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1abstract

ABSTRACT

  The urbanization boom this country 
experienced in the twentieth century 
set the foundation for the urban fab-
ric we live in today.  The urban fabric 
functions as a result of the many and 
varied systems modern society has built 
in hopes of taming the forces of nature.  
An important example of one of these 
networks, though seldom seen and 
rarely celebrated, is the urban drainage 
system. 

  Creeks and wetlands covered signifi-
cant portions of coastal southern Cali-
fornia until urbanization arrived in the 
early twentieth century.  Typically small 
in scale but rich in biodiversity, these 
creeks came roaring to life following 
winter rains, draining the basin to the 
sea, all while feeding the wetlands that 
protected the coastal land.  However, 
in an attempt to eliminate flooding risk 
and provide stable land on which to 
build, the majority of the coastal creeks 
were entombed in concrete, some above 
ground, and others below.  What sound-
ed like a good idea at the time has 
become a relic of the past.  The experi-
ment has demonstrated what happens 
when an ecological resource is misinter-
preted as a liability in the urban fabric. 
That is, with research and observation, 
it is now becoming clear that these 

resources are assets to the communities 
and regions in their vicinities.  Addi-
tionally, these potential resources have 
been walled off and shut away from the 
public, creating corridors that act as 
barriers within the urban fabric.  

  A new attitude has emerged toward 
urban drainage infrastructure as the po-
tential ecological and social benefits of 
green infrastructure become clearer in 
the public’s mind.  Research along with 
many successful infrastructure projects 
from around the globe demonstrate the 
potential multiple benefits green infra-
structure strategies can provide.  These 
projects offer examples of strategies 
and elements that combine to create 
successful multi-functional spaces cen-
tered on urban infrastructure.  

  A desire to synthesize these new 
strategies and traditional landscape 
architectural methods informed the de-
velopment of a master plan for remnant 
urban space straddling a channelized 
coastal waterway in Oxnard, CA.  This 
project demonstrates one approach to 
re-imagining coastal infrastructure as a 
multifunctional asset that provides hab-
itat and recreational and social opportu-
nities for the local community.     
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INTRODUCTION

  The coastal  areas of California  
have served many uses since hu-
mans  first  ventured  upon her 
golden shores.  For thousands of 
years, the unique ecosystem creat-
ed along the ribbon of coastline at 
the mesh of land and sea has sup-
ported plants, animals, and humans 
all while protecting the land and 
maintaining  a healthy ocean. Recent 
history and the rise of modern hu-
man civilization  has had profound 
impacts to this  valuable ecosystem.  
The ocean is fastened to the land by 
spongey coastal wetlands, absorbing 
and mitigating the push and pull of 
flows and forces in a highly sensitive 
orchestration  of interconnected sys-
tems. This dance between the sea, 
the sky, and the land is the result 
of millions  of years of evolution 
and functions  in perfect harmony, 
providing humans with invaluable  
ecosystem functions, not mimicked 
with computers and machines.

  In our civilization’s  haste to create 
capital and grow the population, we 
have often overlooked and underval-
ued the natural resources that give 
us life. The development boom in 

coastal California during the 20th 
century resulted in major losses in 
wetlands to agricultural, industrial, 
and residential conversion.

  California’s  coastal wetlands 
played important roles in industrial  
progress but paid a heavy price- we 
now have come to realize.  In fact, 
the current area of remaining in-
tact  coastal wetlands is a fraction 
of what was even 100 years ago, and 
roughly 10% of original California 
wetlands remain (www.swswestern.
org).  It is critical  to the health of 
the land, sea, and air of the planet 
that  wetlands be restored and
ecosystem services reestablished, 
at least in uniquely significant  and 
economically possible areas.

  Coastal wetlands do not exist 
in a stand-alone capacity.  As 
buffers between the sea and land 
their health relies on inputs from 
both the sea and upland areas. 
One significant input from upland 
areas is fresh water flow, which 
has been severely altered in its 
course and composition, a result 
of agricultural runoff and the 
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covering of large portions of the 
watershed by impervious surfaces.  
The streams and creeks that 
traditionally feed coastal wetlands 
were fed themselves by the slow 
release and long concentration 
times of precipitation conveyance 
over and through the permeable 
landscape.  In fact, the engineering 
and construction of channelized 
concrete drainage infrastructure 
was a rational approach to mitigate 
urban flooding in these newly 
developed urban areas.  Over 
time however, many of these 
infrastructural systems have proven 
that they contribute to flooding, 
particularly ones associated with 
continued development and growth 
in impervious surfaces.  Impervious 
surfaces contribute significantly 
to increased peak flows for which 
many of the concrete channels were 
not designed.   

  The corridor networks created 
by the drainage channels often 
paralleled transportation networks, 
including railroads and roadways.  
Railroads and drainage channels 
have a unique similarity: along side 
their reach often exists unused 

and neglected space.  Communities 
were typically separated from 
infrastructural infrastructure 
by walls and fences, essentially 
condemning them to cut through 
neighborhoods and become 
liabilities.  However, a new attitude 
is emerging, one that sees the 
inherent connections and linkages 
these systems have established, as 
well as a new appreciation for the 
possibility of creating ecological 
and recreational amenities from 
these previously overlooked spaces.  
Many highly developed urban areas 
are essentially built-out, the result 
being that urban remnant space has 
become more valuable, especially 
in areas where few park and 
recreational opportunities exist. 

  In Oxnard, California, located 
on the coast approximately 65 
miles west of downtown Los 
Angeles, all these previously 
described elements come together 
in a unique phenomenon where 
a mosaic of different land use 
types (i.e. residential, agricultural, 
and industrial) are cut through by 
concrete drainage channels and 
local commercial railroads, creating 
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left over and neglected space 
adjacent to these networks.  

   This project explores the 
possibility of re-imagining a section 
of remnant space adjacent to the 
Ormond Lagoon Waterway (OLW) 
and the Ventura County Railroad 
(VCRR) in Oxnard, CA.  The 
exploration began with a review 
of pertinent literature relating to 
stormwater management methods, 
green infrastructural strategies, 
and greenways.  Next, case studies 
of successful projects were 
reviewed in order to determine 
design implications that could 
inform a conceptual plan for the 
subject site.  This was followed by 
a thorough inventory and analysis 
of the site and adjacent area to 
better understand the relationship 
between the physical site and 
the knowledge gleaned from 
the literature and case reviews.  
These processes culminated in 
the establishment of goals and 
objectives which were translated 
onto the site in the form of a 
conceptual master plan.  

     
 

a non-channelized drain in Oxnard

channelized OLW drain in Oxnard
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RESEARCH QUESTION

How can a single-function infrastructural element and 
the remnant space in the urban fabric it creates be 
reimagined as a multi-functional community amenity 
that connects residents to ecological and recreation-
al assets?
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SITE CONTEXT

LOCATION : 
Oxnard, Ventura County, CA

SIZE : 
6.5 Acres

  Oxnard is a city of approximately 200,000 residents, located in 
southern California, 65 miles west of downtown Los Angeles.  After 
establishment in 1903 as an agricultural satellite of Los Angeles, it 
evolved into the an agricultural and industrial urban area it is today.  
The city sits on the Oxnard Plain, a low-lying alluvial plain between 
the Pacific Ocean and several mountain ranges.  The area is criss-
crossed by channelized and non-channelized drainage waterways.  
The site sits on one of the channelized drains, the Ormond Lagoon 
Waterway, which empties into the Ormond Lagoon about one mile 
downstream.  The site is next to a residential area and is also bisected 
by the Ventura County Railroad. 

oxnard los angeles
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e hueneme road

cyprus road
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Urban Waterways

Rainfall and the land on which it 
falls have developed a complex system 
of dynamic drainage patterns that 
existed in harmony for millions of years.  
Historically, rain fell on the land and was 
adsorbed by the soil and plant roots, 
while excess water slowly flowed into 
streams and rivers where it was conveyed 
downstream ultimately meeting the ocean 
where it was eventually evaporated and 
returned to the land as rain, creating an 
efficient cycle.  The flow through creeks 
and rivers gradually grew to a peak flow 
before subsiding into a stable flow.  When 
rain falls onto the largely impervious 
urban fabric, however, it has few, if 
any, opportunities to be absorbed, ad 
as a result, becomes fast moving runoff 
that works to accumulate sediment and 
pollutants as it makes its way through the 
drainage network.  Without the slowing 
of the water as it is conveyed through 
these systems, it more quickly reaches 
peak flow, creating a flush effect that 
causes negative effects on the streams and 
rivers within which it flows.  One of these 

impacts is known as scouring, a process 
by which river banks are eroded by fast 
moving particles that act to undercut 
waterway banks and harm vegetation root 
systems and the complex system of plant 
and animal interaction, microscopic and 
otherwise, that underpins the riparian 
ecosystem.  The rapid release of runoff 
and the associated flush further impact 
stream dynamics as the slow release of 
water detained in the soil (like an organic 
sponge) created more consistent flows that 
the riparian ecosystem needs for healthy 
habitat establishment and maintenance.  

Riparian corridors have developed 
around the existence of patterns of water 
moving through them, creating a subtly 
balanced cycle of creation and destruction.  
Along and upslope most waterways is a 
vegetated buffer zone of trees and other 
plants that help stabilize and protect the 
stream while providing other services such 
as nutrient retention, shade, and filtration.

Wetlands are an integral part of the 
drainage system as they provide further 
filtration of runoff and due to their 

OVERVIEW
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high biomass act as sponges to detain 
water and reduce flooding potential 
in low elevation coastal areas, where 
coincidentally much urban development 
also exists.  

Channelization is a method employed 
often in developed areas that straightens 
naturally meandering waterways in 
the name of increased flow capacities 
and rapid conveyance of runoff out of 
the developed urban fabric.  The logic 
behind the concrete channelization of a 
great deal of urban streams was flood 
protection.  Although implemented 
with good intentions, channelization 
has negative impacts on the health of 
such waterways.  The variation of depth, 
path, bends, pools, etc. found in natural 
streams is non-existent in channelized 
waterways and as such the ability of these 
systems to support life and provide the 
many ecosystem services once abundant 
is minimized.  Riffles, shallow lengths 
flowing over rocks and other obstacles, 
pools, deeper and slower areas of flow, and 
runs, lengths between riffles and pools 
with intermediate flow, are eliminated 

from channelized stream networks and 
with them the varied productive habitat 
layers unique to riparian ecosystems are 
lost.  Moreover, the loss of bank-lining 
riparian trees is significant as the shade 
they provided the stream kept water 
temperatures five to twenty degrees 
Fahrenheit below that of non-shaded 
systems, which in turn impedes the 
water’s ability to hold oxygen.  Degraded 
oxygen levels creates a situation wherein 
stresses are placed on organisms that 
have evolved to require predevelopment 
water temperatures and levels of dissolved 
oxygen.  Channelized streams also carry 
increased sediment levels which can lead 
to higher rates of erosion along the banks 
and on the streambed.  Natural streams 
typically meander to some extent through 
the landscape, with the inside of the 
jogs containing finer particles and the 
outside working to undercut the bank in a 
continually dynamic process that creates 
the unique and varied habitat zones in this 
ecosystem.
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Total Suspended Solids (TSS) are 
organic and inorganic particles suspended 
in runoff water that affect the availability 
of dissolved oxygen in the flow.  TSS 
typically are generated by human activities 
such as agriculture, construction, and 
roads.  Total Dissolved Solids (TDS) are 
salts, organic and dissolved matter which 
are picked up by runoff and deposited 
in waterways, and in high enough 
concentrations can cause negative effects 
on the waterway’s health.  Nutrients such 
as Nitrogen and Phosphorus originating 
from runoff containing fertilizers and 
animal waste for example, pose serious 
concerns for overall health of riparian 
systems.  The presence of excess nutrients 

promotes growth of organisms in an 
unbalanced manner, which in turn may 
choke out species or limit their existence 
thereby impinging upon the natural 
equilibrium of the waterway.  Metals 
may also be present in urban waterways 
and pose negative health consequences 
for aquatic species as well as humans.  
Zinc, Selenium, Copper, and Arsenic are 
examples of common metals found in 
urban runoff.  Additionally, pesticides 
and herbicides are often found in urban 
streams and result from residential and 
agricultural runoff in many instances 
(msdlouky.org).   
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Coastal Wetlands

Coastal wetlands have been lost or 
degraded the world over.  The damage 
is especially significant in California 
where up to 95% of tidal wetlands have 
disappeared in San Francisco Bay alone.  
The losses can be attributed to among 
other causes the following: development, 
agriculture, upstream watershed changes, 
tidal inlet changes, sea level changes, and 
introduction of non-native species.  The 
degradation of wetlands was a result of 
a lack of knowledge of their value, both 
ecologically and economically.  These 
wetlands are now known as efficient 
producers of biomass so loss of wetlands 
is also a loss of ecological diversity.  
This all leads to the importance and 
urgency of saving and enhancing the 
remnants.  While restoration of many 
coastal wetlands may be an unrealistic 
goal due to the extensive changes to 
many watersheds, enhancement may be 
possible at the local level.  The ecological 
importance of tidal wetlands cannot be 
understated and include the following: 

 

•	 “Providing nursery habitat for fish

•	 Dissipating energy associated with flows 

to reduce shoreline erosion

•	 Filtering water to improve its quality 

downstream

•	 Reducing flood risk by storing floodwaters 

or reducing the height of waves incident 

on shorelines

•	 Replenishing groundwater

•	 Providing resting areas for migratory birds

•	 Supporting a diverse biological community

•	 Offering opportunities for recreation, such 

as hunting and wildlife viewing

•	 Offering educational opportunities”

(Goodwin, Mehta, and Zedler 2001)
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Water Quality: Ormond Lagoon Waterway 

(formerly known as Oxnard Industrial Drain)

A study prepared by Everest 
International Consultants, Inc. for Aspen 
Environmental Group in June of 2005 
titled Ormond Beach Wetlands Restoration 
Project: Preliminary Evaluation of 
Potential Water Sources examined current 
and potential water sources for the 
Ormond Beach Wetlands and the quality 
and feasibility of utilizing those waters 
in maintaining healthy function of a 
restored wetland. Essential to the success 
of the restoration project was assessing 
the hydrologic connectivity of coastal 
wetlands and their upstream influent 
origins.  

The study analyzed surface waters 
“including…existing surface water from 
industrial drains, lagoons, marsh areas, 
and agriculture drainage channels, as 
well as proposed future water sources 
from the Brine Line and Groundwater 
Recovery Enhancement and Treatment 
(GREAT) Program.”  The water quality 

was analyzed based on quality standards 
“established under California’s Porter-
Cologne Water Quality Control Act and 
the federal Clean Water Act.”  These 
standards are based on two parts: “1) 
the designated beneficial uses and 2) 
the water quality objectives to protect 
these uses.”  Current “existing beneficial 
uses of waters within the Ormond Beach 
Wetlands are water contact recreation, 
non-contact recreation, estuarine habitat, 
wildlife habitat, rare, threatened, or 
endangered species, and wetland habitat.” 

The Oxnard Industrial Drain (OID) was 
included as an evaluation location, and 
data was examined from three studies 
along the drainage at several locations.  
At a location near the OID discharge point 
into J Street Lagoon, temperature, salinity, 
total dissolved solids (TDS), specific 
conductance (EC), nitrate, ammonium, 
phosphate, and pH were evaluated and 
it was determined that state standards 
for acceptable levels of temperature and 
ammonia were exceeded.  At a location 
upstream from the discharge on City 
of Oxnard/MWD property, volatile 
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organic compounds (VOCs), total metals, 
pesticides, polychlorinated biphenyls 
(PCBs), and radionuclides were tested for 
and revealed that although pesticides 
and PCB’s were not present, arsenic, 
selenium, and zinc were present in levels 
exceeding state and federal standards.  
Several other testing locations revealed 
the presence of bacteria results exceeding 
the total coliform standard and pH levels 
that “occasionally exceeded” both state 
and federal standards.  Additionally, “one 
out of 52 samples” met federal standards 
for “fresh water aquatic life,” indicating 
the relatively poor water quality as a 
supporter of habitat.

The report concludes in respect to OID 
that pollutants not satisfying state water 
quality standards were temperature, 
ammonia, bacteria, pH, and metals.  It 
went further to suggest that “based on 
the available water quality data, the OID 
may not be suitable as a water source for 
the [wetlands] without prior treatment 
to remove constituents exceeding water 
quality criteria.  Treatment methods 
could include treatment facilities, 

constructed wetlands, or both.”
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A study was conducted by C. Scott 
Shafer, et al., to analyze people’s use 
of “undesignated open spaces along 
the stream corridors that form the 
skeleton of many green infrastructure 
systems.”  Green Infrastructure is 
defined as a network of developed and 
undeveloped open spaces that “supports 
both ecological and social activities and 
processes” (quote from Kambits and 
Owen 2006, 484).  The study looked 
at past work related to this subject 
and arrived at several informative 
conclusions.  

Accessibility is a common determinant 
in people’s level of use to facilities and 
participation in activities related to 
recreation.  More specifically, citizen’s 
use of park and greenway amenities is 
correlated with the distance from and 
accessibility to such amenities as well 
as the relative costs associated with 
accessing parks or trails.  Evidence exists 
that suggests people who do not regularly 
use these amenities cite access and public 
transportation as problematic.  This fact 

is especially prevalent and amplified in 
lower income communities. 

Design presents an opportunity to 
engage and activate people through 
among other things, trails, habitat, 
and views.  Specifically, greenway 
use was also affected by proximity to 
vehicular flow and views.  People’s use 
of recreation amenities then is highly 
dependent of the design of the amenities. 

Urban drainage systems provide 
opportunities for public and 
environmental benefit other than strictly 
runoff conveyance.  Streams can be the 
key to any green infrastructure system 
by contributing to aesthetics, economic 
prosperity, habitat creation, and diverse 
recreational opportunities.  

Riparian corridors are often the 
framework from which successful 
greenways arise, regardless of the 
adjacent land use.  They can also serve 
as connections between open spaces 
or exist as stand-alone amenities.  A 
survey of urban residents asked about 
how the presence of greenways benefits 

GREENWAYS
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them related that they enjoyed having 
open natural areas, improved air quality, 
and access to recreation opportunities.  
Channelized urban drainage corridors 
can be good recreation amenities if 
connectivity exists between sidewalks and 
bike lanes.  Un-channelized corridors can 
provide the aforementioned recreational 
opportunities while offering greatest 
aesthetic value and improved ecological 
function.  

The study then analyzed data 
collected for the Texas Commission on 
Environmental Quality and summarized 
the findings.  It found “the two best 
predictors of stream use were locale and 
type of property adjacent to the stream,” 
suggesting residential population 
density was a factor in use.  It follows 
then that access within walking distance 
of population centers, and specifically 
major thoroughfares, is also important.  
Connecting schools, residential areas, 
commercial areas, and parks via a 
greenway is often more desirable to 
pedestrians and bicyclists than traditional 
routes shared with vehicles.  Another 
aspect studied was the presence of tree 

cover as an important factor contributing 
to stream corridor use.  

The study concludes that many urban 
planning objectives can be accomplished 
through green infrastructure, namely 
stream corridors, including “stormwater 
management, ecological diversity, 
temperature regulation, multimodal 
transportation, aesthetic quality, fitness 
and recreation.”  Access and tree cover 
are important tools to implement 
successful greenways.   

Von Haaren and Reich discuss two 
types of habitat networks in relation to 
greenways.  One type of network focuses 
on target species and habitat while 
multifunctional networks offer many 
ecosystem services while still linking 
remaining habitat patches.  Greenways 
can function to connect urban areas to 
open space forming circulation networks 
for urban residents while enhancing 
ecological function.  Recently, the desire 
for better connections between remnant 
habitats in urban areas has become more 
prevalent.
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SUMMARY
Greenways can be adapted to existing infrastructure networks, in this case stormwater 

runoff networks.  Because many infrastructure corridors exist, the designer can leverage 
this opportunity to create multifunctional places that serve infrastructural needs and 
provide community amenities, including recreation, environmental education, and habitat.  
A key element in the success of greenways is the accessibility and proximity to potential 
users.  There is an evolving shift in the approach to single-use infrastructural networks in 
which a layered approach can be implemented to serve the varied needs of a community 
while still retaining the originally intended function.

IMPLICATIONS
• Reimagine the potential of an established infrastructure element and create an 

opportunity for the community
• Create connections between community and natural resources using already 

established networks
• Integrate underutilized space in the urban fabric that has been neglected
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The UK Engineering and Physical 
Sciences Research Council and the UK 
Climate Impacts Programme established 
a project to study strategic planning 
and urban design methods to mitigate 
potential impacts of climate change on 
urban areas.  Urban area have unique 
“biophysical features” that are the result 
of human building practices.  The urban 
heat island effect and increased rates 
and volumes of storm water runoff 
can be attributed to changes in the 
urban surface.  Impermeable surface 
and structures interfere with natural 
ecosystem functions such as solar and 
water absorption.  It is assumed that 
climate change will magnify the problems 
associated with the impairment of the 
natural processes of weather effects 
mitigation.  This study examined the 
impacts that green infrastructure can 
have in mitigation the effects of increased 
urban temperatures and increased urban 
runoff.  “Urbanization replaces vegetated 
surfaces, which provide shading, 
evaporative cooling, and rainwater 
interception, storage and infiltration 

functions, with impervious surfaces.”  
However, greenspaces (and green 
infrastructure) within urban settings can 
allow for greater benefits from ecosystem 
services.  “The green infrastructure is ‘an 
interconnected network of green space 
that conserves natural ecosystem values 
and functions and provides associated 
benefits to human populations’ (Benedict 
and McMahon, 2002, p. 12). The green 
infrastructure should operate at all 
spatial scales from urban centres to the 
surrounding countryside (URBED, 2004).” 

The analysis focused on Manchester, 
England and utilized 1961-1990 
temperature data as a baseline compared 
to projected 2080 models.  As expected, 
increased green cover moderates average 
urban temperatures. The study found 
regarding urban temperatures:

“Adding 10 per cent green cover to 
areas with little green, such as the town 
centre and high-density residential UMTs 
keeps maximum surface temperatures 
at or below the 1961-1990 baseline 
temperatures up to, but not including, the 

GREEN INFRASTRUCTURE + LOW IMPACT DEVELOPMENT
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2080s High emissions scenario. 

The study also noted that “Increasing 
green cover by 10 per cent in the 
residential UMTs reduces runoff from 
these areas from a 28 mm precipitation 
event, expected by the 2080s High, by 
4.9 per cent; increasing tree cover by the 
same amount reduces the runoff by 5.7 
per cent.

The implementation of green 
infrastructure methods and tools is a 
viable option to deal with the issues 
associated with climate change, namely 
increased urban temperatures and 
increased runoff flows.  However, the 
study asserts that the ‘greening’ of 
urban areas can be problematic due to 
the extent and intensity of the existing 
built environment.  Thus, “creative” 
means are necessary and the importance 
of “the greening of roofs, building 
facades, and railway lines, street tree 
planting, and converting selected 
streets into greenways” should not be 
underestimated.  Furthermore, “[p]
riority should be given to areas where 
the vulnerability of the population is 

highest. A study in Merseyside found that 
vegetation, and in particular tree cover, 
is lower in residential areas with higher 
levels of socio economic deprivation 
(Pauleit et al., 2005).”

The study discusses other strategies to 
implement green infrastructure features 
such as drought tolerant trees, irrigation 
through rainwater harvesting, reuse 
of grey water, and floodwater storage.  
Tools to accomplish these objectives 
include bioswales, infiltration, detention, 
and retention basins.  Furthermore, “[o]
pportunities to enhance the green cover 
should also be taken where structural 
change is taking place, for example, in 
urban regeneration projects and new 
development.”

The study concludes by acknowledging 
that urban areas with the lowest 
populations of trees (especially mature 
trees) demonstrate the highest propensity 
for socio-economic disadvantage.  (GILL, 
et. al. 2007)
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Low impact development (LID) and 
green infrastructure (GI) techniques 
and strategies have been implemented 
by cities and regions with the goal 
of mitigating the negative effects 
of stormwater runoff and nonpoint 
source pollution.  Because there are 
prolonged periods between rain events 
in the west/southwest (W/SW), “mobile 
solutes accumulate and are flushed 
from upland soil to surface waters 
(Jiang, 222)” during rain events.  Studies 
have confirmed the increased sediment 
and solute concentrations present in 
urban runoff during these sporadic 
events.  Resulting from the regions 
geology and geography, watersheds in 
the W/SW have limited ability to hold 
and absorb runoff and therefore have 
relative short time of concentrations 
(TOC).  Furthermore, “there is little biotic 
processing” of nitrates “deposited to arid 
urban surfaces with little organic matter” 
and greater nitrate loads were found in 
basins with greater impermeability.  The 
authors state that “even with daunting 
seasonal and interannual variability in 
storm conditions, material export (e.g., 
nitrogen) can be reduced by managing 

intrinsic catchment features (Jiang, 
222).”  For example, the Tijuana River 
Basin’s (Southern California) water quality 
has suffered from urban development 
pressures, but even so, under regular 
conditions the water toxicity was 
“generally low” and greatly increased 
during high flow events (Jiang, 222).”  
Stormwater runoff is also a major 
polluter of California coastal waters.  

Typical stormwater infrastructure 
systems in the W/SW conveys the runoff 
“through straightened and, frequently, 
lined channels with little consideration 
for water quality (Jiang, 222).”  These 
systems do not allow for infiltration and 
cleansing of the water and therefore 
the runoff accumulates pollutants as it 
moves downstream, including even fecal 
coliform levels which have been shown 
to spike during high runoff periods.  
Potential effects of climate change have 
been analyzed and the W/SW region 
may see “more intense precipitation 
extremes” which could lead to greater 
concentrations of contaminants in urban 
runoff (Jiang, 223).   
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Review of LID/GI Practices

Rain Water Harvest System (RWHS) 
functions to capture and store water, 
slow and reduce runoff, provide irrigation 
water, and conserve urban water 
supplies, which become more important 
considering some climate change 
projections.  “The system includes active 
storage of collected water in a receptacle, 
or changing surface topography to slow/
capture runoff to increase water storage 
for sediments (Jiang, 224).” 

A study of the technical feasibility 
of harvesting rainfall in Tucson, AZ, 
suggested that harvested rainfall 
and runoff are attractive, technically 
feasible alternatives” that could aid 
groundwater recharge and “reduce 
flood hazards during extreme runoff 
events (Jiang, 226).”  Therefore, RWH is a 
good strategy/technique for controlling 
stormwater runoff.  

Dry detention ponds (DP), a.k.a. dry 
ponds and extended detention basins, 
fluctuate moisture with the presence 

of rain/runoff, and “have outlets 
designed to detain stormwater runoff 
for a minimum of 24 hours to allow 
particles and associated pollutants to 
settle (Jiang, 226).”  The author states 
DPs “are one of the most feasible and 
widely used stormwater practices in 
arid/semi-arid regions since they do not 
require a permanent pool of water (Jiang, 
226).”  Additionally, this method can be 
designed for both flood control and/or 
treatment of runoff.  The author goes on 
that “[w]hile dry DPs are not noted for 
their ability to remove soluble pollutants, 
they are reasonably effective in removing 
sediment and other pollutants associated 
with particulate matter.  In addition, they 
play key roles in downstream channel 
protection if an appropriate design is 
selected that incorporates adequate 
upstream pretreatment (Jiang, 227).”  

A performance study of DPs in 
southern California showed the “ponds 
were the best at removing particulate 
constituents, but removal of nutrients 
and dissolved metals was comparatively 
modest.” It has also showed that “earthen 
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ponds had higher removal efficiencies 
that concrete-lined basins (Jiang, 227).”  
DPs performed best, with high infiltration 
and maximum contaminant reduction, 
under lighter rain events.  The study 
concluded that dry DPs were “effective at 
removing particulate pollutants through 
sedimentation, but not at removing 
soluble pollutants (Jiang, 228).”  The 
removal of nutrients was the least 
promising function of dry detention 
ponds.  

Retention ponds (RPs), a.k.a. wet 
retention ponds and wet basins, have 
water in them all or most of the year.  
They are used mainly for water/runoff 
treatment but also can serve the purpose 
of runoff detention.  They function by 
settling particulate matter while using 
“algae to take up nutrients (Jiang, 229).”  

A study was conducted in San Diego 
that demonstrated the successful removal 
of particulates, including metals, but was 
less successful with phosphorus removal.  
It was noted however, that problems with 
RP exist due to the need of a relatively 

consistent water supply, especially in 
the W/SW.  The author wrote that RP 
“designers must design for a variable 
pool level with as much as a three-foot 
draw down during the dry season.  Use of 
wetland plants along the pond’s shoreline 
can help conceal the drop in water level, 
but managers also must consider chronic 
algal blooms, high densities of aquatic 
plants and occasional odor problems 
(Jiang, 230).”

Bioretention, or rain gardens, are 
used for the on-site treatment of runoff, 
and are typically used on relatively 
small urban sites.  They are often used 
in “parking lot islands, or within small 
pockets of residential land (Jiang, 
231).”  Bioretention systems function via 
stromwater that is “directed into shallow, 
landscaped depressions designed to 
incorporate many pollutant removal 
mechanisms (Jiang, 231).”  Water enters 
and is filtered through mulch and 
prepared soil mix, then collected in a 
perforated underdrain.  A rain garden 
was observed in Lakewood, CO that was 
vegetated with drought tolerant plants 
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and which reduced runoff by over 50%.  
It was not determined, however, to be 
significant in nitrogen or phosphorus 
removal, although the authors opine 
more research is needed and that other 
factors may have affected these results.  

Stormwater media filters (MF) are 
systems that capture and temporarily 
store stormwater runoff, sending it 
through a “filter bed of sand, organic 
matter, soil, and other media.  Filtered 
runoff can be collected and returned to 
the conveyance system or allowed to 
partially exfiltrate into the soil.  Filtering 
generally is adopted only to provide 
pollutant removal, although in exfiltration 
designs, some ground water recharge can 
be provided.  Sand filters are widely used 
and can be applied in most regions and 
on most sites (Jiang, 232-3).”  A study 
was conducted in southern California 
of six sites using sand filters for runoff 
treatment.  Two types of MF were used, 
an Austin style filter and a Delaware 
style filter, with only slight differences in 
observed performance.  The difference 
is that “Delaware maintains a permanent 
pool in the sedimentation chamber 

while Austin does not (Jiang, 233).”  The 
results indicated that MF are an effective 
technique for contaminant removal, 
except for nitrates.  It was then theorized 
that the filter type/media and the 
“hydrologic design of [the] system” were 
the biggest factors contributing to nitrate 
removal, and that including an “anaerobic 
zone in the bottom of a filter bed may 
promote denitrification and potentially 
increase nitrate removal (Jiang, 234).”

Porous pavement (PP) refers to 
methods from “porous concrete and 
asphalt to plastic grid systems and 
permeable interlocking concrete 
pavement,… and functions to “reduce 
stormwater runoff by allowing it to 
soak through the paved surface into the 
ground below (Jiang, 234).”  A study was 
conducted of permeable interlocking 
concrete pavement and pervious 
concrete pavement in Denver, CO that 
demonstrated runoff flow reduction 
rates of 33% and 38% respectively (Jiang, 
234).”  The study also showed successful 
filtration of other common runoff 
pollutants.  
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The vegetated swale, buffer, and strip 
method, a.k.a. a grassed channel, biofilter, 
or Bioswale, “refers to a vegetated, open-
channel management practice designed 
specifically to treat and attenuate 
stormwater runoff for a specified water 
quality volume (Jiang, 235).”  This method 
of runoff mitigation slows water and 
allows for sedimentation and infiltration 
into the soil.  There are many variation on 
the basic idea but all offer improvements 
over typical channelized ditches.  
These systems are especially effective 
in treating runoff when located near 
highways and residential roads, and can 
also be effective tools as included as part 
of a larger, comprehensive GI network, in 
which they may be used to convey runoff 
water to and/or from detention ponds, 
etc.  Due to the fact that these tools are 
vegetated, utilization in arid/semi-arid 
environments should be considered 
in relation to the need of irrigation to 
keep the vegetation alive.  A study of 
six bioswales in southern California 
showed effective removal of metals, 
but the results indicated the removal of 
other contaminants was not significantly 
effective.  

An infiltration basin/trench (or 
infiltration gallery) is a “rock filled trench 
with no outlet that receives stormwater 
runoff” and then infiltrates the runoff 
into the soil (Jiang, 238).”  “Stormwater 
passes through a combination of 
pretreatment measures such as a 
swale and detention basin and into 
the trench where runoff is stored in 
the void between the stones and then 
infiltrates through the bottom into the 
soil matrix (Jiang, 238).  Infiltration 
basins’ effectiveness can be limited 
based on concerns over groundwater 
contamination, soil type, and clogging 
issues.  However, in general these 
systems have the potential for “high 
pollutant removal efficiency and can 
also help recharge the groundwater 
(Jiang, 238).”  Taking these factors into 
consideration, although infiltration basins 
can be highly effective when designed 
and used optimally, they are also known 
for higher failure rates relative to other 
stormwater runoff mitigation strategies.  
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Integrated LID 
A study in San Clemente, CA 

“evaluated the effectiveness of three 
integrated structural BMP systems 
in removing nutrients and sediment 
metals from urban runoff.  The system 
treats runoff from recreational fields, 
parking lots, and residential areas.  The 
runoff contains fertilizers, pesticides, 
and reclaimed water used in landscape 
maintenance, as well as trash, motor oil, 
and automotive debris from roads and 

parking surfaces. The integrated BMP 
consists of a detention-based stormwater 
management system, a series of low-
capacity vegetated swales and one high-
capacity vegetated swale. Sedimentation, 
vegetative uptake, and flow impoundment 
were identified as the chief mechanisms 
preventing pollutant discharge into 
downstream wetlands, while detention 
capacity was the most important factor in 
enabling them.  Removal efficiencies are 
summarized in table 1 below.

vegetated swale
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Table 1. Pollutant removal rates using integrated LIDs

BMP Types Constituents
Influent 
Conc.

Effluent 
Conc.

Event-Based 
Conc. 

Reduction (%)

Detention-Based  
Stormwater Manage-

ment  
System

TN (mg/L) 3.3 2 39.4
Ortho-P (mg/L) 0.4 0.2 38.9

Al (µg/L) 102.7 30.9 69.9
Cd (µg/L) 7.6 1.6 78.5
Cu (µg/L) 0.9 0.5 47.1

Pb (µg/L) 0.2 0.1 75.9
Zn (µg/L) 4.3 0.9 78.3

Parking Lot Low-Capac-
ity Swales + Wetland

TN (mg/L) 2.4 2.3 4.2
Ortho-P (mg/L) 0.3 0.5 -57.6

Al (µg/L) 260.6 152.3 41.6
Cd (µg/L) 9.1 2.2 75.7
Cu (µg/L) 2.1 0.6 73.7

Pb (µg/L) 0.4 0.1 61.8
Zn (µg/L) 7.9 2.2 72.6

High-Capacity Swale TN (mg/L) 3.1 3.8 -22.6
 Ortho-P (mg/L) 1.6 1.8 -17.3

In another example, “[t]he City of 
Santa Monica, CA installed a green 
street project to demonstrate how 
comprehensively structural BMPs can 
harvest urban runoff for infiltration, in 

both dry and wet weather, keeping this 
single largest source of water pollution 
out of the Santa Monica Bay. In a highly 
urbanized residential-commercial city 
block, four types of BMPs were installed: 
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sub-surface plastic concave infiltration 
chambers under the parking lane; wider, 
depressed parkways with climate-
appropriate flora and low-volume solar-
powered irrigation; gutter-oriented catch 
basin filters; and pervious concrete 
parking lanes. The project harvested any 
dry weather runoff and up to 80% of wet 
weather runoff.

Water quality analyses showed 
significant removal of heavy metals; 
mixed results for nutrients; and reduction 
in bacteria. Total suspended solids (TSS) 
increased because the influent was 
relatively clean; however, the runoff 
picked up fine materials to increase 
TSS as it filtered through the soil. It is 
suggested that using depressed and 
widened parkways with sub-surface 
infiltration under them is a cost-effective 
solution for street runoff control (Jiang, 
240).”

In conclusion, the authors compared 
peak runoff reduction rates of several 
systems implemented in and around 
Denver, CO.  (The performance of green 
roofs are excluded in this literature 

review.)   The median runoff volume 
reduction with rainwater harvesting was 
75%, with a rain garden it was 53%, and 
with porous pavement reduction ranges 
from 33% to 38%.   

They next summarized the findings 
regarding pollutant removal efficiencies 
of the five systems: “All five were very 
effective in TSS reduction, with removal 
rates generally above 50%. The Media 
Filter had the highest TSS removal rate 
at 81%–90% (Jiang, 241).”  And regarding 
specific pollutant categories: “For 
nitrogen species (NO3-N, TKN, and TN), 
dry ponds and vegetation swale and 
buffers showed moderate removal; in 
comparison, retention ponds performed 
best, especially in their capacity to 
control NO3-N. Bioretention and media 
filters both indicated significant export 
of NO3-N which should be used with 
caution in nitrogen-sensitive regions. For 
phosphorous species (Ortho-P and TP), 
almost all practices showed either low 
removal or export problems; only media 
filters showed moderate TP removal 
(39%–44%) and Ortho-P (11%–24%).  For 
metal species Cu, Pb, Zn (total, dissolved, 
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particulate), moderate-to-high removals 
were observed for all practices except 
bioretention (rain garden). Since it 
is possible that nutrients in the rain 
garden media material were washed 
off by runoff during storms, more 

investigation is needed to evaluate its 
effectiveness in reducing metal species 
(Jiang, 242).”  Table 2 below summarizes 
the effectiveness of the analyzed LID/GI 
systems.

Table 2. Comparison of LID/GI Methods
Practices Effectiveness Design

Rainwater Harvest  
System

Effective for reducing runoff,  
controlling water pollutants,  
and saving municipal water

Recommend

Detention Pond

Effective for reducing runoff, TSS,  
particulate/total metals; moderate/low atten-

uation  
of nitrogen and phosphorus species; elevates 

the Ortho-P

Recommend

Retention Pond
Effective for reducing runoff 

 and most stormwater  
pollutants, except Ortho-P

Generally not recommended  
because evaporation rates  
are too high to maintain

Bioretention

Effective for reducing runoff  
and some metals; seemed problematic  
with phosphorus species and NO3-N,  

but need more investigation to confirm

Need more research on  
potential design modifications

Media Filter
Highly effective for reducing 

runoff and metals except Ortho-P
Recommend

Porous Pavement
Moderate reduction of runoff 

and some stormwater pollutants
More research needed to 

 determine recommendation

Vegetated 
Swale/Buffer

Effective for reducing runoff, TSS, and metals;  
moderate removal of nitrogen species;  

exports of phosphorus species and bacteria

Recommended with caution  
due to nutrients leaching

Integrated LIDs
Effective in removing metals,  

but problematic with TN and Ortho-P
Recommended with caution 

 due to nutrients



[LITERATURE REVIEW]32

SUMMARY
LID and GI are useful strategies to accomplish goals such as stormwater management 

in a more landscape driven approach.  Many elements exist at various scales to accomplish 
these goals and often a hybrid approach, based in the site’s circumstances and limitations, 
that combines different LID/GI elements into a single system satisfies such goals most 
successfully.  An opportunity exists to utilize natural systems and processes to manage 
stormwater and other runoff in a cost effective manner, that has the potential to cleanse, 
slow, and infiltrate runoff and return a drainage system to a more natural state, all 
while recapturing some of the ecosystem services lost from the traditional management 
techniques.

IMPLICATIONS
• Re-examination of traditional drainage infrastructure in order to implement LID/GI 

strategies
• Opportunity to redesign existing urban infrastructure in a way that honors natural 

systems while still accomplishing the goals of existing systems
• Utilize natural processes to build resilience into urban fabric
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There is a difference in the definition 
of the terms rehabilitation and restoration 
with respect to wetland systems.  
Restoration implies the return of the river 
system to predevelopment standards, while 
rehabilitation implies the improved health 
and function of the system.  Restoration is 
for all intents, impossible in urban areas.  
Rehabilitation of historical, cultural, and 
functional elements is possible.  Urban 
river rehabilitation includes an array of 
goals including improved health and 
reduction on negative environmental 
impacts, successful integration with waste 
water systems, and water retention.  The 
success of addressing these environmental 
goals can be indicated by new habitat 
and less stream bank erosion, reduced 
pollution levels, and the achievement of 
self-sustaining flow dynamics.  Another 
important facet of rehabilitation is the 
health of the entire watershed, which 
is largely a municipal planning issue.  
Naturalization of urbanized river systems 
is a rehabilitation principle referring to the 
recreation of meandering stream corridors 
in areas where space is available, which 

creates more aesthetically pleasing and 
habitat supporting landscapes (Simsek, 
2012, 3). 

There has been a shift in views 
toward urban river infrastructure since 
development patterns and misguided 
intentions channelized and straightened 
natural rivers.  Paradigm shifts have 
allowed for a more integrated approach to 
urban river treatment.  In short, what was 
previously viewed as a nuisance is now 
being considered a resource.  The following 
table details some of the paradigm shifts 
relating to urban river systems.

Regardless of rehabilitation technique, 
giving a larger footprint to the river system 
is of utmost importance.  The author 
concludes that due to the complexity 
and interconnectedness with urban 
development, urban river systems should 
be approached from a viewpoint that 
recognizes and embraces this complexity.  
Rehabilitation of urban river systems can 
then be valuable to the community and 
provide benefits to multiple stakeholders 
(Simsek, 2012, 10). 

STORMWATER MANAGEMENT + CONSTRUCTED WETLANDS
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The Old Paradigm The Emerging Paradigm
Wastewater is a nuisance- it should be disposed 
of after treatment

Wastewater is a resource- it should be captured 
and processed then used in the landscape

Stormwater is useless- it should be conveyed 
from urban areas as quickly as possible

Stormwater is a resource- it should be utilized 
as supply, and infiltrated or retained to support 
aquifers, waterways, and vegetation

Demand is a matter of quantity Demand is multi-faceted
One use- water flows via one-way path from 
supply, to a single-use, to treatment and disposal 
in environment 

Reuse and reclamation- water can be used many 
times by cascading from higher to lower quality 
needs and may be returned to the supply side

Drainage oriented- rapid conveyance of storm-
water by concrete pipes or culverts, curb/gutter, 
street drainage

Storage oriented- keep, store, reuse and infil-
trate on site or locally, extensive use of raing-
ardens, drainage mostly on surface

Gray infrastructure- infrastructure is made of 
concrete, metal, or plastic

Green infrastructure- made of concrete, etc. but 
also soils and vegetation

Bigger/centralized is better- for collection sys-
tem and treatment plants

Small/decentralized is possible- often desirable 
for collection system and treatment plants 

Limit complexity and employ standard solutions; 
small number of technologies defines water 
infrastructure

Allow diverse solutions; multidisciplinary deci-
sion making; allow new management strategies 
and techniques 

Integration by accident- water supply, waste-
water, and stormwater may be managed by same 
agency but physically, they are separate

Integration by design- linkages must be made 
between water supply, wastewater, and stormwa-
ter, requiring coordinated management

Collaboration means public relations- approach 
other agencies and public when approval or 
pre-chosen solution is required

Collaboration means engagement- enlist other 
agencies and public in search for effective 
solutions

Community expectation of water quality Daylighting and/or renaturalization
Low resilience to extreme events- underground 
stormwater conveyance can handle only smaller 
storms, infiltration is low, fast conveyance results 
in large peak flows

Increased resilience to extreme events- surface 
drainage with bioswales/bioretention; in addition, 
increases resilience of the watersheds to handle 
extreme flows  
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     The issue of mitigating and managing storm-
water runoff can be seen as two-fold: 1) mitigat-
ing the severity of peak flows and 2) reducing 
pollution in the flow.  These goals can be ac-
complished via stormwater control measures 
(SCMs) that retain/detain runoff a minimum of 
24 hours for “settling, adsorption, and transfor-
mation of pollutants (National Research Coun-
cil, 2009, 329).”  

There are two basic structural types of 
Constructed Wetlands (CWs): horizontal 
surface flow and horizontal subsurface 
flow systems.  Surface flow CWs feature 
planting media over which runoff flows at 
slow rates through emergent (most of the 
plant’s structure exists above water) and 
submergent (the majority of plant mass 
occurs underwater) plants. Subsurface 
flow CWs send the runoff through natural 
or artificial bed media where treatment is 
accomplished.  The most common plants 
used in conjunction with these CWs are 
“reedmace (Typha species) and common 
reed (Phragmites species)” that are 
beneficial for their “pollution tolerance 
and root/rhizome matrix (Revitt, 1999, 
350).”  Due to the nature of urban runoff 

containing silt and contaminants, pre-
treatment interventions are suggested 
to be included upstream of the CW as 
part of an ideal treatment train.  This 
may include forebays designed with 
various mechanisms to remove debris 
and oils that maintain the efficiency 
and lessen maintenance needs on the 
CW itself.  Recognizing the fact that 
opportunities for retrofitting existing 
runoff treatment systems in urban areas 
may be limited due to size and space 
constraints, the authors suggest installing 
a settling pond/forebay in conjunction 
with an overflow system that conveys 
excess flows onward downstream.  The 
CW themselves should have consistent 
influent distribution across the surface 
which can be accomplished “by using 
slotted inlet pipes or a weir gate,” and 
utilize “rip-rap or gabion zone at the 
front of the reedbed to help dissipate 
high water flows (Revitt, 1999, 351).”

The EPA developed guidelines 
intended for the design and 
implementation of constructed treatment 
wetlands that also serve as habitat 
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and recreational assets.  As defined 
by the U.S. EPA, constructed treatment 
wetlands are “engineered or constructed 
wetlands that utilize natural processes 
involving wetland vegetation, soils, and 
their associated microbial assemblages 
to assist, at least partially, in treating 
an effluent or other water source (EPA, 
2000, 2).”  The agency identified potential 
restoration sites as ones that have 
experienced interrupted flow regimes 
from sources which is often the case 
with former wetland sites in arid western 
states and areas of heavy urbanization 
or agricultural land use.   In arid regions, 
alternative water sources such as 
pretreated waste water and agricultural 
runoff flows can be utilized to replace 
depleted or destroyed natural water 
sources (EPA, 2000, 4). 

Regarding constructed treatment 
wetlands, the EPA listed considerations to 
be accounted for in the design:  

• Minimal impact
• Natural structure, “the use of soft 

structures, diverse and sinuous 
edges in design configuration, 

and bio-engineering practices that 
incorporate the existing natural 
landscape and native vegetation 
in constructed treatment wetlands 
is encouraged.  Use landform and 
gravity to your advantage and 
design your project for minimal 
maintenance.  For example, sites, 
slopes, and grades can be used 
to create depth variability and 
diversity”

• Buffer zones, transitions created 
utilizing and/or enhancing 
corridors/open space

• Dedicated water source
• Biological diversity and physical 

heterogeneity, look to other local 
wetlands for appropriate native 
species selection/desirability and 
increase the diversity in design 
elements and/or wetland types

• Seasonality and capacity 
exceedances, create resiliency by 
anticipation of and design for 
future extreme events

• Forebays, settling forebays/
collection

• Multiple wetland cells, contribute 
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to resiliency, for example, locate 
“cells nearest the influent source 
to settle out sediment, final cells 
to strip out algae produced within 
the system, and other cells used 
to encourage the development of 
habitat and food production for 
specific wildlife species, etc.” 

• Maintenance access
• Public acceptance
• Public use, educational elements, 

but public access may be restricted 
for health/safety reasons (EPA, 
2000, 6-8)

Lastly, the literature discusses 
construction issues with regard to soils.  
Particular interest should be given to 
soil types as levels of infiltration due to 
permeability of soils potentially impacts 
groundwater pollution loads.  In addition, 
vegetation may be impacted negatively or 
positively depending on the applicability 
of wetland base and substrate materials.  
Impermeable barriers may be utilized in 
the construction of these wetlands when 
deemed appropriate (EPA, 2000, 10).

Urban waterways receive nonpoint 
pollution as a result of the impervious 
nature of urban development and the 
operation of vehicles on roadways.  Low 
impact development (LID) strategies/
techniques “includes a variety of 
technologies that remove pollutants, 
restore natural water circulations, and 
improve ecological functions by means 
of natural purification, hydraulics, 
and hydrology (Choi, 2015, 3105).”  
Constructed wetlands serve multiple 
purposes as an integral piece of LID and 
offer designers to accommodate the 
needs of many user groups including 
humans and animals.  CWs are also 
effective at pollution removal as well as 
cost efficient and function through the 
“amplif[ication] [of] certain elements and 
functions of natural wetlands (Choi, 2015, 
3105).”  

The authors discuss four CW types, 
some of which have previously been 
detailed, that includes free water surface 
(FWS) CWs, horizontal subsurface flow 
(HSSF) CWs, vertical flow (VF) CWs, and 
hybrid CWs.  These systems, particularly 
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FWS and HSSF, exhibit different 
strengths, namely nutrient reduction 
and organics/particulate matter, 
respectively.  Understandably, knowledge 
of the composition of the influent being 
treated is an important consideration in 
the design of CW systems.  The authors 
suggest the optimal CW configuration 
may be a hybrid CW because it combines 
“physical removal mechanisms such as 
adsorbtion and filtration as well as the 
activity of plants and microorganisms 
(Choi, 2015, 3105).”  

The authors conducted a study that 
“developed a hybrid CW applicable 
to limited spaces for NPS pollution 
management and to provide ecological 
space in urban areas (Choi, 2015, 3105).”  
The CW system was small in size (roughly 
2.5 square meters with a storage capacity 
of roughly 2 cubic meters) which is a shift 
from the larger scale systems developed 
earlier in the evolution of CW design.  
Contaminated influent traveled through 
three treatment phases that included the 
following: 1) sediment tank, 2) one FWS 
CW, and 3) two HSSF simultaneously.  The 
FWS and HSSF cells were planted with 

reeds, cattail, and iris.  In the treatment 
train of the CW the authors observed 
increased removal of all pollutants after 
each stage resulting in final removal of 
65%-97% of all contaminants.  It should 
be noted, the authors opine, that the 
type of plants employed did not make 
a meaningful difference by contributing 
significantly to the treatment process.  
The study further determined that the 
minimum length of influent flow in this 
system was 2 meters (Choi, 2015, 3108).  
The study concluded that this small 
scale hybrid CW was an effective solution 
to runoff treatment for small scale 
applications and that each of the three 
phases of the system played a significant 
role in its overall success.

In Infrastructural Ecologies: Fluid, 
Biotic, Contingent, Pierre Belanger states 
infrastructure’s role in “decentralizing 
structures of urban-regional economies” 
is changing (pp.20).  Urban settings 
can no longer ignore the location and 
natural forces that have shaped and 
define them, creating “room for the 
design of softer, looser ecological 
systems, with a concentration on the 
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constructed wetland cross sections
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urban contraction and expansion 
through land-use dualization and 
biophysical dynamics (pp.20).”  The key in 
designing for adaptability and resilience 
is the interface of “edges, margins and 
peripheries (pp. 21).”  

Ying-Yu Hung expands on the 
theoretical framework of landscape 
urbanism in order to explore the idea of 
infrastructure as a system or network 
that is a critical piece in the economic 
machine of a city’s prosperity.  She 
argues that infrastructure, once isolated 
and put out of sight (aesthetically and 
visually needs to be resilient and become 
multifunctional, not based on a single 
use or purpose as was satisfactory for 
much of the 20th century.  Infrastructure, 
by becoming multifunctional can operate 
on a smaller, local scale, decentralized 
from the current status quo model.  The 
benefits of this approach, she argues, 
is threefold: 1) urban revitalization, 
2) habitat creation, and 3) community 
revitalization.  

In discussing potential attributes of 
landscape infrastructure projects, Hung 

refers to several concepts including 
performance, aggregate, network, 
and increment.  Performance refers to 
designing for measureable results, which 
when analyzed, can inform better future 
design and associated adjustments 
that will produce desired solutions and 
outcomes.  The idea of the aggregate 
suggests that the whole is greater than 
the sum of its parts.  This idea ties 
into the notion of decentralization 
and multifunctionality and potential 
advantages they may create.  Network 
seeks to multiply the power of existing 
extensive infrastructural systems, thereby 
harnessing the opportunity to “leverage 
unrealized potential in the urban 
environment (pp.18).”  Last, the author 
discusses the idea of increment.  While 
acknowledging the reality of budgetary 
restrictions and constraints involved 
in many large scale urban projects, 
particularly those related to infrastructure 
development and redevelopment, she 
stresses to crucial view of having a long 
term vision.  Designing projects with an 
eye for the big picture, and the region 
as a whole, allows for the incremental 
implementation of a successfully 
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potential to “truly become ‘landscape.’”  
She recognizes a paradigm shift in 
the treatment of these infrastructure 
systems that in part defined and shaped 
many urban areas in the 20th century.  
Hung observes “[t]he integration of 
the infrastructural system within the 
landscape framework requires one to 
redefine the old system within a new 
set of paradigms, one that is more 
aligned to natural systems of ecology 
(pp.17).”  The author goes on to outline 
characteristics of these integrated 
infrastructure systems.  Infrastructure  
In Modulating Infrastructural Flows to 
Create Open Space, Alexander Robinson 
discusses the opportunities present in 
rethought urban infrastructure networks.  
Open space value is directly related to its 
proximity to potential users, therefore 
urban infrastructure projects offer great 
opportunities for providing open space.  
Robinson cites the Besos River Project 
in Barcelona Spain as an example.  The 
project utilized “applied dynamic flow 
modulation strategies to successfully 
extract open space from a periodically 
at-capacity infrastructural corridor 
(pp.37).”  Inflatable dams on the river 

“capture regular flows for improved 
aesthetics and rapidly deflate during rain 
events, effectively ‘flattening’ the park for 
maximum flood-protection performance” 
as the “design focuses on the relationship 
of flow and open-space qualities (pp.37).”  
He notes that neglected infrastructure is 
often a function of the flows, but these 
flows are often periodic and therefore can 
be manipulated in a modular way.  For 
example, with the Besos River project, 
human access to the river/park is 
modulated, acknowledging the dynamic 
flow of the river, for safety reasons.  The 
inflatable dams allow for greater aesthetic 
value but do not impair the river’s flood 
control functionality.  

Because many infrastructural flows 
are periodic, open space may fluctuate 
and “open space within this context 
may be timed,” much like a city park 
closing for the night.  Furthermore, 
modern technology gives us tools that 
help modulate these spaces (e.g. Storm 
Surge Warning System at the Besos 
River project).  In addition, employing 
a spatial reconfiguration strategy of 
“widening or expansion of infrastructural 
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corridors” may have the ability to deliver 
more open space to urban users.  For 
instance, “the widening and modification 
of the Rio Besos corridor allowed for 
more flexibility by embedding more 
performance, including open space, 
subsurface wetland, and a power corridor 
(pp. 40).”  Another example of this 
implemented strategy of segregating 
flows for desired effect(s) is the 
restoration of Cheongyecheon River in 
Seoul, South Korea “segregate noisome 
flows into subsurface conduits to enable 
bucolic flow conditions (pp. 40).”   

constructed wetland in Oxnard
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SUMMARY
Constructed wetlands are a good tool to filter runoff.  Good design also creates other 

positive outcomes including habitat creation where there previously may not have been.  
CW design should be informed by the processes of natural systems including biological and 
aesthetic elements.  A good strategy often is the implementation of a train like system that 
uses different interventions based on site and water needs. 

The time has come to rethink the traditional approach to urban infrastructure and 
embrace the spaces these networks have both created and also neglected.  We now have the 
knowledge and technology to understand and design neglected space in a softer way that 
integrates natural systems with the built environment.  Because all sites are different, scale-
able and modular elements should be employed to accomplish the many needs of urban 
fabric.  The use of innovative technology can allow coexistence between infrastructure 
and human users, where it had traditionally been separated.  Urban areas need to look to 
natural systems to inform current and future design of everything from public space to 
infrastructure networks.  

IMPLICATIONS 
• Utilize CW to treat runoff but the design should be site driven and a series of 

interventions may be necessary
• CW provide an opportunity to create habitat while serving water cleansing functions
• Focus on the services natural systems provide and utilize the power of knowledge 

and technology to create man-made urban fabric that responds to natural forces in a 
softer and more resilient manner

• Taking a modular approach allows flexibility to be built in to infrastructure systems, 
and better serves the needs of all stakeholders

• Treat traditional infrastructure as an opportunity to create a healthier more 
integrated urban fabric with the landscape on which it is built
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CASE REVIEWS

Bishan-Ang Mo Kio Park

Tujunga Wash Greenway

Ricardo Lara Linear Park

Mill River Park

Tagus Linear Park

Buffalo Bayou Promenade

Crescent Park

Atlanta Beltline Eastside Trail

Implications



Type: green infrastructure
Size:  1.7 - 1.9 mile corridor / 62 hectares 
Year: 2012
Partners: National Water Agency, National Parks Dept., Ramboll Studio Dreiseitl
Cost: $60,000,000

This project was in response to 
flooding issues along a 1.7 mile 
channelized portion of the Kallang 
River in the popular Bishan Park in 
Singapore.  In an effort to provide 
increased protection from potential 
flooding an opportunity presented 
itself to also implement green 
infrastructure strategies that also 
provided habitat and recreational 
space for city residents.  This section 
of the river was redesigned to 
meander, mimicking a more natural, 
longer path.  Another benefit this 
system provides is filtration of 
runoff as it passes through.  Because 
people interact directly with the river 
in parts of the park, UV radiation 
filtering was employed as a final 
cleansing stage.  

The park has been praised for 
creating a connection between 

residents and the natural system 
that is an integral part of the urban 
fabric.  The park reduces peak 
flooding by 50% and can handle 
40% more water than before.  The 
concrete that had lined the river’s 
walls was re-purposed on site and 
was used to stabilize the banks as 
well as create a viewing hill in the 
park.  Since the redesign, the park 
has experienced a 30% increase in 
biodiversity.  In fact, 59 species of 
birds and 23 types of dragonflies 
have been observed within this 
demonstration of the multiple 
benefits green infrastructure can 
provide urban centers.

[CASE REVIEWS]

BISHAN-ANG MO KIO PARK [Singapore]

Project Description



Type: green infrastructure
Size:  1.7 - 1.9 mile corridor / 62 hectares 
Year: 2012
Partners: National Water Agency, National Parks Dept., Ramboll Studio Dreiseitl
Cost: $60,000,000

• slow and store water to reduce flooding and 
minimize peak flows

• green infrastructure provides increased 
flood protection as well as habitat and rec-
reational enhancement

• Re-purpose concrete on site to stabilize 
banks and create topography

before after

47bishan-ang mo kio park

• naturalization of channel serves multiple benefits

Design Implications



This 5.25 acre site had been a 
barren dumping ground, buffering 
a hillside at the top of which sat 
Interstate 105 and a two-lane street 
directly adjacent to a working class 
neighborhood.  The city saw an 
opportunity, and along with funds 
granted as part of Proposition 
84 which contributes funds for 
park creation in disadvantaged 
communities, sought to create a 
park on this remnant urban parcel.  
The site presented some challenges 
as it averages just 45 feet in width.  
After several community workshops 
to determine residents’ desires, 
the designers created a linear 
park covering the length of five 
blocks.  Each of the five sections 
was programmed differently: 1) dog 
park with seperate areas for small 
and large dogs, 2) fitness area with 

exercise equipment, 3) children’s 
playground and open space, 4) 
community garden with raised 
planting beds, and 5) open space 
and bioswales to remove  and filter 
runoff.  The planting palette was 
adapted from that of the Los Angeles 
River plan, which includes native 
and low water use plants and creates 
potential for habitat creation.

Type: linear park/recreation
Size:  1 mile / 5 blocks 
Year: 2015
Partners: City of Lynwood, SWA 
Cost: n/a

Project Description
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RICARDO LARA LINEAR PARK [Los Angeles, CA]



Type: linear park/recreation
Size:  1 mile / 5 blocks 
Year: 2015
Partners: City of Lynwood, SWA 
Cost: n/a

• maximize use/benefit of remnant urban space/
corridors

• utilize communication with potential users to 
maximize programming and benefit

• insertion of parks into communities rather than 
traditional approach of building communities 
around parks 

Design Implications

49ricardo lara linear park

RICARDO LARA LINEAR PARK [Los Angeles, CA] • new focus on linear parks adjacent to infrastructure



This linear park was constructed 
along a river popular with local 
residents and provides numerous 
recreational opportunities for users.  
It offers both passive and active 
opportunities for interaction with 
the site, including volleyball courts, 
picnic areas, fishing platforms, and 
a half-mile viewing walkway that 
transports visitors from the neatly 
delineated spaces of the active beach 
area to the raw passive wetland 
space and several bird blinds for 
viewing.  This project highlights the 
ability of ecological and educational 
programming to coexist with 
recreational programming in a way 
that separates and subtly relates the 
seemingly opposite use types. 

Type: green infrastructure / recreation
Size:  3.7 miles of pathways / 3.7 acres 
Year: 2013
Partners: Municipality of Vila France de Xira, Topiaris Landscape Architecture
Cost: N/A

Project Description

[CASE REVIEWS]50

TAGUS LINEAR PARK [Portugal]



Type: green infrastructure / recreation
Size:  3.7 miles of pathways / 3.7 acres 
Year: 2013
Partners: Municipality of Vila France de Xira, Topiaris Landscape Architecture
Cost: N/A

51tagus linear park

• waterways are great platforms with which to 
connect community to natural resource

• engage visitors with wetland areas in a way 
that limits human impact 

Design Implications

• co-existence of passive + active use[ers]



The creation of this linear park 
situated on unused land between 
the Mississippi River and a railroad 
corridor reconnected the local 
community to its river resource.  
Paths for pedestrians and cyclists 
run the length of the park which 
is interspersed with picnic and 
relaxation areas.  A native planting 
scheme creates opportunity 
for habitat establishment and 
boundaries between the circulation 
patterns. 

Views of the city across the river 
are joined by the project’s most 
visually compelling feature- an 
arched corten steel bridge that 
transports users over the railroad 
corridor while providing unique 
vantage points.  The park was 
designed with the area’s industrial 
past in mind, layering the site’s hard 

industrial edges with soft inviting 
plantings, effectively balancing 
the soft and hard elements, while 
invoking the city’s past and 
suggesting its future. 
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CRESCENT PARK [New Orleans, LA]

Type: linear park
Size: 1.4 miles / 20 acres 
Year: 2014
Partners: New Orleans Building Corp., Eskew+Dumez+Ripple, Hargreaves Associates
Cost: N/A

Project Description
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Type: linear park
Size: 1.4 miles / 20 acres 
Year: 2014
Partners: New Orleans Building Corp., Eskew+Dumez+Ripple, Hargreaves Associates
Cost: N/A

• unused land along railroad corridors provides an 
opportunity for recreation based linear parks

• bridging over railroad gives park unique identity 
while functioning to connect community to river

Design Implications

• railroad corridors + urban parks can co-exist



This project, along a section of 
a flood control channel in a dense 
urban neighborhood, returns 
some of the original function 
of the creek while providing a 
recreational  and ecological amenity 
to local residents.  Urban runoff and 
stormwater is fed from the channel 
via a 0.5 mile gravity fed pipe into 
a constructed creek bed alongside 
the channel.  As the runoff travels 
downstream through the creek it 
is filtered and then returned to the 
channel.  The design solution also 
allows for groundwater recharge.  
In fact, during an average year of 
precipitation, the system recharges a 
volume of water that could provide 
more than 700 families with drinking 
water for that year.  The design 
also includes a native planting 
scheme, shaded picnic areas, 

and highlights views of the Santa 
Monica Mountains.  This unique 
hybrid approach to stormwater 
management demonstrates the 
potential opportunity for runoff 
filtration, habitat creation, and 
community recreation in small linear 
remnant urban spaces.  The design 
strategy proves this approach can 
be replicated and inserted on similar 
sites. 
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TUJUNGA WASH GREENWAY [Los Angeles, CA]

Type: stormwater mitigation / recreation
Size:  1 mile
Year: 2007
Partners: County of Los Angeles + Santa Monica Mountains Conservancy
Cost: $7,000,000

Project Description



after

before
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Type: stormwater mitigation / recreation
Size:  1 mile
Year: 2007
Partners: County of Los Angeles + Santa Monica Mountains Conservancy
Cost: $7,000,000

• neglected space along infrastructure corridors 
can be successfully reimagined as a community 
and ecological asset

• a creative approach to retrofitting the network 
of urban drainage is critical in dense urban areas

Design Implications

• hybrid approach offers opportunity for habitat creation
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MILL RIVER PARK [Stamford, CT]

Project Description

Channelized since the 1920’s, this 
urban riverfront had deteriorated 
into a polluted eyesore for the 
community.  the corridor had 
become underutilized as a public 
space and its concrete walls 
negated any ecological value 
while simultaneously preventing 
pedestrian access. It was prone to 
flooding local neighborhoods due to 
channelization and silt buildup. The 
impervious canal walls and adjacent 
surfaces became stagnant and dirty.  

The revitalized aquatic and 
riparian habitats also provide flood 
mitigation through the softening and 
re-meandering of the river’s edge and 
the removal of two concrete dams.  
Riffles, ponds, and other stream 
restoration techniques act to slow 
the water and create aquatic habitat. 
Native planting serves to stabilize 

the bank and provide food, habitat, 
and nesting spaces.

The project was focused on three 
main goals: 1) serve recreational and 
civic needs of a diverse population, 
2) create/enhance native natural 
habitat, and 3) reduce infrastructural 
costs over time.  In addition, the 
new space has been a catalyst for 
urban redevelopment and establishes 
visual and physical connections 
with downtown and other local 
neighborhoods.

  

Type: green infrastructure/recreation
Size:  3 mile corridor, 28 total acres (14 acres Phase 1)
Year: 2013 (Phase1)
Partners: Army Corps of Engineers, Mill River Collaborative, OLIN
Cost: ~$20,000,000
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• naturalization of channelized river provides in-
creased flood protection while also providing 
recreational and ecological benefits

• improved connection to community 
• treat infrastructure as an asset rather than a lia-

bility

Design Implications

• softened infrastructural  edges + community amenity

Type: green infrastructure/recreation
Size:  3 mile corridor, 28 total acres (14 acres Phase 1)
Year: 2013 (Phase1)
Partners: Army Corps of Engineers, Mill River Collaborative, OLIN
Cost: ~$20,000,000

before after



Type: green infrastructure + recreation
Size:  1.2 mile corridor; 23 total acres 
Year: 2006
Partners: Buffalo Bayou Partnership, City of Houston, SWA
Cost: ~$15,000,000

Project Description

This waterway is adjacent to  a 
freeway that created harsh/sharp 
edge conditions and prevented 
connections through to surrounding 
communities.  The creation of 
a recreational greenway where 
previously existed remnant urban 
space provides a safe amenity 
for local residents to experience 
natural systems.  The redesign also 
provides environmental services 
on-site and downstream, including 
enhanced flood protection and 
habitat enhancement.  Recycled 
concrete pieces were used to line 
swales catching freeway runoff to 
limit erosion.  Design of the river’s 
banks was important to the project’s 
success and utilized recycled 
concrete pieces as a foundation for 
the redesigned banks and newly 
porous edges.  

This project illustrates that green 
infrastructure strategies with 
a strong recreational focus can 
soften and penetrate harsh edges 
and provide a stimulus for urban 
development and the establishment 
of more efficient connections.  The 
construction of bridges enhance 
connectivity to surrounding 
neighborhoods as well as within 
the park itself.  Although initially 
the public expressed doubts as to 
the safety of the space, successful 
lighting design and increased use 
have calmed such fears.
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BUFFALO BAYOU PROMENADE [Houston, TX]



Type: green infrastructure + recreation
Size:  1.2 mile corridor; 23 total acres 
Year: 2006
Partners: Buffalo Bayou Partnership, City of Houston, SWA
Cost: ~$15,000,000

• enhance connections through and within infrastruc-
tural corridors

• recreational opportunities are well-suited for exist-
ing urban corridors

• focus on multifunctional use of green infrastructure

Design Implications

• take advantage of neglected space for community benefit

59buffalo bayou promenade



This first phase of an eventual 
re-purposing of a 22-mile 
decommissioned railroad corridor 
connects surrounding neighborhoods 
and encourages recreation and 
exercise.  The post-industrial 
adaptive reuse project connects 
parks and open space and is noted 
for its cultural as well as recreational 
contribution to the communities it 
serves, offering art shows and other 
civic events to the public.  Studies 
have confirmed the creation of this 
amenity has had a positive impact 
on residents’ physical activity levels.  
90 of 100 trail users surveyed said 
that the trail provides them with an 
active lifestyle benefit. 70 said that 
they exercise more since the opening 
of the Eastside Trail.  The project 
has also been a catalyst in relating 
the positive benefits of greenways.In 

fact, it helped stimulate the creation 
of public open spaces adjacent to the 
Eastside Trail, such as the 17.5-acre 
Historic Fourth Ward Park and the 
Historic Fourth Ward Skate Park.
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Type: greenway + recreation
Size:  2.25 mile corridor; 30 total acres 
Year: 2012 (Phase 1)
Partners: City of Atlanta, Perkins+Will
Cost: ~$14,000,000

Project Description

BELTLINE EASTSIDE TRAIL [Atlanta, GA]
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Type: greenway + recreation
Size:  2.25 mile corridor; 30 total acres 
Year: 2012 (Phase 1)
Partners: City of Atlanta, Perkins+Will
Cost: ~$14,000,000

• underutilized infrastructure is a great framework 
on which to create community connections and 
provide recreational amenities

• a successful project educates the public and cata-
lyzes other projects

Design Implications

• take advantage of neglected corridors

before after

BELTLINE EASTSIDE TRAIL [Atlanta, GA]



• slow and store water to reduce flooding and 
minimize peak flows

• re-purpose concrete on site to stabilize 
banks and create topography

• insertion of parks into communities rather than 
traditional approach of building communities 
around parks 

• recreational opportunities are well-suited for exist-
ing urban corridors

• focus on multifunctional use of green infrastructure
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• engage visitors with wetland areas in a way 
that limits human impact 

• bridging over railroad gives park unique identity 
while functioning to connect community to river

• neglected space along infrastructure corridors 
can be successfully reimagined as a community 
and ecological asset

• underutilized infrastructure is a great framework 
on which to create community connections and 
provide recreational amenities

IMPLICATIONS

• naturalization of channelized river provides in-
creased flood protection while also providing 
recreational and ecological benefits



• insertion of parks into communities rather than 
traditional approach of building communities 
around parks 

• recreational opportunities are well-suited for exist-
ing urban corridors

• focus on multifunctional use of green infrastructure

63implications

• bridging over railroad gives park unique identity 
while functioning to connect community to river

• underutilized infrastructure is a great framework 
on which to create community connections and 
provide recreational amenities

IMPLICATIONS

• naturalization of channelized river provides in-
creased flood protection while also providing 
recreational and ecological benefits
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SITE CONTEXT
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  Oxnard, the largest city in Ventura County with roughly 200,000 
residents, was established in the early 20th century as a productive 
agricultural area, owing largely to rich sediment deposited over 
thousands of years as part of the Oxnard Plain, an alluvial plain 
between the Santa Ynez Mountains and the Santa Monica Mountains. 
It consisted of coastal grasslands and coastal sage scrub and was 
speckled with wetlands and lagoons closer to the coast.  Several major 
freshwater drains cutting across the plain include the Ventura River, 
the Santa Clara River, and Calleguas Creek, as well as numerous lower 
order waterways, including the Ormond Lagoon Waterway (formerly the 
Oxnard Industrial Drain) (www.scc.ca.gov). 
  These drains contributed fresh water to the Ormond Beach Lagoon 
and the Magu Lagoon.  The lagoons are significant remaining parts 
of a larger wetland complex, comprised of hundreds of acres of “salt 
marsh, brackish or freshwater wetlands, coastal dunes and scrub, and 
upland areas that are considered Environmentally Sensitive Habitat 
Areas (ESHAs) under the Local Coastal Plan (www.developmentservices.
cityofoxnard.org/Uploads/Planning/FEIR_vol.1).  Moreover, the lagoon/
wetland complex is located on the Pacific Flyway, a bird migratory 
route stretching from Alaska to Patagonia, and provides essential 
habitat and food sources for more than 200 migratory bird species 
(www.developmentservices.cityofoxnard.org/Uploads/Planning/
FEIR_vol.1).  In fact, the Ormond and Magu Lagoon’s are “considered 
of particular combined value due to their relatively significant size, 
connectivity to each other and to upland open space areas, and 
their relatively undisturbed, high quality habitats.  The two systems 
represent one of the largest and most important coastal wetland, 
estaurine, and dune complexes remaining in Southern California (www.
developmentservices.cityofoxnard.org/Uploads/Planning/FEIR_vol.1).”
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CLIMATE

Annual high temperature: 69.3°F
Annual low temperature:  52.3°F
Avg temperature:   60.8°F
Avg annual precipitation: 15.64” 

  The climate in Oxnard is 
similar to that of other southern 
California regions.  Overall a 
relatively mild climate exists 
compared to the United 
States as a whole.  The Pacific 
Ocean’s influence is noted as 
a moderator of temperature 
extremes.  The proximity to the 
ocean also contributes foggy 
atmospheric conditions at times.  
Pacific winter storms bring 
the majority of rainfall while 
summers are typically dry. 

Oxnard, CA

SUNSHINE GRAPH HERE
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PLANT COMMUNITIES

Mimulus aurantiacus
Bushmonkey flower

Sambucus mexicana
Blue elderberry

Lotus scoparius
Deerweed

coastal sage scrub

coastal sage scrub

alkali meadow

  Coastal sage scrub is a plant 
community common to the 
southern Californian coast and 
is found in dry regions below 
3,000 feet.  It is adapted to 10 
inches to 20 inches of annual 
precipitation and extended dry 
summer conditions, during which 
time they go dormant.  They are 
also fire adapted through seed 
germination.  Typical species of 
this community are shown above 
right (www.calflora.net).  

  Alkali Meadows are composed 
of perennial grasses, sedges, 
and forbs, but the richness 
and evenness vary highly by 
soil moisture characteristics 
(Guardino, 1994).



71plant communities

coastal sage scrub

alkali meadow

site

Artemisia californica
California sagebrush

Encelia californica
Coast Sunflower

Salvia mellifera
Black sage

Sambucus mexicana
Blue elderberry

Lupinus aibifrons
Bush lupine
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LAND USE
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  The site is surrounded by residential, industrial, 
and agricultural uses.  The main implication of 
this is an implied varied hydrologic input source 
for OLW from these three different land use types. 
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Source: City of Oxnard Floodplain Analysis: Industrial Drain, Rice Road Drain, J-Street Drain, Hueneme Drain, and Ormond 
Lagoon. Nov. 2005. Ventura County Watershed Protection District.

WATER QUALITY

residential
runoff

residential
runoff

  The OLW conveys residential and agricultural runoff from the 
eastern part of Oxnard to the Ormond Beach Lagoon.  Due to the 
agricultural source of a portion of the runoff, it is not surprising the 
runoff often contains nitrogen among other pollutants.  In fact, of 
the coastal drains the OLW is the most polluted per a 2006 survey 
(www.waterboards.ca.gov).  There are two other main coastal drains 
contributing fresh water to Ormond Lagoon: the J Street Drain and 
the Hueneme Drain.  With a watershed area of 5,935 acres, the OLW 
is the largest contributor to the Ormond Beach wetlands (scc.ca.gov/
webmaster.ftp/pdf/ormond/OB_Hydro_Geomorph_Conditions_SCC.
Cons.pdf).  Furthermore, per  a City of Oxnard Floodplain Analysis, 
the OLW is not adequately sized for large precipitation events and 
is prone to flooding in the adjacent residential area.  Due to climatic 
conditions (roughly 15 inches of annual rainfall and 60 inches of 
evaporation) seasonal changes in wetland water levels may occur if 
it is not supplemented with groundwater (scc.ca.gov).  This presents 
an opportunity of contribute to groundwater recharge by de-
channelizing OLW. The following table illustrates Ormond Lagoon’s 
freshwater input volumes.

typical (mgd) 10-yr. (cfs) 30-yr. (cfs)

OLW 4 2,798 4,115

J St. 1 1,049 1,542

Hueneme 1 251 369
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PHOTO INVENTORY
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DEMOGRAPHICS

123

456

site

nursery/preschool:
kindergarten:

grades 1-4:
grades 5-8:

grades 9-12:

school enrollment
Ox CA
6.2%
5.5%
22.3%
19.9%
23.0%

5.5%
4.9%
19.1%
19.3%
21.0%

nearby neighborhoods
[demographic details at right]

people under 5 yrs [7/2014]:
people under 18 yrs [7/2014]:

population change [2010-2014]:
persons per household [2014]:

median household income [2014]:

8.9%
29.8%
3.8%
3.98
$62,300

population statistics
Ox CA

6.5%
23.6%
4.2%
2.95
$61,500

Oxnard’s population is 
approximately 200,000 and it is 
generally considered a working 
class city.  Data illustrates 
relatively high unemployment in 
neighborhoods near the site (see 
below and left).  Also notable is 
the relatively high proportion 
of younger people and large 
household sizes.  The population 
is largely Hispanic.  Implication: 
take advantage of children and 
families to activate site.
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123

456

population: 1,840
households: 420
  family: 82%
med h/h inc: $42,000
unemployment: 12.4%
median age: 26.3
  male: 51%
  female: 49%

population: 3,057
households: 637
  family: 95%
med h/h inc: $64,000
unemployment: 12.4%
median age: 24.2
  male: 54%
  female: 46%

population: 7,450
households: 1,457
  family: 85%
med h/h inc: $35,300
unemployment: 9.4%
median age: 22.3
  male: 53%
  female: 47%

population: 2,129
households: 471
  family: 94%
med h/h inc: $51,300
unemployment: 9.4%
median age: 36.1
  male: 52%
  female: 48%

population: 2,621
households: 508
  family: 89%
med h/h inc: $66,800
unemployment: 11.3%
median age: 34.7
  male: 49%
  female: 51%

population: 3,122
households: 743
  family: 86%
med h/h inc: $54,700
unemployment: 11.3%
median age: 31.0
  male: 50%
  female: 50%

5.5%
4.9%
19.1%
19.3%
21.0%

white

black
asian
hispanic

other

6.5%
23.6%
4.2%
2.95
$61,500
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• railroad and associated buffer
• adjacent land uses
• roadway through site
• small footprint of available space 

Opportunities

Constraints

• create active space for recreation and child play

• create passive space for visual interaction with 
nature

• enhance habitat

• connect to residential base consisting of fami-
lies with a relatively high proportion of young 
children

• enhance viewsheds of mountains

• provide for infiltration

OPPORTUNITIES + CONSTRAINTS
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DESIGN

Final Concept Master Plan

Concepts

Program

Focus Area 1

Focus Area 2

Conclusion
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GOALS OBJECTIVES OUTCOMES

• connect community to 
natural resources

• circulation through 
habitat area

• viewing areas focus 
on wetland

• playground  + 
picnic areas

• create constructed 
wetland[s]

• lengthen drainage 
channel

• naturalize section 
of channel

• native coastal planting 
scheme

• detain runoff onsite

• provide gathering spaces
• create visual interest
• provide recreational 

opportunities

• utilize GI strategies to 
treat runoff

• slow water flow 
through site

• incorporate natural 
processes

• enhance natural drainage 
infrastructure

• create opportunities for 
habitat

• improve water quality

• highlight natural habitat

PROGRAM
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CONCEPT 1

STATEMENT[blue/green]

celebrates the relationship between terrestrial and aquatic environments.  The site occupies 
a neglected space between residential and industrial areas.  The relationship between place 
of residence and that of work can also be viewed as a symbiotic relationship, each needing 
the other.  The layering of these relationships acts to both connect and buffer these urban 
components, while connecting residents to the natural systems that sustain them. 

PROS

• Ample room for habitat
• Opens residential area to park
• Creates 2 unique spaces

CONS

• Channel remains as is
• Physically difficult to connect 

spaces
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CONCEPT 2

STATEMENT [broken pause]

explores the notion of pausing-- both in our everyday lives and in urban infrastructural processes. 
Stormwater management of 20th century standards is interrupted by a predevelopment and 21st 
century pause during which the runoff is slowed by several subtle bends. The infrastructural pause 
encourages visitors to do the same and reflect on nature around them.  New flow patterns create 
new spaces for both human and animal interaction.

PROS

• Naturalizes waterway
• Creates several focal spaces
• Creates several pedestrian paths

CONS

• High % of site dedicated to waterway
• Scattered program elements
• Potentially awkward circulation
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CONCEPT 3

STATEMENT [river runs through it]

explores the idea of re-meandering straightened drainage infrastructural elements, 
combining the concrete channelization with a meandering flow path- lengthening the 
channel and creating new spaces for the surrounding community  
PROS

• Creates 2 new large spaces
• Efficient circulation
• Ample space for water treatment

• Lengthens waterway

CONS

• Stream remains channelized
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FINAL CONCEPT MASTER PLAN

breaking of residential 
wall

playground area

2-5 years

viewing mound

playground area
6-23 months

playground area

5-12 years

seating/steps

  The final concept is a refinement of the 
Broken Pause concept.  The design treats 
the site as two separate zones that interact 
with visitors in different ways, yet remains 
connected.  The result of the design process 
yielded desired outcomes that were realized 
through the programmatic elements seen on 
the master plan at right.  The infrastructural 
pause encourages visitors to do the same 
and reflect on nature around them.  New 
flow patterns create new spaces for both 
human and animal interaction.  The active, 
recreational portion of the site is connected to 
the passive, ecological portion of the site by 
a pedestrian viewing bridge.  The ecological 
side provides ecological services such as 
runoff infiltration and cleansing, as well 
as opportunities for habitat establishment 
through a reintroduction of a coastal sage 
scrub and alkali riparian planting scheme.  
This area also serves as a basin to divert 
potential flooding in the adjacent residential 
area. The recreational side provides recreation 
space for all ages as well as social interaction 
of residents.  The porosity of this corridor is 
enhanced through the removal (or breaking) of 
sections of the wall separating the residential 
area from this once underutilized corridor.  



89final concept

breaking of concrete 
channel

pedestrian bridge

naturalized bank

constructed wetland

viewing area

railroad

75’ 150’ 300’
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FOCUS AREA [recreational]

viewing mound

pedestrian bridge

greenway section

naturalized bank

broken sound wall

playground area

2-5 years

playground area
6-23 months

playground area

5-12 years

seating/steps

a

a’

75’ 150’ 300’
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viewing mound 
path railroad

greenway

play area OLW + infiltration naturalized 
bank

walkway

location of detail

25’ 50’ 75’

  The western part of the site, adjacent to residential devel-
opment, focuses on providing recreation and play opportu-
nities for residents.  Play areas for three age groups occupy 
the space between the fenced off railroad tracks and the nat-
uralized stream banks.  Between the play areas is seating for 
adults to socialize and watch the children.  These areas are 
physically connected to the OLW by recessed seats/steps that 
offer opportunities for closer engagement with the waterway.  
The greenway section parallels the railroad tracks and pro-
vides for efficient pedestrian movement through the site while 
also offering places to rest and observe their surroundings.  
Oak trees line this corridor and provide shade in the warm 
summer months.  The viewing mound creates a visual and 
physical transition to the bridge, while simultaneously buffer-
ing the train noise that the broken sound wall accomplished 
previously.  This wall is broken, akin to the broken channel 
wall, in order to create direct access to residents.

a a’
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FOCUS AREA [recreational]

This visualization shows the 
allignment of the greenway 
section with the railroad, 
separated by a fence, as one 
approaches the viewing mound 
highpoint and bridge entry to 
the upper left.  Shaded seating 
provides places to relax and for 
parents to watch their children on 
the adjacent play equipment.
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FOCUS AREA [recreational]
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75’ 150’ 300’

FOCUS AREA [ecological]

naturalized bank diversion dam/rocks

constructed wetland

forebay
bridge

railroad

viewing area

breaking of concrete 
channel

b

b’
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naturalized bank

railroad OLW + infiltration habitat island constructed wetland naturalized bank

location of detail

25’ 50’ 75’

b b’

  In order to naturalize and lengthen the waterway its concrete 
walls break with sections of naturalized (approximate slope of 
1:3) embankments visually suggesting the breaking and slow-
ing of old infrastructural systems.  At this point in runoff’s 
journey the majority is diverted into the three stage construct-
ed wetland, further slowing the runoff, while cleansing and 
infiltrating it as a gesture to what the area may have looked 
and functioned like before development.  A pedestrian bridge 
spans over this zone, offering areas for viewing the wetland 
as well as the distant mountains.  
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FOCUS AREA 2
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CONCLUSION

• A channelized section of urban drainage infrastructure can be 
naturalized without losing its ability to perform its intended function

• Linear, recreational greenway sections can be inserted into the existing 
densely packed urban fabric and create an amenity where none existed

• The infrastructural networks vital to urban functioning can be taken 
advantage of to promote connections, and not be seen as barriers 
isolating neighborhoods

• Enhancement of original ecological function can be accomplished by 
piggybacking designated conveyance networks

• Habitat can be enhanced by softening infrastructural edges and 
utilizing green infrastructure strategies

• Runoff can be seen as an amenity and an opportunity rather than a 
liability

• Design to incorporate recreational opportunities whenever possible
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