typical mix of large anchor stores intermixed with smaller 

ΨōƻǳǘƛǉǳŜΩ ǎǘȅƭŜ ǊŜǘŀƛƭΦ  !ǎ ǘƘŜ Ƴŀƭƭ ƎǊŜǿ ǎƻ ŘƛŘ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ǎǳōǳǊōŀƴ ŀrea and it 

ŜȄǇŀƴŘŜŘ ƛƴǘƻ ƻƴŜ ƻŦ {ŜŀǘǘƭŜΩǎ ƭŀǊƎŜǎǘ ǿŀǘŜǊǎƘŜŘǎΣ ¢ƘƻǊƴǘƻƴ /ǊŜŜƪ ²ŀǘŜǊǎƘŜŘΦ 

Lƴ ǘƘŜ мфрлΩǎ ǇŜƻǇƭŜ ŘƛŘ ƴƻǘ ǊŜally think about the environmental impacts of 

paving over a creek with a parking lot.  It was the perfect solution to solving the 

Northgate Mall drainage problems.  Why build detention or retention areas when there 

is perfectly good stream to drain the malƭ ǇŀǊƪƛƴƎ ƭƻǘǎΦ  ²Ƙŀǘ ǿŀǎ άƻƴŎŜ ŀ ōƻƎ ǘƘŀǘ 

settlers mined for peat well into the мфллΩǎέ ƘŀŘ ƴƻǿ ōŜŎƻƳŜ ŀ ǇŀǊǘ ƻŦ {ŜŀǘǘƭŜΩǎ ƭŀǊƎŜǎǘ 

remaining open channel streams (Holt, 2006).  Thus, the entire 64-acre mall site was 

draining into Thornton Creek.  

 The Thornton Creek Watershed is made up of roughly 7,402 acres of highly 

developed urban land (SPU, 2000).  Of these 7,402 acres, 3,642 acres, or nearly half of 

the watershed is covered by impervious surfaces (Table 3-6).  The mall site itself sits on 

the north branch of Thornton Creek in a subwatershed of roughly 640 acres.   

Table 3-6, Amounts of Impervious Surface in Thornton Creek Watershed (by Land Use) 

(Seattle Public Utilities, 2000, p. 3-44) 
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 The main source of pollution to Thornton Creek is urban runoff. Although 

population has increased, the watershed is almost completely built out, and land use has 

not changed significantly in the last 13 years (Tackett, personal comm., 2009). 

¢ƘŜ /ƛǘȅΩǎ ǎǘƻǊƳǿŀǘŜǊ ǳǘƛƭƛǘȅΣ ǘƘŜ 5ǊŀƛƴŀƎŜ ŀƴŘ ²ŀǎǘŜǿŀǘŜǊ ¦ǘƛƭƛǘȅΣ ǿŀǎ ŦƻǊƳŜŘ in 1987. 

¢ƘŜ ǳǘƛƭƛǘȅΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ƛǎ to regulate stormwater, manage the existing conveyance 

system, alleviate flooding, and mitigate water pollution (SPU, 2000). 

 In 1997, Thornton Creek was one of 22 Puget Sound lowland streams studied by 

the University of Washington to assess the cumulative effects of urbanization on 

streams.  Researchers examined instream characteristics, riparian conditions, physio-

chemical water quality, and biological attributes. Thornton Creek represented the 

watershed with the highest level of urbanization, measured by percentage of impervious 

surface area within watershed boundaries (SPU, 2000).  

 In the Thornton Creek watershed there are many sources of non-point pollution. 

The most problematic is urban runoff that carries pollutants from roads, buildings, 

parking lots, parks, and other areas (SPU, 2000).  The three main elements that create 

pollutant sources for the mall parking lot are: 

 Street and Parking Lot Deposition - In urban areas, street and parking lot 
 deposition frequently is a major source and collector of urban runoff 
 pollution. Such deposited materials may include street dirt and litter. 
 Pollutants frequently  bind to dirt particles. Street dirt may arise from 
 traffic, road deterioration, vegetative residue, and decomposed litter. 
 Litter includes cans, glass, paper, cigarette butts, and garbage. 
 Vegetation, animal excrement, dead animals, automotive fluids, and 
 spilled or improper disposal of solid and liquid wastes generated from 
 household or commercial activities onto the streets are picked up when it 
 rains and contribute to polluted or contaminated runoff  

(SPU, 2000, p.9-2).   
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 Vehicles - Internal combustion engine exhaust emits primarily dust-sized 
 particles containing hydrocarbons. Many other pollutants are deposited 
 into the environment by automobiles and trucks. Fluids such as oil and 
 antifreeze leak onto roadways, worn metals and brake pads deposit toxic 
 mineral dusts onto roads, tires wear and deposit rubber particles, poorly 
 maintained vehicles drip oils and other automotive fluids onto street 
 surfaces, and various solids and fluids are rinsed from vehicles and the  
 loads they transport. These fluids and solids are rinsed from roadways 
 and other impervious areas when precipitation falls, which results in 
 polluted creeks and tributaries. Residential car washing also contributes 
 soap and other chemicals to the storm system and Thornton Creek  

(SPU, 2000, p.9-2).    
 

 Excessive Storm Flows - High levels of impervious surface contribute to 
 high storm flows in the stream. Stream banks and beds and ditches also 
 erode due to  increased stream velocities during periods of heavy 
 rainfall. Turbidity and sediment problems are caused (SPU, 2000, p.9-2).   
 

 
According to Tracy Tackett (personal communication, 2009), Green Stormwater 

Infrastructure Program Manager for the City, the four main municipal laws and 

regulations affecting water quality and habitat in the Thornton Creek watershed are: 

 
- Stormwater, Grading and Drainage Control Ordinance and related best 

management practices 

- tŜǊƳƛǘ wŜǾƛŜǿ tǊƻŎŜǎǎκ{ŜŀǘǘƭŜΩǎ [ŀƴŘ ¦ǎŜ /ƻŘŜ 

- State Environmental Policy Act (SEPA) 

- Environmentally Critical Areas (ECA) Ordinance 

 
 

¢ƘŜ ōƛƎƎŜǎǘ ƘǳǊŘƭŜ ŎŀƳŜ ƛƴ ǘƘŜ ǎǇǊƛƴƎ ƻŦ мффу ǿƘŜƴ ǘƘŜ ƳŀƭƭΩǎ ǊŜŀƭ ŜǎǘŀǘŜ 

ŘŜǾŜƭƻǇŜǊ ŎǊŜŀǘŜŘ ŀ ƳŀǎǘŜǊ Ǉƭŀƴ ǘƻ ŜȄǇŀƴŘ bƻǊǘƘƎŀǘŜ aŀƭƭΩǎ ŦƻƻǘǇǊƛƴǘ ŀƴŘ ŀŘŘ ƳƻǊŜ 

impervious surfaces to the development.  The community was not in favor of the mall 

expansion.   With the creek passing through many residential areas in the neighborhood, 

the community wanted to put a halt to the mall dumping its stormwater directly into the 



 
48 

creek (Figure 3-13) that caused damaging floods to many of the surrounding properties 

(Tackett, personal comm., 2009). 

 In 1993, Northgate residents published a plan to redevelop Northgate Mall and 

the surrounding development as a άpedestrian-friendly urban centerέ ό.ƻȅŜǊΣ нллрύ. The 

plan was deemed the άNorthgate Area 

Comprehensive Planέ, and the City as the 

future for the Northgate development 

eventually adopted it.  Six years later, 

Simon Properties Inc., submitted a 

developmental master plan to the City of 

Seattle for the one million square foot 

expansion of the mall over the next 15 

years.  The plan included:  

- A Hotel 

- 30 Screen Cinema 

- Office Space 

- Retail 

- Transit Plaza 

- 450 Residential Apartments. 

- 3 New Structured Parking Garages 

-  

The community members were appalled by the proposed plan.  The two core issues that 

violated the Northgate Area Comprehensive Plan were: 

1. The automobile-centric nature of the Simon development plan. 

 

2. The potential rerouting of Thornton Creek's, which now flows under the south 

parking lot of the mall. 

Figure 3-13, Storm Drain, Northgate Mall  (Boyer, 

http://seattletimes.nwsource.com/ABPub/zoom/html/2

002280398.html, 2005) 

 

http://seattletimes.nwsource.com/ABPub/zoom/html/2002280398.html
http://seattletimes.nwsource.com/ABPub/zoom/html/2002280398.html
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 ¢ƘŜ ƭŀŎƪ ƻŦ άǇŜŘŜǎǘǊƛŀƴ-frienŘƭȅέ ǎǇŀŎŜǎ ŎǊŜŀǘŜŘ ōȅ ǘƘŜ ǊŜŘŜǾŜƭƻǇƳŜƴǘ Ǉƭŀƴ ǿŀǎ 

frustrating to the neighborhood because there were already large asphalt lots 

surrounding the development. The new development was just adding more impervious 

surface to the watershed and not taking steps to improve the stormwater management 

on site.  The proposal to reroute a section of stormwater pipe around the proposed 

development would only lead to more flooding downstream and not solve any of the 

community issues (Nabbefeld, 1999).   

Since the pipe was actually a leg of Thornton Creek that had been channelized, it 

ōŜŎŀƳŜ ǇǊƻōƭŜƳŀǘƛŎ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇŜǊ ǘƻ ΨǘŜŎƘƴƛŎŀƭƭȅΩ ƳƻǾŜ ǘƘŜ ŎǊŜŜƪ ǘƻ a new location 

because of city requirements.  The developers sought a variance from the city and that 

outraged the community even more due to the salmon run reestablishment project 

planned in the lower portions of Thornton Creek (Boyer, 2005).  Lawsuits and petitions 

would follow and the legal process created a 10-year debate on the future of Northgate 

Mall (Nabbefeld, 1999). The neighborhood, developer and city were at an impasse. 

Finally in 2003, things turned around when the Mayor and the City Council struck 

the deal to try to revive Northgate's development (Boyer, 2005).  The city was committed 

to build a new library and community center north of the Mall, so they sought 

developers' commitments to build housing and make the area more pedestrian-friendly.  

By streamlining the Northgate building-permit process and setting up άan advisory panel 

of neighborhood groups, environmentalists, ŘŜǾŜƭƻǇŜǊǎ ŀƴŘ ǇǊƻǇŜǊǘȅ ƻǿƴŜǊǎΣέ ǘƘŜ /ƛǘȅ 

helped to shape the plans to meet the neighborhoods needs (Boyer, 2005).  
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The core retrofitting objectives that were specifically addressed dealt with two 

points of contention for the community: the lack of pedestrian connections, and the 

channelization of Thornton Creek.  To address the concerns, the Mall Developer sold off 

part of the development property to the City of Seattle.  The City became the prime 

developer for the residential mixed-use development (Boyer, 2005).  In exchange the City 

would use the former parking lot site to create a residential mixed used development 

that would center on a green space.  That green space would become the Thornton 

Creek Channel and the surrounding stormwater management system that was developed 

in conjunction with the expansion of the Northgate Shopping Mall would help to 

transform the Thornton Creek Watershed (Boyer, 2005). 

The City felt that if they could fix the stormwater management problems on site 

by creating the Thornton Creek Chanel 

(Figure 3-14, 3-15).  Creating the 

chanel would also solve the 

stormwater management problems for 

the lower branch of the Thornton 

Creek at no cost to the Northgate Mall 

developer.  Seattle Public Utilities was 

then charged with the task to build the 

Thornton Creek Channel on 2.7 acres 

of land that cuts diagonally through the 

Residential Development.  

Figure 3-14, Thornton Creek Channel  

(Seattle Public Utilities, 2009, p. 6) 
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The project will divert stormwater from Northgate Mall through channelized 

landscape with soil and native plants to filter the water and slow it down before it 

reaches Thornton Creek.  Surrounding surface lots from the Northgate Mall expansion 

would also flow from the stormwater connection points to the channel (Tackett, personal 

comm., 2009).  But the city felt like it needed to do more to treat the large amount of 

impervious parking lot surface with a stormwater management system that would treat 

the lots before going to the 

drainage channel. 

According to Tracy 

Tackett, the sheer volume of 

the surface lots themselves 

created a need to slow down 

the water before it reached 

Thornton Creek Channel.  

άƴƛƴŜǘȅ-eight percent of 

{ŜŀǘǘƭŜΩǎ ǊŀƛƴŦŀƭƭ ƻŎŎǳǊǎ ŀǘ ǘƘŜ 

ƻƴŜ ȅŜŀǊ ǎǘƻǊƳ ŜǾŜƴǘΣέ ŀƴŘ ǘƘŀǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ¢ŀŎƪŜǘǘ Ƙŀǎ ŀ ƭŀǊƎŜ ƛƳǇŀŎǘ ƻƴ ŘƻǿƴǎǘǊŜŀƳ 

aquatic life (Tackett, personal comm., 2009).   With the focus on the one-year storm, the 

City of Seattle established the Natural Drainage Systems Program Goals.  These goals 

were defined as:  

 

 

Figure 3-15, Thornton Creek Channel 

(Seattle Public Utilities, 2009, p. 16) 
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- Control small storms to protect aquatic biota.   

- Control one to two year storms to prevent channel erosion. 

- Improve Water Quality by Reducing: 

Petroleum Hydrocarbons,  
Metals (copper, lead, zinc),  
Fecal Coliform,  
Pesticides & Herbicides 
Nitrogen  
Water Temperature, 
pH  

 

With such a huge pushback from the community over the salmon runs, the City 

wanted to make sure all the new development functioned as one cohesive plan from a 

stormwater management perspective.  At the center of this plan was a 63-acre mall 

development staring the city directly in the face.  The mall developer and the city had 

come to an agreement that the mall would not lose one space from the proposed 

original agreement.     The City went back to the drawing board and analyzed their 

options (Table 3-6) on how they could best create a system within an existing parking lot 

that would treat stormwater on site and not lose one single parking space.    

The engineering firm of KPFF was hired by the city to perform an analysis of 

options for the city.  The options in Table 3-т ǊŜǇǊŜǎŜƴǘ ŀ ǎǳƳƳŀǊȅ ƻŦ YtCCΩǎ ŦƛƴŘƛƴƎǎΦ 

According to David Schwartz, iǘ ǿŀǎƴΩǘ ǳƴǘƛƭ ǘƘŜȅ Ǉǳǘ ǘƘŜ ŜŎƻƴƻƳƛŎǎ ƻŦ ǘƘŜ ŀƴŀƭȅǎƛǎ ǿƛǘƘ 

the summary of the options that it became clear to everyone involved that treating the 

lots with a non-traditional approach to stormwater management provided better design 

and drainage benefits.   The other substantial benefit was that it also proved to be very 

cost effective (Schwartz, personal comm., 2009). 
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Design Strategies - The central retrofitting objective for the project was the 

creatƛƻƴ ƻŦ ǘƘŜ ά¢ŜƭŜǎŎƻǇƛƴƎέ ǎǿŀƭŜǎ όCƛƎ о-16).  The idea behind the swales came from 

an analysis of how a mall parking lot functions on a daily basis.    For most of the year a 

mall parking lot will never reach capacity.  Only a portion of the parking lot will be used 

Table 3-7, Summary of Northgate Mall Design Options  

(City of Seattle, 2005, p. 2) 

Figure 3-16, Plan of Northgate Mall, Design solution utilized a 250 radius to establish parking 

relationships to mall entry points.  

(SVR Design, http://www.svrdesign.com/docs/MontgomeryCo%20-

%20Planning%20and%20Design%20-%20Applied%20LID%20Techniques.pdf, 2005).   

http://www.svrdesign.com/docs/MontgomeryCo%20-%20Planning%20and%20Design%20-%20Applied%20LID%20Techniques.pdf
http://www.svrdesign.com/docs/MontgomeryCo%20-%20Planning%20and%20Design%20-%20Applied%20LID%20Techniques.pdf
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while the rest of the lot will remain empty.  Only during peak shopping events will the lot 

be full.   

Using the analysis of use as a guide, designers came up with a radial pattern that 

provided more space for traditional shoppers on a daily basis, while taking space away 

from areas of the lot that were used less frequently.    The swale design (Figure 3-17 & 3-

18) was then formulated around that idea and with the use of four basic retrofit concepts 

the City was able to meet their stormwater management goals.   

The components of the project were: 

1.  Telescoping Vegetated Swales - A series of increasingly larger landscape cells 

(i.e. bioswales, strands) for filtration, infiltration and sedimentation prior to 

discharge  

2. Biofiltration Planters - Vegetated open channels or swales that infiltrate and 

transport runoff water  

Figure 3-17Σ {ŜŎǘƛƻƴ ƻŦ ά¢ŜƭŜǎŎƻǇƛƴƎ {ǿŀƭŜέ   

(SVR Design, http://www.svrdesign.com/docs/MontgomeryCo%20-

%20Planning%20and%20Design%20-%20Applied%20LID%20Techniques.pdf, 2005).   

 

http://www.svrdesign.com/docs/MontgomeryCo%20-%20Planning%20and%20Design%20-%20Applied%20LID%20Techniques.pdf
http://www.svrdesign.com/docs/MontgomeryCo%20-%20Planning%20and%20Design%20-%20Applied%20LID%20Techniques.pdf
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3. Clarification pond/Raingarden - Ponds that supplement storage and pollutant 

removal  

 ¢ƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ǘƘŜ ǎǿŀƭŜ ŎƻƴǎƛǎǘŜŘ ƻŦ ŀ άslope towards a mid 

point and consists of soil, 

vegetation, rocks and treesέ 

Tackett, personal comm., 

2009).   The green space 

nearest the mall processes 

water, but most of the 

treatment happens in the 

larger sections. The curb 

cuts in the parking lot also 

allow water to flow from the parking surface into the swales for filtration.  Soil medium 

in the ǎǿŀƭŜǎ ǘƘŜƴ άnaturally treats any oil cars have left, on the pavement. The water 

eventually filters into the ground and ƛƴǘƻ ǘƘŜ ¢ƘƻǊƴǘƻƴ /ǊŜŜƪ /ƘŀƴƴŜƭέ ό¢ŀŎƪŜǘǘΣ 

personal comm., 2009).    The whole system was a process that allowed the development 

to creatively manage its stormwater treatment system in a complex urban watershed.   

Economics - The total cost of the project was roughly six million dollars.   While 

there were skeptics at first, the Seattle Public Utilities staff determined that  

άa natural drainage approach is not only feasible in parking lot 

redevelopment, but can provide additional drainage and aesthetic 

benefits not realized by a traditional code compliance approach.  In 

addition, the team determined that if a project has water quality 

requirements, a natural drainage approach can be about 12% less 

Figure 3-18,  ά¢ŜƭŜǎŎƻǇƛƴƎ {ǿŀƭŜέΣ (Tracy Tackett, 2009). 
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expensive. The team concluded that swales are generally less cost per acre 

than porous pavement. The use of porous pavement reduces total 

impervious surface on the site and, in the case of unit pavers, can offer 

other benefits such as improved aesthetics, pedestrian way-finding, and 

ǘǊŀŦŦƛŎ ŎŀƭƳƛƴƎέ  ό/ƛǘȅ ƻŦ {ŜŀǘǘƭŜΣ нллрύΦ 

 

The use of a natural drainage approach was critical for the client to understand 

from a cost benefit analysis.  According to Tackett, the swales also meet their stormwater 

management goals when it came to capacities, so they were also able to save money by 

not having to introduce large areas of other stormwater management techniques like 

porous pavement, or some type of unit paving.  Looking at Table 3-8, it became relatively 

obvious that constructing the swales (Figure 3-19) would offer the best opportunity for 

improving water quality for the site.     

Table 3-8, Economic Analysis of Northgate Mall Design Options, 

(City of Seattle, 2005, p. 2) 

Figure 3-19Σ !ŜǊƛŀƭ hōƭƛǉǳŜ ά¢ŜƭŜǎŎƻǇƛƴƎ {ǿŀƭŜέ  

(Microsoft Visual Earth, 2009) 
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Another benefit according to Tackett was the life cycle costs.  Traditional asphalt 

has to be periodically repaired and replaced.  Eliminating areas of traditional asphalt and 

replacing the areas with native plant material (Figure 3-20) will save on the yearly 

maintenance costs for the lot.  The use of permeable concrete pavers was also 

considered and its use would have 

added to the life cycle of the lot.  

Ultimately permeable concrete 

pavers were never used because it 

was proven that the swales could 

treat the parking lot independently 

of any other stormwater 

management technique, thus 

saving the project money.  Another step in the analysis process that must be weighed 

before carrying out the intended design is to determine the feasibility of installation and 

maintenance. 

Installation/Maintenance ς Like any facility, maintenance will always serve as a 

critical control measure for a projectΩs success.  Can the project physically be built on site 

as designed and provide the intended treatment functions?  If a facility is poorly 

maintained, the original design intent will never be achieved.   After a design has been 

carried out, the long-term success will be judged on how well the facility functions with 

the intended design program.  Maintenance usually has a lot to do with how successful 

any facility meets the expectations of a client.   

Figure 3-20Σ ά¢ŜƭŜǎŎƻǇƛƴƎ {ǿŀƭŜέ  

(Tracy Tackett, 2009) 
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 The biggest ongoing maintenance issue for Northgate Mall will be maintaining the 

swales themselves (Figure 3-21) to ensure that they function properly.  The stormwater 

treatment capacity is directly related to having living plant material in the swales.  

According to Tackett, the project used the Washingǘƻƴ {ǘŀǘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ŎƻƭƻƎȅΩǎ 

guidelines for a standard biofiltration 

swale installation.  By specifying grasses 

that are 4-6 inches in height the design 

was able to meet its target water quality 

treatment flow depth of 2-3 feet (SPU, 

2000). Native plant materials by nature 

take care of themselves, but according to 

Tackett the initial installation is critical 

and has to be monitored correctly to 

insure that plants become established.  Once the plant material is established, yearly 

maintenance of trimming back the native plant material is all that is required. 

Lessons Learned ς According to Tackett, there were three major lessons that the 

City learned during the construction phase and through post occupancy evaluation.  

These were: 

¶ A curb system needs to have structural integrity to act as a 
wheel stop or have sufficient soil behind the curb to act as a 
structural member.  Wheeƭ ǎǘƻǇǎ ǿŜǊŜ ΨǾŀƭǳŜ ŜƴƎƛƴŜŜǊŜŘΩ ƻǳǘ 
of the project, but nothing was replaced from a design 
standpoint that replaced the wheel stops. 
 

¶ The lack of walking paths or sidewalks next to the bio-swale. 
The thought through the design process was that people would 

Figure 3-21Σ !ŜǊƛŀƭ ±ƛŜǿ Ψ¢ŜƭŜǎŎƻǇƛƴƎ {ǿŀƭŜέ  

(Google Earth, 2009). 
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walk down the drive aisles towards the shopping center.   That 
ŘƛŘƴΩǘ ŜƴǘƛǊŜƭȅ ƘŀǇǇŜƴ ŜǾŜǊȅ ǘƛƳŜ ŀƴŘ ŀǎ ŀ ǊŜǎǳƭǘ ǘƘŀǘ Ǉƭŀƴǘ 
material in the bio-swale has suffered from constant 
pedestrian traffic. 
 

¶ The construction techniques of retrofitting an existing lot needs 
to be monitored and areas where existing conditions meet 
renovated conditions have to be detailed correctly.  The 
construction sequence was not properly thought through and 
the bio-swales were built at the end of the project.  This 
created some steep slopes in the swale itself but also 
undermined the existing asphalt lot.  Settlement then created 
ǎƻƳŜ ǳƴŘŜǎƛǊŀōƭŜ ƭƻǿ Ǉƻƛƴǘǎ ƛƴ ǘƘŜ ǇŀǊƪƛƴƎ ƭƻǘ ǘƘŀǘ ŘƛŘƴΩǘ ŀƭƭƻǿ 
the drainage to work correctly. 

 

Analysis ς Retrofitting large parking lots for the enhanced treatment of 

stormwater is not new.  The design and implementation can be applied too most existing 

conditions creating a practical yet effective stormwater management system.  According 

to Tackett, retrofits in the Seattle area are:   

 

- Practical 
- Demonstrated results   
- Installed examples now common place 
- Accepted practice with many jurisdictions 
- Accepted treatment by the public 
- Value added 
 

¢ƘŜ ƳŀǎǘŜǊ Ǉƭŀƴ ŦƻǊ ǘƘŜ ά¦Ǌōŀƴ /ŜƴǘŜǊέ ŦƻǊ ǘƘŜ ŎƻƳƳǳƴƛǘȅ ƻŦ bƻǊǘƘƎŀǘŜ 

represents how a number of different stormwater treatment practices can come 

together and influence the way projects treat stormwater.  Ultimately, most projects are 

not that complex, but the ideas and practices learned with this re-development can be 

applied to about any parking lot.   Fortunately, the City, developer, and community all 

came together to create something that benefited everyone.   
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Northgate Mall Case Study Calculations  

 

Step 1 ς Calculate Site Imperviousness of the Existing Site ς The existing mall site 

(Figure 3-22) is made up of roughly 841,142 square feet (19.31 acres) of area (Table 3-9).  

Of this area, 777,546 square feet was defined as impervious surface area primarily made 

up of buildings, asphalt parking lots and concrete sidewalks.  The mall, as expected, had 

very little permeable surface.  Of the 63,598 square feet (1.46 acres) of pervious surface, 

none of this area was used for stormwater treatment.  The design of the parking lots 

themselves was a traditional mix of asphalt with high and low points that directed 

surface runoff to the catch basins located throughout the site.  The interior lots were 

made up of asphalt.   

 

Step 1: Calculate Site 
Imperviousness    

Using a base map (Figure 3-23) calculate the 
areas below   

     

Site Size 19.31 AC             841,144 Sq. Ft. Percentage of Total Site Area 

     
Impervious Area  17.85 Ac 777,546 Sq. Ft.                 92.47% 

Pervious Services 1.46 Ac 63,598 Sq. Ft.                  7.56% 

Total Area 19.31 Ac 841,144 Sq. Ft.                   100% 

     
   

 

Table 3-9, Northgate Mall Existing Site Imperviousness, 

(Authors Calculations, 2010) 
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Looking at calculations, the mall site before retrofitting was made up of 92.47 

percent of impervious area. The pervious surface, which made up only 7.56 percent of 

the total, was mostly landscape parking islands.  While the pervious surface does not 

look like it would have a huge impact on the site, it is critical to understand the special 

relationships between pervious and impervious surfaces and how they impact the 

storage potential on site.   With a limited amount of pervious area, the design team had 

to develop creative solutions to deal with storage locations. 
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Figure 3-22, Northgate Mall before Retrofit ς Seattle, WA.  Photo shows existing parking lot on the 

west side of the mall and overflow lot to the south of mall. (Google Earth, 2009). 
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Figure 3-23, Northgate Mall after Retrofit ς Seattle, WA.  Photo shows the two parking lot 

retrofit projects that were constructed.  (Google Earth, 2009). 
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Step 2 ς Calculate Pre-Retrofit Pollutant Load of the Existing Site - Using the 

Pollutant Load Export Equation, (Figure 3-6) the average annual pollutant load prior to 

retrofitting can be calculated.   The first step in the process is to define the values for the 

Pollutant Load Export Equation for each pollutant type.  By defining values to the 

equation allows the analysis to understand what types of pollutants are typically found 

on-site based on its land use characteristics.  According to the CWP and the EPA (CWP, 

2007, p.4) the pollutants of concern for large parking lots are: 

1.  Total Suspended Solids  

2. Total Phosphorus 

3. Total Nitrogen 

4. Metals (Zinc & Copper) 

It is important to understand that other pollutants, such as hydrocarbons 

(petroleum such as oil) and trash/debris, typically have the same removal rates as Total 

Suspended Solids.  In most circumstances, hydrocarbons either quickly stick to sediments 

or they are suspended in stormwater runoff and would have the same removal rates as 

Total Suspended Solids (CWP, 2007).     

Due to the fact that most parking lot retrofits deal with a large amount of 

impervious surface, it is important to understand what is feasible due to the conceptual 

nature of the intended research.  The maximum treatment area is often constrained by 

the amount of impervious cover defined on any particular site.  Table 3-10 illustrates the 

process for calculating the pollutant load exported for each pollutant type prior to the 

retrofit. 
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Table 3-10, Northgate Mall ς Pre-Retrofit Pollutant Load Calculations 

(Authors Calculations, 2010) 
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Table 3-11, Estimate of WQv for US Cities 

(CWP, 2007. p. 7) 

In most subwatersheds, it is hard to find enough feasible storage retrofits to treat more 

than 50 percent of subwatershed area (CWP, 2000). To achieve a higher level of 

treatment, often onsite retrofits will have to be explored.  Because of the high level of 

impervious surfaces typically found in large parking lots, the focus of the study will be 

onsite retrofits.  Table 3-11 is used to estimate the aggregate Water Quality Volume 

(WQv) storage needed.  The Northgate Mall is in the city of Seattle, Washington, so with 

an impervious area of around 90 percent, the site would need to treat 4,058 cubic feet of 

water per acre.  At 19.31 acres, the site would have to treat 78,360 cubic feet of 

stormwater for every 1.3 inches of rain.  



 
67 

Table 3-12, Bioretention Removal Rates  

(CWP, 2007, B-9) 

 !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ /²tΣ ǘƘŜ άǎǘŀƴŘŀǊŘ ƳŜŀǎǳǊŜ ŦƻǊ target storage volume for 

runoff reduction ranges from 20 to 50 percent of the target WQvέ ό/²tΣ нлллΣ ǇΦ рύΦ 

Using the standard measure for target storage, the mall site would have to find an onsite 

storage area between 4-10 acres to treat the volume required. The desire to keep the 

number of existing parking spaces onsite  limited the amount of potential impervious 

area, so the criteria for onsite storage area was not achieved with an impervious area of 

2.83 acres.  For most parking lots, meeting this requirement becomes challenging 

because of space limitations.  To achieve this goal, the focus of onsite retrofit techniques 

becomes important.    

Step 3 ς Identify the Stormwater Treatment Option ς As previously described, 

the Northgate Mall used bioretention in the form of an onsite drainage swale to treat 

stormwater.  The onsite drainage swales treated stormwater for the 20-acre asphalt 

parking lot.   The range of pollutant removal rates for bioretention areas is defined in 

Table 3-12. 
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Table 3-13, Northgate Mall ς Calculations of Site Impervious Area of the Design 

(Authors Calculations, 2010) 

 

 

Step 4 ς Calculate Site Imperviousness of Design ς Using figure 3-23, the study 

can calculate the sites imperviousness of the installed design.  If the design was not built, 

a conceptual design solution would be utilized to understand the imperviousness of a 

potential solution.  

 

Step 4: Calculate Site 
Imperviousness of Design    

Using a base map (Figure 3-23) calculate the 
areas below   

     

Site Size 19.31 AC 841,144 Sq. Ft. Percentage of Total Area 

     
Impervious Area  16.48 Ac 717,896 Sq. Ft. 85.34% 

Pervious Services 2.83 Ac 123,275 Sq. Ft. 14.66% 

Total Area 19.31 Ac 841,144 Sq. Ft. 100% 

     
   

 

Step 5 ς Calculate Pre-Retrofit Pollutant Load of the Design ς Since the design is 

installed and the areas have been defined in step 4, the pre-retrofit pollutant load can be 

calculated using the same process as defined in step 1.  This calculation defines the 

conceptual pre-retrofit pollutant loads of the intended design.   Table 3-14 outlines the 

steps to calculate these loads.  Again, the event mean concentration (C) is based on the 

values defined in Table 3-5, as monitoring well samples were not available for this study.  

The pollutant load results will then be adjusted up or down using site-specific factors in 

the design point method. 



 
69 

Table 3-14, Northgate Mall ς Calculations of Pre-Retrofit Pollutant Load of the Design 

(Authors Calculations, 2010) 
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Table 3-15, Bioretention Design Sheet - Northgate Mall, Red points indicate the 

Ǉƻƛƴǘǎ ǘƻ ǘƻǘŀƭΦ ό!ǳǘƘƻǊΩǎ /ŀƭŎǳƭŀǘƛƻns, 2010) 

Step 6- Pollutant Removal Efficiency ς Using the Design Point Method, the site 

was scored and ranked using table 3-15.  The negative factors for the design were: 

1. The design does not provide the full WQv (4-10 acres) due to the space 

requirements on site.   The mall site had only 1.45 acres of impervious area 

available out of 19.31 acres, so the criteria for onsite storage area was not 

achieved due to the developers desire not to eliminate parking spaces.  

 

2. Single Cell Design ς Space Requirements.  The use of an additional treatment 

cell, or drainage body, was not used due to the size of the parking lot.  While 

the swales occur throughout the parking lot, they treat the same pollutant 

sources without the added benefit of draining into another stormwater 

treatment type. 

 

3. Underdrainage was needed due to the impermeable soils on-site. 

 

After the method was implemented, a negative design score was derived.   
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Table 3-16, Northgate Mall ς Calculations of Adjusted Removal Rates 

 (!ǳǘƘƻǊΩǎ /ŀƭŎǳƭŀǘƛƻƴǎΣ нлмлύ 

Step 7 - Adjusting Removal Rates for Each Pollutant Type ς By adding up the 

points in Table 3-15, the total score is negative four out of a possible five (positive or 

negative). The removal rates then are adjusted negatively using equation shown in Table 

3-8.   The calculations are shown in Table 3-16. 

 

Step 8 ς Post-Retrofit Pollutant Load ς The eighth step in the process is to 

calculate the post-retrofit pollutant load. Using Figure 3-9, the post-retrofit pollutant 

loads are adjusted.  Using the adjusted removal rates, based on the site-specific factors in 

the point tables, the actual pollutant loads are reduced.  The results are shown in Table 

3-17. 
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Table 3-18, Northgate Mall ς Calculations of Pollutant Load Reduction of the Retrofit 

 (!ǳǘƘƻǊΩǎ /ŀƭŎǳƭŀǘƛƻƴǎΣ нлмлύ 

Table 3-17, Northgate Mall ς Calculations of Post-Retrofit Pollutant Load 

 (!ǳǘƘƻǊΩǎ /ŀƭŎǳƭŀǘƛƻƴǎΣ нлмлύ 

Step 9 - Pollutant Load Reduction of the Retrofit ς The final step in the process is 

to calculate the pollutant load reduction of the retrofit. Using Figure 3-10, the pollutant 

load reduction of the retrofit can be calculated.  The results are shown in Table 3-18. 
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Table 3-19, Comparison of Pollutant Removal Capability 

(CWP, 2007, p. 158, modified by Author) 

Since the final design solution has already been constructed, the hypothetical 

results based off the existing aerial photography can be compared to the actual built 

solution.  As a hypothetical way to calculate pollutant load reductions, the Design Point 

Method does not always deal with every site-specific factor.  From the numbers, the 

Design Point Method suggested removal rates that were greater than those actually 

achieved by the built solution.   An analysis of the calculations (Table 3-18) reveals that 

all the pollutants, except for Total Phosphorus, were reduced by the retrofit. 

Table 3-19, also defines bioretention as a poor way to remove total phosphorus, 

so that would explain why the actual built solution is exporting phosphorus (the positive 

number in Table 3-18) out of the stormwater treatment solution rather than removing 

this pollutant.  As a hypothetical measurement, it suggests to the designer that soil 

testing should take place prior to specifying the appropriate soil type to implement. 

Legend 
TSS - Total Suspended Solids 
TP- Total Phosphorus 
TN- Total Nitrogen 



 
74 

 Site-specific factors can enhance or reduce the overall effectiveness of a 

treatment option. The results of the Design Point Method can provide the designer a fair 

idea as to the effectiveness of each treatment option. For the Northgate Mall site, the 

design reduced the impervious surface by roughly eight percent.  In doing so, it kept the 

number of parking spaces while reducing the amount of pollutants that are typically seen 

in large parking lots.  

²ƛǘƘ ǘƘŜ /ƛǘȅ ƻŦ {ŜŀǘǘƭŜΩǎ ŦƻŎǳǎ ƻƴ ǘƘŜ ƻƴŜ-year storm, tƘŜ ŘŜǎƛƎƴ ƳŜǘ ǘƘŜ /ƛǘȅΩǎ 

Natural Drainage Systems Program Goals of improving water quality by reducing: 

Petroleum Hydrocarbons,  
Metals (copper, lead, zinc),  
Nitrogen  

 

Ultimately, the City deemed the project a success because it laid the groundwork for 

parking lot retrofits in the greater Seattle area.  
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Case Study 2 ς άbŜǿέ tŀǊƪƛƴƎ [ƻǘ - US Cellular Field, Chicago, Illinois 

 

Site Context - US Cellular Field is home to the Chicago White Sox, a professional 

baseball team, and is located in tƘŜ Ψ{ƻǳǘƘ {ƛŘŜΩ ƻŦ /ƘƛŎŀƎƻΣ Lƭƭƛƴƻƛǎ όCƛƎǳǊŜ о-24).  Built in 

мффмΣ ¦{ /ŜƭƭǳƭŀǊ CƛŜƭŘ ǿŀǎ ōƛƭƭŜŘ ŀǎ ǘƘŜ άbŜǿ IƻƳŜέ ƻŦ ǘƘŜ /ƘƛŎŀƎƻ ²ƘƛǘŜ {ƻȄΦ  ¢ƘŜ 

previous facility, Comiskey Park, had become outdated and was replaced 200 feet away 

by a new facility.   The surrounding site (Figure 3-25) is made up of eight parking lots with 

roughly 6,500 spaces on site.  

Figure 3-24, US Cellular Field Site Location, Chicago, Illinois 

 (Google Earth, 2009, Adapted by Author) 


















































































































































































































