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Welcome.

Thank you for your interest in finding solutions to urban water quality, supply and protection
issues. We've produced this report and analysis of three of the demonstration projects TreePeople
has implemented as a means of advancing the state of the art of adapting cities to increase their

safety, civility and sustainability.

As founder and president of the nonprofit organization TreePeople, I've spent much of the
last 37 years bringing trees and people together to improve the quality of life in Los Angeles
and reduce its energy, water and waste footprints. Over time I've learned that it is possible to
transform cities from being amongst the most environmentally destructive forces on the planet

into more benign, safe and sustainable systems.

Although cities consume huge amounts of natural resources and produce waste that is then
converted into pollution, we can no longer write off cities as having nothing to offer the
sustainability movement. Given the urgency of confronting climate change, rapidly increasing
levels of respiratory disease in urban populations, the worldwide ubiquity of water quality and
supply issues, and the compromised state of nearly every natural ecosystem on earth, it’s time for
cities to lead the way and share our best-tested ideas for healing the planet. It’s also time to share
what hasn’t worked.

TreePeople has a long history of utilizing evaluation of its events and innovations — whether tree
plantings, speaking engagements, community workshops or youth education programs — as the
quickest path to strengthening and improving our programs and the organization itself. In each
situation, we seek to learn what worked, what didn’t and how to do better next time. This method
has helped build TreePeople into a thriving community-based institution. I've always lived by the

principle that mistakes and failures are compost for success.

The integrated urban watershed management movement is still young, but there is urgency here
in the United States and abroad driving adoption of these proposals and approaches. To bring
these methods to wide-scale use means building, testing, demonstrating and learning from even
more projects. Helping cities fight the causes of climate change and adapt to its consequences
adds even more impetus. The U.S. Environmental Protection Agency has identified over $300
billion for nonintegrated water supply and wastewater projects for U.S. cities in the next 20 years.
Those single-purpose projects will, for the most part, serve as Band-Aids without improving

other related problems facing the cities that build them.

On the other hand, this massive investment — informed instead by integrated approaches such
as the ones studied in this report — could leverage those funds to solve multiple problems and

profoundly improve the quality of life of urban residents.

If you are reading this report, you are either an innovator or problem-solver in search of
solutions — and as someone aware of the tremendous challenges ahead, we hope you'll take an
active part in securing a thriving future for the Los Angeles region and beyond. We hope you’ll
make use of the information in this report as you test and attempt further solutions. Please keep

us informed of your own results and progress.

Congratulations and thank you again for being part of the solution.

._...-/

Andy Lipkis, Founder and President ofTreePeople



Introduction

About Our Work

TreePeople’s work is about inspiring people to
transform their cities, currently significant
sources of damage to human health and the
environment, into sustainable urban ecosystems.
We do this by creating “functioning community
forests”— that is, restoring nature’s cycles in
urban areas — through strategically planting

trees, mulching greenwaste, capturing and using
stormwater right where it falls, and educating
communities and engaging them in taking

responsibility for the environment.

Although we have been planting and caring for
trees since 1973, of all our programs our work

on critical water issues has elicited the greatest
range of responses: inspiration to do more;
confusion about how to achieve this goal; and a
mix of support and skepticism that the concepts we

advocate will see large-scale adoption.

TreePeople has managed the implementation

of a number of demonstration projects
showcasing alternative stormwater management
approaches and practices, among which are the
three projects featured in this report. At the

time these projects were initiated, government
agencies around Los Angeles were not practicing
integrated urban watershed management. At least
within the governmental arena, multipurpose
projects — which combine flood reduction, water
conservation and stormwater protection with a
host of other social, environmental and economic
benefits — were considered neither necessary nor

financially and technically feasible.

Rather than relying only on studies to prove
otherwise, we chose to construct tangible projects
that would enable public agency staff, policymakers
and the public to see these projects working, and
then to imagine them scaled-up to the citywide or
countywide level. The demonstration sites have
helped initiate an ongoing process of significant

changes in local and state agency missions, funding

policies, designs, projects, plans and programs.

As we continue our efforts to affect the
environmental, social and economic health of
the Los Angeles region and beyond, we reflect on
our experiences with past projects and look ahead
toward the work that must still be done.

Purpose of This
Publication

The demonstration sites have spurred much
interest in alternative stormwater management
scenarios and technologies. We receive many
inquiries about these projects from a variety of
sources, and until now we have lacked a way to
accurately and efficiently share the documentation
and evaluation of these projects.

The purpose of this publication is thus to
disseminate information about the demonstration
projects, presenting a candid discussion

of the processes that were involved in their
implementation and sharing the lessons we learned

along the way.

Our intent in producing this report is not to see
the projects replicated, but rather to encourage
other implementers to improve upon the concepts
piloted at the three sites. Information about the
retrofit processes is meant to provide as complete a
picture as possible of the intricacies involved. Plans
and technical information are meant as a guide,
and individual conditions would preclude anyone

from using them off-the-shelf.

About This Report

Definitions for terms in italics can be found in the
glossary at the end of this publication. Appendices
will be available on compact disc (for printed
reports) and as separate downloadable attachments

(for reports in electronic format).




Background

TreePeople launched the Transagency Resources
for Environmental and Economic Sustainability
(T.R.E.E.S.) Project in 1994 in response to a simple
observation: conventional management of cities
results in the misuse and loss of vast amounts of
natural, social and economic resources. The sheer
amount of natural capital that it takes to feed a city
and the devastation that cities create in downstream
communities serve as ever-present reminders that
urban places were built with a lack of understanding
and appreciation of nature’s cycles. Cities have proven
to be tremendously damaging to those living both
within and outside their boundaries, and — when
managed using the conventional methods that built
them — are ultimately unsustainable. The T.R.E.E.S.
Project was initiated to demonstrate that shifting

the flow of —and indeed recycling — environmental,
human and economic resources can result in healthier

and more sustainable environments.

In the Los Angeles region, conventional
development practices have meant that the city

is increasingly covered with impervious surfaces,
leaving fewer places where stormwater can soak

into the ground and reach the aquifer. With no
place else to go, water flows across the impervious
surfaces, picking up oils, pesticides, animal waste,
atmospheric deposits and trash. Massive flood
control projects are undertaken to rush this water
off the streets and into channelized rivers and the
ocean, rendering natural water bodies unsafe for
humans and wildlife. As the effects of global climate
change begin to be felt, the precious resource of
rainfall, which could be used to augment local
water supplies, is mostly squandered instead.

At the same time, more than half of the water
needs of the county’s ten million residents are met
by costly imports from distant locations — a practice
that has been notoriously harmful to places

such as the Owens Valley, Mono Lake and the

Colorado River basin.

To mitigate these problems, a variety of separate
water-related agencies proposed spending in excess
of $10 billion to construct numerous uncoordinated
projects that would act as temporary solutions

without moving the region closer to sustainability.

The T.R.E.E.S. Project sought to prove that it was

technically and economically possible to retrofit and

manage the region as one integrated urban watershed
ecosystem by combining those funds for one
coherent plan. In addition to conducting a robust,
integrated cost-benefit analysis, the T.R.E.E.S.
Project needed to develop sound engineering plans
to guide the retrofit process. To do this, the project
turned to the collective expertise that a variety

of professionals would bring by participating

in a charrette.

In May 19977, TreePeople convened the four-

day Second Nature charrette —a conference of
engineers, landscape architects, urban foresters,
architects and planners who created retrofit

designs for capturing and using stormwater on sites
representing five of the major land-use types in

Los Angeles. The participants’ assignment: to design
feasible retrofits for five existing properties. The
ultimate goal: retrofitting Los Angeles to function as

a community forest.

Each of the teams was charged with designing

a retrofit for an existing residential, public,
commercial or industrial site, using best management
practices (BMPs) to make it function as a miniature

urban forest watershed.

At the charrette the design teams concerned
themselves with the environmental impacts of our
water use, not only in the city, but also upstream,
where the water comes from, and downstream,
where it ends up. The conference resulted in the
publication of a book of BMPs and design ideas
titled Second Nature: Adapting L.A.’s Landscape for

Sustainable Living. Those BMPs were used to guide and
inform the three demonstration projects detailed in

this report.

Since that time, TreePeople has continued to
innovate upon the concepts first iterated at the
charrette while also advocating their adoption

at the local and regional level and beyond. The
opportunity exists for us to reduce water importation
significantly, prevent water pollution and flooding
through increased onsite retention, reduce landfill
volumes considerably and create employment
opportunities — all while improving the quality of

life of our communities and ecosystems.
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Single-Family Home Greening and Stormwater Management

South Los Angeles, California

Introduction

At the four-day Second Nature charrette in 1997, teams of designers created retrofit designs to facilitate the

sustainable management of stormwater on five existing sites representative of Los Angeles’ predominant

land uses.

Due to limited financial resources, TreePeople could only implement a single charrette design and thus
sought to identify the one with the most potential for replication. The prevalence of single-family residences
in Los Angeles made that land-use type a logical choice. The intent of this pilot retrofit was to demonstrate
the feasibility of sustainable approaches to managing

urban watersheds and to inspire policy shifts that would Rather than fi g ht nature’s
encourage their widespread adoption. Building the CyCIGS of flood. d roug ht and
demonstration site at a single-family home meant that . ’ :

a citywide application would be immediately evident. wa Ste, the si ng le-fami Iy home
Rather than fight nature’s cycles of flood, drought Works Wlth them, Ca th g

and waste, the single-family home works with them, and retaini ng onsite the runoff

capturing and retaining onsite the runoff from a 100- from 3 .IOO_yea r storm event.

_year storm event. A combination of technologies was used
at the site, including retention grading, swales and a
cistern. Stormwater that falls on the property is either directed to the ground, where it percolates and feeds the
aquifer, or is stored in the cistern for later use in irrigation. Swales are designed to utilize yard waste as mulch,

eliminating the need for transport to and space in a landfill.

TreePeople leads quarterly
tours of the site, during
which students, members

of the public, government
officials, landscape architects
and city leaders learn about
the opportunity to bring Los
Angeles into closer harmony

with its environment.

Mark Drayse

During quarterly tours, visitors learn how the house was retrofitted to function as a
miniature urban forest watershed.

Project Objectives

O Demonstrate how a single parcel can act as a miniature watershed, and how thousands of similar parcels

can be networked to meet a region’s water management and flood prevention needs
Capture onsite stormwater falling on the property from up to a 100-year storm
Utilize a cistern to store some of the stormwater for later use in irrigation

Infiltrate remaining water to recharge the aquifer, thereby virtually eliminating runoff

O O O O

Minimize the solid waste stream and detain irrigation water by reusing greenwaste onsite as mulch



Background

Selecting a Site

Intent on finding a site that would demonstrate the feasibility of a wide-scale retrofit, TreePeople solicited input
from various agencies and organizations, including the U.S. Army Corps of Engineers, the Los Angeles Department
of Water and Power (DWP), Mothers of East Los Angeles and the Concerned Citizens of South Central Los Angeles.
A suitable site would be representative of the average Los Angeles home and would be located in a low- to middle-
income area, demonstrating the applicability of the Transagency Resources for Environmental and Economic
Sustainability (T.R.E.E.S.) model across the economic spectrum.

With these criteria in mind, the late Mrs. Rozella Hall, owner of a home on a small lot in South Los Angeles, offered
her property for the retrofit. Mrs. Hall was profoundly interested in transforming her home to function sensibly
while demonstrating the watershed functions that a single parcel can perform. In turn, TreePeople found Mrs.

Hall’s personal interest in the project ideal.

In local circles the project has become known as the "Hall House” demonstration site and that is how it will be

referred to in the remainder of this document.

Site Profile

The Hall House is located in a low-income area in South Los Angeles,
near the intersection of Western and Vernon Avenues. The Craftsman-
style bungalow house was built in the early twentieth century on a lot
measuring 50 by I50 feet, a typical lot size for homes built in Los
Angeles in the first part of the twentieth century. The wood-frame
house, a garage and paved areas cover approximately 60 percent of the
7,500-square-foot lot. The remainder of the property consists of turf,

shrubs, planted areas and mature trees.

The house is located within the Ballona Creek watershed. The soil at

the site is a well-drained loamy sand with moderately rapid subsoil

TreePeople

permeability — ideal for infiltration BMPs.

The Hall House, located on a small lot in South
Los Angeles, demonstrates the feasibility of

2 restoring some of the watershed functions of
D esl g ns urban sites.

Project Features

TreePeople

As a demonstration project, the Hall
House retrofit uses a variety of BMPs
that illustrate some of the greening
options available to homeowners or
developers interested in managing

their properties as miniature

Designs for the house create enough retention capacity
to capture all of the stormwater from most storms.
Water that falls on the property either percolates into
the ground and feeds the aquifer or is stored in the
cistern and later used for irrigation.

watersheds.




The BMPs used at the site include:

A cistern system, comprising two connected 1,800-gallon tanks that retain stormwater for irrigation use,
and a first-flush diversion unit. This unit collects the “first flush” of water that occurs during a storm and
stores it long enough so gravity can settle out pollutants that accumulate on the roof. Remaining water is

delivered to the cistern;

A vegetated and mulched swale filled with yard trimmings that captures and slows rainwater runoff so it can

be absorbed by the soil;

Retention grading in the frontyard and backyard, which allows large quantities of stormwater to be retained

onsite and percolate into the ground rather than wash down storm drains;

A drywell filled with sand and crushed rock, which prevents water that falls on the driveway from reaching
the street as runoff. This unit cleanses polluted water from the driveway before it percolates into the ground

to recharge the aquifer.

Initial Proposals

The homeowner, Mrs. Hall, had limited ability to perform yard work or to hire others to do it for her.
Consequently, the team produced a design that met all of the environmental performance requirements without

requiring a burdensome amount of work for the homeowner.

The initial proposals lay out a simple design strategy. A cistern would be installed on the site to capture roughly a
quarter of the stormwater that falls on the roof. Water stored in the cistern would be used to irrigate the lawn. The
lawn areas would be depressed to allow the remaining stormwater to collect and be absorbed by the grass and the

soil, which is relatively free of clay particles and can soak up large amounts of water quickly. A permeable pavement
driveway would be installed to absorb water falling in this area and to reduce the amount of impermeable surfaces on

the property.

Built Designs

The charrette plan presents the bulk of the elements that were ultimately constructed at the site, including retention
grading, a vegetated swale and a cistern. A fourth element, the driveway drywell, was added later and is an alternative

to the permeable driveway proposed at the charrette.

Another element that differs from the original design is an overflow pipe required by city regulation that conveys
stormwater not captured by the BMPs from the property to the street. Although legally necessary, the overflow

element is superfluous because of the property’s ability to capture large volumes of stormwater.

The cistern was fabricated at a factory located in the San Fernando Valley and trucked to the site. Once there, a crane
was necessary to lift it from the street, over the house and into its final location. With exception to manufactured
elements such as the cistern, the contractor on the project performed construction of the BMPs and installation of

the irrigation system and much of the landscaping.

Construction was completed by July 1998, and a completion celebration was held in August.

BMPs

The operation of the demonstration site is illustrated in figure I. Rain falling on the hard surfaces of the site (the
roof and pavement) is directed to depressed lawn areas (C), or the cistern (A). Overflow amounts are carried by the
vegetated swale (B), which also receives greenwaste (lawn clippings, leaves and twigs) from the site. Water flowing

down the driveway toward the street is intercepted by a grated trench drain and diverted to the drywell (D).

The design strategy maximizes rainwater storage while minimizing grading and earth removal. Low maintenance

is a must at this site, so all equipment and plantings function with little or no maintenance. These constraints



Fig. 1

Arrows in the diagram indicate the direction of
stormwater flow. Letters designate the location of the
four BMPs, including the cistern (A), the vegetated
swale (B), retention grading (C) and the driveway
grate and drywell (D).

notwithstanding, the demonstration site
successfully captures and holds all of the

water falling during a two-inch storm.

TreePeople

To accomplish this, the three lawn areas
are reconfigured as shallow retention
basins. Safety considerations require a maximum depth of six inches for these basins. Lowering the lawn panels two
inches below existing grade while building up surrounding four-inch berms provides the maximum six-inch storage
capacity in each panel. The berms are covered with shrubs, ground covers or turf in order to stabilize them and to

prevent foot traffic that might compromise the effectiveness of the retention system.

TreePeople
TreePeople

The cistern system captures stormwater falling on a portion of the roof. Together, the cistern’s two recycled plastic tanks provide 3,600
gallons of storage space. A pump distributes water to the irrigation system.

A cistern, composed of two tank-modules, collects rainwater from the southeast quadrant of the roof. Stored water
is used to irrigate the lawn and gardens. A roof-wash unit collects the first-flush water that falls during the first part
of a storm and sequesters it long enough so that gravity can settle out the buildup of atmospheric deposits and bird
feces. The first flush is then drained into the adjacent lawn panel while the clean water decants into the cistern. The
double cistern at the demonstration site is made of polypropylene, a recycled (and recyclable) plastic that is plentiful
in Los Angeles’ waste stream. Each cistern tank holds 1,800 gallons of water. An electric pump distributes the water
to the irrigation system. Attachment specifications include a piece of flexible three-inch PVC pipe with one end in
the floor of each tank. A double backflow valve ensures that cistern water does not back up into the city water supply.
Once the tanks are empty, a manually-operated set of valves shuts off the cistern supply and another set is opened to

deliver municipal water for irrigation.

The total height of each of the two tanks is IT feet, of which roughly six feet is above ground. The width above ground
(from front to back) is two feet; below ground the width is four feet. The breadth (side-to-side) is eight feet.

About two-thirds of the capacity is underground. The shape and the partial burial increase its stability and reduce
the aboveground profile. The dimensions above ground allow the cistern to be placed discreetly next to a fence or

hedge. Multiple modules could be connected in series to increase storage capacity and to form a fence or barrier.




David O’Donnell

Swales are used at the demonstration site to create an attractive space that also performs vital stormwater and
greenwaste functions. The mulched swale is the repository of recycled greenwaste from the property. It is designed to
slow the flow of stormwater and to filter pollutants so that water can be absorbed into the earth and toxic substances

be removed. A swale can be used in any residential setting and may be covered with grass, vegetation or mulch.

The frontyard and backyard retention grading creates
“sunken gardens” that hold rainwater until it can

be absorbed by the ground. This BMP works best in
highly permeable soils (Los Angeles types 2 and 3).
At the demonstration site, three gutter downspouts
were redirected from hardscape (and the public storm

drains) to the permeable graded areas. The runoff

from the front half of the roof is directed into six-inch

David O’Donnell

depressions in the front lawn, while the southwest The sunken lawn panels, elevated at the perimeter to ensure retention

roof quadrant and half of the garage roof drain to capacity, provide temporary storage for up to 5,800 gallons and
the backyard. allow water to infiltrate into the ground and replenish the aquifer.

These mini retention structures are capable of handling
a flash flood that could occur during a I0O-year storm event. When properly maintained, the total retention
capacity of the graded areas is approximately 5,800 gallons. During a more intense storm, excess rainwater would

flow into the existing storm drain system. The system is designed to infiltrate all water within 72 hours.

On properties with less absorbent soils, the depressed area can be underlaid with coarse aggregate rock to increase

the site’s holding capacity and the amount of water that eventually infiltrates.

Stormwater flowing
down the driveway
runs into a grated
trench, which
carries it to a box
containing sand and
crushed rock that
captures pollutants.
The system serves
the dual purpose

of retaining and

[ . .

= cleansing rainwater.

o

& It gives the water time

[

(] .

A to percolate into the

[_4
. . . . round and prevents
The driveway grate, an Once water passes through the driveway grate, it flows underground g p
unobtrusive addition to the through sand and crushed rock. The system filters water and retains it ~ MOtor oil and other
property, directs stormwater down until it can be absorbed by the ground below. pollutants from

into the underground drywell. flowing into storm

drains and creeks and
out to local beaches

and bays.



Benefits, Costs and Funding

Benefits
The house successfully captures and holds all of the water The house successful |y
falling during a two-inch storm, thus eliminating runoff ca ptu res a nd ho | d s a | | Of th e

from many storms and reducing runoff volumes from large

water falling during a two-

The infiltration of stormwater yields benefits for flood inch Storm’ thus eliminatin g
management and water quality. Monitoring at the site ru nOff from many storms a nd
conclulded that so.il appears to be a very efﬁciefxt means .of reduci ng ru noff volumes from
removing contaminants from stormwater. While bacteria

were detected in stormwater samples, they were not |a rge ﬂ OOd events.

detected, or were detected at very low concentrations, in

flood events.

Dysimeter and groundwater samples.'

Water conservation and the reduction of garden waste are two additional benefits. Significant reductions in the
stream of greenwaste save the city collection, transportation and processing costs while reducing air pollution, noise

and traffic congestion.

The focus on increasing the number of trees and plants onsite mitigates the urban heat-island effect and creates air

quality benefits while diminishing the city’s contributions to global climate change.

Costs

Perhaps the most pertinent aspect in determining replicability of a demonstration site such as the Hall House is cost,
yet demonstration sites often suffer from higher costs because of the price associated with BMP components not

readily available on the market.

Such is the case with the cistern at the Hall House, which was a custom-manufactured recycled plastic prototype and
was engineered — at a higher cost — to be earthquake- and UV-proof. In order to fabricate the prototype, a unique
unit had to be designed, engineered, tested and fiberglassed, pushing the total cost of manufacturing and installing
the cistern to approximately $25,000.

The cistern was designed with the intention of having local manufacturers reproduce it on a large scale. Mass
production would significantly reduce unit costs while also providing local employment in manufacturing and
installation. Further, the intended use of locally recycled plastics would spur the development of a substantial

recycled materials market and help cities sustain their recycling programs.

The Hall House cistern, however, represents only one of several options. Readymade water-storage products,
including fiberglass and polyethylene tanks, are available for purchase and can be used instead of a custom-made

unit. More economical homemade alternatives can also be used to construct a cistern.

Other aspects affecting cistern cost include the unit’s placement above or below ground, its holding capacity, and the
quality of filtering and pumping equipment. Depending on these factors, a homeowner can expect to pay anywhere
from a few hundred dollars for a small, homemade cistern to several thousand dollars for a larger, professionally

manufactured cistern with automated functions.

Figure 2 presents information collected by the project architect and contractor and is meant to give a general idea
of what a retrofit similar to that at the Hall House might cost a homeowner. The approximate costs are for a 7,500-
square-foot property, with 4,500 square feet occupied by structures and impermeable materials. The cistern’s cost
is intentionally omitted because of the wide range in prices between simpler, homemade systems and more complex,

professionally manufactured models.

" The Los Angeles and San Gabriel Rivers Watershed
Council, “Los Angeles Basin Water Augmentation Study
Phase II Final Report,” August 2005.




Single-Family Home Greening and Stormwater Management
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Fig. 2 Estimated Costs of a Retrofit Similar to the Hall House Retrofit

Project Components Do-it-yourself Costs Optional Costs Total

(materials & permits) (contracted labor) (incl. optional costs)

Retention Grading $800 $800 $1,600
Driveway Grading and Drywell $1,400 $500 $1,900
Vegetated or Mulched Swale $30 (for seed) $250 $280 - $1,000
Roof Downspout Extensions (4 total) $10 - 30/each $45 - 65/each $220 - 380
Overflow Pipe to Street $550 $700 $1,250

Estimated Total Costs $2,820 - $3,620 $2,430 - $2,510 $5,250 - $6,130

Funding

Funding for the Hall House retrofit was drawn from a collection of sources that launched the T.R.E.E.S. Project.
These included a challenge grant from the USDA Forest Service and grants from the City of Los Angeles Bureau
of Sanitation Stormwater Program, the Los Angeles Department of Water and Power, the U.S. Environmental
Protection Agency, the City of Santa Monica, the Los Angeles County Department of Public Works, the
Metropolitan Water District of Southern California, the Los Angeles Urban Resources Partnership, the Southern
California Association of Governments and Environment Now. Several donations from private donors were also

instrumental in establishing the T.R.E.E.S. Project.

Post-Completion

Monitoring

In cooperation with TreePeople, in 2000 the USDA Forest Service, Center for Urban Forest Research installed
equipment at the demonstration site and at a control site next door to record weather information and monitor the

performance of the BMPs and their effect on runoff.

The monitoring study measured soil characteristics, water use for irrigation, and quantity and quality of runoff,
among other indicators of BMP performance. The study made several findings, including these:

O The BMPs are effective in reducing surface runoff, conserving municipal water supplies while maintaining
an irrigated landscape, and reducing stormwater runoff and its pollutant load.

O The driveway drywell appears to be a cost-effective means of reducing runoff from roof and paved surfaces.
O Water quality of runoff on the street was consistently worse than the runoff sampled at the Hall House.

Between 2002 and 2005, the Los Angeles and San Gabriel Rivers Watershed Council (LASGRWC) continued and
expanded upon the monitoring activities started by the Forest Service. The council’s monitoring was part of a Water
Augmentation Study of the Los Angeles Basin that is exploring the potential for augmenting local groundwater
supplies and reducing polluted runoff by infiltrating more stormwater, a resource that otherwise flows unused

to the ocean.?
n

# A full copy of the monitoring report on this and other sites is available from the Los Angeles and San Gabriel Rivers Watershed Council, www.lasgrwc.org.



Monitoring tasks included taking stormwater runoff samples at both the demonstration and control sites and
collecting soil samples for analysis from the front lawns of both homes. Surface stormwater samples were collected at
the roof drain and the driveway. Samples were also collected from a single lysimeter (used for measuring water that

percolates into soil) installed eight feet below ground surface in the front yard.

In most instances, monitoring results indicated that the soil was effective at removing pollutants from stormwater.
Monitoring showed that water samples taken from the lysimeter contained lower concentrations of metals and
volatile organic compounds (VOCGCs), including acetone, lead, zinc and total arsenic — indicating that soil at the site
is able to capture pollutants in water. Concentrations of oil and grease were also significantly less in groundwater

than in water collected at either the roof drain or driveway.®

Percolation rates were lower at the demonstration site than at the control site, particularly in the front lawn panels.
Since the same soil type exists at both properties, we surmise that soil compaction must have taken place as a result of

the lawn panel excavation.

Operations and Maintenance

From the start, the retrofit designs were tailored around minimal maintenance, so as to place the least physical
and financial burden on the owner. Even so, the numerous BMPs that utilize natural elements require some

maintenance to function properly.
Maintenance tasks fall into several categories:

Greenwaste: fallen, dead or damaged leaves and branches should be processed into mulch. Mulch is then
spread in the swales, under hedges on the berms, around trees and in planting beds. Soft stems, leaves and
flowers can be composted, but proper attention to compost processing is required. A chipper is kept onsite

to aid in processing greenwaste and eliminating greenwaste flow to the landfill.

Garden Upkeep: vegetation should be maintained to prevent overgrowth that blocks natural light from

reaching the inside of the home, prevents access to BMP components, and potentially damages structures.

Cistern: if vector or bacteria problems are of concern, stored water may require treatment with chlorine or
mosquito dunks. Occasional cleaning of the cistern is also advised, as are inspections to ensure that air and
light do not enter the cistern. Although algal growth has not been a problem at the Hall House, measures to

prevent development of algae are recommended if sunlight penetrates the cistern.

Irrigation: the pump that moves water from the cistern to the irrigation system shuts off when the water
level in the cistern reaches a pre-determined low point. The irrigation system must then be fed by city water
(one manually-operated valve must be closed to shut off the cistern feed and another opened to turn on the

city water supply).

Driveway Drywell: the driveway grate quickly fills with leaves and sediment and must be cleared regularly.
Since its function is to absorb pollutants from the driveway, the drywell’s sand and crushed rock filling
should be inspected before the rainy season to prevent clogging and reduced infiltration. The water level in
the observation well should be measured after a storm. If the water level does not drop in the days following

a storm, the drywell may be clogged and the sand and crushed rock filling may need to be replaced.

First-flush Unit: the decanter component must be emptied regularly to create room for the first flush of

the next storm. This is done by opening a valve at the bottom and letting the water run out onto the lawn.

Swales: swales should be monitored and mulch replenished as needed. In grassy swales, turf should be

mowed during the growing season.

Retention grading: retention grading should be inspected for sediment accumulation or loss and
appropriate maintenance done after moderate or heavy storm events. Berms should be inspected and any

necessary repairs performed.

3The Los Angeles and San Gabriel Rivers Watershed Council, “Los Angeles Basin Water
Augmentation Study Phase II Report,” August 2005.




Successes

On a sunny day in August 1998, 4,000 gallons of water “rained”
from fire hoses onto Mrs. Rozella Hall’s home, putting to work
the newly installed BMPs. Rather than gush down the driveway
and into the street and the storm drain, every drop was captured

onsite, either percolating into the soil or collecting in the

cistern. There to witness the demonstration were members of

the public, media representatives and agency leaders, including

senior representatives from the city’s Watershed Protection

Division, the Department of Water and Power, the USDA Forest :

Service and the City of Los Angeles Board of Public Works. ﬁlmock S‘m””, “/"ai/'z?d’ ,4'()00 gallmmf onto 1170{ ‘Ha//
ouse property during a demonstration following the

Among those present was Carl Blum, then deputy director of project’s completion.

the Los Angeles County Department of Public Works (DPW)

and head of its flood control division. With Los Angeles sprawling ever outward, DPW had traditionally constructed
flood control projects aimed at one primary concern: protecting the city from flooding. An effective way of
achieving this was to rush stormwater out of the city via storm drains and channels. The methods used at the Hall
House, in stark contrast to DPW’s approach, demonstrated solutions aimed at much more than flood prevention.
The multipurpose and interlinked BMPs addressed issues of stormwater pollution, flooding, water supply and waste
management. These connections helped break through conventional notions dictating the use of vast municipal

resources to address individual problems.

The mock rainstorm laid the foundations for a partnership among DPW, TreePeople and other stakeholders to
retrofit the 2,700-acre Sun Valley watershed. The area consists of neighborhoods built without storm drains, and
is the location of the county’s largest unresolved urban flooding problem. The county’s plan treats stormwater as a
resource and aims to keep it all in the watershed to control flooding, reduce water pollution, conserve potable water
and recharge local aquifers. The plan is noteworthy in that it favors stormwater BMPs over the more conventional
approach — a large storm drain that would tax the capacity of the Los Angeles River and route polluted runoff to the

ocean.

Since its completion in 1998 the Hall House has generated tremendous interest and excitement around the potential
of retrofitting the urban landscape to function with consideration to nature’s cycles. When the T.R.E.E.S. Project
began, stormwater capture and reuse were not under the policy purview of government agencies in and around Los
Angeles. But since the retrofit was completed, TreePeople has hosted tours for hundreds of individuals, including

city leaders and agency representatives, fostering support and enthusiasm that has helped shift policy around the

region.

Challenges and Lessons Learned

The T.R.E.E.S. Project developed around the concept that a region-wide sustainability retrofit would find its
impetus through innovative, local demonstration projects. These projects would then generate replication of
sustainable practices, and change at the policy level would naturally follow. The choice to first retrofit a single-
family house fit this ideal, as this path of least bureaucratic resistance offered a realistic opportunity for replication.
Working on this scale, TreePeople did not come upon significant regulatory restrictions or problems obtaining
permits. Nevertheless, various other challenges were encountered and lessons were learned specifically because the

demonstration site was located at a private residence.
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Site Ownership
When the Hall House was retrofitted in 1998, TreePeople found a dedicated partner in Rozella Hall. Mrs. Hall

was eager to offer her home as a demonstration of sensible, replicable practices, and, as an established member
of the community, was working toward larger neighborhood projects, including alley greening. Mrs. Hall had the
opportunity to witness the completion of the project and to participate by keeping a journal of energy and water use,

costs, and landscape maintenance practices. Sadly, she passed away shortly after the retrofit’s completion.

Ownership of the home was transferred to Mrs. Hall’s daughter, but Rozella’s emotional investment
and enthusiasm were hard to match. As a result, in the following years the Hall House BMPs and the property as a
whole received a different level of attention and care than previously offered by Mrs. Hall. The quality of the site
as a demonstration diminished both functionally and aesthetically — yet, cognizant of the owner’s right to privacy,

TreePeople has had limited capability to interfere.

Due to private ownership, public access for tours must be necessarily limited. With few exceptions, tours

are conducted no more than quarterly in order to limit household disruption.

A privately owned site is also vulnerable to ownership transfer. Unless use of the house as a demonstration site is

written into the deed, sale of the home would likely result in loss of the use of the site.

With sufficient financial resources, these challenges could have been averted through TreePeople’s purchase of a

suitable site for the project.

Choosing a Suitable Location

The site’s location has also played a key role in its success as a demonstration project. The site choice

has affected both the quality of care that the property has been given and the level of participation in tours.

The fact that the Hall House is in South Los Angeles, a part of the city noted for violence and blight, has
affected the number of individuals willing to attend a tour. The distance of the site from TreePeople’s headquarters

(over 20 miles and up to an hour away) has also made it difficult for staff to manage its conditions closely.

Although TreePeople deliberately selected an economically depressed area to prove the viability of engaging in
similar retrofits citywide regardless of the availability of financial resources, some problems have resulted specifically

because of the site’s location.

Contract With the Property Owner

The Hall House project did not include a formal contract between the homeowner and TreePeople
that specified the length of time that the site would be used for public demonstration purposes or that bound the

homeowner to a specific maintenance schedule.

Although the relationship-based project did not seem to call for such an agreement, a contract likely
would have ensured that the condition of the site and BMPs remained consistent with TreePeople’s original

expectations and standards.

Choosing Sensible BMP Designs and Products

The custom design and manufacture of the cistern was the result of an expensive and laborious
process. While great effort was put into the design, there was no guarantee that the prototype would function as

intended.

If presented with a similar challenge today, TreePeople would look toward the array of products available

on the market for a more economical and accessible alternative to storing captured stormwater.
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Although the cistern has met its intended function, improvements to the design could be made. Access to the hatch
doors is awkward despite a built-in ladder. The overflow outlet was placed at the back of the cistern but located
higher than the bottom of the hatch doors, so were the cistern to overfill, the water would leak out through the
hatch seams before reaching the overflow. Also valuable would be an externally viewable scale indicating the level of
water in the tanks. An operations manual could have solved many of the problems encountered, but as the unit was

custom-built, no such instructions were available.

Another design flaw is that the cistern allows emptying and cleaning via a pump, but that the pump is designed to
flush water into the street rather than onto the swales and yard for infiltration. The purpose of pumping water into
the street was to create an option for the cistern to act as part of a networked reservoir that could be emptied in
advance of a storm and then capture peak storm flows to reduce the municipal flooding risk. This design, however,
leads to losing collected stormwater to the storm drain — and, if the water were contaminated, would actually
contribute polluted runoff. Ideally, the design would have included two options: one pump to direct water to the

street and another to pump water to the lawn panels on the property.

Choice of Plant Species

The choice of plant species has required greater garden upkeep than originally planned, and has

produced more greenwaste than can be easily used as mulch on the property.

The project partners, with input from the homeowner, chose to keep a traditional garden style.
Demonstrating stormwater capture and use — not water conservation — were key objectives of the project, so using
plant species requiring moderate watering did not run counter to the project’s intent. Even so, the area covered in

water-loving turf lawn was reduced by roughly 15 percent.

A more aggressive reduction in lawn area combined with a greater use of native and drought-tolerant species would
have dramatically reduced water use, required less maintenance and added another sustainable element to the

demonstration.

Project Costs

As a prototype, the retrofit costs associated with the Hall House project — including custom design,
engineering and fabrication of BMPs — together with the lack of availability of products, make some of the specific

BMP components demonstrated at the house unsuitable for replication.

The primary purpose of the demonstration was to show policymakers that it was technically and socially feasible

to retrofit a home to safely capture and use large volumes of rainwater without requiring unacceptable lifestyle
changes from residents. The principles showcased at the site were also meant to illustrate the viability of substantially
reducing stormwater flow, water pollution, water and energy use, and greenwaste. These objectives were met.
Policymakers understood that economies of scale would result from a city- or watershed-wide retrofit, and that

future retrofits would thus be more financially feasible, especially when combined with subsidies and incentives.

Nevertheless, without understanding the cost structure behind the Hall House project, the price tag can cause

apprehension among those interested in similar retrofits.

In all communication about the demonstration site, emphasizing its prototype purpose is essential.
The project does not end with completion of construction, and the costs associated with the prototype are not
representative of the costs of wide-scale adoption of similar stormwater management technologies. The real work of

shifting both policies and the urban landscape begins with the end of construction.

Once the systemwide feasibility of these technologies is understood in the policymaking arena, the project partners
should encourage do-it-yourself gardeners and small-scale landscaper contractors to implement similar retrofits
easily and inexpensively. A new set of demonstration sites should be built and be geographically, socially and
economically accessible to diverse markets of homeowners and renters. A cooperative technology development
program (such as that for developing energy-conserving refrigerators) should be created, possibly with support
from large government agencies. Such a program would make the various BMP technologies available to consumers.

Finally, a program to facilitate and provide incentives for wide-scale retrofits should be created.



Baseline Data

Monitoring and observations at the Hall House and at the control site next door have shed light on
the effectiveness of the project’s components. However, the lack of baseline data on water consumption levels for
irrigation, runoff quantity and quality, and percolation rates makes accurate quantification of the project’s benefits

difficult.

The purpose of the numerous BMPs utilized at the site was the exploration and illustration of available
stormwater management and greening options. Although these technologies have largely succeeded in performing
their intended purposes, baseline data should have been gathered prior to the retrofit so as to make possible

definitive conclusions about the BMPs’ performance.

Policy landscape

Building codes for the City of Los Angeles do little to encourage onsite stormwater retention, storage
and infiltration. For example, regulations on gutters and site drainage require that stormwater be directed to the

street.?

The project partners designed the retrofit to not stray far from existing regulations, and were able to
receive the necessary permits for capturing and storing water onsite. Nevertheless, policies that actively support

alternative stormwater management practices would promote the widespread adoption of the concepts showcased at

the Hall House.

(There is a move currently underway by the City of Los Angeles to revise these policies through the implementation

of the Integrated Resources Plan for wastewater.)

Partners

TreePeopIe conceived the project as part of its Transagency Resources for Environmental and Economic
Sustainability (T.R.E.E.S.) Project, which promotes the integrated and sustainable management of urban
watersheds. TreePeople organized the 1997 Second Nature charrette, a four-day conference that convened
interdisciplinary teams to design retrofits for five existing properties in Los Angeles. The organization sought

funding for the pilot retrofit at the Hall House and managed general aspects of the project.

The charrette design team produced the preliminary designs for the retrofit in 1997. The team included:
Leo Marmol, architect and team facilitator; Tom Richman, landscape architect; Leslie Ryan, landscape architect;

Gail Boyd, engineer; and Sharon Lockhart, environmental consultant. Graduate students on the team were Ramsey
Badawi, Bonnie Dell Angelo and Ellen Hu.

CH2M HILL provided engineering services and formalized the charrette team’s drawings.
PS Enterprises managed implementation of the project. Rick Ruiz was the project manager.

Robert Cornell and Associates provided contractor services, including construction of the BMP

components and installation of landscaping and irrigation.

Karen Bragg aided in landscape installation and provided landscape maintenance services immediately following

the project’s completion.

*Los Angeles Municipal Code, Chapter IX, Building Regulations: 91.7013.9. Gutters. (Amended by Ord. No. 171,939, Eff. 4/15/98.) Eave or ground gutters shall be provided

to receive all roof water and deliver it through a non erosive device via gravity to a street or watercourse if the slope of the underlying natural ground exceeds three percent or if more
than three feet (914 mm) of compacted fill or more than one foot (305 mm) of uncompacted fill is placed on the ground. 91.7013.10. Site Drainage. (Amended by Ord. No.
171,939, Eff. 4/15/98.) All pads with cut or fill shall slope a minimum of two percent to an approved drainage device or to a public street. Where used, the drainage device shall be an
adequately designed system of catch basins and drain lines which conducts the water to a street.
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Background on School Projects

As one of the region’s largest property owners, and as
the second most populous public school system in the
nation, the Los Angeles Unified School District (LAUSD)
has a tremendous impact on quality of life in Southern
California. From the everyday experiences in student life,
to impacts on the urban heat-island effect and local watersheds,
the district’s land-use management choices for its school
campuses have considerable effect on whether regional
environmental and public health issues are mitigated or

exacerbated.

The school district has an annual budget of $13 billion to
service 850,000 students and operate more than 1,000
campuses and other facilities in its 710-square-mile service
area.' Still, resources are not unlimited. Over the years,
LAUSD has resorted to paving its campuses to reduce
landscape maintenance costs. Many campuses have become
expanses of heat-retaining asphalt. Together with buildings
and other impervious surfaces, pavement on school grounds
raises ambient temperatures, increases urban stormwater
runoff, contributes to local flooding and diminishes

groundwater supplies.

Ultimately, the most direct consequences of hot, unshaded
campuses are borne by the students, whose health and
learning conditions are compromised. During hot weather,
blacktopped campuses amplify the urban heat-island effect
and can raise classroom temperatures to the point where
students and teachers lose the ability to focus, learn and
study. Approximately 80 percent of a person’s lifetime sun
exposure occurs before age 18.2 It is of little surprise, then,
that childhood skin cancer is on the rise. Between 1973 and
2001, incidences of melanoma in children rose an average of
three percent annually.3 For adolescents who receive the bulk
of their sun exposure at school, having no refuge from the
sun and heat emanating from asphalt playgrounds can lead to

a host of medical problems later in life.

In 1997, residents of Los Angeles County passed Proposition
BB, a $2.6-billion bond to fund upgrades to aging campuses
and construction of new ones. A significant portion of

these funds — $187 million — was earmarked for repaving
schoolyards, and another $250 million for installing air
conditioning equipment in classrooms. TreePeople’s Andy
Lipkis and Steve Soboroff, then advisor to Los Angeles
Mayor Richard Riordan, became aware of the situation and
advocated for some of the repaving money to be used for

campus greening instead.

Lipkis and Soboroff argued that Proposition BB funds could

be used for multi-benefit projects that would make campuses

" LAUSD figures are for 2005-2006.

more energy efficient and save the district money, both by
reducing the size of air conditioning equipment needed and
by lowering the amount of electricity required to power the
equipment. In addition to cooling the schools, these projects
would beautify campuses, reduce stormwater pollution,
decrease flood risk, reduce sun exposure, improve air quality
and mitigate the urban heat-island effect. With new water
quality regulations (in the form of Total Maximum Daily
Loads, or TMDLs) scheduled to come online for the Los
Angeles area, Lipkis argued that the repaving budget should
be used to ensure that campuses would meet the emerging
standards and avoid the cost of reengineering for compliance

at a later date.

The Proposition BB oversight committee and the school
board ultimately agreed to reallocate 30 percent of the paving
budget — about $62 million — to campus greening projects.

In 1998, the Los Angeles Department of Water and Power
(DWP) partnered with LAUSD and several nonprofit groups
—including the Hollywood Beautification Team, Los Angeles
Conservation Corps, North East Trees and TreePeople — to
initiate its Cool Schools program. The program, aimed

at the citywide greening of blacktopped campuses in order

to reduce energy use, funded the planting of more than
4,200 trees at 40 campuses during its first phase.* Both
Broadous and Open Charter received Cool Schools funding.
Two schools selected for additional work were designated
Sustainable Schools. One of these was Broadous Elementary,
which received funding from DWP to install a stormwater
management system. The other Sustainable School was
Multnomah Street Elementary in El Sereno, a neighborhood
in the east part of Los Angeles. North East Trees oversaw the

installation of a cistern on that campus.

Few policymakers or operations managers in the school
district understood the health, energy conservation and
stormwater pollution issues in existence at many of campuses.
Also misunderstood was the ability of proper campus
management to mitigate and even reverse these problems in
order to protect student and community health. Despite the
directive to green the schools, school construction managers
greeted proposals to implement integrated water quality,
energy-saving and health-protecting designs with skepticism
and resistance, and ultimately an unwillingness to implement
the needed best management practices (BMPs). To break
through this resistance, TreePeople determined to implement
demonstration projects that would illustrate the multipurpose

viability of utilizing these technologies.

? Boe, Kathy and Tillotson, Elizabeth A. “Encouraging Sun Safety for Children and Adolescents.” The Journal of School Nursing: June 2006; Vol. 22, No. 3, pp. 136-141.
17 3 John J. Strouse, Thomas R. Fears, et. al. "Pediatric Melanoma: Risk Factor and Survival Analysis of the Surveillance, Epidemiology and End Results Database.” Journal of Clinical

Oncology: July 20, 2005; Vol. 23, No. 21, pp. 4735-4741.

#USC Sustainable Cities Program, "Assessment of Los Angeles Department of Water and Power Cool Schools Tree Planting Program,” January 2001.
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Introduction

| he stormwater management demonstration project at Hillery T. Broadous Elementary School illustrates the
viability of using an integrated, cooperative approach between government and nonprofit entities to create

an environmentally sustainable school campus.

The project was designed to provide a working demonstration of a multi-benefit, multi-agency approach to
managing the urban environment while addressing site-specific problems. By capturing, treating and infiltrating
stormwater that used to flood and run off the campus, the project turns stormwater into a resource. The retrofit

of the campus was designed to produce an array of benefits, including:

Alleviation of flooding on campus (allowing students to access classrooms that were isolated on rainy
days)

Alleviation of flooding in areas surrounding the campus

Replenishment of groundwater

Reduced energy use by shading air conditioning units

Reduced polluted stormwater runoff to local water bodies

Shading of play areas to improve student health and safety

Opportunities to use greenwaste onsite to reduce the solid waste stream to landfills

Creation of green recreation space and outdoor education areas

The project received major funding from the Los Angeles Department of Water and Power (DWP) Cool Schools
program. Broadous was designated a Sustainable School and received funding from DWP to install a stormwater
management system. (See “Background on School Projects” on page 17 for more information on the

Cool Schools program.)

The greening of Broadous Elementary occurred in two phases. The first was in 1999, when the school
community came together to plant dozens of trees during two TreePeople-sponsored tree planting events. The
second phase began shortly thereafter and was marked by the construction of the infiltration field. Another

series of tree planting events followed the completion of the stormwater facility in 2001I.

Broadous Elementary School’s transformation from an urban, hardscaped campus into a sustainable place for
learning and playing was made possible through the collaboration of government and nonprofit representitives,
and thus serves as an early example of an integrated, interagency approach to solving regional infrastructure and

natural resource issues.

The primary collaborators on this project were the Los Angeles Unified School District (LAUSD), DWP and
TreePeople.

The interests, expertise and resources of each stakeholder were instrumental in leveraging this effort from
concept to completion. While much of the process required partnerships that were nontraditional at the time,
the campus greening and stormwater management demonstration project at Broadous Elementary ultimately
shows not only the viability of the retrofit itself, but also the feasibility of using an interagency approach

to address problems of environmental quality, public health and distribution of environmental and fiscal

resources.

Project Objectives

Reduce flooding on and near the campus

Create natural outdoor learning and playing areas

Increase green space by replacing approximately one-third of the playground asphalt with a grassy ball
19 field, trees and other landscaped areas

Collect, treat and store stormwater until it can be absorbed by the soil

Replenish the aquifer with a supply of treated water



Background

Rebecca Drayse

Prior to the project, the Broadous campus was almost entirely covered with impermeable surfaces.
Site Selection and Profile
Shortly after beginning its Cool Schools program, DWP sought to showcase the potential benefits of the citywide

greening initiative by funding the sustainable transformation of a school campus. In response to DWP’s search, a
nonprofit community improvement group, Pacoima Beautiful, directed TreePeople’s attention toward Broadous

Elementary.

During the rainy season, Broadous students and their families often found themselves asking whether neighborhood
flooding was severe enough to prevent them from getting to school. Many times, it was easier to stay home than to
contend with the challenges of getting to and from school on a rainy day. Beyond the loss of instruction time for
students, absenteeism has financial ramifications because school funding is partially based on attendance. With

widespread absences during the rainy season, much-needed funding at Broadous was lost."

The flooding problem in Pacoima is The project partners saw the Broadous

aggravated by the same development practices

that have covered much of the region with 9 I’OjeCt as an op portu n Ity to restore
impervious structures, roads and parking some of the site’s natural functions by
lots. Stormwater that falls on these surfaces . .

cannot be absorbed onsite and thus adds to the remO_VI ngim perme? ble Su’['faces and
volume of urban runoff. creating a campus “forest” capable of
The campus was almost entirely covered by Intercepting an d absorbin g rai nfall.

buildings or pavement, offering students little
shade in a part of the city prone to soaring summer temperatures. The site also generated stormwater runoff in a
neighborhood already susceptible to winter flooding. These characteristics made the campus ideal as the subject of

a Sustainable School retrofit that would include campus greening and the installation of stormwater best management
practices (BMPs).

Broadous Elementary School’s 7.4-acre campus is located in Pacoima, California, in the northeast San Fernando
Valley portion of the City of Los Angeles. It lies within the Tujunga sub-watershed of the Los Angeles River
watershed. Soils at the site are sandy and highly permeable, suggesting that incorporating infiltration technologies to

reduce runoff from the site would be feasible.

The project partners saw the Broadous project as an opportunity to restore some of the site’s natural functions by

removing impermeable surfaces and creating a campus “forest” capable of intercepting and absorbing rainfall.

' During the 2006-2007 school year, Broadous Elementary served 894 students in grades K through 5. Students were 95 percent Latino, four percent African-American and less
than one percent white. Due to high enrollment numbers, Broadous is on a year-round four-track system. The school receives Title I federal funding.




Campus Greening and Stormwater Management

Hillery T. Broadous Elementary School

Landscaping

The landscaping at Broadous provides the first contact
for rainwater and is also a living textbook for students.
Students, teachers and neighbors made suggestions
for the greening of the campus and their input was

Mia Lehrer + Associates

incorporated into the designs created by landscape
architecture firm Mia Lehrer + Associates.

A vegetated swale originates on the slopes of a grassy

mound dubbed Mount Broadous. The swale simulates

the form and function of a river and meanders

through the campus, conveying water away from school Originally, the Broadous campus had very few trees and other
buildings, walkways and impervious surfaces and vegetation to provide refuge to students on hot days.
toward the infiltration system. Trees and permeable

groundcover act like a sponge, absorbing rainwater

where it falls. Among the tree species planted were

crepe myrtle (Lagerstroemia indica), coast live oak

(Quercus agrifolia), camphor (Cinnamomum camphora),

tipu (Tipuana tipu) and London plane (Platanus acerifolia).

As a result of the retrofit and the designation of the
campus as a Sustainable School by DWP, canopy cover
nearly doubled from nine to 16 percent.? Roughly
one-third of the pavement was replaced with trees,

vegetation and grass.

Mia Lehrer + Associates

Project Features

With the support of the school district, in 2001 the
site was retrofitted using BMPs that capture, treat

and hold virtually all of the rain that falls on campus,
About a third of the impervious surfacing was replaced with

reducing flood risk on the campus and surrounding
trees, grasses and shrubs.

areas while recharging groundwater. The project

consists of the following components:

O A unit that treats stormwater collected from the campus;

O An underground infiltration system that stores water until
it can be absorbed by the soil;

O Avegetated swale that meanders through the campus
and functions as a “river,” conveying water toward the
infiltration system;

O A system of permeable groundcover and strategically
planted trees that slows, filters and safely channels rainwater
through the campus;

O Two outdoor classrooms located atop vegetated mounds;

and

David O’Donnell

O A drainage system that conveys stormwater to the treatment .
g 5y’ 4 A grassy swale winds through the campus and

and infiltration area. channels stormwater toward an infiltration system.
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*Travis Longcore, Ph.D., Kyle Fitzpatrick and Maureen Phelan, “Assessment of Los Angeles Department of Water and Power Cool Schools Tree Planting Program,” University of
Southern California, Sustainable Cities Program, January 2001.



Approximately one-third of
| _ the playground asphalt (over

Built Designs 100,000 square feet) was
Although the original project objectives were met, some of the .
elements in the initial design proposal were not realized. Fruiting r_eplaced Wlth a grassy ba | |
trees were not planted because of school district concerns over high- ﬂeld; trees a nd Ia ndsca ped
maintenance tree species. A demonstration and community garden areas, a | |OW| Nng Mmu Ch Of the
was not established because a bungalow structure was placed on the cam s to f nction as a
intended garden site — although the school did eventually build o Pu u I
raised garden beds through a state-funded nutrition program. miniature watershed.

Still, the existing elements succeed in directing all stormwater falling on the site to either percolate in the tree wells,
swales and other vegetated areas, or be collected, treated and held in the underground basin until the ground can
absorb it. Approximately one-third of the playground asphalt (over 100,000 square feet) was replaced with a grassy

ball field, trees and landscaped areas, allowing much of the campus to function as a miniature watershed.

For construction plans, see “Broadous As-Built Drawings” (Appendix A-1).

Stormwater BMPs

Design criteria for Broadous Elementary included the mitigation or elimination of the ﬂooding problem on the
campus, the reduction of pollutant loads in runoff to the storm drain system and the recharge of groundwater.
To meet these criteria, the following BMPs were installed: vegetated swales, a stormwater treatment unit and an
infiltration field.

Stormwater that is not captured by trees and vegetation flows to catch basins and into the treatment unit, where
trash, oil and pollutants are removed. Once treated, the water is directed to the infiltration gallery under the playing

field, where it is absorbed by the soil.

Runoff from the campus flows first through catch basins and
into the separator — a Vortechs 9000 unit manufactured by
Contech Construction Products, Inc. (formerly Vortechnics).
Essentially a large concrete box enclosing a set of steel baffles,
the separator works hydraulically to settle sediment (which
could otherwise clog and eventually fill the infiltration

units), skim off oil and other pollutants, and segregate trash.

Contech Construction Products, Inc.

Maintenance hatches provide access for periodic inspections
The Vortechs 9000 treatment system uses swirl and cleaning.
technology and gravity to separate and retain pollutants,

oils and trash.

After it passes through the separator, pipes distribute the stormwater
to the infiltration field, an underground storage area that retains
water until soil can absorb it. The plastic Cultec Model 400
infiltrator units are roughly U-shaped, with the opening at the
bottom. Their function is to create storage space for water while
bearing sufficient weight to allow the unimpaired use of the surface
above the system. They rest on a base of drain rock and are covered

with another layer of crushed rock. A sheet of filter fabric excludes

Montgomery Watson Constructors

fine silt, which has the potential to cause clogging. The 7,600-

square-foot field has 220 such units. Together they can hold up to Two hundred and twenty infiltrator units below

95,200 gallons, or 0.3 acre-feet of water, at one time. the ball field hold up to 95,200 gallons of water.
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The system is designed to collect 100 percent of the runoff from a 10-year storm. In a year of average rainfall, all the

runoff from the site is retained and infiltrated by the system.

Both the separator and the infiltration units are buried under a grassy playing field that replaced a barren expanse of

asphalt. The only sign of the system’s presence is the separator’s maintenance hatch.

A third, nonstructural BMP was designed to assist in attaining the project’s goals. Plans called for the greenwaste
produced on the campus to be kept onsite and used as mulch. Mulch retains moisture for more efficient irrigation,
slows runoff for greater infiltration, and begins the process of capturing pollutants. Since greenwaste constitutes a
significant portion of the municipal waste stream, keeping it onsite would reduce the need for offsite processing and

hauling to landfills, which in turn would save the school district and city money.

Although integral to the design, the school district has not implemented the use of greenwaste as mulch on the campus.

Benefits, Costs and Funding

Benefits

The retrofit of the Broadous campus produced numerous environmental and social benefits.

By capturing onsite virtually all of the rain that falls on campus, the project:

Alleviates campus flooding;

Eliminates runoff;

Mitigates flooding and erosion downstream;
Reduces water imports;

Improves water quality; and

Recharges the aquifer.
Monitoring conducted at Broadous by the Los Angeles and San Gabriel Rivers Watershed Council suggests that

the BMPs improve water quality and that soil removes contaminants from percolating stormwater. While bacteria
were detected in stormwater samples, they were undetected, or detected at very low concentrations, in lysimeter and

groundwater samples.®

A runoff modeling study by the University of California at Riverside (UCR) confirms the runoff and infiltration
benefits of the project. Under a pre-retrofit modeling scenario, the average yearly runoff volume from the Broadous
campus was approximately 126,000 cubic feet. Under a second, post-retrofit model, runoff was reduced by 99.9
percent. Average infiltration (conservatively calculated from 4.6 years of rainfall data for downtown Los Angeles,

where rainfall is generally less than in Pacoima) increased by nearly three acre-feet per year.*

Landscaping at the campus yields a host of benefits as well, including:

Reducing energy use by shading school buildings, windows and air conditioners;
Improving student health and safety by shading play areas;

Providing much-needed recreation space where heat-retaining asphalt once existed;
Providing opportunities to reduce the greenwaste stream to landfills by using
greenwaste as mulch onsite; and

Reducing contributions to the heat-island effect.

3 The Los Angeles and San Gabriel Rivers Watershed Council, “Los Angeles Basin Water Augmentation Study Phase II Final Report,” August 2005.

*Autumn Dewoody, W. Bowman Cutter and David Crohn, “Costs and Infiltration Benefits of the Water Augmentation Study Sites,” University of California, Riverside, Department
of Environmental Sciences, April, 2006.



The table (fig. 3) was adapted from the University of Southern California study “Assessment of Los Angeles
Department of Water and Power Cool Schools Tree Planting Program.”The study was conducted prior to the
project’s completion and thus evaluates projected rather than observed benefits of the tree-planting project. The
assessment, conducted with CITYGreen software, developed by American Forests, evaluated the benefits brought to
the campus by landscaping and does not include an evaluation of the benefits of the structural BMPs that were part
of the more comprehensive retrofit.

Fig. 3

(does not include benefits from structural BMPs such as infiltration system)
Buildings and Permeable Surfaces BEFORE AFTER
Permeability (acres and %) 0.50 (5%) 1.98 (21%)
Tree Canopy 9% 16%
Carbon Storage (tons per acre) 5.03 5.29
Carbon Sequestration (tons per year per acre) 0.01 0.12
Energy Savings (% per year) 19.9% 20.1%
Runoff Reduction 6.5% 11.2%
Avoided Storage (cubic feet per acre) 386 574
Ozone Removal (Ib/acre) 3.2 5.6
SO, Removal (Ib/acre) 1.0 1.7
NO, Removal (Ib/acre) 1.8 3.2
PM10 Removal (Ib/acre) 2.8 4.8
CO Removal (Ib/acre) 0.4 0.6

Adapted from USC Sustainable Cities Program, “Assessment of Los Angeles Department of Water and Power Cool Schools
Tree Planting Program,” January 2001.

The retrofit at Broadous Elementary produced social benefits as
well. Where rain once caused flooding, preventing children from
reaching classrooms, students now have the opportunity to grasp
how natural water cycles work by seeing water flow down from
Mount Broadous in the upper part of campus and “downriver”
along the swale. In an urban watershed that has sealed the earth
with impermeable surfaces and disrupted natural cycles, the school
provides the opportunity for this part of Pacoima to contribute to a

healthier environment.

David O’Donnell

In a neighborhood where many children are considered at-risk ] . _ ) ) )
The most direct benefits of the transformation of

the campus include fun and physical play and are
enjoyed by Broadous students.

due to high levels of youth gang involvement, Broadous students

enjoy an environment that welcomes and supports healthy physical
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play. Green spaces such as those found at Broadous generate significantly higher levels of play among children
than do barren spaces.’ Students further benefit from participating in planning, planting and maintaining the
campus forest, which offer them a sense of validation, empowerment, belonging and ownership and help to advance

environmental justice in this neglected part of Los Angeles.

Costs

The cost of installing the treatment and infiltration systems and planting trees was approximately $306,738, with the
majority of funding coming from DWP’s Cool Schools program.

Fig. 4

BMP CONSTRUCTION COSTS TREE PLANTING AND TRAINING COSTS
Contractor $167,249 Tree Planting - Trees $14,500
Stormwater Treatment Unit $21,000 Tree Planting - Materials $3,500
Infiltrator Units ) $29,747 Tree Planting - Labor $5,000
Total Construction Costs = $217,996 T $3,000

In-Class Curriculum $5,625
ADMINISTRATION Curriculum Development $3,000
Project Administration $48,935 Administration $5,182
Total Administration Costs = $48,935 Total Tree Planting Costs = $39,807

TOTAL COSTS* = $306,738

*LADWP's Cool Schools program paid for installation of the stormwater treatment and infiltrator systems, as well as tree planting costs.
LAUSD paid for installation of the ball field, grassy swale, outdoor classrooms and irrigation system. The latter cost figures were not
provided to TreePeople.

Funding

DWP’s Cool Schools program provided $286,000 for the project. In addition to funding tree plantings at
Broadous, DWP designated the campus a Sustainable School and funded significant portions of the more extensive

retrofit that included stormwater treatment and infiltration systems.

Working with Montgomery Watson Harza, TreePeople removed the asphalt over the infiltration area and installed the

infiltration system. The system was then turned over to the school district’s Proposition BB bond project manager.

With Proposition BB County funds, LAUSD funded the installation of the ball field, grassy swale, outdoor

classrooms and irrigation system. LAUSD also paid for asphalt resurfacing where needed.

Due to the innovative, high-profile nature of the project and the opportunity to partner with a nonprofit
organization, MWH (formerly Montgomery Watson Americas) offered pro bono design and engineering services for
the treatment and infiltration system.

5 Andrea Faber Taylor, Angela Wiley, et. al., “Growing Up in the Inner Gity: Green Spaces As Places to Grow.” Environment and Behavior: 1998; Vol. 30, No. T, pp. 3-27.

Researchers found that in barren spaces, levels of play were approximately half as much as those found in spaces with more trees and grass. The incidence of creative play was
significantly lower in barren spaces than in relatively green spaces.



A $25,000 Anne and Kirk Douglas Playground Award supported the planting of 250 new trees on the campus and

surrounding streets.

The Greenlink Program was created in the mid-1990s to promote the connection between urban neighborhoods
and their surrounding wildlands. The Forest Service provided $10,000 toward the Broadous project through this

program.

Post-Completion

Monitoring

Between 2001 and 2005, the Los Angeles and San Gabriel Rivers Watershed Council (LASGRWC) conducted water
quality monitoring at Broadous. Monitoring was done as part of the “Water Augmentation Study” of the Los Angeles
Basin, which is exploring the potential for increasing local water supplies and reducing water pollution by capturing

and infiltrating stormwater that would otherwise run off to the ocean.®

Surface stormwater samples were collected at one location in the playground. During the first two monitoring
seasons, single grab samples were collected at approximately 30-minute intervals for the first two hours of storm

runo ff

A lysimeter, originally at a depth of 60 feet but later moved to 24 feet, collected soil pore fluid samples. The
shallower placement made sampling easier and allowed a more accurate characterization of the quality of water
exiting the infiltration BMP. Samples were typically taken daily for two to three days, beginning one day after the
collection of a surface sample.

Groundwater samples were collected from two monitoring wells. These samples were collected periodically.

With regard to nitrate, TDS, chemical oxygen demand, total and dissolved copper, total and dissolved lead, and
total and dissolved zinc, stormwater infiltration does not seem to have had an adverse effect on water quality.
Concentrations of some constituents, including E. coli and total and fecal coliforms, were in some cases

significantly lower in lysimeter and groundwater samples than in surface stormwater.’

Loss in Soil Percolation Rates

No monitoring for changes in soil permeability was performed, but a reduction in the percolation rates of the

soil above the infiltration field has been noted, with occasional standing water following storms. One possible
explanation is that soils were over-compacted during construction. Further investigation is required to determine if
this occurred and whether it has compromised the system’s ability to absorb the stormwater that falls directly atop the
infiltration gallery.

Operations and Maintenance

In order to ensure proper system function, maintenance is required on the collection system and the stormwater

treatment unit.

Inspection of the system, which includes logging sediment levels and checking for vector problems, takes
about 12 hours per year.
SA full copy of the monitoring report on this and other sites is available from the Los Angeles and San Gabriel Rivers Watershed Council, www.lasgrwc.org.

7The Los Angeles and San Gabriel Rivers Watershed Council, “Los Angeles Basin Water
Augmentation Study Phase II Report,” August 2005.




Campus Greening and Stormwater Management

Hillery T. Broadous Elementary School

O Maintenance includes removing and disposing of the contents of the treatment unit and treating for vector
problems. It requires approximately 24 licensed waste disposal operator hours and a nominal number of
vector specialist hours per year.

O Before being removed from the unit, contents must be classified by a licensed disposal company.

O The sedimentation chamber requires cleaning by a vacuum truck about once a year. Access is through a
manhole. Sediment is generally classified as non-hazardous and does not typically exceed 750 gallons of
liquid and solid waste.

O The oil and grit chamber must be cleaned approximately every two years. This waste is generally classified as
hazardous; its quantity does not typically exceed 60 gallons.

Infiltration System

Cultec, Inc., the manufacturer of the infiltrations units, states that maintenance on their product is not necessary

since preventative treatment is required prior to the water entering the chambers.?

See “Broadous Operation, Maintenance and Inspection Costs” (AppendixA—Z).

Successes

[y
E
=
Approximately 100,000 square feet of asphalt were removed and replaced with trees, grass and other vegetation.
In all, more than 250 new trees were planted in and around the campus, and roughly one-third of formerly paved
playground space was unpaved and covered with grass and vegetation. Broadous students, teachers and parents,
together with TreePeople staff and volunteers, planted a campus forest. Its care and maintenance continues. Perhaps
more remarkably, this integrated effort relied on the collaboration of agencies across the government spectrum, as
well as private and nonprofit organizations. This partnership model and the stormwater management project that it
produced have spurred much interest in and hope for the way we manage our cities.
Energy Savings and Water Quality Improvement
Before the Cool Schools greening, tree canopy cover at Broadous
was nine percent. Canopy cover nearly doubled to 16 percent
following implementation of the landscape plans.? The DWP-
sponsored greening yielded immediate benefits, which, with _
proper care, can grow to bring about even greater benefits in the é)
form of increased runoff reduction, water quality improvement a
and energy savings. %
z
A

Flood Mitigation A grassy swale leads water to the ball field, below

Historically, the campus and some of the surrounding streets which an infiltration system holds up to 0.3 acre-feet

of stormwater at one time. Captured water is slowly
released into the ground underneath, where it replenishes
the aquifer.

have been susceptible to flooding. Even during moderate rains,

heavy volumes of water flow on street surfaces, often pooling

27 8 On their Web site (www.cultec.com) Cultec, Inc. states: “Preventative maintenance is required prior to the water entering the chambers. Therefore, maintenance on the chamber bed

is eliminated.”

9Travis Longcore, Ph.D., Kyle Fitzpatrick and Maureen Phelan, “Assessment of Los Angeles Department of Water and Power Cool Schools Tree Planting Program.” University of
Southern California, Sustainable Cities Program, January 2001.



and creating difficult conditions for pedestrians. The BMPs reduce 99.9 percent of the runoff from Broadous
— equivalent to nearly 126,000 cubic feet of water annually — from reaching surrounding streets and exacerbating

existing flooding conditions.™

The stormwater BMPs succeed in improving the quality of runoff and in effect eliminating water that used to run off

the campus. Stormwater that falls on the campus now serves to replenish the aquifer.

At Broadous, landscaping has taken a departure from LAUSD’s traditional playground design criteria. Here,
landscaping is treated as a living textbook. Designs use the entire campus to demonstrate on a micro scale what exists
just beyond: mountains to the north and a network of streams that comes alive during a storm. Science curricula
were developed in conjunction with campus greening, giving children the opportunity for hands-on experience in

an outdoor classroom.

Pacoima Beautiful and TreePeople’s involvement in the Broadous project provided meaningful community
engagement. The community provided input on what was wanted and needed in this underserved neighborhood.

Participation in this planning process helped shape the final design elements of the project.

Challenges and Lessons Learned

Retrofitting a school campus involves many parties and numerous levels of bureaucracy. Both factors tend to extend
a project’s timeline and add to its final cost. The challenges encountered and lessons learned during the Broadous

project underscore the importance of effective project management.

Extended Timeline

From project kickoff to completion, the retrofit of Broadous Elementary took over three years.

The length of the timeline and the likelihood of staff turnover both increase with the number of agencies involved.

In multi-agency projects, allow at least twice the timeline you think is necessary. Complications arising
from liability issues and delegation of responsibilities can create hurdles and stretch the project beyond the expected

timeline, and make good project coordination essential.

Partnership and Communication Protocols

The agreement process for establishing partnership protocols takes time and often takes second
priority to project planning — but establishing these protocols is of particular importance in nontraditional,

multi-partner projects requiring a great deal of commitment and patience.

Redundancy is important, as people move on and positions remain. Regular meetings during design
and construction, with representatives from all involved parties in attendance, are a must. Partners should be fully

invested in the project to ensure its successful completion and continued care.

Protocol for sharing credit should be established together with general partnership protocols. This will prevent the
project partners from being wrongly credited or omitted in publications and media pieces. Discussing the sharing

of ownership at the beginning of the project should also set the tone for all project partners to share responsibility
when things go well and if they do not.

' Autumn Dewoody, W. Bowman Cutter and David Crohn, “Costs and Infiltration

Benefits of the Water Augmentation Study Sites.” University of California,
Riverside, Department of Environmental Sciences, April 2006.




29

Wide-ranging Support

It is easy to lose sight of the benefits brought to the table by the collective knowledge and expertise
of staff at all levels of the partnership. Deadlines and budgetary constraints create pressure that can lead to some

partners being excluded from decision-making.

Seek support from all staff levels in the partnership in order to get input from all those who will be
involved — beginning with design, moving through construction, and ending with operations and maintenance.
It is important that personnel who will be responsible for operating and maintaining the system be involved early
in the design process to provide input and foster a sense of ownership. Local educators should be involved in the

development of any project-related curricula and in ensuring that the curricula are applied.

If the project is multi-purpose, with funding from multiple partners, attempt to have relevant partners sponsor
portions of the project consistent with their mission, mandate, core competencies and skills. If, for example, the
project includes water quality or water supply components, it is ideal to have an agency with a water quality or water

supply mission commit to provide the maintenance of the water quality infrastructure.

Maintenance and Other Ongoing Responsibilities

In the absence of a written maintenance agreement for the Broadous project, partners whose
contractual obligations ended when construction did nevertheless found themselves working without compensation
in an effort to maintain the viability of the project. The lack of a comprehensive and easy-to-use operations manual,
inadequate communication among the partners and turnover among the district’s operations and maintenance staff

exacerbated the problem.

It is difficult to get anyone to accept liability as complicated issues arise. Construction and other
liabilities (such as issues of contaminated soils disposal, underground utilities, and construction fencing to ensure
student safety) nevertheless have to be adopted. It is advisable to budget extra time, care and resources toward these
challenges, and to plan quarterly meetings between representatives from all involved parties for the first year after
construction. Written maintenance contracts and clear instructions should be developed and agreed upon before the

project is completed.

Despite the intensive resource demands of the planning and implementation phase, the project does not end
once construction is complete. The project will only fulfill its purpose if there is sustained interest and a plan for

continuity.

Making Obvious the Project’s Meaning

Staff, faculty and students move on and even those who stay cannot always be relied upon to interpret
or defend the project. The Broadous project budget did not include funds for signage or other permanent

interpretive elements. As a result, knowledge of the project’s meaning — and even its existence — has been lost.

The significance of the project was not sufficiently evident to district personnel, and several disheartening events
consequently occurred without notification to the other partners, including improper pruning and care of trees on
the campus. In the summer of 2005, the district removed trees and grass from the swale and paved its entire length

with concrete in order to accommodate the passage of delivery trucks.

Safety concerns about children playing in the area of the manhole covers made district engineers elect to bury all
but the primary maintenance port on the treatment unit. If maintenance of the primary port is not performed

regularly, other unit areas serviced by the secondary ports need to be cleaned out.

Due to the irregular maintenance schedule that followed the project’s completion (two years before the first
pumping and another two-and-a-half years until the next service) the other ports were located with difficulty and
unearthed for service. Burying the ports makes evaluating the need for service difficult and tends to encourage a

passive approach to maintenance.



Also challenging has been that the project offers students the
opportunity for hands-on science education — but that the campus has

not used education curricula that were developed for this purpose.

The project should be visually memorialized, especially
if design elements are underground and out of sight. Options for
memorialization include interpretive signage, permanent student art
projects, student participation, and before-and-after shots displayed

where the students, staff and faculty can view them.

Sensible Design and Accurate Design
Interpretation

Some of the design elements chosen for Broadous
required a great deal of care and attention but did not yield significant
benefits. For example, redwoods (Sequoia sempervirens) were planted to
represent one of California’s many ecosystems even though Pacoima
experiences hot, dry summers that are not appropriate for this species.

As a result, the trees needed extra care and still failed to survive.

In initial designs, the Mount Broadous mound and the grassy swale were
meant to illustrate the watershed functions that mountains and rivers
serve. Ultimately, due to district decisions that were perhaps driven

by safety concerns, the top of Mount Broadous was flattened and the
mound built as a small lump rather than a shape more representative of a
mountain. The grassy swale, which was designed to act as a shallow canal,

lost much of its anticipated channeling ability in the built version. The

The grassy swale at Broadous was planted with
trees and conveyed stormwater to the infiltrator
below the ball field.

In order to facilitate truck access across the swale,
the school district removed the vegetation and paved
the swale with concrete. The rest of the project
partners were not notified in advance.

intended functions of these chief design elements were lost — and the elimination of these components should have

perhaps been considered.

Designs should not compromise common sense for optimism and wishful thinking. Practical design

should complement the way that the space will be used, and close attention should be paid to accurate interpretation

of design elements.

The swale could have been designed to include a permeable pavement crossing to accommodate truck traffic, which

would likely have prevented the district from removing trees and grass and paving it.

Evaluation Criteria and Baseline Data

It is difficult to make convincing claims about the project if you cannot talk confidently about

pre-project conditions.

Prior to starting construction, collect baseline data at the site. The effort should also include extensive

“before” photography and the recording of anecdotal accounts.

Vector Issues

Standing water occurs in many stormwater BMPs, making them potential breeding

grounds for vectors.

The Vortechs treatment unit at Broadous developed a mosquito problem, but the issue was not anticipated

in the design phase, when a solution could have been included. Periodic treatment by a vector control specialist is

therefore necessary.

David O’Donnell

Rebecca Drayse



Partners

TreePeople acted as the project manager and oversaw the design process. The nonprofit managed the design and
installation of the stormwater capture, treatment and infiltration system and coordinated community plantings and

environmental education around the project. Rebecca Drayse was the project manager.

Los Angeles Department of Water and Power (DWP) funded tree plantings and the installation of the
infiltration system through its Cool Schools program. The program was the largest school-based tree planting effort in
the city’s history, and existed through collaboration among DWP, the Los Angeles Unified School District and community
groups including the Hollywood Beautification Team, Los Angeles Conservation Corps, North East Trees and TreePeople.

Los Angeles Unified School District (LAUSD) is the property owner of the Broadous campus and installed the

grassy swale, a new soccer field, two outdoor classrooms and an irrigation system.

Broadous Elementary students, teachers and neighbors shared ideas for greening the campus with TreePeople and

Pacoima Beautiful. The Broadous community was instrumental in planning and planting the campus forest.

Pacoima Beautiful first brought TreePeople’s attention to the Broadous campus. The nonprofit community
improvement group surveyed the observations and desires of kids, parents, teachers, gang members and residents in relation
to the campus and the neighborhood. The community’s ideas were incorporated into a conceptual design that was delivered

to Mia Lehrer + Associates. Pacoima Beautiful also participated in several community planting days.

Montgomery Watson Harza (MWH, formerly Montgomery Watson Americas) provided design and engineering

services.
Montgomery Watson Constructors, the construction arm of MWH, was the contractor.

Mia Lehrer + Associates provided landscape architecture services. Final designs incorporated the conceptual designs

that Pacoima Beautiful created with community input.

Los Angeles Conservation Corps (LACC) provides service project opportunities for at-risk youth. The group
was initially involved in implementation of the retrofit, but ultimately decided that the project was not a match for the

organization and pulled out before construction began.
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Demonstration site at
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Introduction

The Open Charter Magnet Elementary School demonstration project is an example of a cooperative effort

33

between government and nonprofit agencies in the making of an environmentally sustainable school.

The project was conceived to provide a working demonstration of new approaches to managing the urban

environment while addressing site-specific problems. By capturing stormwater that used to run off the campus,

the project reduces pollutant loads to nearby water bodies and provides a new source of water for irrigating the

campus. The project is designed to provide a host of benefits, including:

Reduction of polluted runoff from the campus to Ballona Creek and Santa Monica Bay

Reduced energy use

Shading of play areas to improve student health and safety

Opportunities to use greenwaste onsite to reduce the solid waste stream to landfills

Creation of much-needed green recreation space at this urban campus

Creation of a water supply for irrigating the campus

Creation of outdoor ecosystem learning spaces to support the school’s environmental curriculum

The project was implemented in two general phases. First, strategic planting of 88 new trees and placement

of vegetation and swales were conducted as part of a campus greening initiative funded by the Los Angeles

Department of Water and Power’s Cool Schools program.

The second phase, funded largely by a Santa Monica Bay Restoration Project grant, consisted of the design and

installation of additional, more structural stormwater best management practices (BMPs) on the campus, including a

treatment device and an underground cistern. This phase provided an opportunity to demonstrate the feasibility

of greening a typically hardscaped elementary campus and using BMPs to emulate some of its original watershed

functions.

The primary collaborators on this project were the City and County
of Los Angeles, the Los Angeles Unified School District (LAUSD),
the Los Angeles Department of Water and Power (DWP) and
TreePeople.

The project is innovative in several ways. First, it uses new and
alternative technologies to solve old urban problems. Second, it

is the product of a collaboration among groups unaccustomed to
working together — government agencies, the school community,

the neighborhood and a nonprofit organization. The design and
community building process held many challenges, but resulted in

a transformed campus that provides a model for increasing urban
green space, improving 1earning environments and mitigating urban

environmental problems.

By capturing
stormwater that
used to run off the
campus, the project
reduces pollutant
loads to nearby
water bodies and
provides a new
source of water
for irrigating the
campus.



Project Objectives

Protect Santa Monica Bay from the increased load of pollutants that would result from addition of a new bus
and car parking lot on this campus

Create natural outdoor learning and playing areas

Increase green space by replacing a significant portion of the asphalt playground with a grassy ball field, trees

and other landscaped areas
Collect, treat and store the stormwater that falls on the campus

Make stored stormwater available for use in irrigation

Background

Site Selection and Profile

Recognizing the potential impact of a single
policy decision by an institution the size of
LAUSD, TreePeople sought an opportunity
to demonstrate the benefits of a more
sustainable approach to campus design.
The former Osage Elementary School
campus, then being refurbished to house
Open Charter Magnet School, seemed an
appropriate site for a project intended to

pilot a district-wide greening campaign.

Rebecca Drayse

The Open Charter campus is in Westchester, ) ) i )
Before the project, most of the campus was paved with asphalt. Few trees and

) . .
on L.A.’s Westside, about two miles from grassy areas existed.

Los Angeles International Airport (LAX) .
It falls within the Ballona Creek watershed, in a middle- to upper-middle-class neighborhood of mostly owner-

occupied single-family homes.

Prior to the project, the 6.75-acre campus was largely hardscaped and contributed to the heat-island effect. Stormwater
runoff volumes at the school were so high that a single large catch basin, located in the southwest corner of the
campus, was fenced to prevent accidents. These large quantities of water contributed to peak flows already exceeding

the capacity of the city’s existing stormwater infrastructure.

The renovation of the Osage Elementary campus into Open Charter Elementary included the creation of a bus and
teacher parking lot in the area directly adjacent to the campus’ single storm drain. The location of this parking lot
meant that runoff from the campus would be inoculated with the pollutants from school busses that would sit idling
in large numbers while waiting for students. That polluted stormwater would then be carried into adjacent storm
drains, creeks and the ocean. The same effect occurs throughout the 128-square-mile Ballona Creek watershed,
resulting in high bacteria counts that force frequent post-storm closures of Santa Monica Bay’s popular beaches.

The recently formed Santa Monica Bay Restoration Project sought to support projects that could demonstrate
technologies and management practices that — if adopted on a wide scale — would prevent pollution of the bay. The
retrofit of Open Charter with stormwater BMPs set out not only to meet this goal, but also provide a host of other

benefits to students, faculty and residents in the area.

' During the 2006-2007% school year, Open Charter served 360 students in grades
K through 5. Students were 38 percent white, 24 percent African-American, 21
percent Asian and 15 percent Latino.
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Open Charter Magnet Elementary School

Landscaping

Landscaping is the first stop on the route stormwater
takes across the Open Charter campus. A system of
permeable groundcover, swales, trees and shrubs
intercepts and soaks up rain, reducing runoff. The
swales convey stormwater away from school buildings
and walkways, while trees, shrubs and permeable
groundcover absorb rainwater where it falls. The

Mia Lehrer + Associates

campus forest includes I50 trees, as well as shrubs,

swales, gardens and grassy play areas. Among the tree Prior to the project, the Open Charter campus was mostly covered

species are coast live oak (Quercus agrifolia), sweet gum by impervious surfaces. The planned addition of a bus and car
(Liquidambar styraciflua), London plane (Platanus acerifolia) parking lot would have further contributed to polluted runoff from
and coast redwood (Sequoia sempervirens). the campus.

The campus forest, designed and implemented

with the help of students, parents and teachers,

uses various parts of the campus to represent the
diverse landscapes of California — from redwood
forests to desert gardens. Most of the plants were
chosen to thrive in the local climate, but the learning
opportunities that a variety of species could offer were
also considered. Some species selected from other

climate zones do require extra care.

Project Features

The demonstration project consists of three

Mia Lehrer + Associates

components that utilize “forest-mimicking” » ) . )
p g The addition of trees, swales, vegetation and a cistern succeeds in

technologies: effectively eliminating runoff-

O Asystem of trees, vegetation and mulched

swales slows, filters and safely channels rainwater through

the campus.

O A treatment device removes pollutants from water

collected on campus.

O A110,000-gallon underground cistern stores the
treated rainwater and feeds the irrigation system.

Seeking to minimize the discharge of stormwater pollutants to
Santa Monica Bay, the project’s designers used these components
to retrofit the site for the collection, treatment, storage and use
of stormwater. BMPs were selected to work specifically with the

Melinda Kelley

site’s unique features.
Trees and grassy areas on the campus intercept
and capture rainfall. Stormwater not captured by
the campus forest is channeled to a treatment and
stormwater would be more practical than attempting to storage system below the ball field.

infiltrate it.

Soil tests revealed clayey-sand and silty-clay sediments with low

percolation rates. The project engineers decided that storing
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Ambitious designs proposed in the project partners’ Santa Monica
Bay Competitive Grant Program application incorporated BMPs that
met the stormwater management criteria used by the L.A. County
Flood Control District for a 100-year, 24.-hour precipitation event.
The designs called for the capture and treatment of all stormwater
falling on the campus during such a storm, with special attention
paid to the impermeable surfaces of roofs, driveways, parking lots and

asphalt playing fields — all sources of polluted runoff.

The proposal met the Santa Monica Bay Competitive Grant

Program’s four criteria:

Protect public health in Ballona Creek and Santa Monica Bay

by eliminating the stormwater pollutants;

Preserve and enhance the ecological integrity of the Ballona

Wetlands Significant Ecological area;

Incorporate BMPs as defined in the NPDES (National
Pollutant Discharge Elimination System) permit; and

Reduce runoff volume into Santa Monica Bay where the
runoff travels across lands that contribute significant

amounts of toxic pollutants to the storm drain system.

Initial Proposals

In their Santa Monica Bay Competitive Grant Program application,
the project partners included the following technologies for Open
Charter Elementary’s retrofit:

Porous pavement in parking areas and asphalt play areas;
Stormwater collection, infiltration and storage BMPs;
Trees and vegetation; and

Grass areas.

Water drains into a storm drain after a mock

flash flood at Open Charter. Rather than

running off the campus and eventually into
Santa Monica Bay, stormwater is collected and
detained onsite by a system of BMPs including
trees, vegetation, swales and a cistern.

A significant portion of landscaping was completed in the first phase of the Open Charter retrofit. BMPs for the

collection, treatment and storage of stormwater were the next features to be designed and installed.

Using County Flood Control District criteria, preliminary designs for water retention included installation of an

underground cistern large enough to capture the estimated 825,000 gallons of rain that would fall on the campus

during a 100-year, 24-hour storm. This capacity was chosen to provide watershed protection for a full range of

storms, including low-probability events.

An early, rough cost estimate for the system came in at budget, but a second, more rigorous calculation by
Montgomery Watson Harza (MWH), the project engineer, determined that the project would cost $750,000 — 50

percent more than the grant award.

Melinda Kelley
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In order to capture the high volumes of runoff, the design for the 825,000-gallon cistern extended to the site’s
limits of available space, making for an irregularly shaped cistern. This asymmetric design resulted in higher costs,
due to the intricacies of excavating for, installing and lining the manufactured system. Maneuvering maintenance
equipment through the space (which is required to guarantee proper function of the cistern) in that configuration

further added to the system’s long-term cost.

In early 2001, the cistern size was reduced to 430,000 gallons, the approximate capacity required to store the
runoff from a 10-year, 24-hour storm. The new plan was approved by LAUSD, but MWH later produced a cost
estimate of $895,000 — more than the larger cistern and even farther over budget. The increase was partly due to
a significant increase in material and shipping costs for Invisible Structures’ Rainstore3 product, which had been

chosen for the cistern.?

In mid-2001, the project partners held a value-engineering meeting to discuss cost-saving measures. The chief
variables discussed were the capacity of the system and the materials to be used. One option the partners considered
— replacing Rainstore3 with a more economical corrugated metal pipe system — would still cost over $650,000,
excluding design amendments. Use of these conventional materials seemed less appropriate to the project’s status
as a demonstration of new technologies. More commonly seen in infiltration projects, the Rainstore3 product

had only once before been used as a cistern — the 277,000-gallon unit installed by North East Trees at Multnomah
Elementary School in L.A.’s El Sereno neighborhood.

The partners decided to continue with Rainstore3. They issued a request for proposals asking contractors to revise
existing plans and provide the largest cistern possible within the $500,000 grant budget. Ultimately, a system that
included a 110,000-gallon cistern was approved by the city and the school district. While its storage capacity was
significantly reduced, the system’s other elements remained unchanged. All campus runoff, whether destined for
the cistern or the storm drain, would still pass through a treatment unit that would skim off oil and other pollutants,
segregate trash and settle out sediment. The new design thus fulfilled the general grant objectives and complied as
well with a more specific rule established by the L.A. Regional Water Quality Control Board after the grant had been
awarded. That rule requires the onsite capture and treatment of the first three quarters of an inch of rain falling on

the property.

The project’s original design included porous pavement in the school’s parking lot to allow stormwater to reach
and infiltrate the underlying soils. Subsequent investigation revealed fairly tight soils at the site, which reduce the

effectiveness of porous pavement as a stormwater BMP.

Designs were modified to divert parking lot runoff to the cistern via to the treatment unit. The shift from

infiltration to storage did not affect the volume of water treated onsite.

Built Designs

All stormwater on the site is either percolated in the tree wells and swales; collected, treated in a sedimentation basin
and stored in an underground cistern for later use; or treated and released to the storm drain system if the cistern
is full. Water that enters the sedimentation basin is treated with chlorine tablets to prevent bacterial growth and

discourage mosquito breeding after being stored.

? TreePeople obtained an estimate of $649,230 from an independent construction consultant, lower than the MWH estimate but still considerably over budget.



Stormwater BMPs

Except for the cistern’s holding capacity and plans for pervious pavement in the parking lot, the system was built
much as originally proposed. Stormwater that falls on the upper half of the campus flows into and through

the vegetated swales where much of it is infiltrated into the soil. Overflow from the swales and runoff from the
remaining half of the campus flow to catch basins in and around the ball field. From there, stormwater passes
through the treatment unit, where sediment, grease, trash and pollutants are retained. The treated stormwater is

then stored in the 110,000-gallon cistern and used to irrigate the ball field and other landscaped areas.

Contech Construction Products, Inc. (formerly
Vortechnics) manufactured the stormwater treatment
unit. The Vortechs Model 7000 hydrodynamic system
uses a combination of swirl-concentrator and flow-
control technologies to remove sediment, particles,

trash, oil and grease from stormwater.

The major sources of the pollutants targeted by the
Vortechs unit are impermeable surfaces on the site, such
as roofs, driveways, parking lots and playing fields. As
stormwater enters the system it first flows through a swirl

chamber, where it spirals gently. Here, gravitational

Rebecca Drayse

separation of pollutants works to clean the water of heavy
sediment. Over time, sinking pollutants accumulate The Vortechs 7000 treatment system uses swirl technology and

on the swirl chamber floor and have to be removed by a gravity to separate and retain pollutants, oils and trash from

vactor truck or other means. From the swirl chamber, stormyvarer

water flows into a chamber with a baffle wall designed to capture floating pollutants and trash that were not captured
in the swirl chamber. Water then enters a third chamber that regulates flow according to the volume of water. At this
point, the treated stormwater is directed into a final chamber and to an outlet pipe that conveys it to the cistern,

where it is stored, circulated and mildly chlorinated.

The Vortechs system has a peak treatment capacity of II cubic feet per second (cfs) and offers 4 cubic yards of

sediment storage space. The unit’s external dimensions are I5 feet by nine feet by eight feet.

The project partners considered other treatment systems, including the BaySaver Separation System and
AquaShield’s Aqua-Swirl Concentrator. Both are hydrodynamic systems that use swirl technology to separate
pollutants from the stormwater. Although these alternatives may have provided the necessary function to the project,
the Vortechs product had been selected in the original design. Any change would have required further redesign and

resulted in increased costs.

3 International Stormwater BMP Database. Statistical Analysis Report for Marine
Village Watershed BMP site. Available from www.bmpdatabase.org.




Campus Greening and Stormwater Management

Open Charter Magnet Elementary School

STORAGE

Rebecca Drayse

The cistern s excavated hole was lined with impermeable liner, upon which Rainstore3 modules were stacked to a height of approximately
eight feet. The sides and top of the assembly were then wrapped with the impermeable liner and the hole backfilled.

Rainstore3 Cistern

Invisible Structures, Inc. manufactured the Rainstore3 module used to construct the cistern. Each module is an
open plastic grid that measures one meter squared by one-tenth of a meter (approximately 40 inches by 40 inches
by 4 inches) and provides storage space for about 25 gallons of water. The modules can be stacked to create columns,
which are arrayed in sufficient numbers to create the desired storage capacity. The entire assembly is wrapped with
an impermeable liner of 40 mil PVC that retains water. A layer of geotextile on either side protects the liner. The
manufacturer states that the system provides a higher percentage of void space than conventional methods and thus

requires less excavation.

Accu-Tab Tablet Chlorination System

The stormwater treatment system removes sediment, garbage, oil and grease, but organic matter and bacteria may
still enter the cistern. Chlorinating stored water reduces health risks and odors. The Accu-Tab chlorination system
offers a reasonably safe and accurate method of administering chemical treatment of stored water. Slow-release
chlorine tablets are automatically dispensed in a pump vault adjacent to the cistern. A secondary pipe carries some
chlorine from the vault to the Vortechs unit as a precaution against mosquito breeding in the standing water that is

likely with this design.

For construction plans, see “Open Charter As-Built Drawings” (Appendix B-1).

Benefits, Costs and Funding

Benefits

The benefits of the Open Charter retrofit run the gamut from the tangible to those more difficult to quantify.
The primary goal of the project was to provide a working demonstration of new approaches to managing the urban
environment while also mitigating physical conditions on the campus that had a negative impact on the quality of
life of those near it. With these conditions alleviated, the campus would serve as an example of healthier land-use
management practices. As such, the general goal of the project touches on different kinds of benefits — from issues
of water quality and import, to those of green space and responsibility to downstream communities.

Environmental Benefits - Water

The water-related benefits derived from capturing, treating and storing stormwater include:
O Improving water quality in Ballona Creek and Santa Monica Bay;
O Significantly reducing stormwater runoff from the campus;
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Mitigating flooding and erosion downstream; and

Reducing water imports.

In monitoring conducted on a project located in Lake George, New York, the Vortechs unit proved to be effective in
removing suspended solids.? Suspended solids carry pathogens and pollutants, and their removal from stormwater
thus improves water quality by decreasing pollutant loads. In the Lake George scenario, inflow levels of suspended

solids were consistently much higher than post-treatment outflow levels.

Landscaping the campus with trees, plants and grass yields a host of benefits as well, including:
Reducing energy use by shading air conditioning units;
Improving student health and safety by shading play areas;
Providing much-needed recreation space where only heat-retaining asphalt once existed;
Decreasing the solid waste stream to landfills by using greenwaste onsite as mulch; and

Reducing contributions to the heat-island effect.

The table (fig. 5) shows the expected benefits of the greening portion of the Open Charter project. The assessment
was conducted by the University of Southern California, using American Forests’ CITYGreen software.* It did not

include the stormwater BMPs, so the analysis reflects only a portion the project’s true benefits.

Fig. 5

(does not include benefits from structural BMPs such as the cistern)
Buildings and Permeable Surfaces BEFORE AFTER
Permeability (acres and %) 0.53 (7%) 1.53 (20%)

BEFORE AFTER 10 YEAR 20 YEAR

Tree Canopy 12% 14% 23% 29%
Carbon Storage (tons per acre) 5.95 4.80 8.26 10.03
Carbon Sequestration (tons per year per acre) 0.03 0.05 0.16 0.16
Energy Savings (% per year) 22.2% 23.4% 32.1% 32.7%
Runoff Reduction 8.5% 9.4% 15.7% 15.8%
Avoided Storage (cubic feet per acre) 491 495 849 852
Ozone Removal (Ib/acre) 4.2 4.7 8.0 9.7
SO, Removal (Ib/acre) 1.3 1.4 25 3.0
NO, Removal (Ib/acre) 2.4 2.7 4.6 5.6
PM10 Removal (Ib/acre) 3.6 4.0 6.9 8.4
CO Removal (Ib/acre) 0.5 0.5 0.9 1.1

Adapted from USC Sustainable Cities Program, “Assessment of Los Angeles Department of Water and Power Cool Schools

Tree Planting Program,”January 2001.

3 International Stormwater BMP Database. Statistical Analysis Report for Marine Village Watershed BMP site. Available from www.bmpdatabase.org.

* Travis Longcore, Ph.D., Kyle Fitzpatrick and Maureen Phelan, "Assessment of Los Angeles Department of Water and Power Cool Schools Tree Planting
Program.” University of Southern California, Sustainable Cities Program. January 2001.




The benefits that Open Charter’s retrofit offers for people are
profound. Each school year, hundreds of Open Charter students enjoy
a school environment that welcomes and supports healthy physical play

and hands-on science education.

The majority of children in Los Angeles lack adequate access to parks.5
Within this urban landscape, Open Charter provides a unique learning
environment and the opportunity for children to see, smell, touch and
learn about California’s diverse ecosystems. The implementation of
similar projects throughout the district could have a considerable and
positive impact on its 700,000 K through 12 students.

Costs

The first phase of the project, which included strategic planting of
88 trees on the campus, cost approximately $44,000 and occurred
through DWP’s Cools Schools program.

The $500,000 Proposition A grant set the budget for the second
phase, which included installation of the stormwater capture, treatment

and storage systems. The project partners worked hard to stay within

that budget. A financial cushion was set aside in the event of unexpected

Open Charter students learn about the cistern.
The stormwater management demonstration
project offers an opportunity for hands-on
science education.

problems, such as construction complications. Ultimately, approximately $25,000 of this buffer amount was not

spent, bringing the total expended portion of the grant to $476,925.

In addition to the Proposition A grant, the project benefited from several in-kind donations and funding sources

that covered costs not traditionally associated with similar projects, such as funds required to execute a cooperative

agreement between the City of Los Angeles, LAUSD and TreePeople.

The total cost of the project, including these less conventional costs, was $673,925.

Fig. 6

BMP AND LANDSCAPING COSTS

ENGINEERING AND ADMINISTRATION

Contractor $343,381 Construction Consultation $16,000
Water Treatment Unit $18,000 Project Administration $30,529
Cistern $60,015 Engineering (incl. modifications) $54,000
Landscaping (Phase 1* $44,000 Cooperative Agreement $20,000
LAUSD Site Work $88,000 Total Additional Costs = $120,529
Total Construction Costs = $553,396

TOTAL PROJECT COSTS = $673,925

* Landscaping that occurred during Phase 2 was paid for by LAUSD. These cost figures were not provided to TreePeople.

5 In the report No Place to Play, the Trust for Public Land states that two-thirds of children 18 and under in Los Angeles do not live within walking distance of a

park. The Trust for Public Land, No Place to Play, www.tpl.org.
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Funding

In 1999, the Los Angeles County Regional Park and Open Space District awarded a $500,000 grant to the City of
Los Angeles. These funds were transferred to the Santa Monica Bay Restoration Commission — an independent state
organization whose mission is to ensure the long-term health of the bay and its watershed — which in turn funded

the project at Open Charter Elementary.
Proposition A, passed by Los Angeles County voters in 1996, established a $319-million park and open space

property assessment to fund acquisition and preservation of endangered wilderness lands and to rehabilitate and
improve dozens of parks and recreational facilities. The grant awarded to the Open Charter project was drawn from
a fund for restoration and improvement projects to Santa Monica Bay that reduce the toxicity of or pollutant load in

urban runoff to the bay.
The grant was awarded in support of the following project components:
Demolition, excavation and grading of areas proposed for construction;

Purchase of supplies and equipment, including: backfill, piping, underground tankage, irrigation pumps,

irrigation piping, related drainage supplies and appropriate pavement materials; and

Design and installation of the above.

The project’s timing coincided with a wide-scale LAUSD infrastructure improvement campaign funded by
Proposition BB, passed in 1997 (see “Background on School Projects” on page 17 for more information on

Proposition BB).

With these funds, the district renovated the campus in preparation for its reopening to students. In addition, the
district provided in-kind matching services in the amount of $88,000 (15 percent of estimated total costs) to cover

various site work, including the irrigation system, landscaping over the cistern and construction inspection.

The program provided $44,000 in funding for ground preparation and planting of 88 new trees in the first phase
of the project.

The engineering firm provided $20,000 in in-kind services to supplement design and engineering costs.

The city provided $20,000 to TreePeople for the development of a cooperative agreement among TreePeople, the
school district and the City of Los Angeles. The City Attorney required the completion of the agreement before the

city was permitted to accept and administer Proposition A funds.

The City of Los Angeles Watershed Protection Division provided $30,000 for engineering of the stormwater

capture, treatment and storage system.




Post-Completion

Monitoring Plan

Monitoring the project’s performance is an integral part of determining its effectiveness and the feasibility of

replicating its innovations across the district’s facilities.

The Watershed Protection Division (City of Los Angeles Bureau of Sanitation) created a short-term monitoring
plan for Open Charter. The plan calls for sampling at two points (at influent areas before water is treated, and at
the irrigation pump station after water is treated) during storms where precipitation is greater than one-tenth of an
inch. Samples monitor bacterial indicators, including total coliforms, E. coli and enterococcus, as well as evaluate

the effectiveness of the chlorination system.

Monitoring Activities

Although the Watershed Protection Division agreed to monitor the site in the original grant request, no monitoring
protocols were specified and no budget was allocated. Due to staff changes at the city and the lack of instructions,
the monitoring plan was not finalized until the demonstration project had been complete for two years. As of the

writing of this publication, site monitoring has not begun.

Questions regarding the maintenance and operation of the system by the school district caused a delay of sampling at
the beginning of the 2006-2007 storm season and monitoring will now most likely begin in the 2007-2008 storm

season.

Operation and Maintenance Plan

Like monitoring, maintenance of the project is an essential component of its success. Without adhering to a
maintenance schedule to ensure proper operation, benefits such as water quality improvement and reduction of
runoff are compromised. A document prepared by MWH in advance of construction identifies maintenance tasks,

schedules and approximate costs.

Operation and Maintenance Activities

Effective delegation of operation and maintenance responsibilities has proven difficult. The development of a
formal commitment, whereby LAUSD would assume responsibility for a regular maintenance and inspection
schedule, has moved at a slow and unsatisfactory pace. Due to factors beyond the control of TreePeople and MWH,
Open Charter’s landscaping and water capture and treatment system received inadequate care following the project’s
completion and leading to the publication of this report. Dismaying occurrences, including neglected system
maintenance and improper pruning of trees, have been reported on multiple occasions and appear to be the result

of miscommunication within the school district.

Recently, positive actions have been taken toward preventing such events from reoccurring. TreePeople had a
productive meeting with maintenance staff, a local school board member, parents and teachers which resulted in
an action plan to create a maintenance manual for the cistern system and a written protocol for notification to the
principal before any new tree pruning is performed. Trees that died from a broken sprinkler system were replaced

and the sprinklers repaired. We hope this commitment to the maintenance of this valuable asset will be sustained.

See “Open Charter Operation, Maintenance and Inspection Costs” (Appendix C-2).
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Successes

TreePeople led the school community in the removal of more
than 30 percent of the asphalt on the campus, the creation of
swales and miniature forest ecosystems between buildings, and
the planting of 150 trees. TreePeople and the school community
— including committed teachers, parents, students, volunteers
and a supportive school principal and faculty — participated in Four thousand gallons of water “rained” from a fire

each of three planting days and continue to take part in caring for  /ose during a mock flash flood that demonsirated ihe
project’s ability to capture and retain large volumes of

stormwater falling onsite.

the campus forest.

Stormwater Runoff Quantity

The campus greening campaign yielded immediate stormwater quality and quantity benefits. With proper tree care,
these benefits can easily increase. Without considering the cistern, which stores stormwater not otherwise captured,

trees and vegetation reduce runoff by nine percent.6 As trees mature, that number can be expected to rise to 16

percent after ten years.

Raised Awareness of Stormwater

as a Resource

Collaboration across diverse disciplines and agencies has helped
foster awareness of stormwater as a valuable resource rather than a
nuisance.

This model continues to attract attention — including interest

from media and government representatives, and public requests

for assistance in similar efforts. The high volume of interest

Melinda Kelley

expressed in the demonstration sites spurred the research and
Signs created by students hang at the ball field. writing of this publication.

Teaching Opportunities

At Open Charter, trees define the play space. This is radically different from many of LAUSD’s campuses, where
playground design follows safety protocols with limited consideration given to how the space will be used. Beyond
the pleasant interaction that students have with the campus during breaks and on their way to classes, the landscape
design at Open Charter offers numerous teaching opportunities. Science and gardening curricula have been

developed to give children hands-on experience in an outdoor classroom.

6 USC Sustainable Cities Program, “Assessment of Los Angeles Department of Water and Power Cool Schools Tree Planting Program,” January 2001.
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Challenges and Lessons Learned

Given the complexity of the retrofit, the project at Open Charter held many challenges and offered numerous

opportunities to learn from and improve upon the process.

Extended Timeline and Project Coordination

From concept to completion, the retrofit of Open Charter into a stormwater management
demonstration site took six years — a great deal longer than anticipated. The extended timeline was largely due to
liability issues that arose among partners. Specifically, the cooperative agreement — required by the city attorney before
the city could accept and administer $500,000 in Proposition A funds — took two years to complete and cost the city an
additional $20,000.

During this period, representatives from over a dozen entities — including TreePeople, the City of Los Angeles, the
County of Los Angeles, the Los Angeles Unified School District and the Los Angeles Department of Water and Power

— integrated their efforts to complete this unconventional project.

The long timeline also exposed the partners to staff turnover, the related loss of project knowledge and material and
service cost increases. This was the case with the cistern, which was originally designed to hold 825,000 gallons but was
ultimately downsized to 110,000 gallons. Reasons for this rescoping included: the difficulty in constructing an awkward
design that stretched to the limits of the property’s space; an inaccurate cost estimate that was later corrected; and an
extraordinary and unprecedented increase in construction and material costs associated with billions of dollars in

concurrent public works and school construction projects throughout the Los Angeles area.

In multi-agency projects, allow at least twice the timeline you hope for. Complications arising from liability
issues and delegation of responsibilities can extend the project far beyond a projected timeline and require effective

project management.

Factor in budget increases associated with an extended timeline. Assess the local construction cost inflation rate if the
region is undergoing extensive construction, or if international demand for materials such as plastic, steel or concrete

is causing increases.

Partnership and Communication Protocols
Developing partnership protocols takes time and patience, especially in projects involving many partners.

The more partners involved, the higher the likelihood that key personnel will move on to new positions during the
project’s lengthy timeline — and that important information will be lost. A new person filling a position seldom has all

facts at hand, and a lack of accurate records reflecting the progress to date leads to assumptions.

Start your agreement process when you start your design process. Engage enthusiastic partners to ensure
the successful completion of the project. Set protocol for crediting all partners under all circumstances to make sure
credit is shared equally both during positive media attention and if things go wrong. Document the process, as detailed

records of the facts, timeline and major decision points can serve to give the project context.

Maintenance and Other Ongoing Responsibilities

In the months and years following completion of the retrofit, effective delegation of maintenance
responsibilities has been problematic. The school district has been unsuccessful in providing the necessary care to
various project components, including the treatment system and landscaping. Neglect and mistreatment of these
compromise the system’s effectiveness and decrease the benefits yielded. For example, severe mispruning left trees with
a fraction of their original canopy, compromising their ability to intercept and retain stormwater and to provide shade.

The first contact for stormwater is thus diminished, decreasing energy, water and air quality benefits.

Spend extra time and care ironing out the details of who will be responsible for what, from budget issues and

agreements, to construction liability and maintenance. In multi-agency projects, it is often difficult to get any party to
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Consider the importance of operations and maintenance — as the project is not over when construction ends. Develop
written maintenance contracts and clear instructions and get general agreement from all partners before the project is

completed.

At Open Charter, the cistern is not a typical structure for district maintenance staff to oversee. As it was custom
designed, no system manual exists — only individual component manuals. In such a case, develop a custom maintenance

manual with the site’s operations and maintenance staff at the table.

Wide-ranging Support

Ensuring the involvement of staff at all levels is difficult in multi-partner projects, yet it is the diverse
knowledge that rests collectively with all partners that enriches the project. Failure to solicit input from all staff levels
early on also makes the project vulnerable to problems that could be averted if the appropriate partner is given a chance

to provide input.

Establish wide-ranging support. Seek support from all staff levels in the partnership in order to get input

from all those who will be involved — from design to maintenance.

If the project is multi-purpose, with funding from multiple partners, attempt to have relevant partners sponsor
portions of the project consistent with their mission, mandate, core competencies and skills. If, for example, the
project includes water quality or water supply components, it is far better to have an agency with a water quality or water

supply mission commit to provide the maintenance of the water quality infrastructure.

Making Obvious the Project’s Meaning

The idea of stormwater BMPs can be difficult to grasp for someone new to these concepts. BMPs that are
underground and out of sight can seem even more abstract. In the absence of interpretive elements, the meaning of a

project can be lost soon after completion — making it susceptible to improper care and treatment.

Memorialize the project at the site. Staff, faculty and students eventually move on, leaving no one behind
who remembers the project’s significance, or even its existence. The project should be visually memorialized with

interpretive signage, displays or permanent photo and student art projects.

Evaluation Criteria and Baseline Data

Drawing conclusions about the benefits the project brings and the effectiveness of the system’s BMPs is
difficult in light of the limited monitoring that has occurred at the Open Charter site. For TreePeople, which advocates
for widespread application of the technologies utilized at this campus and other demonstration sites, the challenge is

deriving reliable, replicable results that can be implemented at other projects.

Collect quantifiable baseline data prior to the beginning of construction. Gather anecdotal reports of the site

and complete photographic documentation of the site’s conditions before beginning the project.

Sensible Design

From selecting the right tree species to verifying that the design is realistic, continuously confirming the

feasibility of the project’s details is challenging but important.

Detailed and reliable cost estimates are imperative early on in a project — as the scope of the project obviously needs to

fit the budget.

Choose an appropriate and practical design. Ask a contractor to review custom design features early in the
process for constructability feedback. In retrospect, the project partners would likely have used a treatment unit that

provides more filtration than the one chosen.

Determine costs early on. The sooner a realistic scope is determined, the more likely the project will avoid

insurmountable barriers.




Campus Greening and Stormwater Management
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Partners

The stormwater BMPs project at Open Charter Magnet School was a collaborative effort among
TreePeople, the L.A. City Bureau of Sanitation, LAUSD, LADWP and Santa Monica Bay Restoration
Commission/L.A. County Regional Park and Open Space District. Open Charter students, parents,

administration, faculty and school board were also instrumental in the design and implementation

of the project.

TreePeople conceived and managed the project as part of its T.R.E.E.S. (Transagency Resources for
Environmental and Economic Sustainability) Project, which promotes the integrated and sustainable
management of urban watersheds. TreePeople drafted agreements, performed contractor bidding,
administered funds and managed design and construction. The nonprofit organization also coordinated
community plantings and environmental education around the project. Rebecca Drayse was the project

manager.

The City of Los Angeles acted as fiscal agent for funding supplied by the County of Los Angeles.
The city provided funding for the cooperative agreement and is responsible for monitoring pollutant loads
captured by the BMPs.

Santa Monica Bay Restoration Commission provided Proposition A funding for the treatment
and storage system via its fiscal agent, the County of Los Angeles Park and Open Space District.

The Los Angeles Unified School District (LAUSD) provided $88,000 in matching funds for the
project. As property owner, LAUSD also agreed to operate and maintain the stormwater demonstration
site for the project’s design life (estimated at 20 to 30 years). The district also provided concrete removal,
installed the irrigation equipment and prepared the site for the school community-led first phase of
greening, which included installation of the vegetated swales and tree wells.

Montgomery Watson Harza (MWH) provided design and engineering services, as well as $20,000

in in-kind services.
Mia Lehrer + Associates provided landscape architecture services.

Open Charter Elementary School students learned about the water cycle and resource
management, and then made suggestions that were incorporated in the landscape design of
Mia Lehrer + Associates. Parents, teachers and the school principal continue to provide leadership,

tree care and oversight of site conditions.

Los Angeles Department of Water and Power (LADWP) provided trees through its
Cool Schools program.

Doty Brothers Equipment Co., a construction services business located in Norwalk, California,
was the contractor.
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Conclusion

he projects at Hall House, Broadous Elementary
and Open Charter Elementary give us glimpses
into how action at the micro scale can begin to
undo damage created at the macro scale. They also
call attention to the recurring challenges inherent
in undertaking endeavors of this sort — from the
extraordinarily effective project facilitation and
management that is required to execute them, to the
irony of the relative availability of funding for building

but not for maintaining them.

Most importantly, they point to the need for a much
more serious public commitment to and investment in
integrated, multipurpose, multi-partner management
as a means of achieving local, regional, national and

international goals of sustainability.

Although often challenging, multipartner,
multipurpose projects are ultimately very valuable.
The partnerships that form as a result and the
awareness such projects raise about sustainable
solutions to conventional problems are successes that

are rarely achieved in traditional efforts.

The vision behind this integrated, multipurpose
ecosystem approach is that it will ultimately become
standard practice for planning, funding and managing
urban land and infrastructure. Although this approach
has shown great value in Los Angeles — and has

led to significant changes in agencies, policies and
approaches — it is not yet familiar to many politicians
or the general public, and is not recognized by most
governments as essential for all future resource
management endeavors. Clearly, this practice is still

in its infancy.

Since the completion of the three demonstration
projects, TreePeople has been working with regional
stakeholders to achieve wide-scale adoption of the
underlying concepts showcased at the sites. Through
site tours, additional charrettes, participation in
projects that integrate the work of agencies across
the spectrum, and efforts to influence regional water
management policy, TreePeople has continued the
work that was first iterated at the Second Nature
charrette in 1997.

As a result, the tide has begun to turn. Since the
completion of the Hall House retrofit, Los Angeles has
witnessed a shift in the way that local agencies interact

with one another and with the communities they serve.

Following the opening celebration and demonstration
at the Hall House in 1998, former deputy director of
the Los Angeles County Department of Public Works
(DPW) Carl Blum gave his support to a partnership
among DPW, the City of Los Angeles and TreePeople
to develop and implement a multi-year, wide-scale
watershed retrofit of Sun Valley. Sun Valley is a
polluted, underserved community in the northeast San
Fernando Valley. Having no storm drains or significant
stormwater infrastructure, the community has long
been plagued by chronic flooding. The ongoing
project is seeing the transformation of one of the city’s
most disadvantaged and industrialized neighborhoods

into a model of integrated watershed management.

The Hall House, Broadous and Open Charter pilots
are widely seen as exemplars of the multipurpose
approach and the interagency cooperation increasingly
demanded by local, state and federal funders of
watershed projects. City officials mention them in
public presentations; they inform the larger-scale
designs of public works departments; and they are
discussed by regional watershed groups and depicted in
their final plans.

The three sites have garnered attention from various
media outlets, including the Los Angeles Times, the
Sacramento Bee, Daily News, LA Weekly, ABC Weekend News
with Peter Jennings, KTLA-TV, KCOP-TV, KPCC
89.3 FM, KCRW 89.9 FM, and KNX 1070 News
Radio. The projects have also been featured in various
professional journals, including Government Engineering,
Civil Engineering (American Society of Civil Engineers),
Urban Land (The Urban Land Institute), and Western
Water.

And there is more reason to be hopeful. In recent
years, both the state legislature and voters have passed
numerous laws and initiatives aimed at improving
water resources and requiring some form of integrated
planning and multi-benefit outcomes. In 2004,

Los Angeles County voters overwhelmingly approved
Proposition O, a $500-million bond that is bringing
the county closer to meeting federal Clean Water

Act standards. Funds from this measure are already
supporting projects that protect water bodies and water
sources, reduce flooding and runoff, and capture,
treat and use stormwater. In 2006, California voters

passed Proposition 84, a $5.4-billion bond measure




in support of projects related to water quality, safe
drinking water, water supply, flood control, natural

resource protection and park improvements.

The technologies outlined in this report have
implications at multiple scales — from the single
parcel to the region and beyond. If, for example,
cistern systems like that at the Hall House were
installed citywide, they could be designed to act as a
flood-control device. When a major storm threatens,
cisterns can be drained to the street prior to the storm
hitting. This creates detention capacity, as stormwater
can then be captured in the cisterns and the flow

of water into the flood control system regulated. If
implemented on a larger scale, cisterns around the
Los Angeles basin could be equipped with remote-
control switches that would enable flood control
authorities to use them as a sort of “networked
reservoir.” An integrated effort of this sort would
create an effective water conservation, pollution
prevention and flood control system able to store or

release water as needed.

For more information, please visit:

To be truly effective, however, integrated management
must shift from its growing use primarily in

project design and planning and instead become
institutionalized as a core government management
practice. Achieving that vision requires a new
investment in training engineers and practitioners

in multi-stakeholder process facilitation and
development of new policies, ordinances, software,
protocols, management and accounting systems that

ease and enable this large-scale conversion.

As TreePeople continues to advocate a holistic

view of the urban landscape, we invite individuals,
organizations and government agencies to do their
part to advance the concepts presented in these pages.
Whether restoring the watershed functions of a single
home or adopting region-wide policy in support of
integrated watershed and resource management, each
step in the right direction can help turn the tide of
damage done — and do much to promote healthier

communities and cities.

Thanks to everyone who contributed to this report, including:

Staff at Broadous Elementary School and Open Charter Elementary School, including
Grace Arnold, Robert Burke and Pamela Rogers; Suzanne Dallman, Los Angeles and San

Gabriel Rivers Watershed Council; Marlene Grossman, Pacoima Beautiful; Gabrielle

Newmark, Swamp Pink Landscape Design; and TreePeople staff, including Andy Lipkis,
Kate Lipkis, Rachel Dawson, Jim Summers, Jen Scott-Lifland and Kristina Clark.



Glossary

the volume of water — 325,851 gallons — that would cover an acre of ground to a depth of one foot;

roughly a year’s supply for two families.

the underground bed or layer of earth, porous stone or gravel that contains or supplies groundwater.

See groundwater.

in a given field, a tool or technique generally recognized as one of the
best available. Stormwater BMPs include cisterns, infiltration basins, swales, strategic tree plantings and other

technologies.
the portion of land area covered by the spread of a tree, including its leaves and branches.

a planning or creative problem-solving activity in which an interdisciplinary group of participants is

assigned a complicated design project and asked to complete it within a very short period of time.
a tank or recess used to capture and store rainwater for later use.
water that saturates the soil at some distance below the surface, held in rocks and soil. See aquifer.
portions of a property covered by buildings, pavement and other hard and impervious materials.

the increase in ambient temperature caused by a prevalence of heat-retaining buildings
and paved surfaces. According to the U.S. Environmental Protection Agency, on hot summer days urban air

temperatures can be up to IO°F hotter than the surrounding countryside.
the absorption of surface water by the soil. Also called percolation.
an instrument used to measure water that percolates through soil.
a ground covering, especially of organic materials, that holds water, slows evaporation and enriches the soil.

a probability-based measure of storm magnitude. On average, a I0O-year storm can

be expected to occur every 100 years. Similarly, a 50-year storm is expected to occur every 50 years, on average.
see infiltration.

stormwater flowing across the surface of the earth. In urban environments, runoff becomes contaminated

with pollutants as it flows across impermeable surfaces such as streets, roofs and parking lots.

rainwater that hits the surface of the earth. Stormwater can evaporate, percolate into the ground or
flow across the surface to the nearest storm drain inlet, stream, or wetland area. If stormwater does not evaporate or

percolate into the ground, it becomes runoff.

a natural or sculpted channel that slows runoff. Usually vegetated or covered with mulch, it can filter

pollutants and increase aquifer recharge.
Transagency Resources for Environmental and Economic Sustainability Project.
an organism, such as a mosquito or tick, that acts as a carrier of disease-causing microorganisms.

the area of land drained by a particular body of water. Also called a drainage basin.




“In a city that imports more than half of its water, technology like that
implemented at Open Charter could significantly impact Los Angeles. This
technology reduces use of potable water for irrigation, decreases our demand for
imported water and conserves unused water in a time of increased competition

for limited supplies.”

- Shahram Kharaghani, Manager, Watershed Protection Division
City of Los Angeles Bureau of Sanitation

“As project manager for the Broadous and Open Charter retrofits, | can say that
forging the necessary partnerships was incredibly challenging at times, but
ultimately rewarding. New relationships were formed among entities that don’t
typically work together and a model for collaboration between local agencies and
nonprofits was created. By continuing to listen to one another and work together,
we can build on the lessons learned in these projects. They can help us create
even better multipurpose projects to sustain our natural resources and make the
best use of our scarce and precious public spaces.”

- Rebecca Drayse, Natural Urban Systems Group Director, TreePeople,
and project manager for the school demonstrations

“This project transformed our school into a beautiful oasis with grass ballfields,
trees and gardens that actually help protect the surrounding neighborhood and
the beach. The kids love tending to the trees and plants and watching things
grow - it’s a great way to teach about caring for the natural world.”

- Robert Burke, Open Charter Elementary School Principal




The Sacramento Bee

May 26, 2002
HOW L.A. RAINFALL COULD MEET HALF ITS WATER NEEDS

Southland. Ever on the lookout for the next

v;v ;The information and
0 Pen‘lonstrations of the T.R.E.E.S
0 ;oyect resulted in substantial. o
- ch axlzges in Los Angeles public
But a slow change is creeping over the T
new thing, and facing a price tag of billions of dollars to clean up the polluted mess

embracing a radical idea: save and use its own

State of the World’s Forests 2003, Unit d
, e

Nati
ations Food and Agriculture
Organization

its waterways have become, L.A. is
rainwater instead of everyone else’s. It’s about to embark on what officials hope will

be a model of water-wise urban planning for the entire country. Their goal —to

make the concrete jungle behave more like a natural place.

flos Angeles @i
. C5
EOS Angele5 @Imes August 16, 1998 g @lmeﬁ

TREEPEOPLE’S
March 4. 2005 L.A. PILOT PROJECT IS TES
n a cit TI
lEARNlNG '|'0 SAVE SOMETH'NG I y where so much of the land is paved or roofed o'je? Tl:EhWATERS
and where gutters

run freely, TreePeople’s ideas make g

FOR A DRIER DAY ood sense.
At Thursday’s demonstration [at Open Charter
Elementary School], a one-pint jar of murky water
polluted with oil, trash and dust displayed what goes into

the ocean after it rains.

The city of Los Angeles Bureau of Sanitation reported CALIFORNIA Autumn PP
I

that in a 0.45-inch rain, approximately 3.8 billion
gallons of runoff flow to the Pacific Ocean from the Los Oas % TR EEPEOPLE’S
Angeles River, Ballona Creek, Santa Monica Bay and

Dominguez Channel watersheds. SUMMER STORM
On a clear day i
y in August 1998, a “h
s . ) undred-ye ”
evere that it occurs, on average, only once ayc:;ts::;mhf ;/Ismrm -
— hit Mrs. Hall’s

home. Wlih he cooperation of the DP and o her agencies
P W t
g ’

) y
. Wi
dunlped 44 [e]e]e) aHons of water on the house n I0 minutes, [1 And

I 1pkls sa (1]. I he water retention ieatux €S WOIr ked as expected, and the

water that fell on the oper a T g
pr erty was abso ed mnto € groun
y Wh
b th d. at fell

G..‘vcrlll.‘cl. " ;Iilvzjjacent Pavement ran into gutters, en route to the Los Angeles
P ®
Engineering

March/April 2005

COLLECTION AND REUSE OF STORMWATER:
THE PHRASE “URBAN ENVIRONMENT” DOES
NOT HAVE TO BE AN OXYMORON.

“As we look at how the system evolved over time we

realize the way we designed the (stormwater) system
pose in its approach,”

was reactionary and single pur

said Michael Drennan, [P.E. who worked with the

March 4, 2005
T
HINGS START TO FLOW FOR RECYCLING SYSTEM

engineering firm MWH on the Open Charter Magnet aIlt § a concept as old as time: In a par h

School job and was his firm’s project manager]. "If you good bucket on hand when the ;}J)re c' ed desert, it helps to have
o . . ; ci ;

think about multiple objectives like flooding, pollution Make that bucket a 110,000- ous rains ﬁnally come.

reduction, and water supply, then you might design you've got enou
em like we did at Open Charter, which manages
urce rather than a waste.”

a syst
stormwater as a reso




Rainwater as a Resource:

A Report on Three Sites Demonstrating

Sustainable Stormwater Management

@TREEPEODLE

12601 Mulholland Drive, Beverly Hills, CA 90210
(818) 753-4600 www.treepeople.org



