
UC Santa Barbara
UC Santa Barbara Previously Published Works

Title
University Park Neighborhood Rain Gardens Project in Los Angeles, California

Permalink
https://escholarship.org/uc/item/1025q3nn

Authors
Sadeghi, K Majid
Tam, Wing
Kharaghani, Shahram
et al.

Publication Date
2019
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1025q3nn
https://escholarship.org/uc/item/1025q3nn#author
https://escholarship.org
http://www.cdlib.org/


World Environmental
and
Water Resources 
Congress 2019

Water, Wastewater, and 
Stormwater; Urban Water 
Resources; and Municipal 
Water Infrastructure

Selected Papers from the
Proceedings of the 
World Environmental and 
Water Resources Congress 2019

Pittsburgh, Pennsylvania
May 19–23, 2019

Edited by
Gregory F. Scott, P.E.

William Hamilton, Ph.D., P.E.

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

M
aj

id
 S

ad
eg

hi
 o

n 
05

/2
9/

19
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



WORLD ENVIRONMENTAL AND 

WATER RESOURCES CONGRESS 

2019 
WATER, WASTEWATER, AND STORMWATER; URBAN 

WATER RESOURCES; AND MUNICIPAL WATER 

INFRASTRUCTURE 

SELECTED PAPERS FROM THE WORLD ENVIRONMENTAL AND 

WATER RESOURCES CONGRESS 2019 

May 19–23, 2019 

Pittsburgh, Pennsylvania 

 

 

 
SPONSORED BY 

Environmental and Water Resources Institute 

of the American Society of Civil Engineers 

 

 

 

 
EDITED BY 

Gregory F. Scott, P.E. 

William Hamilton, Ph.D., P.E. 

 

 

 

 

 

 
  

 

 

 

Published by the American Society of Civil Engineers 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

M
aj

id
 S

ad
eg

hi
 o

n 
05

/2
9/

19
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Published by American Society of Civil Engineers 
1801 Alexander Bell Drive 

Reston, Virginia, 20191-4382 

www.asce.org/publications | ascelibrary.org 
 

Any statements expressed in these materials are those of the individual authors and do not 

necessarily represent the views of ASCE, which takes no responsibility for any statement 
made herein. No reference made in this publication to any specific method, product, process, 

or service constitutes or implies an endorsement, recommendation, or warranty thereof by 

ASCE. The materials are for general information only and do not represent a standard of 

ASCE, nor are they intended as a reference in purchase specifications, contracts, regulations, 
statutes, or any other legal document. ASCE makes no representation or warranty of any 

kind, whether express or implied, concerning the accuracy, completeness, suitability, or 

utility of any information, apparatus, product, or process discussed in this publication, and 
assumes no liability therefor. The information contained in these materials should not be used 

without first securing competent advice with respect to its suitability for any general or 

specific application. Anyone utilizing such information assumes all liability arising from such 
use, including but not limited to infringement of any patent or patents. 

 

ASCE and American Society of Civil Engineers—Registered in U.S. Patent and Trademark 

Office. 

 
Photocopies and permissions. Permission to photocopy or reproduce material from ASCE 
publications can be requested by sending an e-mail to permissions@asce.org or by locating a 

title in ASCE's Civil Engineering Database (http://cedb.asce.org) or ASCE Library 

(http://ascelibrary.org) and using the “Permissions” link. 

 

Errata: Errata, if any, can be found at https://doi.org/10.1061/9780784482360 

 

Copyright © 2019 by the American Society of Civil Engineers. 

All Rights Reserved. 

ISBN 978-0-7844-8236-0 (PDF) 

Manufactured in the United States of America. 
 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

M
aj

id
 S

ad
eg

hi
 o

n 
05

/2
9/

19
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



World Environmental and Water Resources Congress 2019 iii 

© ASCE 

Preface 

 

We are excited to offer the proceedings of the 2019 World Environmental and Water Resources 

Congress. The proceedings include published papers from an engaging and challenging array of 

technical sessions, posters, and workshops at the Environmental and Water Resources Institute’s 

(EWRI) 19th Annual Congress, held in Pittsburgh, Pennsylvania, May 19-23, 2019.  This 

conference is a leading venue for professional interaction among engineers and scientists, covering 

disciplines related to water and environmental resources and infrastructure.   

 

America’s infrastructure is in urgent need of attention.  The 2017 American Society of Civil 

Engineers’ Report Card for America’s Infrastructure estimates that an investment of over $4.5 

trillion is needed to return the nation’s infrastructure to a state of good repair.  Of critical 

importance to the public’s health and safety are the needs of water focused infrastructure. The 

Environmental Protection Agency (EPA) estimates that wastewater and stormwater collection and 

treatment needs are $271 billion as of January 2012 and drinking water utilities needs are $472.6 

billion as of March 2018. While significant, the needs are not limited to the United States alone. 

According to the World Health Organization (WHO), contaminated drinking water is estimated to 

cause 502,000 diarrheal deaths each year, and by 2025, half of the world’s population will be living 

in water-stressed areas. Compounding the state of water infrastructure are on-going changes to the 

climate. Scientific evidence unequivocally indicates these changes are accelerating. While debate 

remains as to the causes and how best to slow, stop and/or reverse these changes, it falls to 

professionals in the water fields to address the challenges to rebuilding the world’s water 

infrastructure to be more resilient and reducing direct impacts such as flooding and indirect 

impacts such as disruption of critical economical services. 

 

The 2019 EWRI Congress covers a wide range of topics that attempt to provide innovative and 

sustainable solutions to ensure that our water and environmental infrastructure and resources will 

be improved and built to secure and protect them for the future.  We proudly host the Congress 

under the auspices of the American Society of Civil Engineers (ASCE).  

 

Within the six (6) volumes of the proceedings, more than 150 written scientific and technical 

papers from nearly 800 oral and poster presentations focusing on the subject areas of various EWRI 

Councils are included. A list of subject area tracks is included in the acknowledgements 

below.  We hope these proceedings serve to enhance your knowledge and encourage you to follow 

up with more detailed publications by the same authors, and related papers, typically found in 

ASCE technical journals.  
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This collection contains papers organized by the following EWRI Councils:  

 

 Water, Wastewater and Stormwater Council whose purpose is to create, organize and 

manage the activities of various technical committees dealing with the engineered 

infrastructure and its effect on the environment, particularly water resources.  Attention 

will be focused on assessing the effects and the important interrelationships of water 

resources, facilities and installations and necessary environmental and public health 

protection measures/systems needed for the functioning and sustainability of an adequate 

infrastructure. 

 Symposium: Stormwater  

Urban Water Resources Council whose purpose is to advance engineering knowledge 

and practice through stimulating and guiding research and assisting the financing thereof 

in the field of urban hydrology; to organize research projects; in cooperation with 

professional committees, to interpret the findings of research; and to make available 

information and recommendations resulting from such research. The content fosters the 

development of improved or advanced urban watershed management and best 

management practices. 

 Municipal Water Infrastructure Council whose purpose is to work with professionals 

in the public and private sectors directly involved in urban water infrastructure. This 

committee provides a community for practical professional practice individuals to 

develop products with an emphasis on owner/operator perspectives. 
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University Park Neighborhood Rain Gardens Project in Los Angeles, California 

K. Majid Sadeghi, Ph.D., P.E.1; Wing Tam, P.E.2; Shahram Kharaghani, Ph.D., P.E.3;  

and Hugo Loáiciga, Ph.D., P.E.4 

1Watershed Protection Division, LA Sanitation, City of Los Angeles, 1149 South Broadway, Los 

Angeles, CA 90015; Dept. of Geography, Univ. of California, Santa Barbara, CA 93106. E-mail: 

majid.sadeghi@lacity.org; majid@ucsb.edu 
2Watershed Protection Division, LA Sanitation, City of Los Angeles, 1149 South Broadway, Los 

Angeles, CA 90015. E-mail: wing.tam@lacity.org 
3Watershed Protection Division, LA Sanitation, City of Los Angeles, 1149 South Broadway, Los 

Angeles, CA 90015. E-mail: shahram.kharaghani@lacity.org 
4Dept. of Geography, Univ. of California, Santa Barbara, CA 93106. E-mail: 

hloaiciga@ucsb.edu 

ABSTRACT 

Urban runoff/stormwater poses flooding and pollution hazards in metropolitan areas. The 

impacts of contaminated urban stormwater have given rise to low impact development (LID). 

City of Los Angeles (City)—LA Sanitation (LASAN) has installed thirty five (35) rain gardens 

in the University Park neighborhood to capture and infiltrate stormwater. The 35 rain gardens 

with a total volume of about 46,000 gallons, dimensions of 4'–7’ wide by 15' long by 4' deep 

(void ratio of 0.40). Key elements of the project includes cooling the urban environment with 

removal of impervious surfaces and adding native vegetation planting; infiltration media to 

remove pollutants and increase water supply; parkway sediment trap basins to remove pollutants 

like trash, bacteria, metals, suspended solids, oil, and grease; new Curb-O-Let model inlet system 

to capture stormwater; easy to maintain pollutants/trash in the sediment trap area. With treatment 

of dry/wet-weather runoff, water carrying pollutants of concern were prevented from discharging 

into the Ballona Creek/Santa Monica Bay watershed. Overall project was a success on terms of 

successful implementation and for demonstrating the use of rain gardens along the City’s right-

of-way. The relative success of the Project in achieving its objectives may provide a basis for 

future broader-scale regional programs in implementing similar types of rain gardens, 

particularly as part total maximum daily load (TMDL) implementation plan. However their 

future implementations of rain gardens should seek ways to maximize their drainage areas and 

use larger size footprints. The rain gardens LID approach’s is demonstrated in Los Angeles, CA. 

INTRODUCTION 

Stormwater or urban runoff is a major source of water-quality degradation in rivers, lakes, 

seas, swamplands, and aquifers, all of which serve natural and socioeconomic functions. The 

decreasing of water quality in water bodies receiving urban storm runoff is persistent in 

metropolitan areas across the United States and elsewhere (Hagekhalil et al., 2014; Loáiciga et 

al., 2015; Sadeghi et al., 2017; Gülbaz and Kazezyılmaz-Alhan 2018). Stormwater exhibits 

harmful physical-chemical-biological characteristics, large biochemical-oxygen demand (BOD), 

oil and grease, water-borne pathogens, suspended and total dissolved solids, trash, heavy metals, 

pesticide and nutrient content that damage the quality of receiving waters. The danger posed by 

stormwater is that of urban flooding and a protection planning commonly recommends the 

deployment of Low Impact Developments (LIDs) that capture some of the stormwater at 
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development sites to the extent that soil permeability and other physical constraints permit it. 

Due to the harmful impact that contaminated stormwater has on receiving waters, State and 

Federal guidelines in the United States have been enacted to protect stormwater quality. One 

such tool is the allowable Total Maximum Daily Loads (TMDLs) of pollutants to natural waters 

from urban storm runoff. The body of technical publications in the arena of stormwater quantity, 

stormwater quality management, impaired water quality, LIDs, TMDLs, and is voluminous 

(Davis 2005; City of Los Angeles 2009A, 2009B, and 2009C; Hagekhalil et al., 2014; Sebti et 

al., 2016; Sadeghi et al., 2016 and 2017; City of Los Angeles 2016; National Association of City 

Transportation Officials 2017; Clary and Piza 2017; City of Los Angeles 2018). One regulatory 

mechanism is through the setting of TMDLs, which, in turn, has given rise to a multi-billion-

dollar industry of LIDs (Currier et al., 2005; Houle et al., 2013; Kalman et al., 2000; Kurkalova 

2015). Figure 1 shows a map of the City of Los Angeles (City) boundaries and the University 

Park Neighborhood Rain Gardens Project (Project). 

The City has an area of 473 squared miles (1,225 km2), and 17,400 miles of streets (28,000 

km), with a population of about 4 million people. Los Angeles’ storm drain system consists of 

1,500 miles of pipes (2,414 km), 100 miles of open channel (161 km). The LIDs in Los Angeles 

includes about 38,000 screened catch basins and thousands of others. Its average daily dry 

weather and wet weather runoffs are about 50 million gallons (189,250 m3) and 10 billion 

gallons (38 million m3), respectively [LA Sanitation (LASAN) City of Los Angeles data from 

2018]. A peculiar phenomenon observed in the GSI study area, that adversely impacts 

stormwater quality, is the “first flush” stormwater contamination (Stenstrom and Kayhanian, 

2005). This is the generation of large amounts of stormwater pollutants during the first few 

storms over urban areas following a dry period during the summer season (Larsen et al., 1998). 

One way to treat first flush stormwater contamination is by deploying LIDs that retain 

stormwater and its pollutants at the point of origin or through their paths through urban areas 

(Strecker et al., 2001; Davis, 2005; City of Los Angeles 2016). 

The City has instituted a three-pronged approach to improve water quality and meet 

regulatory requirements: education and outreach to the public on stormwater issues; enforcement 

of laws, codes, and ordinances to prevent/penalize polluting activities; and the implementation of 

structural measures (LIDs) such as the Project to remove pollutants from urban runoff. Thus, this 

Project is one of several measures that through the capture of multiple pollutants, will contribute 

towards enhancing the beneficial uses of receiving waters, preserving the aquatic marine habitat, 

and reducing the potential risks to human health and safety. In addition, the Project improve 

water quality by reducing pollutant loads to the impaired waters and increase the water supply, 

improving flood management and creating or enhancing open space, habitat, and recreation 

benefits. 

RESULTS AND DISCUSSION 

Project Goals 

The Project is located in the Ballona Creek (BC) and Santa Monica Bay (SMB) Watershed. 

The Project’s goal was to capture and infiltrate the stormwater from the streets of the University 

Park neighborhood area located west of the University of Southern California (USC) campus. 

The area’s main thoroughfares are Jefferson Boulevard, Exposition Boulevard, Western Avenue, 

and Vermont Avenue. The Project is designated as severely disadvantaged community by the 

California State Parks Community Fact Finder. Curb cuts directed the runoff into 35 rain gardens 
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shown in Figure 2. The rain gardens were landscaped with drought tolerant vegetation that added 

to the aesthetics of the surroundings. For this Project, each rain garden varied horizontally in size 

depending on site conditions to match parkway dimensions and included varied landscaping 

depending on the preference of the adjacent homeowners. LASAN worked with community 

stakeholders throughout the planning and the implementation phase of the project. The 

stakeholders were identified and recruited early in the project. A community outreach plan was 

also developed and implemented. LASAN also used an integrated delivery approach in order to 

timely complete the project. The goals of the project at the time of grant applications was to 

support larger efforts such as those of the implementation of the Integrated Resources Plan (IRP) 

and the Mayor’s initiative for making Los Angeles the “Greenest big city” in the United States. 

Subsequently, this project was also consistent with more recent plans such as the Enhanced 

Watershed Management Program (EWMP) for the BC and SMB. In addition to reducing 

stormwater runoff volumes, this project assists in meeting the TMDL standards for BC (City of 

Los Angeles 2016). 

The BC and SMB are impacted by pollutants carried by stormwater runoff and dry weather 

“urban” runoff. The objectives of the Project are consistent with the goals of the Santa Monica 

Bay Restoration Plan. These goals are to improve water quality through treatment or elimination 

of pollutant discharges regulated under the current federal and state framework, to improve water 

quality through pollution prevention and source control, and to protect public health through 

achievement of zero beach closures and postings at SMB beaches. The project implemented to 

reduce contributions towards the TMDL limits for trash, bacteria and metals. While the amount 

of pollutant loadings reaching SMB will be reduced, the project is also contributing to water 

supply improvements by replenishing our Los Angeles aquifers and our regional water supply 

through infiltration and evapotranspiration. 

To determine the effectiveness of this project, a monitoring program evaluated the pollutant 

load reduction accomplished by the rain gardens. During dry weather, no runoff was present, and 

therefore no samples were collected at five monitoring rain gardens prior to its entry into the 

gardens. Three samples were collected during wet weather conditions at five rain gardens 

monitoring locations. The stormwater samples were taken from the flow line before entering the 

rain gardens. The samples were collected at the inlet and analyzed for bacteria (E. coli, total 

coliforms and enterococcus), Total Suspended Solids (TSS), metals (cadmium, copper, lead, 

zinc, and hardness) and organics (pesticides and PCBs). These samples were used to quantify the 

pollutant concentration in the Project’s watershed area. In addition, observations were made 

during dry and wet weather conditions to estimate the proportion and volume of water that was 

captured under these respective conditions, so that an assessment of the project can be made in 

terms of its benefit to meeting water quality objectives of the downstream receiving waters. 

The Project evaluation identified the following goals and desired outcomes for the capture 

and treatment of stormwater. Capture essentially all dry weather runoff that is generated 

upstream from each of the rain garden installations, thus reducing/eliminating the overall dry 

weather pollutant load from the Project’s watershed area. This will help to meet dry weather 

TMDL for trash, metals, and bacteria for BC and SMB. In addition, capture the “first flush” of 

stormwater runoff generated upstream from each of the rain garden installations during storm 

events, such that the overall storm water pollutant load is significantly reduced. This will help to 

meet wet weather TMDL for trash, metals, and bacteria for BC and SMB. Figure 3 shows rain 

garden M35 (a) before, (b) during construction, and (c) after pictures. 
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Figure 1. Map of University Park Neighborhood Rain Gardens Project in City of Los 

Angeles (Source: LA Sanitation). 

PROJECT DESCRIPTION 

The Project is located in the City and is part of the City’s multifaceted strategy of stormwater 

management. The City is implementing a series of source control programs and projects to 

manage stormwater runoff pollution. These measures are needed to meet the City’s stormwater 

regulations related to the municipal stormwater (MS4) permit and TMDL requirements. The City 

has implemented many stormwater capture and pollution abatement projects also known as 

LIDs. This project is an example of LID that retain stormwater and allows it to infiltrate into the 

groundwater and was designed to abate stormwater pollution from the targeted drainage area. 
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The Project was constructed in Central Los Angeles in the City’s public right of way. The 

Project scope of work: Siting the Project on the public right-of-way’s parkway; Installing thirty 

five rain gardens; and Directing stormwater runoff into groundwater through infiltration. The 

Project spans four major streets in the University Park neighborhood. The Project diverts and 

infiltrates stormwater drain flow from a targeted drainage area of 209 acres into rain gardens that 

allow stormwater to flow into an underground water table. 

 
Figure 2. Map of University Park Neighborhood Rain Gardens Project Locations (Source: 

LA Sanitation). 

Key benefits/water quality elements of project includes cooling the urban environment with 

removal of impervious surfaces and adding native vegetation; infiltration in the rain gardens to 

remove pollutants; rain garden systems with parkway sediment trap basins to remove various 

pollutants; easy to maintain; new Curb-O-Let model inlet system to route stormwater in the rain 

gardens. Figures 4A to 4D shows the design plans for the project. The City has many different 

designs for Green Street Standard Plans (e.g., Parkway Swale, Vegetated Stormwater Curb 

Extension, Residential Parkway Basin, Interlocking Pavers, Permeable Pavers, etc.) and this 

Project has implemented several new designs in these rain gardens installed (City of Los Angeles 

2017). The rain gardens remove pollutants such as trash, bacteria, metals, sediments and oil and 

grease thus aiding the City in meeting federal and state water quality regulations. In addition, the 

project has provided valuable educational opportunities for local students and the community 

regarding stormwater management. The Project complied with the California Environmental 

Quality Act (CEQA) and was found to be categorically exempt pursuant to City CEQA 

Guidelines Article III, Section 1, Class 3(4), which states that “installation of new equipment 

and/or industrial facilities involving negligible or no expansion of use is exempt from the 

requirements of CEQA if required for safety, health, the public convenience, or environmental 

control.” The Notice of Exemption document was filed with the LA County Clerk. 
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Figure 3. University Park Neighborhood Rain Garden M35 (a) before, (b) during 

construction, and (c) after construction pictures (Source: LA Sanitation). 

 
Figure 4A. Typical Rain Gardens Design Details (Source: LA Sanitation). 
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Figure 4B. Typical Rain Gardens Design Details For Section A-A (Source: LA Sanitation). 

 
Figure 4C. Typical Rain Gardens Design Details For Section B-B (Source: LA Sanitation). 

The 35 rain gardens with a total volume of about 46,000 gallons, the minimum dimensions of 

4'-7’ wide by 15' long by 4' deep, and a void ratio of approximately 0.40 for each rain garden. 

The phasing of the Project involved the two key phases of design and construction. These phases 

were implemented through an integrated design-built contract. The first phase of design also 

included developing a prototype rain garden. The intent was to test the new design in one 

location and then perform design modifications based on the performance of the initial rain 

garden. Subsequently the modified design was used for the remaining 34 rain garden locations. 

The construction of the project started in December 2016 and was completed in May 2017. The 

selected contractor implemented the project through the guidance and oversight of LASAN staff 

and the City’s Bureau of Contract Administration (BCA). Water quality monitoring was 

conducted from January 2018 to March 2018. The budget of the project was $510,000 funded by 

California State Water Resources Control Board (SWRCB) under the 2012 Proposition 84 Santa 

Monica Bay Restoration Grant Program. The $510,000 was allotted from the grant for the 

construction services and remaining amount was LASAN Match amount of $339,462 and upon 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

M
aj

id
 S

ad
eg

hi
 o

n 
05

/2
9/

19
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



World Environmental and Water Resources Congress 2019 139 

© ASCE 

Project completion the total cost was $849,462. 

 
Figure 4D – Typical Rain Gardens Design Details For Section C-C (Source: LA Sanitation). 

 
Figure 5. Map of University Park Neighborhood Rain Gardens Project, showing 

approximate locations of all post-construction monitoring sites (M31 to M35) (Source: LA 

Sanitation). 

MONITORING DATA RESULTS AND POLLUTION LOADS REDUCTION 

Urban and stormwater flows were diverted in the rain gardens for infiltration instead of 

discharging into the storm drain system. With the treatment of dry and wet-weather runoff, water 

carrying pollutants of concern such as bacteria (total coliforms, E. coli and Enterococcus), 

suspended solids, and metals (lead, zinc, copper, and cadmium) were prevented from discharging 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

M
aj

id
 S

ad
eg

hi
 o

n 
05

/2
9/

19
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



World Environmental and Water Resources Congress 2019 140 

© ASCE 

into the BC and SMB Watershed. Thus, water quality in the receiving waters is improved as a 

result of the implementation of the Project. Three storm events were sampled during the post-

construction phase of monitoring on January 8, March 2, and March 21, 2018. These wet and dry 

post-construction events are shown in Table 1. The January 8th storm event was the largest in 

magnitude and produced 1.72 inches of accumulated rainfall for its duration total rain amount for 

36 hours. The March 2 duration total rain amount for 36 hours events produced approximately 

0.35 inches of accumulated rainfall. The March 21 duration total rain amount for 48 hours events 

produced approximately 0.89 inches of accumulated rainfall. All the rainfall data were taken 

from the LA County precipitation map (http://dpw.lacounty.gov/wrd/precip/). 

Table 1. Post-construction Sampling Schedule 

Sampling Event Dates Sampling location 

Post-construction: influent 

One wet-weather event (#1) 
2/8/18 Rain gardens sites M31 to M35 

Post-construction: influent 

One wet-weather event (#2) 
3/2/18 Rain gardens sites M31 to M35 

Post-construction: influent 

One wet-weather event (#3) 
3/21/18 Rain gardens sites M31 to M35 

Post-construction: influent* 

Two dry-weather events 

6/14/2017 

7/21/2017 
Rain gardens sites M31 to M35 

*Specific sampling dates were determined by LASAN staff. 

Table 2. Pollution Load Reduction Estimates for the Project. 

Pollutant Units Ave. Concentration 
Load Reduction (MPN 

or LB) 

E. Coli MPN/100mL 5165 4.03E+19 MPN 

Enterococcus MPN/100mL 14,020 1.09E+20 MPN 

Total Coliforms MPN/100mL 792,800 6.19E+21 MPN 

Copper (Total) ug/l 108 0.07 LB 

Copper (Dissolved) ug/l 27 0.02 LB 

Lead (Total) ug/l 125 0.08 LB 

Lead (Dissolved) ug/l 1.33 0.001 LB 

Cadmium (Total) ug/l 1.23 0.001 LB 

Cadmium (Dissolved) ug/l 0.05 0.00003 LB 

Zinc (Total) ug/l 824 0.50 LB 

Zinc (Dissolved) ug/l 148 0.09 LB 

Total Suspended Solids mg/l 670 409 LB 

Total Hardness mg/l 23 14 LB 

The project site was also visited during two dry weather condition periods during the post-

construction phase of monitoring on June 14 and July 21, 2017. Under dry weather conditions, it 

was observed that no surface runoff entering the project sites. Therefore, no surface water runoff 

samples were collected during dry weather. The monitoring occurred during two dry-weather 

events and was limited to visual observations since there was no runoff for water quality 

sampling to occur. Visual observations were made that noted minor accumulation of debris and a 

number of corrective measures for the sites. The average trash capture volume was measured in 

the five monitoring rain gardens (M31 to M35) to be about 1 cubic feet. The pictures below 
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shows the rain gardens that have accumulated trash and slit in the deep sediment trap. Collected 

samples were transported to the laboratory located at LASAN’s Hyperion Wastewater Treatment 

Plant. Analyses of those samples were conducted by LASAN’s Environmental Monitoring 

Division (EMD) staff. EMD’s laboratory at Hyperion is an EPA-Certified laboratory. The results 

of the water quality monitoring analyses of the wet weather samples are summarized in Table 2. 

These results from the three wet weather samples were used to quantify the pollutant loadings 

that were removed by the project. Figure 5 shows the map of the project of the monitoring 

samples locations at five different sites in the watershed (rain gardens sites M31 to M35). The 

total runoff drainage area is about 13 acres for these five monitoring sites (M31 to M35) are 

shown in Figure 5. These samples are used to quantify the pollutant concentration in the 

Project’s watershed area. The mass loads of pollutants captured by the Project boundary have 

been quantified and are mentioned below.  

 
capturedPollutant load quantified by using following formula : Pollutant Load = Vol *Concentration   

Table 2 tabulates the estimated pollution reduction that is achieved by the project. The load 

reduction is used by the average of 4% capture of the total surface area of each rain gardens. 

Using the average the runoff for 0.75 inches is about 9,800 ft3. The load reduction of the 

bacterial indicators of E. Coli, Enterococcus, Total Coliforms were 4.03x1019, 1.09x1020 and 

6.19x1021 MPN colonies respectively on an annual basis. With respect to the key heavy metals 

parameters of Copper (Total), Lead (Total) and Zinc (Total) the reductions were 0.07 lbs, 0.08 

lbs and 0.5 lbs respectively. Visual observations was noted the presence or absence of trash, 

debris, and fecal material; water color, odor, clarity; weather conditions; time; and any 

maintenance issues along with photos of the inlet taken at the time of sampling. 

At a minimum, maintenance of the rain gardens is recommended to be administered twice a 

year, once at the beginning of the wet season (October) to prepare the system for rain events and 

ensure it will function properly, and once at the end of the wet season (May) to remove 

accumulated trash and debris, and to ensure the system will function properly during the dry 

season. The rain gardens should also be observed periodically to assess the performance and 

optimize the system as part of maintenance activities. In general, accumulated debris & sediment 

can be removed with simple maintenance practices in the deep sediment trap parkway basin. 

Figures 6 to 12 are pictures for the Project from before construction, landscape design, during 

construction, after construction, and during the wet weather sampling from the rain gardens: 

BEFORE CONSTRUCTION 

 
Figure 6. University Park Neighborhood Rain Gardens Project Pictures Showing Before 

Construction (a) and (b) (Source: LA Sanitation). 
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LANDSCAPE DESIGN 

 
Figure 7. University Park Neighborhood Rain Gardens Project Landscape Design Options 

(Source: LA Sanitation). 

DURING CONSTRUCTION 

 
Figure 8. University Park Neighborhood Rain Gardens Project Pictures Showing During 

Construction (a) and (b) (Source: LA Sanitation). 
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AFTER CONSTRUCTION 

 
Figure 9. University Park Neighborhood Rain Gardens Project Pictures Showing After 

Construction (a) and (b) (Source: LA Sanitation). 

WET WEATHER MONITORING 

 
Figure 10. University Park Neighborhood Rain Gardens Project Pictures Showing 

Sampling at M35 on January 8, 2018 (a) and (b) (Source: LA Sanitation). 

 
Figure 11. University Park Neighborhood Rain Gardens Project Pictures Showing 

Sampling at M34 on March 2, 2018 (a) and (b) (Source: LA Sanitation). 

D
ow

nl
oa

de
d 

fr
om

 a
sc

el
ib

ra
ry

.o
rg

 b
y 

M
aj

id
 S

ad
eg

hi
 o

n 
05

/2
9/

19
. C

op
yr

ig
ht

 A
SC

E
. F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d.



World Environmental and Water Resources Congress 2019 144 

© ASCE 

 
Figure 12. University Park Neighborhood Rain Gardens Project Pictures Showing 

Sampling at M35 on March 21, 2018 (a), (b), and (c) (Source: LA Sanitation). 

CONCLUSION 

Runoff from the targeted neighborhood discharges to BC and subsequently to SMB. These 

waterbodies are included in Clean Water Act Section 303(d) list as impaired for trash, nutrients, 

metals, and bacteria. In order to assist the City in meeting TMDL standards for these watersheds, 

the Project constructed a number of rain gardens to capture and infiltrate the runoff. 

These rain gardens provide the following benefits with respect to BC TMDL requirements: 

 Metals Reduction – Meet standards for dry and wet weather runoff. 

 Bacteria Reduction – Result in effluent that meets the concentration limits or result in 

fewer exceedance days for upstream sub-watershed. 

 Trash reduction – Achieve one hundred (100%) capture of trash from the upstream 

watershed. 

Key conclusions and lessons learned from the implementation of the Project are noted as 

follows: 

 The Project was implemented in a design-built approach and it demonstrated that this 

project delivery approach is very applicable to these types of projects. It allowed for 

timely implementation that made-up for the time that was lost during the planning and 

fund sourcing of the Project. 

 The Project provided LASAN staff with valuable experience in implementing this type of 

project. Through the implementation of the project using a design-built project delivery 

approach, LASAN staff were fully engaged through-out the design, construction, and 

monitoring phase of the Project. 

 The Project demonstrated the complexity of achieving measurable waste load discharges 

by targeting relatively small drainage areas and the expected high cost of reaching TMDL 

compliance. 

Overall the project was a success on terms of successful implementation and for 

demonstrating the use of rain gardens along the City’s right-of-way. The relative success of the 

Project in achieving its objectives may provide a basis for future broader-scale regional programs 

in implementing similar types of rain gardens, particularly as part of TMDL Implementation 
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Plans. However their implementations will seek ways of maximizing drainage areas by using 

larger size rain gardens. Furthermore, the information obtained from this monitoring program 

demonstrates how this rain gardens project performs under varying conditions. 
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