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Section 5
Overview of EWMP Control Measures:
Green Infrastructure and Institutional BMPs

Complimentary to the regional BMP program introduced in Section 4, robust green infrastructure
programs will be critical to achieving water quality compliance in the Ballona Creek Watershed. While
the regional BMP program is structured around large projects that are likely to be individually planned
and designed specifically for available parcels, the green infrastructure component will implement
vast numbers of distributed, small control measures in available rights-of-way, on privateand public
parcels (where regional BMPs are not feasible/desirable). This section provides a high-level summary
of the green infrastructure programs and highlights several signature projects as an example of the
types of efforts that are upcoming and ongoing. The details of the EWMP Implementation Strategy and
RAA results are provided in later sections of the EWMP.

5.1 What Types of Green Infrastructure Control Measures are
included in the EWMP?

The Ballona Creek EWMP includes two primary types of green infrastructure, Low Impact
Development (LID) and green streets, as illustrated below. Appendix 4.A provides fact sheets
explaining both green streets and LID practices.

Low-Impact Development: these are distributed structural practices that capture, infiltrate, and/or
treat runoff at the parcel level (normally less than ten tributary acres (Figure 5-1). Common LID
practices include bioretention, permeable pavement, and other infiltration BMPs that prevent runoff
from leaving a parcel. Rainfall harvest practices such as cisterns can also be used to capture rainwater
— that would otherwise run off a parcel — and use it to offset potable water demands. The types of LID
incorporated into the EWMP are the LID ordinance, residential LID, and LID retrofits of public parcels.
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Green Streets: these are distributed structural practices that are typically implemented as linear
bioretention/biofiltration practices installed parallel to roadways. Systems receive runoff from the
gutter via curb cuts or curb extensions9 (sometimes called bump outs) and infiltrate it through native
or engineered soil media. Permeable pavement can also be implemented in tandem, or as a standalone
practice, in parking lanes of roads (Figure 5-2).

While the RAA assumed green streets are engineered with bioretention cells, there is potential for less-engineered options (parkway
basins”) to be an element of the EWMP Implementation Strategy. Parkway basins are described as an element of the residential LID
program, since to date they have been a component of residential LID demonstration projects in the Ballona Creek Watershed.

Figure 5-1 Conceptual Schematic of LID Implemented at the Site Scale
(arrows indicate water pathways)
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5.2 What is the Role of Green Infrastructure in the EWMP?
Green infrastructure will be responsible for a major portion of the pollutant reduction to be achieved
by the EWMP. Green infrastructure makes up over 30 percent of the control measure capacity in the
EWMP to be implemented by 2021, as shown in Figure 5-3 (LID and green streets each make up 13
percent and 17 percent respectively). Given the large number of green infrastructure control
measures that make up the EWMP Implementation Strategy, it is envisioned that green infrastructure
will be implemented though “programs”, namely watershed-scale LID and green street programs. The
following objectives should be considered:

• Identify and prioritize opportunities — Individual green infrastructure projects and programs
can vary widely in cost efficiency and site applicability. Assessing and comparing specific
project opportunities (e.g., Street A vs. Street B) or programs (e.g.’ residential LID vs. green
streets) will help to define the most cost effective decisions.

• Evaluate existing projects — Demonstration projects that have been implemented to date can
serve several key purposes: (1) facilitate public interest, education, and support in the
programs; (2) provide BMP performance data to inform implementation; and (3) document
implementation alternatives and lessons learned.

Establish standards — Since many green infrastructure opportunities are situated in common
or standard spaces (e.g., rights of way), design standards or templates would streamline design
processes and increase the certainty that EWMP pollutant reduction goals are achieved.

• Systematize implementation — Due to the large number of discrete individual green
infrastructure opportunities and the heavy reliance on these practices to address Water Quality
Priorities, the EWMP includes a rapid rate of green infrastructure implementation. The
implementation process will need to encourage rapid adoption by stakeholders

Figure 5-2 Conceptual Schematic of Green Street
(arrows indicate water pathways)
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(e.g., property owners), to establish streamlined project planning processes, and to cleanly
integrate with existing capital improvement programs.

Not only are these green infrastructure programs critical to the success of the EWMP, they provide an
excellent opportunity for multiple benefits to the local community. For example, the City of Los
Angeles has already adopted a number of green infrastructure-based programs that promote water
quality improvement as a primary or secondary objective. For instance, Table 5-1 provides an
overview of the many street programs that the City of Los Angeles and its partners participate in.
Recently, the City of Los Angeles adopted an ordinance that incorporates green infrastructure
requirements for streets projects. These types of programs and ordinances represent the initial stages
of developing a comprehensive infrastructure program specifically designed to meet water quality
objectives.

Table 5-1 Summary of the City of Los Angeles’ Green Infrastructure-related Streets Programs

,nsstreets& sidewalks to capture and/or
Green Streets runoff in drought-tolerant bioswales and permeable X

pavement.

Active mayoral initiative in early stages of design and
Great Streets

planning.

Planning and guidance document with conceptual
Complete

designs for streets. Complete Streets Design Guide is X
Streets

Companion to Mobility Plan 2035

Sister to Green Streets Program. Effort began as a study
Green Alleys

led by USC and non-governmental organizations (NGO) X
Program partners.

GRASS
Collaboration between LASAN, Cal Poly, and UCLA. Task
to create a priority grid of stormwater capture X

Program
greenways.

An NGO-led effort, this program promotes”urban
Water LA acupuncture” that includes installing shallow infiltration X

basins in the parkways of residential neighborhoods.

x

x

x x

x

x x

xx x

x H
x x x
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Implements green infrastructure in the rights-of-way
• High potential for significant load reduction
• Agencies can retain ownership
• Design/construction standards can yield efficiency
• Strategic selection of streets can yield cost savings
• Opportunity for integration with capital improvement

ataiuitationscurrjjhamPerdecisionmakin

Figure 5-3 Relative Capacity of LID, Green Streets and Regional Control Measures for the Ballona Creek
EWMP by 2021

5.3 How are Green Streets integrated into the EWMP?
The right-of-way along streets may be the most extensive opportunity for the Ballona Creek EWMP
Group to implement BMPs on public land. In developed areas, curb and gutter in the road provide an
opportunity to intercept both dry and wet weather runoff prior to entering the storm drain system
and treat it within the extents of the public right-of-way. Green streets have been demonstrated to
provide “complete streets” benefits in addition to stormwater management, including pedestrian
safety and traffic calming, street tree canopy and heat island effect mitigation, increased property
values, and even reduced crime rates. -

Details on green street BMPs, 7 Green Street Program Highlights:
including the additional benefits, are
presented in Appendix 4.A.

To quantify the potential benefit of
green streets for pollutant reduction
and integrate them into the EWMP
Implementation Strategy, all
available streets throughout the
watershed were screened to define
the maximum available green street

______________ ________________________________

length, as shown in Figure 5-4. The
RAA evaluated a series of detailed green street implementation parameters [described in detail in the
RAA, Section 6.3), and determined the percent of available streets opportunities to be retrofitted with
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green infrastructure to meet EWMP objectives, as shown in
Figures 5-5 and 5-6. While it is anticipated that the
implementation of green streets will evolve over the course
of adaptive management, the EWMP Implementation
Strategy provides the foundation of a robust watershed-
wide green streets program going forward.

Although the green streets program will carry significant
responsibility for achieving EWMP goals, effort on this
program must be balanced with other programs, especially
the residential and regional BMP programs. For example,
downstream of places where the residential LID program is
heavily implemented, or upstream of locations where large
regional projects are constructed, the need for green Street

retrofits will be reduced. As with the other programs, it will be important to track the details of green
Street implementation, such as street length, retention design characteristics, and drainage area to
compare to the assumptions used in and performance predicted by the RAA. Further, the program
should identify opportunities to reduce the O&M burden and engage stakeholders, such as through
partnerships with homeowners and stewardship programs with business owners.

Figure 5-4 Typical Residential
Green Street
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Figure 5-5 Green Street Screened Opportunities in the Ballona Creek EWMP Area
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Figure 5-6 Percent of Required Green Street Implementation in the Ballona Creek EWMP Area
Relative to Total Available Capacity (e.g., percent utilization was calculated as the EWMP-prescribed
BMP volume divided by the total available BMP volume)
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5.4 How is Low Impact Development Integrated into the
EWMP?

The LID program is an important component of the EWMP. While individually, LID projects are
smaller than regional projects, when deployed across numerous parcels throughout the watershed,
they can collectively make significant progress towards improving water quality and achieving RWLs.
Since the vast majority (nearly 90 percent] of runoff from the developed portion of the watershed is
generated from impervious areas on parcels, LID is a natural choice as a key EWMP strategy to treat
runoff from parcel-based impervious areas. LID can be viewed as the “first line of defense” due to the
fact that the water is treated on-site before it runs off from the parcel and travels downstream.
Especially for areas where regional opportunities do not exist downstream, LID is an effective strategy
that will only be limited by the extent of implementation. An overview of key components of the LID
program is provided below. Technical details about how the BMP opportunities were identified and
how each BMP was modeled in the RAA are provided in Section 6.3.

5.4.1 LID Ordinance (Redevelopment)
The MS4 Permit and local ordinances now require
significant development and redevelopment projects to
incorporate LID concepts into their site design (Figure 5-7].
For development and redevelopment projects, this means
that the runoff normally generated by the parcel will be
routed to individual BMPs, greatly improving runoff water
quality and supporting attainment of EWMP objectives. Note
that new development will also require post-construction
BMP5, but is not included in the RAA because post-
construction BMPs are assumed to restore predevelopment
water quality (therefore resulting in no net improvement
in water quality like when parcels are redeveloped and
existing impervious area is treated]. The key advantage to
the BC EWMP Group members is that LID implemented by
new/redevelopment is 100 percent funded by the developer. As such, the RAA assumes that a certain
percentage of parcels is redeveloped over the course of the compliance period based on projected
growth rates.

Under the LID ordinance, the BC EWMP Group members retain the responsibility of reviewing and
approving calculations, engineering plans, and specifications provided by developers. As the LID
ordinance program matures, it will be important to maintain a robust set of engineering standards to
ensure that BMPs are being sized, sited, and designed properly. As development and redevelopment

occurs throughoutthe watershed, itwill be

1 LID Ordinance Highlights: ‘ important for the BC EWMP Group
memebers to track BMP implementation

Redevelopment projects improve water quality and compare to the projections made by
• Costs to BC EWMP Group members minimal the RAA. Ultimately, a strong LID ordinance
• Requires strong standards and oversight program provides a cost-effective strategy
• Benefit is proportional to growth / number of to continually make progress towards

redeveloped parcels EWMP goals.

Figure 5-7 Biofiltration in a Redeveloped
Shopping Center Parking Lot
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5.4.2 Residential LID
Accounting for approximately 20 percent of all developed
impervious area in the watershed, residential parcels
represent an important opportunity for LID implementation
(Figure 5-8). Runoff from residential parcels is often
directly-connected to a curb and gutter or other conveyance
system on the street. Treating runoff through a voluntary
program at the residential parcel scale can significantly
offset the need for regional or green Street BMPs and could
reduce the overall operations and maintenance burden on
the BC EWMP Group members. The RAA assumes that a
residential LID program will be initiated within the
watershed to encourage and incentivize residential
homeowners to retrofit their properties with LID features
(Section 6.3). The goal is to annually enroll one percent of
residential parcels in the residential LID
program. ( Residentkl

A well-designed residential LID program
will thoroughly engage individual
homeowners to establish a sense of
stewardship and ownership as they
transform small areas of their property
into stormwater treatment elements.
Partnering with key non-governmental
organizations can be an effective strategy
to rapidly develop an effective program that includes
community engagement (Figure 5-9) and even preparation
of standard plans and procedures. Under Water LA,
demonstration projects by The River Project in the LA
River watershed (www.theriverproject.org] have
successfully shown that residents are willing to actively
engage and reduce their contribution to stormwater runoff.
These “urban acupuncture” demonstration projects have
included rain tanks, rain grading, and pervious surfaces to
prevent runoff from leaving the homeowner’s parcel, along
with parkway basins that intercept runoff from the street
and infiltrate it in the right-of-way.

LID Proizram H.rhflcihtc.

III

Figure 5-8 Residential LID Retrofit in the
Form of a Xeriscaped Infiltration Swale

Incentivizes installation of BMPs on residential land
(rain tanks, hardscape removal, etc.)
Offsets more expensive BMPs downstream
NGO partners can help develop/administer program
Homeowner engagement and stewardship is critical
Benefit based on rate of adoption by homeowners

RAA.

Incentive programs can potentially be aligned with existing
water conservation programs such as turf replacement or
xeriscaping incentives. As with other BMP programs, it will be important to track the number and
design of BMP5 implemented as part of this program in order to compare to projections made by the

Figure 5-9 Community Members Engaged
in “Urban Acupuncture” (Residential LID)
Dmonctrition Proipcts
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5.5 What are Some Example Green Infrastructure Projects
that Support the EWMP?

While Section 4 of this EWMP places a focus on specific regional projects that were identified, selected,
and prepared as part of the EWMP development effort, green infrastructure efforts are outlined
through more of a programmatic lens. Unlike large regional projects, which require significant design
efforts and can individually treat large drainage areas, green infrastructure projects are best discussed
at a smaller example scale, with the understanding that the smaller projects can be replicated
throughout the watershed. To support this message, the following pages briefly introduce a handful of
projects that illustrate the initial stages of the Group Members’ efforts to support existing green

• Implements LID on public parcels through retrofIts
• Key opportunities for public education
• Readily integrated into planned site rehabilitation
• Can be leveraged to generate public support/funding

Dependent on number of viable public parcels

Figure 5-10 Bioretention and Permeable
Pavement at the Los Angeles Zoological
Park

5.4.3 LID on Public Parcels (Retrofits)
Although public parcels represent less than 1 percent of
all impervious land use in the watershed, they provide
key opportunities to implement LID. These opportunities
provide several key advantages, including the ability to
coordinate efforts with already-planned infrastructure
upgrades (e.g., parking lot rehabilitations), avoidance of
land acquisition costs, and the opportunity for public
engagement and education.

Public Parcel LID Program Highlights:

Sites that attract significant public traffic,
such as libraries, City Hall, and parks can

also provide excellent forums to demonstrate LID practices (Figure 5-10 and Figure 5-11). Not only
will these demonstrations help the BC EWMP Group members to achieve the goals of the EWMP, if
done properly they can advance the public’s understanding, acceptance, and support for these types of
projects which will be critical to changing public behavior
and also to developing financial funding strategies for
larger efforts (such as green streets and regional
projects).

5.4.4 Existing and Planned BMPs
In addition to the above three programs, the EWMP
incorporates ongoing structural BMP activities that have
recently been or are currently taken place. An inventory
of existing and planned structural BMPs within each
jurisdiction was developed to account for these activities.
Existing and planned BMPs were identified through a data
request distributed to the BC EWMP Group members and
a literature review to identify BMPs within the Ballona
Creek EWMP area (as presented in the Work Plan and
Appendix 6.F).

Figure 5-11 Recently Constructed
Biofiltration in a Parking Lot

5-11



Section 5 • Overview of EWMP Control Measures: Green Infrastructure and Institutional BMPs

infrastructure programs and stimulate the further development of a robust suite of green
infrastructure programs specifically designed to meet EWMP and other Group Member objectives.

5.5.1 Residential Neighborhood “Pilot-to-Scale” Landscape Transformation
Project

As discussed in the Residential LID section above, these programs are ideally suited for partnerships
with key NGOs to support the program
design and implementation. One of these At a Glance:

key NGOs, TreePeople, has recently • Locations: Neighborhoods in the Upper LA and the

completed an exploratory effort to Ballona Creek/Dominguez Channel Watersheds

evaluate the potential for cross-agency Control Measures: Infiltration and capture

collaboration to promote and incentivize practices on private residential properties

• Expected Completion: TBD
residential stormwater capture and

Approximate Cost: TBD
treatment BMP projects throughout the
Los Angeles area. In addition to several key %%

findings on the collaboration itself, a
hydrologic analysis was performed to preliminarily approximate the potential range of impact a
widely-implemented program might have. The results of the scaling analysis estimate that
hypothetical implementation rates between 25 and 50 percent of all residential properties in the
Ballona Creek Watershed could yield 3,665 to 7,872 acre-feet per year.

Building upon this analysis and the collaborative work already completed, TreePeople proposes the
following Upper LA Watershed candidate neighborhoods: Pacoima, Sylmar, and Sun Valley; and/or in
the following Ballona Creek/Dominguez Channel Watershed: Mar Vista, and Culver City. The
landscape transformation would implement a small number of residential-scale stormwater capture
BMP5 (e.g., rain gardens and bioretention basins for infiltration and rain tanks for capture and use),
entirely on private residential properties (Figure 5-12). Key elements of the proposed design include
the evaluation of active control configurations and detailed BMP performance and operations
monitoring.

The purpose of this project is twofold: (1) to further demonstrate and quantify the viability of a
residential BMP retrofit program — especially as an alternative or complement to capital projects such
as regional BMPs or green streets; and (2) fully explore (in a test environment) the feasibility and

potential depth of cross-agency
collaboration and cooperation in
executing a tangible, in-the-ground,
program-level project. Several
elements of the program will be
explored, including the costs of
implementation, the depth of
homeowner engagement, BMP
effectiveness, and varied physical
configurations. Ultimately, the pilot-to-
scale project will retrofit a number of
private parcels, evaluate the cost and
performance of the systems, and
identify any barriers that might limit
the extent or effectiveness of scaling up

converting Just 4% of your parcel to infiltrating

features can twtain up to 87°h of rain onsite

87% 17,500 -29,500 gallons pery.arforatyplcai 118-acre parcel

(a typical single-family horn. In LA uses about 390 gallons per day)

Figure 5-12 Landscape Transformation
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the program. Based on the findings of the study, a range of potential implementation scenarios will be
summarized to estimate the total potential impact in terms of program cost, water quality
improvement, and water supply augmentation. A full account of the collaborative effort will also be
provided and summarized to provide meaningful feedback and guidance on how to further improve
the management of a mutually beneficial cross-agency program.

5.5.2 Vermont Avenue Stormwater Capture and Green Street Project

At a Glance:

• Location: Vermont Avenue from Gage Avenue
to Florence Avenue, South Los Angeles

• Control Measures: 1/2 mile of Green Streets
• Expected Completion: December 2016

• Approx. Cost: $5 million

The Vermont Avenue Stormwater Capture and Green
Street Project will implement a series of 3MPs along a
half-mile segment of Vermont Avenue from Gage
Avenue to Florence Avenue of an area known as the
Vermont Corridor in South Los Angeles. BMPs that filter
and/or infiltrate runoff will also be installed in three
prioritized sub-watersheds that terminate at storm drains
near the eastern flow line of Vermont Avenue (Figure 5-13].

These subwatershed areas were prioritized based on
criteria that will contribute to project success, including
acreage of tributary, pollutants to be captured, available
space in the public right-of-way, land use, and community
visibility (proximity to busy intersection and presence of
schools and other community hubs]. Figure 5-14 depicts

Figure 5-13 Proposed

. 5-14 Existing Wet-Weather
Flooding and Ponding Along the Proposed
Vermont Avenue Project Site
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Figure 5-15 Project Subareas

typical flooding and
ponding conditions in
the project area. The project’s total drainage area is 85.6 acres.

The capture goal for these areas is to detain and to filter or
infiltrate the 3/4” inch design storm for Area A, and the 3/4”
design storm runoff from the public right-of-way, including
sidewalks, parkways, and streets in Areas 3 and C (Figure 5-15].
To the extent feasible within the constraints of the existing utility
and roadway infrastructure, green Street features will be placed
along both the east and west sides of a half-mile stretch of
Vermont from Gage Avenue to Florence Avenue, but will be
prioritized in areas on the eastern side as these receive the
greatest flow volume. A bio-filtration island at the intersection of
Gage Avenue and Vermont Avenue has also been identified for
additional treatment and beautification in Area A. Public outreach
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and education will be key components of the project, and the results and recommendations will
benefit other implementation efforts throughout the region.

5.5.3 Westwood Neighborhood Greenway

Although the Greenway will be constructed as a
separate project, elements of the Greenway are
designed to complement the objectives of the
Expo Light Rail. Located at the Westwood Station,
The multi-benefit project will provide urban
runoff treatment, green space, access to public
transit, educational and recreational
opportunities. Project components include
simulated streams, walkways, bike paths, and
aesthetic and educational amenities resulting in
year-round treatment of urban runoff, water
conservation and beneficial use, enhancement of
educational opportunities for local K-12 schools,
additional green recreational space, and
mitigation of heat-island effect.

Dry-weather flow will be diverted from Overland drain to
capture runoff from 2,400 acres of drainage area. Diverted
water will be lifted to the stream on the north side of the
Station (North Stream) for physical and biological treatment
by flowing through various plant communities, soil media,
and through exposure to sunlight (Figure 5-16). During the
dry-weather approximately 23 to 135 gallons per minute of
dry-weather flow is expected to be continuously captured
and treated by the swales.

At a Glance:

• Location: Exposition Light Rail Transit
Station (Westwood Station) between
Westwood Blvd and Overland Avenue

• Control Measures: Simulated streams
along rail tracks, lift stations, and
bioswales.

• Expected Completion: In planning stage;
from Pre-Design to Completion 3.5 years
Approx. Cost: Preliminary Cost —s3.5M

During the wet season, the alley on the north side of
Westwood station experiences flooding and water ponding.
This project proposes catch basins and underground culvert
on the north side to capture stormwater runoff from 3 to 5 acres of residential and street areas.
Captured storm flow will be designed to go through physical and biological treatment in the south
swale (Figure 5-17). Excess treated water will flow back into Overland drain through the return flow
structure.

Figure 5-16 Artist Rendering of Project
Corn ponents

Figure 5-17 Flow Diagram of the Streams (Dotted Lines Represent Underground Flow)
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5.5.4 Centinela Avenue Hybrid Green Street Regional Project
The Centinela Avenue Hybrid Green Street Regional Project is proposed along a 0.4-mile stretch of
South Centinela Avenue from West Pico Boulevard southward to Ocean Park Boulevard (figure 5-18).
The goal of the project will be to harvest surface runoff and runoff pumped from the storm drain
running under the roadway. Two storm drain pipes run beneath South Centinela Avenue - one
63-inch City of Los Angeles pipe transporting runoff from a 180-acre area of Los Angeles and a 93-inch
LACFCD storm drain draining a 245-acre area in Santa Monica. This stretch of South Centinela Avenue
is in a highly urbanized residential area. South Centinela Avenue runs in a general northwest to
southeast direction. From Montana Avenue to just south of Airport Avenue, South Centinela Avenue
acts as a dividing line between two cities — the City of Santa Monica to the west and the City of Los
Angeles to the east. South Centinela Ave is 60 feet wide from curb to curb with two driving lanes in
each direction. Parking lanes exist on each side of the street. The parkways are 4 feet wide, as are the
sidewalks.

Surface runoff would be harvested and directed into surface green infrastructure systems in the public
right of way, such as curb extensions, depressed landscapes, and tree wells. Underground runoff
would be diverted from the storm drain, pre-treated and retained in storage tanks for passive
infiltration or use. The location of project elements would preferably be both sides of the street from
just south of Pico Boulevard, south of the 1-10 freeway to Ocean Park. However, if utility conflicts
make it infeasible to place features on both sides of the street, project proponents may consider
placing features on one side of the street. Infiltration would be in locations with minimal utilities and
some open space at the south end near Ocean Park Boulevard.
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5.6 How are Institutional Control Measures Incorporated into
the EWMP?

Institutional BMPs are non-constructed control measures that limit the amount of stormwater runoff
or pollutants that are transported within the MS4 area. If institutional control measures are effective,
they ultimately offset the need for more expensive structural control measures. Most institutional
BMPs are implemented to meet requirements for MCMs in the MS4 Permit.

The MS4 Permit categorizes institutional BMPs and MCMs into the following six program categories:

• Development Construction Program;

Industrial/Commercial Facilities Program;

• Illicit Connection and Illicit Discharges (IC/ID] Detection and Elimination Program;

• Public Agency Activities Program;

• Public Information and Participation Program; and

Figure 5-18 Location of Proposed Centinela Avenue Hybrid Green Street Regional Project
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• Planning and Land Development Program.

Specific institutional BMPs currently implemented by the BC EWMP Group members’ jurisdictions as
part of these stormwater program categories are reported in the Los Angeles County MS4 Permit
Unified Annual Report10.

The MCMs that were implemented as part of the 2001 Permit are assumed to be a component of the
“baseline” condition for the EWMP and RAA. The 2012 Permit includes an extensive list of additional
MCMs that are required to be implemented by the MS4s, which are assumed by the RAA to provide a
5 percent reduction in pollutants. A summary of these changes in Permit requirements is provided in
Appendix 5.A., and key items are noted below:

Table 5-2 Permit Requirements

Develop and maintain a Progressive Enforcement Policy to track compliance,
including: 1) follow-up inspection 2) enforcement action 3) records retention, 4)

Progressive Enforcement referral of violations, 5) investigation of complaints, 6) assistance with Regional Board
enforcement actions

Public Information and
• More robust public participation program that measurably increases knowledge and

Participation Program changes behavior, and involves a diversity of socio-economic and ethnic communities

• Added education component to notify of BMP requirements applicable to the site
Industrial/Commercial
Facilities Program • Expanded inspection to all commercial and industrial facilities that may contribute

substantial pollutants

• Updated ordinance/design standards to conform with new requirements (LID and
hydromodification)

Planning and Land • Increased performance measure to require onsite retention or
Development Program bioretention/biofiltration

• Provision for alternative compliance measures due to technical infeasibility of onsite
retention, or opportunity for groundwater replenishment at offsite location

• For sites disturbing less than an acre, added requirement to inspect construction sites
based upon water quality threat

• The use of BMPs are tailored to the risks posed by the project, ranked from Low Risk
Development (Risk 1) to High Risk (Risk 3)
Construction Program

• Increased frequency of inspections, at least once every 2 weeks for high threat sites,
at least monthly for lower threat sites, and during all phases of construction (at least
3 times)

Added requirement to maintain an updated inventory of all public facilities that are
Public Agency Activities potential sources of stormwater pollution and inventory of existing development for
Program retrofitting opportunities.

Illicit Connections and
• Required to implement a spill response plan for all sewage and other spills that may

Illicit Discharges discharge into its MS4.
Elimination Program

None of the Ballona Creek jurisdictions have elected to implement additional or enhanced institutional
control measures to achieve additional reductions at this time. However, over time, it is anticipated

1 Los Angeles County provides access to Permittee Annual Reports at the following website:
http://ladpw.org/wmd/NPDESRSA/AnnualReport/
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that BC EWMP Group members will consider and implement enhanced institutional control measures
to reduce the level of structural control measures.
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Section 6
Reasonable Assurance Analysis (RAA)

A key element of the EWMP is the RAA, which is prescribed by the Permit as a process to demonstrate
“that the activities and control measures...will achieve applicable WQBELs and/or RWLs with
compliance deadlines during the Permit term” (Permit section C.5.b.iv.(5], page 63]. In 2014, the
Regional Board issued RAA Guidelines (Regional Board, 2014], which outline expectations for
developing RAAs, and those guidelines were followed closely during development of this RAA. While
the Permit prescribes the RAA as a quantitative demonstration that control measures will be effective,
the RAA also promotes a modeling process to support the EWMP Group with selection of control
measures. In particular, the RAA was used to evaluate the many different scenarios/combinations of
institutional, distributed and regional control measures (described in Section 4] that could potentially
be used to comply with the RWLs and WQBELs of the Permit, and was then used to select the control
measures specified in the EWMP Implementation Strategy (described in Section 7]. While the RAA is a
critical element of the EWMP, the content can be rather technical and some readers may wish to
proceed to Section 7 which describes the EWMP Implementation Strategy (e.g., the outcome of the
RAA].

This section describes key elements of the RAA including the following:

Modeling system used for the RAA (6.1];

• Baseline critical conditions and required pollutant reductions (6.2);

— Baseline model calibration (6.2.1].

— Water quality targets (6.2.2].

— Critical conditions for wet weather and dry weather (6.2.3].

— Selection of limiting pollutants (6.2.4].

— Required interim and final pollutant reduction (6.2.5].

Representation of control measures in RAA (6.3]; and

• Approach for selecting control measures for the EWMP Implementation Strategy (6.4].

As referenced throughout this section, many details of the RAA are provided in the RAA Appendix
which is attached as Appendix 6 (including several sub-appendices 6.A thru 6.H).

6.1 Modeling System
The Watershed Management Modeling System (WMMS] is the modeling system used to conduct the
RAA for the BC EWMP. WMMS is specified in the Permit as an approved tool to conduct the RAA. The
LACFCD, through a joint effort with USEPA, developed WMMS specifically to support informed
decisions for managing stormwater. The WMMS is a comprehensive watershed model of the entire
Los Angeles County area that includes the unique hydrology and hydraulics features and characterizes
water quality loading, fate, and transport for all of the key TMDL constituents (Tetra Tech 2010a,
2010b]. The ultimate goal of WMMS is to identify cost-effective water quality improvement projects
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through an integrated, watershed-based approach. A version of WMMS1’ is available for public
download from Los Angeles County Department of Public Works website
(http://dpw.lacounty.gov/wmd/wmms/res.aspx].

The entire WMMS domain encompasses Los Angeles County’s coastal watersheds of approximately
3,100 square miles, representing 2,655 subwatersheds. Of those, the BC EWMP area encompasses
180 subwatersheds’2 (Figure 6-1).

The WMMS is a suite of three modeling tools to support BMP planning:

1. A watershed model for prediction of baseline hydrology and pollutant loading (Loading
Simulation Program — C+ [LSPC]];

2. A model for simulating the performance of control measures in terms of flow, concentration
and load reduction (System for Urban Stormwater Treatment Analysis and Integration
[SUSTAIN]); and

3. A tool for running millions of potential scenarios and optimizing/selecting control
measures based on cost-effectiveness (also within SUSTAIN).

The LSPC and SUSTAIN models within WMMS are described in more detail in the following
subsections.

6.1.1 LSPC
The watershed model included within WMMS is the LSPC (Tetra Tech and USEPA 2002; USEPA 2003;
Shen eta!. 2004). LSPC is a watershed modeling system for simulating watershed hydrology, erosion,
and water quality processes, as well as in-stream transport processes. LSPC also integrates a GIS,
comprehensive data storage and management capabilities, and a data analysis/post-processing
system into a convenient Windows-based environment. The algorithms of LSPC are identical to a
subset of those in the Hydrologic Simulation Program—FORTRAN (HSPF) model with selected
additions, such as algorithms to dynamically address land use change over time. USE PA’s Office of
Research and Development (Athens, Georgia) first made LSPC available as a component of USEPA’s
National TMDL Toolbox (http://www.epa.gov/athens/wwqtsc/index.html). LSPC has been further
enhanced with expanded capabilities since its original public release.

11 The version of WMMS used for this RAA was enhanced from the version available for download. Enhancements include
updates to calibration parameters according to the RAA Guidelines (Regional Board, 2014], more refined BMP routing
assumptions, and application of an updated two-tier, jurisdiction-based BMP optimization approach.

12 To support evaluation of regional BMPs, some of these subwatersheds were further grouped by “pour point” to receiving
waters.
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Figure 6-1 BCWMA and 180 Subwatersheds Represented by WMMS

6.1.2 SUSTAIN
SUSTAIN was developed by the USEPA to support practitioners in developing cost-effective
management plans for municipal stormwater programs and evaluating and selecting BMPs to achieve
water quality goals (USEPA, 2009; http://www2.epa.gov/water-research/system-urban-stormwater-
treatment-and-analysis-integration-sustain]. SUSTAIN was specifically developed as a decision
support system for selection and placement of BMPs at strategic locations in urban watersheds
(see Figure 6-2]. It includes a process-based continuous simulation BMP module for representing flow
and pollutant transport routing through various types of structural BMPs. This simulation provides
the primely application of SUSTAIN — simulating the performance of selected stormwater control
measures.

Waterbody
EWMP Boundary
Federal / State Land

Assessment Area

Ballona Creek
Centinela Creek
Sepulveda Channel ‘I

,1

6-3



Section 6 • Reasonable Assurance Analysis fRAA)

R0

b.
•

.
x:.• -

- -I

The secondaiy application of SUSTAIN is BMP selection, which is based on a cost-benefit analysis of
different BMP alternatives. The SUSTAIN model in WMMS includes a cost database’3 comprised of
typical BMP cost data from a number of published sources including BMPs constructed and
maintained in Los Angeles County (Tetra Tech 2010a, 2010b]. SUSTAIN considers certain BMP
properties as “decision variables,” meaning they are allowed to vary within a given range during
model simulation to support BMP selection and placement optimization. As BMP sizes and locations
change, so do cost and performance. SUSTAIN runs iteratively to generate a cost-effectiveness curve
comprised of millions of BMP scenarios (e.g., the model was used for the EWMP to evaluate the
different combinations of green infrastructure as compared to regional BMPs, and provides a
recommendation on the most cost-effective scenario)’4.

6.2 Baseline Critical Conditions and Required Pollutant
Red uctions
6.2.1 Assessment Areas
This section describes the application of the LSPC model to simulate current conditions, identify
critical conditions and calculate required pollutant reductions. The calculated required pollutant
reductions drive the extent of the control measures for the EWMP under the EWMP Implementation
Strategy.

6.2.2 Calibration
A fundamental element of the RAA is simulating baseline/existing conditions in the watershed prior to
implementation of control measures. For the BC RAA, baseline conditions were simulated using the
LSPC watershed model in WMMS, including predictions of flow rate and pollutant concentrations over
a 10-year period, as follows:

13 The BMP cost database from WMMS was updated for this EWMP, as described in Section 6.6.

‘j” For the EWMP, optimization was conducted at the jurisdictional-level using SUSTAIN as opposed to the watershed-level
using the Nonlinearity-Interval Mapping Scheme (NIMS) component of WMMS.

Figure 6-2 SUSTAIN Model Interface Illustrating BMP Opportunities in Watershed Settings
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• The simulation period is October 1, 2001 to September 20, 201l’;

• Simulated pollutants include total suspended solids, E. coli, total copper, total zinc, and total
lead; and

An hourly time step was used to simulate the flow rate and pollutant concentration at each of
the 180 subwatershed outlets (see Figure 6-1) and the resultant downstream receiving water
conditions.

In order to encourage accurate representation of existing/baseline conditions, the RAA Guidelines
provide “model calibration criteria” for demonstrating the baseline predictions are accurate and to
ensure the “calibrated model properly assesses all the variables and conditions in a watershed
system” (Regional Board, 2014). Detailed hydrology and water quality calibrations were performed
for the BC RAA, as follows (see Figure 6-3 for a map of water quality and hydrology calibration
stations]:

Water quality calibration: The water quality calibration process for the BC RAA leveraged two
primary monitoring datasets: [1] small-scale, land use-specific water quality monitoring data
collected by the Southern California Coastal Water Research Program (LACDPW, 2010b] and
[2] large-scale receiving water monitoring data collected by the Coordinated Monitoring
Programs for the metals and bacteria TMDLs and mass emission monitoring by Los Angeles
County Department of Public Works (LACDPW] at Sawtelle Avenue (SO 1).

• Hydrology calibration: One LACDPW streamfiow gage, Ballona Creek above Sawtelle Boulevard,
located on the Ballona Creek mainstem was used for the hydrology calibration.

The comparison of the calibrated hydrology model to the RAA Guidelines is shown in Table 6-1, and
the water quality calibration is shown in Table 6-2. The baseline (LSPC] model performs quite well for
representing existing hydrologic and water quality conditions. Details of the baseline model
development and calibration are presented in Appendix 6.A.

Table 6-1 Summary of Hydrology Calibration Performance by Baseline Model

RAA Guidelines
Hydrology Modeled vs. Performance

Location Model Period Parameter Observed Assessment

Ballona Creek above Total Annual
-1.5% Very Good

10/1/2001— Volume
Sawtelle Blvd

9/30/2007 Highest 10% of
(LACFCD F38C) Flows

-1.5% Very Good

15 All stormwater control measures implemented prior to October 2011 are assumed to be implicitly represented within the
baseline conditions.
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Table 6-2 Summary of Water Quality Calibration Performance by Baseline Model

* E. coil was assumed to have a 1:1 translator with fecal coliform.

Figure 6-3 Hydrology and Water Quality Calibration Stations for BC RAA

Modeled vs.

Water Quality Sample Observed Load I RAA Guidelines Performance
Parameter Count f% Error) Assessment

Total Sediment 78 -33.5 Fair

Total Copper 76 -13.5 Very Good

Total Zinc 76 -21.7 Good

Total Lead 76 -12.5 Very Good

E.coli* 54 -31.6 Fair

Waterbody
EWMP Boundary
Federal/State Land
Hydrology Station
Water Quality Station

Assessment Area

Ballona Creek
Centinela Creek
Sepulveda Channel

1

1.

1’ 4[

A

N
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6.2.3 Non-Stormwater (Dry Weather) Simulation
A separate RAA was performed for dry weather conditions to assure that control measures in the
EWMP attain dry weather WQBELs/RWLs and address non-stormwater discharges that are effectively
prohibited. This subsection summarizes the development of the non-stormwater model developed for
the dry weather RAA. Two separate modeling analyses were performed for dry weather:

Simulation of E. coli concentrations in Ballona Creek mainstem and predicted reductions due to
implementation of low flow treatment facilities (LFTF]. Details are presented in Appendix 6.81;
and

Simulation of non-stormwater flows and predicted reductions due to implementation of wet
weather control measures. Details are presented in Appendix 6.B2.

Each of these analyses are summarized in the following subsections.

6.2.3.1 Simulated Effectiveness of Low Flow Treatment Facilities

To provide assurance that RWLs for the Bacteria TMDL will be achieved by the EWMP Implementation
Strategy, a dry weather simulation was performed using QUAL2K. Details of the simulation are
presented in Appendix 6.B1.The model simulates dry weather flow rates in Ballona Creek from its
headwaters (daylight at Cochran Avenue] to the freshwater confluence with the Ballona Estuary
(at Centinela Boulevard]. The model was used to demonstrate that two proposed LFTFs, one at the
North Outfall Treatment Facility (LFTF-1] and one along Sepulveda Channel (LFTF-2). These two
facilities, along with a facility to divert Centinela Channel, are an element of the Time Schedule Order
(TSO] for the Ballona Creek Bacteria TM DL. The simulated baseline concentrations in Ballona Creek
mainstem are shown in Figure 6-4. The potential effect of the LFTfs (subject to change, based on final
design selection] is presented in the EWMP Implementation Strategy section.
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Figure 6-4 Simulated Baseline E. coil Concentrations in Ballona Creek
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6.2.3.2 Simulated Reduction in Non-stormwater Flows due to Wet Weather Control
Measures

The MS4 Permit effectively prohibits discharges of non-stormwater’6 (dry weather runoff] and states
that EWMPs shall “ensure that discharges.. .do not include non-stormwater discharges that are
effectively prohibited.” A baseline non-stormwater model was developed for the BC EWMP based on
the following components:

• Simulation of non-stormwater sources that generate dry-weather runoff: The primary
source of non-stormwater is outdoor water use. As such, the dry weather RAA is based on a
simulation of non-stormwater whose source is outdoor water use17 in each of the
subwatersheds within the EWMP area and whose sink is evapotranspiration and retention by
wet weather EWMP control measures.

• Non-stormwater generated by outdoor water use based on extensive literature review:
The amount of non-stormwater generated in each BC subwatershed was estimated as the
product of [1J the estimated population based on U.S. census blocks and [2J the estimated per
capita outdoor water use based on compilation of 25 estimates relevant to southern California
(see Figure 6-5]. The use of median historical outdoor water use is likely conservatively high, as
outdoor water use has likely fallen substantially during the recent drought period and
specifically because of California’s 20x2020 Water Conservation Plan. (DWR et al., 2010].

• Thirty (30) day simulation of critical dry period: The period of the simulation was a critical
dry period identified in the average water year (August 21, 2007 to September 20, 2007]. This
portion of the year (late August to September] historically receives the least amount of rainfall.
The evapotranspiration during this period provides the weather boundary condition for the
non-stormwater simulation.

While the critical conditions for dry and wet weather are uniquely defined, it is important that dry and
wet weather conditions not be evaluated in separate silos — the EWMP includes a large network of wet
weather BMPs that will eliminate a majority of non-stormwater discharges. The dry weather RAA
quantifies the reduction of wet weather BMPs on non-stormwater discharges, and assures that TMDL
milestones are attained on the required implementation timeline. Details of the simulation are
presented in Appendix 6.B2

16 Non-stormwater does not include all dry weather runoff. For example, permitted dry-weather discharges (e.g., dewatering)
and groundwater baseflow are exempted/allowed by the Permit.
17 Non-stormwater volumes are not necessarily equal to dry weather runoff volumes in the EWMP area. Non-stormwater is the
portion of dry weather runoff that is effectively prohibited by the Permit. Dry weather runoff would also include groundwater
that is discharged through the MS4 system (if any), which is allowed by the Permit. By focusing on the non-stormwater portion
of dry weather runoff, the non-stormwater analysis and dry weather RAA are focused on the portion of dry weather runoff
that is required to be controlled by MS4s.
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Figure 6-5 Outdoor Water Use Estimates from Literature Review

6.2.4 Water Quality Targets
The RAA is designed to achieve the RWLs and WQBELs of the MS4 Permit, which are derived from
applicable TMDLs (see Attachment M of the Permit) and the Basin Plan (see Receiving Water
Limitations, Section V of the Permit). In particular, the RAA addresses the Water Quality Priorities
identified in Section 2. The RWLs and WQBEL5 serve as the “water quality targets:” loads or
concentrations to be achieved through implementation of the control measures specified by the
EWMP. Not all pollutants are directly modeled; the pollutants that are the most problematic and
generally require the most stormwater treatment are directly modeled — total suspended solids, zinc,
copper, lead, and E. coil. The targets for modeled pollutants are listed in Table 6-3, organized by
pollutant class. For the remaining (non-modeled) Water Quality Priorities, the RAA uses analyses of
monitoring data to demonstrate that control of one or more “limiting pollutants” will address the non
modeled pollutants (as discussed in the next subsection).

Median = 68 gallons
per person per day

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
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Table 6-3 Targets for Modeled Water Quality Priority Pollutants

Metals

THIS TABLE IS STILL IN PROCESS OF BEING DEVELOPED
Bacteria

Legacy

1— Based on total metals. When the Ballona Creek Metals TMDL specifies a WLA (the WOO source is “TMDL”), the WLA is used as the target. Where the TMDL does not apply (the WOO source is
“CTR”), hardness assumed to be 175 mg/L as CaCO3, which is the hardness used to develop Ballona Creek WLAs in the Ballona Creek Metals TMDL. When applicable, dry weather target5 were based
on chronic WOOs and wet weather targets are based on acute WOOs.
2— The High Flow Suspension applies to all assessment areas in Ballona Creek. Dry weather target based on 30-day geometric mean WOO while wet weather target is based on single sample
maximum WOO.

6-10
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6.2.5 Critical Conditions and Required Reductions
This following subsections describe the critical conditions for wet weather (stormwater) and dry
weather (non-stormwater).

6.2.5.1 Wet Weather Critical Conditions

A key consideration of the RAA is the “critical condition” under which water quality targets must be
achieved. Stormwater management for different size storms generally requires different size BMPs.
For example, management of a 90th percentile storm requires larger BMPs than management of a
median (50th percentile) storm. The RAA Guidelines specify the RAA for final compliance should be
based on critical conditions, for example, the 90th percentile flow rates and/or the critical conditions
specified by applicable TMDLs (Regional Board, 2014). For the BC RAA, three primary wet weather
critical conditions were considered as follows:

1. 90th Percentile Metals Exceedance Volume: The BC Metals TMDL uses the 90th
percentile daily flow rate to define the wet weather critical condition. In turn, the BC RAA
analyzes the volume of runoff during each rolling 24-hour period18 of the 10-year
simulation when water quality targets were exceeded, referred to as the “Exceedance
Volume” (see Figure 6-4). The storm that produces the 90th Percentile Exceedance
Volume19 is the critical condition for metals and the overall primary critical condition for
management2° of stormwater by BC EWMP. The Exceedance Volume differs for each metal
(zinc, copper and lead) and for different subwatersheds (end-of-pipe) and assessment areas
(instream) depending on land use, imperviousness, slope, etc. Shown in Table 6-4 are the
summary statistics for zinc Exceedance Volumes in BC. The table shows the 90th percentile
volume is indeed a critical condition, with volumes being approximately five times larger
than the median storm. The EWMP manages (retains and treats) the Exceedance Volume
from each of the 180 subwatersheds in the BC area to achieve metals RWLs.

2. Critical Bacteria Storm: For addressing E. coil impairments, the “critical bacteria storm” is
the 90th percentile wet day when bacteria RWLs apply. Bacteria RWLs do not apply on
Allowable Exceedance Days, for which there are 15 per year. To identify the critical bacteria
storm, within each water year between 2002 and 2012, the 16th- wettest day was
determined (the first day with RWLs apply). For the ten-year simulation, there are ten of
those days (one per year) and the 2nd wettest is the critical bacteria storm (the 2nd highest
often values is the 90th percentile). The simulated critical bacteria storm is a 24-hour

18 A duration of 24-hours was selected for several reasons. First, the BC metals TMDL uses a daily flow rate as the critical
condition and thus 24-hours is an analogous duration. Second, the 24-hour duration allows the Exceedance Volume to be
directly compared to the runoff volume from the 85th percentile, 24-hour storm. Finally, stormwater control measures are
generally sized to manage an individual storm — and thus the 24-hour Exceedance Volume is much more relevant to BMP
sizing than an annual runoff volume.

19 The Exceedance Volume is an appropriate metric for RAA critical conditions because the volume of stormwater to be
managed ultimately drives the capacity of control measures in the EWMP. The Exceedance Volume allows the volume to be
defined based on applicable RWLs and assures attainment of RWLs. For example, a storm that generates a large volume of
stormwater runoff with pollutant concentrations slightly above the RWLs is more difficult to manage than a storm that
generates a small volume of runoff with concentrations that greatly exceeds the RWLs. Also, the Exceedance Volume reflects
the effect of varying water quality targets / RWLs — if a target / RWL is increased then the volume of stormwater to be
managed is decreased.

20 The term “manage” incorporates both retention and treatment approaches. Retention of the Exceedance Volume ensures
attainment of RWLs. Treatment of the Exceedance Volumes to concentrations below the RWLs also assures RWL attainment.
Furthermore, institutional control measures reduce pollutant build-up on watershed surfaces and thus can also decrease the
Exceedance Volume.
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storm. The EWMP retains2’ the runoff from the critical bacteria storm (from each
subwatershed outlet, prior to discharge to receiving waters) to achieve E. coil WQBELs.

3. Annual Average Toxics Loading: The Ballona Creek Estuary Toxics TMDL (toxics/legacy
pollutants] use annual average loading as the critical condition. For the RAA, the average
year was defined as the 2007/2008 Water Year. The pollutant loading that occurs over the
course of 2007/2008 is considered the average annual pollutant loading for the RAA. The
EWMP manages (retains and treats] the annual runoff from in the Ballona Creek area to
achieve WQBELs for toxics/legacy pollutants.

Determination

21 Addressing bacteria though retention of the critical bacteria storm has several benefits for the RAA. First, the RAA for
bacteria is essentially based on hydrology rather than prediction of bacteria concentrations / loads which can be challenging
given the variability of bacteria concentrations in the environment and multitude of potential bacteria sources. By
emphasizing retention prior to discharge to receiving waters, the RAA acknowledges that few stormwater control measures
are able to reliably treat bacteria to concentrations below applicable RWLs. In essence, the entire volume of runoff from the
critical bacteria storm is assumed to be an Exceedance Volume. Note the depth of rainfall that generates the critical bacteria
storm varies by subwatershed based on historical rainfall at rain gages in the EWMP area (e.g., generally larger storms at
higher elevations and smaller storms at lower elevations].

Concentration
C
0

ii

Flow

RWL

24-hour Period

Figure 6-6 Illustration of How Metals Exceedance Volume is Calculated for Critical Condition
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Table 6-4 Zinc Exceedance Volume Summary Statistics for Ballona Creek

Note: The storm that generates the 90th percentile zinc EV is the critical condition for metals. The storm that generates the average zinc EV
is the interim condition for metals.

6.2.5.2 Dry Weather Critical Conditions

The dry weather critical condition was based on two factors (see Section 6.3.3]:

Median outdoor water use, which is conservatively high considering recent water conservation
efforts due to drought conditions, and

• A critical dry period identified in late August to September.

6.2.5.3 Limiting Pollutant Analysis

The RAA Guidelines allow the EWMP to be developed with consideration of a “limiting pollutant”, or
the pollutant that drives BMP capacity (i.e., control measures that address the limiting pollutant will
also address other pollutants). The detailed limiting pollutant selection and justification for each
Water Quality Priority pollutant is provided in Table 6-5. The limiting pollutants are as follows:

• Wet weather — zinc and E. coil: according to the Exceedance Volume analysis and review of
monitoring data, control of zinc and E. coil requires BMP capacities that are the largest among
the Water Quality Priority pollutants, and thus control of zinc and E. coil has assurance of
addressing the other BC wet weather Water Quality Priorities. The BC RAA first identifies the
control measures to attain zinc RWLs (during the zinc critical condition) and then identifies
additional capacity, if any, needed to achieve bacteria WQBEL5 (through retention of the critical
bacteria storm] as shown in Figure 6-6.

• Dry weather — E. coil: among all the pollutants monitored during dry weather at mass emission
stations in LA County, E coil most frequently exceeds RWLs. For example, during monitoring
“snapshots” of over 100 outfalls during the Bacteria Source Identification Study, over
85 percent of samples exceeded WQBEL5 for E. coil during dry weather, according to the
Bacteria Source Identification Study along the Los Angeles River (CREST, 2008]. As presented in
Appendix 6.B1, of all the constituents analyzed, E. coil has the highest dry weather exceedance

RAA Assessment Area
Total Zinc (at watershed mouth)

Exceedance Volume (EV) Ballona

Statistics Creek Sepulveda Centinela
(units of acre-feet) Mainstem Channel Creek

Number of rolling, 24-hour periods with an
EV in 10-year simulation (out of a total of 7,270 6,723 5,465

87,660 periods)

Average EV 755 123 63

10th percentile EV 135 21 6

25th percentile EV 201 35 15

Median EV 73 36

75th percentile EV 161 92

90th percentile EV 307 163

392

915

1,929
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rate with 79 percent of samples (699 of 889] exceeding. The average concentration of 1131
MPN per 100 mL is ten times higher than the RWL.

As shown in Figure 6-7, the RAA sequentially addresses the limiting pollutants in stormwater
(wet weather RAA] and non-stormwater (dry weather RAA] based on the limiting pollutant analysis.

It is important to distinguish between reasonable assurance and required implementation actions
when considering limiting pollutants. While control of zinc and E. coil has reasonable assurance of
addressing other Water Quality Priorities, it is not necessary to fully control zinc and E. coil to address
the other Water Quality Priorities. For example, as shown in Table 6-5, exceedances of metals during
dry weather are rare and thus existing MCMs and control measures have reasonable assurance of
attaining metals RWLs during dry weather. As such, if exceedances of metals during dry weather occur
during EWMP implementation, then compliance determination should not be based on the status of
implementation of zinc and E. coil control measures. Instead, compliance determination should be
based on evaluation of whether the existing level of implementation for MCMs and control measures
(as of June 2015] has been maintained. More importantly, compliance with EWMP implementation
should be determined separately for each constituent and condition (wet or dry].

Identify Control
Represent
Baseline
Critical

Conditions

Use LPSC to simulate
watershed rainfall-runoff

for 10-year 90 percentile
critical condition

Measures for
Metals TMDL

and other Water
Quality Priorities

Use SUSTAIN to identify
control measures to achieve
required reductions based

on zinc control

Identify
Control

Measures
for E. coil

Use SUSTAIN to determine
additional capacity required
(if any) to retain the critical

bacteria storm

I
a)

4-’

a)

Determine if additional
non-stormwater control
measures are necessary

Additional
Non-stormwater

Abatement
(if necessary)

Figure 6-7 RAA Process for Establishing Critical Conditions and Addressing Water Quality Priorities

a)
-c
4-,

a)
-I

Required
Reductions

(flow rate, zinc,
bacteria)

LID,
Green Streets,

and Regional BMPs

Unmanaged Areas

Additional
Regional

BMPs
(if necessary)

Use census data and per-
capita outdoor water use
to estimate drj-weother

runoff volume

Route dry-weather runoff
through wet-weatherBMPs
to quantify elimination of
non-storm water runoff

Dry-Weather
Runoff Volume

Wet-Weather
BMP network

6-14



Section 6 • Reasonable Assurance Analysis (RAA)

Table 6-5 Limiting Pollutant Selection and justification for RAA

Metals

Bacteria

Legacy

THIS TABLE IS STILL IN PROCESS OF BEING DEVELOPED BASED

ON REVIEW OF WATER QUALITY MONITORING DATA
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6.2.5.4 Required Interim and Final Reductions

The RAA Guidelines specify that required pollutant reductions should be determined by comparing
baseline/current pollutant loading to the allowable pollutant loading (Regional Board, 2014). With a
set of defined critical conditions and identified limiting pollutants for BC (as described in the previous
two subsections), the required pollutant reductions for BC can be determined, as shown in Table 6-6.
The control measures for the EWMP are designed to achieve these reductions, and the RM provides
assurance that the required reductions will be achieved by the selected control measures. Each
jurisdiction in the BC EWMP Group is held to achieving equitable reductions for the receiving waters /
assessment areas to which they discharge. It is noted that the required percent reductions for zinc in
Ballona Creek are among the highest of all the EWMPs in the LA County area.

An important consideration for the RAA and scheduling of control measures is the difference between
interim and final requirements. While the critical condition (90th percentile) is used to define the
required reductions for final compliance, interim compliance is based on average conditions according
to the RAA Guidelines (Regional Board, 2014):

for interim WQBEL5 and/or receiving water limitations, the percent reduction
based on annual average baseline loading may be used to set targets/goals for
BMPs/watershed control measures. A gradual phasing of percent load reduction
for interim WQBELs/RWLs to final WQBELs/RWLs shall be applied over the
course of the implementation schedule. (page 7).

For the BC RAA, the gradual phasing is achieved by determining the ratio of loading during average to
90th percentile conditions, as shown in Table 6-6. Zinc loading during the interim/average condition
is between 26 percent and 41 percent of the loading that occurs during the final/9Oth percentile
condition. The approach for applying this ratio during scheduling of control measures for
EWMP/TMDL milestones is described in Appendix 6.H.

Table 6-6 Limiting BC Pollutant Reductions for Interim and Final Compliance

‘Based on control of zinc during storm that generates the 90th percentile zinc Exceedance Volume
2Loading of zinc at mouth of watershed from storm that generates the average zinc Exceedance Volume
‘Loading of zinc at mouth of watershed from storm that generates the 90th percentile zinc Exceedance Volume

RM Assessment Area
Condition and Reduction

Pollutant Addressed Metric Ballona Sepulveda Centinela
Creek Channel Creek

Final Compliance with Metals ana
Other Water

Quality Priorities

(except E. coil)

Requited Load Reduction’

Interim Compliance with Metals and
Other Water

Quality Priorities

(except E. coil)

72.6% 81.1%

Loading during average/interim
condition (pounds)2

Loading during 90th percentile/final
condition (pounds)’

85.3%

795 172

Final Compliance

with E. coil

1,983

Ratio used to gradually phase from
interim to final required reduction

55

416

0.40

211

Runoff volume to be retained

0.41 0.26

Runoff from critical bacteria storm is
retained

prior to discharge to receiving water
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6.3 Representation of EWMP Control Measures
Once the model is set up to accurately simulate baseline hydrology and water quality conditions, the
targets have been calculated, and the required reductions estimated, the next stage of the RAA
determines the optimal combination of BMP types to achieve applicable RWLs and WQBEL5. This step
requires a robust set of assumptions to define the watershed-wide extent and configuration of each of
the types of control measures that make up the EWMP Implementation Strategy.

The representation of control measures in the model is an important element of the RAA, as it
provides the link between future watershed activities, model-predicted water quality improvement,
and, ultimately, compliance. Since the 3MP modeling parameters will greatly influence the outcome of
the RAA, it is imperative that the suite of BMP assumptions are based on the best available data and
represent the opportunity and limitations that will be faced by designers, contractors, and
maintenance crews in the field as these BMPs are implemented over time. Further, the technical rigor
of the analysis must be appropriately balanced with the resolution of the modeling system and the
accuracy of the key datasets.

This section presents and reviews the following three primary elements for representing BMPs in the
RAA model:

• Opportunity — Where can these BMPs be located and how many can be accommodated?

• System Configuration - How is the runoff routed to and through the BMP and what is the
maximum 3MP size?

• Cost Functions — What is the relationship between 3MP volume/footprint/design elements and
costs?

The following sections provide an overview of methods, summarize key assumptions, and highlight
potential data limitations. Appendices 6.C through 6.F, as summarized in the following subsections,
contain additional information including details on how each type of control measure (LID, green
streets, regional EMPs) was represented in the modeling system (SUSTAIN].

6.3.1 BMP Opportunities
BMPs can only feasibly be implemented at certain locations in the watershed. While physical
constraints may limit implementation in some areas (e.g., high slopes, insufficient space], practical or
preferential constraints are also an important consideration for each jurisdiction (e.g., parcel
ownership, redevelopment rates]. To ensure that the spatial and temporal extent of BMP
opportunities were accurately accounted for in the model, a BMP opportunity assessment was
customized for each individual BMP category and type. The best available data and GIS layers were
specifically selected to screen out inappropriate opportunities and/or identify high priority project
opportunities (e.g., regional projects on public parcels]. A summary of these methods is provided in
Table 6-7 and detailed methods and screening results are provided in Appendix 6.C.
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Very High projects
on Public

High & Medium
projects on Public

on Private Control measures located on acquired private parcels to capture runoff near the
subwatershed or jurisdiction outlet.

In addition to the spatial opportunity screening process, which highlighted potential roadblocks to
BMP implementation, the preferences of the BC EWMP Group members were incorporated into the
RAA, in order to allow the EWMP Implementation Strategy to be customized to each jurisdiction.
These preferences are summarized in Table 6-8.

Culver City

Inglewood

Santa Monica

Unincorporated
LA County

West Hollywood

Z2 Also prefer to include non-BC EWMP Group members-owned parcels, such as Metro Transit Authority parcels.

Table 6-7 Summary of BMP Opportunities for Final Compliance RAA

Ordinance

Assumed to achieve 5 percent reduction for most jurisdictions. The 5% reduction
Institutional Institutional was assumed to be reflective of the expanded MCM requirements in the 2012

M54 Permit.

Acreage subject to redevelopment based on growth rates reported by City of Los
Angeles.

BMPs constructed after September 2011 were included based on list submitted
Low Impact Planned

in Ballona Creek EWMP Work Plan (see Appendix 6.F).
Development

on Residential One percent of residential parcels enrolled per year, starting in 2017.

o P b
Parcels flagged as opportunities based on screening for slopes, soiln u ic
contamination, and ownership.

Available opportunity approximated for each subwatershed based upon streetGreen Streets Green Streets
types and slopes.

Regional

Top 20 ranked parcels from regional BMP selection process.

Parcels flagged as opportunities based on screening and prioritization conducted
for regional project selection process.

Table 6-8 Summary of BMP Preferences for Ballona Creek EWMP

City of Los Angeles 5% Yes Yes Yes Yes Yes No

5% Yes Yes Yes Yes

5% Yes Yes

5% Yes Yes

5% Yes Yes

5% Yes Yes

Yes Yes

Yes Yes

Yes Yes

Yes Yes

Yes No

Yes No

Yes Yes

Yes Yes

Yes Yes22
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6.3.2 BMP Configuration
EMP configuration is determined by a combination of [1J physical watershed properties that are
generally unchangeable (e.g., location of parcels or streets, soil types, drainage areas, space available
for BMPs] and [21 BMP design assumptions which are at the discretion of the responsible agency
(e.g., standard BMP profiles, underdrain configurations, soil media mixes]. Table 6-9 provides a brief
overview of BMP configuration assumptions and Appendix 6.D provides details on how variables were
defined for each BMP categories/types, including the following:

• Drainage Area - Determined by the physical setup of the watershed and the placement of the
BMP, drainage area ultimately defines how much water and pollutant load could possibly arrive
at the site. A typical (or specific, where possible] drainage area is estimated for each category of
BMP in Appendix 6.C and Appendix 6.D.

• Infiltration Rate — Determined by the soil types in the area, infiltration rate defines the rate at
which water exits the BMP into the soil. Appendix 6.C provides details for how infiltration rates
were spatially estimated. For Very High regional BMPs, geotechnical field work will be
performed to estimate site-specific infiltration rates.

• Routing — Determined by the drainage network in the local area, the runoff conveyance method
is critical to determining how much of the runoff and associated pollutants are accessible by the
BMP. Conveyance systems that are underground or well below-grade often require pumping to
lift the runoff to a BMP. Table 6-9 provides details on when pumping is assumed.

• BMP Design — Determined by the physical space available at the site and the standard profile
assumed, BMP design defines the spatial footprint, depth, and internal hydraulic routing of
runoff through the BMP. Appendix 6.D provides BMP design details for each individual BMP
category and type.

• BMP Efficacy - Determined by the BMP type selected, BMP efficacy defines the pollutant
removal rates for overflow or underdrain effluent from the BMP. Appendix 6.D provides BMP
efficacy details.

Careful analyses were performed to specifically tailor each of the above variables for every
individual BMP category and type. The results of these analyses have yielded a robust and
defensible suite of BMP configuration assumptions that reasonably represent future BMP
implementation in the watershed.
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Table 6-9 Summary of BMP Design Assumptions for Final Compliance RAA

Institutional Institutional Not modeled explicitly.

Bioretention/Biofiltration sized to capture 85th percentile runoff from parcel.Ordinance .Underdrains required if subsoil infiltration rate less than 0.3 inches per hour (in/hr).

Bioretention/Biofiltration sized to capture 85th percentile runoff from parcel.Planned .Underdrains required if subsoil infiltration rate less than 0.3 in/hr.
Low Impact

Development

on Residential Bioretention sized to approximately 4 percent of parcel area (typical sizing to
capture 85th percentile runoff)

Bioretention/Biofiltration sized to capture 85th percentile runoff from parcel.on Public .Underdrains required if subsoil infiltration rate less than 0.3 in/hr.

Bioretention/biofiltration is 4 feet wide. Permeable pavement/subsurface storage is
5 feet wide and used in tandem with bioretention/biofiltration. 50 percent of theGreen Streets Green Streets .street length retrofittable. Underdrains required if subsoil infiltration rate less than
0.3 in/hr.

BMP footprint delineated and maximum storage depth specified based on siteVery High
Proects configuration, topography, depth to groundwater, and infrastructure. Pump

Public specified if greater than 100 feet from major storm drain using an optimum
diversion rate (0.09 cfs/acre).

High & Medium Same as Very High except maximum storage depth was assumed to be 3 feet (rather
Regional Projects on than based on site-specific configuration). Also, drainage areas and footprints are

Public coarser due to the large number of these projects.

Assumed a foot deep infiltration basin at subwatershed outlets. Pumping assumed
on Private with no diversion limitations. Maximum footprint is equal to 5 percent of

contributing area.

6.3.3 Cost Functions
To support BMP optimization, cost functions were developed for each type of structural BMP to relate
capital and O&M costs to physical EMP characteristics such as depth, footprint, and configuration. The
cost functions are primarily based on those presented in WMMS. While maintenance costs from
previous efforts were based on national literature review estimates, those costs were updated for the
RAA to provide customized regional cost functions. Maintenance professionals from municipalities in
Southern California were interviewed to determine actual costs for routine and intermittent
maintenance practices such as mowing grass, pruning, spreading mulch, replacing soil media,
sediment removal and street sweeping (Caltrans, City of La Mesa, City of Lemon Grove, City of
San Diego, County of San Diego, and Unified Port of San Diego, 2013). The costs account for labor to
perform the maintenance as well as costs for maintenance and upkeep of the equipment. A summary
of the BMP cost functions, expressed as a function of BMP geometry is presented in Table 6-10. It is
important to note the cost functions are based on 20-year life cycle costs including O&M costs.

6-20

BMP I
Category Type Key Design Parameters



Section 6 • Reasonable Assurance Analysis (RAA)

Table 6-10 Summary of BMP Cost Functions for Final Compliance RAA (20-year, including O&M Costs)

Bioretention with Underdrain Cost = 64.908 (A) + 2.165 (Vt) + 2.64 (Vm) + 3.3 (Vu)

LID and Bioretention without Underdrain Cost = 56.658 (A) + 2.165 (Vt) + 2.64 (Vm)

Green Residential LID Cost=4.000(A)

Streets Permeable Pavement with Underd rain Cost = 65.849 (A) + 3.3 (Vu)

Permeable Pavement without Underdrain Cost = 57.599 (A)

Pump Cost = 56,227*(Pump Copacitycfs) + $1,207,736
Regional

Regional Project on Public Parcel Cost = 45.42 (A) ÷ 2.296 (Vt) + 2.8 (Vm)

Regional Project on Private Parcel Cost = 45.42 (A) + 2.296 (Vt) ÷ 2.8 (Vm) ÷ 129 (A)

1— Functions describe 20-year life cycle costs including O&M using the following variables: (A) is the area of the BMP footprint in square
feet, (Vt) is the total volume of the BMP in cubic feet, (Vm) is the volume of the BMP soil media in cubic feet, and (Vu) is the volume of the
BMP underdrain in cubic feet.

6.4 BMP Selection
The RAA process is an important tool for assisting BC EWMP Group memberswith selection of control
measures for EWMP implementation (known as the EWMP Implementation Strategy). A major
challenge associated with stormwater planning is the multitude of potential types and locations of
control measures and the varying performance and cost of each scenario. This subsection describes
the process for selecting the control measures for the EWMP Implementation Strategy by each
jurisdiction.

6.4.1 Selection of Control Measures for Final Wet Weather Compliance
The SUSTAIN model within WMMS provides a powerful tool for considering millions of scenarios of
control measures and recommending a solution based on cost-effectiveness. The cost functions
described in the previous subsection are used to weigh the cost of different BMP scenarios with
benefits in terms of pollutant load reduction. As shown in Figure 6-7, the RAA process for Ballona
Creek first determines the control measures to achieve zinc RWLs under critical conditions and then
determines the additional capacity (if any) needed to retain the critical bacteria storm. The
optimization modeling is conducted stepwise to determine the control measures for final compliance
in the EWMP Implementation Strategy, as follows:

I. Determine the cost-effective BMP solutions for each subwatershed in the EWMP area:
an example set of “BMP solutions” is shown in Figure 6-8, which shows thousands of
scenarios considered for an individual subwatershed in the EWMP area. The scenarios are
based on the available opportunity (e.g., the available footprints for regional BMPs and
length of right-of-way for green streets) and predicted performance for controlling zinc if
BMPs were implemented at those opportunities with varying sizes. The most cost-effective
BMP solutions for each of the 180 subwatersheds in the BCWMA provide the basis for cost
optimization.
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2. Determine the cost-effective scenarios for each jurisdiction in the EWMP Group: by
rolling up the BMP solutions from the subwatershed level to a jurisdictional level, the most
cost-effective scenarios for each jurisdiction can be determined for a wide range of required
zinc reductions. These “cost optimization curves” provide a potential EWMP
Implementation Strategy for a range of required reductions. Figure 6-9 shows example cost
optimization curves for the jurisdictions that drain to the mainstem of the Ballona Creek.
Each scenario is a “recipe for compliance” for all the subwatersheds in the jurisdictional
area (for a given percent reduction). The complete set of cost optimization curves for the
Ballona Creek EWMP are presented in Appendix 6.G.

3. Extract the cost-effective scenarios for the required reduction: the required zinc
reductions specified in Table 6-6 determine the specific scenario that is selected from the
cost optimization curves. All jurisdictions within the assessment areas are held to the same
percent reduction. The selected scenarios become the EWMP Implementation Strategy.
Figure 6-10 illustrates the process for extracting the control measures to achieve zinc RWLs
from the cost optimization curve. The extracted control measures comprise a detailed
recipe for compliance with RWLs for metals and other Water Quality Priorities for each
subwatershed in the jurisdictional area.

4. Route the critical bacteria storm through the control measures in the extracted
scenario: the effectiveness of the selected control measures for retaining the critical
bacteria storm is evaluated. The additional capacity (if any) to retain the critical bacteria
storm is determined for each subwatershed.

The resulting EWMP Implementation Strategy for final compliance is presented in Section 7.
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To achieve 50% reduction
in zinc in this sub-
watershed, cost-benefit
optimization can reduce
costs by —33% by selecting,
the most cost-effective
BMP scenario (from $3.1M
to$2.1M).
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Structural BMP Cost (Million $)

2.5

Figure 6-8 Example BMP Solutions for a Selected Subwatershed and Advantage of Cost-Benefit
Optimization’
1 - This figure shows an optimization output for a single subwatershed. A similar curve was generated for each of the 180 subwatersheds in
the EWMP area. The EWMP Implementation Strategy is based on an optimization routine that searches through those curves and selects the
combination of solutions in each assessment area / watershed that provides the greatest cost-benefit for the required pollutant reduction.
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Figure 6-9 Example Cost Optimization Curves for a Watershed: Ballona Creek fmainstem)1
1 - This example shows the set of optimized BMP solutions for BC EWMP jurisdictions that drain to mainstem Ballona Creek. Each optimization curve represents over 1 million BMP scenarios that were
evaluated for cost-effectiveness. All jurisdictions that drain to Ballona Creek mainstem are held to an equitable 73 percent reduction, but the curves differ among jurisdictions due to differing BMP
opportunities. Different watersheds are subject to different percent reductions (see Section 6.5.4). See Appendix 6.G for the complete set of cost optimization curves.
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Figure 6-10 Illustration of How the EWMP Implementation Strategy is Extracted from a Cost Optimization Curve’
1 - This illustration uses the City of Los Angeles jurisdiction in the Sepulveda channel watershed as an example. Three steps are shown for RAA development: cost-optimized BMP solutions ate
developed for a wide range of percent load reductions (l’, uppermost text box), followed by determination of the equitable percent load reduction needed to attain RWL5 for the corresponding
receiving water (2’, middle text box), and then the corresponding BMP solution is extracted to complete the RAA and determine the EWMP Implementation Strategy for the jurisdictional area (3rd,

bottom text box). The EWMP Implementation Strategy for all jurisdictions and assessment areas is presented in Section 7. Note that while all jurisdictions in an assessment area/watershed are held to
an equivalent percent reduction, subwatersheds within a jurisdiction may have variable reductions based on optimization (which is why some subwatersheds have high percent reductions [red
shaded rows in table] and others have low percent reductions).
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6.4.2 Selection of Control Measures for Interim Wet Weather Compliance
With the EWMP Implementation Strategy for final compliance determined, the remaining step for the
wet-weather RAA is scheduling of control measures over time to achieve interim milestones. The
following interim wet weather milestones were utilized for development of the BC EWMP primarily
based on the milestones of the BC Metals TMDL:

• Achieve 25 percent of the reduction for zinc23 (2012]24

• Achieve 50 percent of the reduction for metals (2016)

• Achieve 25 percent of the reduction for WBPCs identified in Tables 3-4 (2017]

• Achieve 100 percent of the reduction for metals and WBPCs identified in Tables 3-4 (2021]

The scenario of control measures that corresponds to each of the EWMP / TMDL milestones was
extracted and used for scheduling of the EWMP Implementation Strategy, as presented in the next
section.

As described in Section 6.5.4, the applicable critical condition gradually phases from average
conditions for interim milestones to critical conditions (90th percentile) for final compliance. The
approach for determining the control measures that correspond to each milestone was as follows:

1. Simulate the BMP performance of increasing levels of control measure
implementation: multiple increments of “percent completion” of the final EWMP
Implementation Strategy were simulated to determine the relative performance as control
measures are implemented toward final compliance. The result is a curve of Percent of Final
Reduction versus Percent of Final Capacity (see figure 6-11].

2. Incorporate the gradual phasing from average the critical conditions: the gradual
phasing was accomplished by applying the average: final ratios in Table 6-6 to the BMP
sequencing. An illustration of the phasing approach is shown in Figure 6-11. The orange
“translator” from average to final phases from relying entirely on average conditions at
0 percent completion and phases to relying entirely on final conditions at 100 percent
completion. The formulation of the orange translator line is based on the quadratic
equation, as detailed in Appendix 6.H.

The scenario of control measures that corresponds to each of the EWMP/TMDL milestones was
extracted and used for scheduling of the EWMP Implementation Strategy, as presented in the next
section.

23 While these milestones are expressed as reduction in zinc, because zinc is a limiting pollutant (see Section 6.5.3),
achievement of zinc RWLs by these dates assures even greater reduction in other Water Quality Priority pollutants.
24 While the 25 percent reduction milestone for 2012 has passed, the control measures are still evaluated by the RAA for
planning purposes.
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Figure 6-11 Illustration of Gradually Phasing from Average to Critical Conditions for Interim Milestones’
1 - The orange “translator” line in this figure phases from average to final by relying entirely on average conditions at 0 percent final BMP
capacity and then phases to relying entirely on final conditions at 100 percent BMP capacity. In the example, the average:final ratio is 0.34
(see right hand side of figure). The percent BMP completion based on the final compliance target (critical conditions) is represented by the
top blue line [segment A-C], while percent BMP completion based on the interim target (average conditions) is represented by bottom blue
line [segment A-B]. The orange curve represents the “translator” for phasing of the pollutant reduction target from average to critical
conditions to match the approach recommended by the RAA Guidelines (and account for the average:final ratio of 0.34). A reduction of 35
percent under average conditions represents a 20 percent reduction under final conditions. A 65 percent reduction under average conditions
represents a 50 percent reduction under final conditions. The relative difference depends on the average:final ratio, which is watershed-
specific (see Table 6-6). As the ratio approaches 1.0, average and final conditions become identical.
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