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1.0   Introduction 
This Technical Memorandum (TM) has been prepared as a step in developing a Total Maximum 
Daily Load (TMDL) Implementation Plan for Bacteria in Malibu Creek Watershed (MCW).  The 
Wet Weather Treatment Plan, while focusing on bacteria as the primary driver, also 
incorporates key elements of integrated implementation – that is, the reduction of multiple 
pollutants and the integration of multiple water resources uses and reuses.  It is intended that 
TM 7.2, which presents the foundation of a comprehensive wet weather treatment plan, be 
considered with TM 7.3, which presents site-specific sub-watershed analyses.  While TM 7.2 
includes preliminary descriptions of strategies for specific sub-watersheds, details and 
subsequent evaluations will be presented in TM 7.3.  

1.1 Malibu Creek Watershed 
The MCW area is approximately 109 square miles (mi2) and includes Malibu Creek as well as 
several creeks and lakes located in the upper part of the watershed.  The watershed stretches 
across the northern part of Los Angeles County and the southern part of Ventura County, 
bounded on the Santa Monica Mountains, the Simi Hills and the Pacific Coast as Santa Monica 
Bay.    Figure 1 shows the subwatersheds that comprise the MCW, and identifies the impaired 
waterbodies within the MCW.  Figure 1 also shows tentative compliance points for Total 
Maximum Daily Load (TMDL) limits.  The Regional Water Quality Control Board will establish 
final compliance, as well as additional compliance points in each watershed. 

Many of the headwaters of the Malibu Creek watershed are drained by Municipal Separate 
Storm Sewer Systems (MS4s) in the cities of Thousand Oaks, Agoura Hills, Calabasas, and 
Westlake Village.  Runoff from these cities is discharged into upper Malibu Creek, Las Virgenes 
Creek, other tributaries, and four inland lakes.  In the middle of the watershed, streams route 
urban runoff through the Santa Monica Mountains, which is comprised primarily of state park 
land and other open space.  These tributaries ultimately combine with lower Malibu Creek 
upstream of the Tapia Water Reclamation Facility (WRF).  The Tapia WRF treats wastewater 
from the Las Virgenes Municipal Water District (LVMWD) service area, and its National 
Pollution Discharge Elimination System (NPDES) permit prohibits any effluent discharge 
during the summer months (April 15 through November 15).  A large portion of the effluent is 
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reused and the remainder is eliminated through irrigation of other open spaces in the 
watershed.  The remaining low flow (without effluent) in lower Malibu Creek during the 
summer is contained in the Malibu Lagoon.  Lower Malibu Creek also captures additional 
urban runoff from a commercial portion of the City of Malibu prior to reaching the lagoon.   The 
lagoon is breached during high flow events in the wet season.  This hydrologic scenario results 
in water quality conditions throughout the watershed that vary greatly spatially and seasonally.
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MCW is unique among the greater Los Angeles area watersheds because a majority of the 
watershed contains a large amount of open space and several natural creeks. This region is 
primarily characterized by its rural environment, natural beauty, wildlife, and recreational 
opportunities. However, MCW also supports urban, residential, and business communities 
primarily at the mouth of Malibu Creek and in the upper reaches of MCW in both Los Angeles 
and Ventura Counties. Roads, highways, water utilities, sanitary sewer systems, on-site 
wastewater treatment systems, and coordinated trash disposal serve these diverse communities. 
Storm water discharges from these communities can convey pollutants that impact the natural 
waterways and northern beaches of Santa Monica Bay.  Storm water dischargers are responsible 
for compliance with TMDL regulations governing the bacteria levels in 303(d)-listed streams in 
the MCW. To address these regulations, municipalities and agencies within the MCW are 
developing an Implementation Plan for the Dry- and Wet-Weather Bacteria TMDL.  

1.2  Purpose of the Bacteria TMDL Implementation Plan 
The goal or purpose of the Bacteria TMDL Implementation Plan is to address watershed 
management principles through strategic implementation of best management practices (BMPs) 
to obtain optimal reductions in bacterial loading to streams, while providing water quality 
benefits for other constituents as well. 

The objectives of the TMDL Implementation Plan are as follows: 

 To improve and maintain water quality within the MCW consistent with the Bacteria 
TMDL; 

 To recommend a plan of action to address compliance with TMDL regulations; and 

 To be a living document that is updated as the TMDL is implemented and as requirements 
evolve. 

1.3 Purpose and Organization of this Document 
The purpose of this technical memorandum is to develop strategies for the control of bacteria 
within the MCW and to provide guidance and tools to be used in site- and subwatershed-
specific evaluations.  It also recognizes the desire to support an integrated plan that treats 
multiple pollutants and provides multiple beneficial water reuses. This TM describes various 
treatment BMP options for controlling bacteria loads in the MCW, develops general treatment 
strategies using these BMPs, discusses important considerations for the selection and 
implementation of these treatment strategies, and provides some preliminary subwatershed-
specific recommendations. This TM also provides preliminary unit cost and size relationships 
for proposed BMPs.  

This TM is organized as follows: 

Section 1.0 provides an introduction and background. 
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Section 2.0 provides a discussion of the proposed hydrologic method of analysis to be used in 
the development of the TMDL Implementation Plan.  

Section 3.0 describes the menu of structural BMPs and identifies the BMPs from this menu that 
are relevant to reducing bacterial loads. 

Section 4.0 discusses the role each BMP plays in bacterial control and the way each could be 
applied and integrated into a treatment plan for the MCW.  

Section 5.0 identifies general treatment strategies and the BMPs or combinations of BMPs that 
these strategies could utilize for bacterial control.   

Section 6.0 includes general discussions of cost, risk, beneficial use, performance measures, 
implementation strategies, and integrated management as topics to consider when selecting 
treatment strategies. 

Section 7.0 provides unit cost and size relationships to be used in site- or subwatershed-specific 
evaluations. 

Section 8.0 describes preliminary recommendations for high priority watersheds. 

Section 9.0 lists references cited in this TM. 
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2.0  Concept Hydrology 
The Los Angeles County Department of Public Works (LA County) has developed a method for 
hydrological analysis for the MCW TMDL Implementation Plan that provides TMDL concept 
hydrology.  This methodology and results are outlined in the LA County Concept Hydrology 
Report (2006). The purpose of this effort was to provide the necessary framework for hydrologic 
analyses associated with implementation of the Bacteria TMDL for the MCW for sizing of 
structural Best Management Practices (BMPs). 

2.1  The TMDL Design Storm Methodology 
The MCW TMDL concept hydrology uses the Modified Rational Method to convert the 
Weighted Average Storm Event (WASE) into a runoff hydrograph.  The primary intent of this 
method is to provide criteria for the sizing of regional BMPs as to achieve compliance with the 
TMDL by targeting the time-averaged mean concept flow.  LA County provided concept 
hydrographs for 16 points within high-priority subwatersheds.  These hydrographs report the 
concept flow, concept volume and the predicted percent capture under the proposed treatment 
scenario. 

2.2 Assumptions and Limitations 
Assumptions and limitations with the MCW TMDL concept methodology include:   

• Evaluates single, 24-hr storms only;   
• Assumes constant rainfall over the entire watershed area;  
• Provides information only on volumetric treatment rates without relationships to pollutant 

loadings.  
 
This method’s relationship to exceedence days is as follows: if 100% of the volume from 74% of 
all storm days are treated, less than 17 days will be exceeded assuming there are 40 to 70 storm 
days with wet-weather (0.1" or more of rainfall and 3 days following the event) during a given 
water year.  

2.3 Application of Methodology 
The proposed concept hydrology methodology developed for MCW will be used as a goal for 
planning of regional BMPs associated with the TMDL Implementation Plan.   

Because integrated water resources solutions may involve regional solutions that are coupled 
with distributed and institutional water quality and integrated water resources strategies, 
design criteria for these other strategies are required.  For purposes of planning, it is assumed 
that both distributed and institutional solutions will utilize a criteria based on the Standard 
Urban Storm Water Mitigation Plan (SUSMP),  and that volume captured within a watershed 
may be directly removed from regional target volumes (a simple mass-balance approach).  Use 
of SUSMP criteria represents a conservative, low-risk, upper-limit planning goal for distributed 
facilities.   
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3.0 Best Management Practices for Bacteria  
A number of BMPs can contribute in some way to the reduction of bacterial loads to 
waterbodies with the MCW.  These BMPs can be divided into two general categories based on 
the mechanisms by which they reduce bacteria loads: treatment and volume reduction.   

Treatment by disinfection is a conventional solution to bacterial contamination. While 
disinfection has been a standard practice in wastewater and water treatment for many years, 
many technologies can be adapted to storm water applications.  Storm water disinfection may 
be accomplished through chemical treatment or natural treatment.  It may be done in a larger 
regional facility or in smaller distributed facilities.  Due to the various sources of bacterial 
pollutants and the difficulty in controlling them, regional or subregional disinfection strategies 
are common in bacteria control plans.  However it should be noted that the successful control of 
bacteria in stormwater or dry weather flows using standard disinfection practices is not well 
documented.  In fact, bacterial regrowth immediately downstream of UV disinfection facilities 
has been observed in recent studies (City of Encinitas, 2006; Flow Science, 2005), indicating that 
a high level of treatment upstream may not necessarily equate to decreased water quality 
exceedance frequencies downstream.   

Volume reduction is another important part of a larger strategy for controlling bacterial loads.  
Volume reduction measures include distributed BMPs such as downspout disconnects and 
bioretention areas, and regional or subregional BMPs such as infiltration basins.  Volume 
reduction BMPs serve a treatment function (infiltrated water is treated by soil and is completely 
removed from surface waters), a source reduction function (less water running across 
contaminated surfaces), and a peak flow mitigation function (although likely limited during 
large events).  In addition, the reduction of flow rates and volumes reaching regional or sub-
regional treatment facilities allows for smaller regional facility designs.   

Structural BMPs can be grouped into four general BMP categories, or “families.”  The primary 
differentiators of these structural BMP families are the size of tributary drainage area and 
implementing entities. The following BMP families are referenced throughout this 
memorandum: 

• Structural Institutional BMPs  

• Distributed BMPs  

• Regional/Subregional BMPs 

• Stream Enhancement Measures 

Table 3-1 identifies and provides brief descriptions of BMPs within each of these families that 
could contribute to achievement of the Bacteria TMDL.   
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Table 3-1: Bacteria Control BMPs 

BMP Category / Type Potential 
mechanisms Description 

Structural Institutional 
BMPs 

Coordinated programs that are developed and implemented by local 
or County jurisdictions.  With high levels of participation, structural-
institutional BMPs can be a cost-effective storm water quality and 
volume management strategy. 

 
Development and 
Redevelopment Design 
Standards 

Volume 
Reduction, 

Flow 
Control, WQ 

Standards requiring implementation of BMPs associated 
with new or re-development activities. 

 Downspout 
Disconnection Program 

Volume 
Reduction, 

Flow Control 

Program to decrease system connectivity and increase 
on-site infiltration; can be incentive-based 

 
Residential Storm water 
Fee Discount Programs 
 

Volume 
Reduction, 

Flow 
Control, WQ 

Offer discounted storm water fees for implementation of 
on-site BMPs 

 

Commercial and 
Industrial Area Retrofit 
Programs 
 

Volume 
Reduction, 

Flow 
Control, 

WQ 

Encourages voluntary implementation of structural 
retrofits in commercial and industrial developments 

 Stream Buffers 
 

Volume 
Reduction, 

WQ 

Provides natural vegetation corridors to help protect 
stream banks and reduce pollutant loads from urban 
runoff 

 
Horse Farm Retrofit 
Program 
 

Source 
Control 

Includes design standards, education, and BMP retrofits 
to reduce pollutant runoff loads 

Distributed BMPs 
BMPs that employ a variety of natural and constructed features to 
reduce the rate of runoff, filter pollutants, and facilitate the infiltration 
of water into the ground at the parcel scale. 

 Local Capture System 
Volume 

Reduction, 
Flow Control 

Cisterns, rain barrels or other holding tanks for peak 
flow reduction and on-site reuse 

 Vegetated Treatment 
Systems 

WQ, Volume 
Reduction, 

Flow Control 

Vegetated swales, bioretention areas, etc. to filter and 
infiltrated runoff; support natural treatment mechanisms 

 Media Filtration WQ 
Specialized filtration processes for removal of 
pollutants, including bacteria; can include cartridge 
filtration, sand filtration, etc. 

 Local Infiltration 
Systems 

Volume 
Reduction, 

Flow Control 

Site-scale  infiltration basins  or pervious wearing 
surfaces such as grass pavers or pervious asphalt 

 Street and Parking Lot 
Biofiltration Retrofits 

WQ, Volume 
Reduction, 

Flow Control 

Small scale vegetated  facilities to improve WQ, and 
promote infiltration 
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Table 3-1: Bacteria Control BMPs 

BMP Category / Type Potential 
mechanisms Description 

 Equestrian Related  
Post-Construction BMPs 

Volume 
Reduction, 

Source 
Control 

Facilities and practices for horse farms to reduce 
pollutant loadings and runoff volume 

Regional/Subregional BMPs Facilities that provide treatment for moderate to large size catchments, 
on the scale of 10s to 100s of acres, up to square miles 

 Regional Detention Flow Control, 
WQ 

Provide peak flow mitigation and some WQ benefits 
through the detention of runoff in large basins 

 Regional Infiltration Volume 
Reduction 

Large, shallow basins that retain and infiltrate all 
contributing runoff 

 Regional Natural 
Treatment Systems 

WQ, Volume 
Reduction, 

Flow Control 

Vegetated facilities that rely on natural mechanisms to 
improve WQ, also promote infiltration; examples below. 

 Free Surface Flow 
Wetlands 

WQ, Volume 
Reduction, 

Flow Control 

Constructed wetlands in which water flows on the 
ground surface 

 Sub-Surface Flow 
Wetlands 

WQ, Volume 
Reduction, 

Flow Control 

Constructed wetlands in which runoff is routed through 
a sub-surface matrix that supports surface vegetation, 
provides aerated and anoxic zones 

 Treatment Facilities WQ, 
Disinfection 

Regional and subregional disinfection facilities that 
inactivate bacterial loads; examples below 

 Wastewater 
Treatment Plant 

WQ, 
Disinfection 

Storm water diversions to WWTPs reduce pollutant 
loads to streams, provide reliable treatment 

 UV Irradiation Disinfection Facilities using UV light to inactivate pathogens 

 Ozone WQ, 
Disinfection 

Ozone is generated onsite and used as a disinfecting 
agent. 

 
Biocides and 
Peracetic Acids 
(PAA) 

WQ, 
Disinfection Disinfects runoff through oxidation with PAA 

Riparian Enhancement The use of upland, riparian, and in-stream techniques to enhance 
natural riparian functions.   

 Bank and Channel 
Stabilization 

Habitat 
Enhancement, 

WQ 

BMPs to mitigate erosion and hydrodynamic impacts of 
watershed urbanization on streams; support natural 
uptake and filtration mechanisms mechanism; protect 
against regrowth and remobilization issues. 

 Wetland Enhancement 
Habitat 

Enhancement,  
WQ 

BMPs to improve wetland function; support natural 
treatment mechanisms found in wetlands 

 
Many of the BMPs found in Table 3-1 also provide treatment for other common storm water 
constituents.  In the interest of integrated resource management, the other treatment capabilities 
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of BMPs should be identified and considered when selecting suites of BMPs for bacteria control.  
Treatment capabilities of the structural BMPs listed in Table 3-1 can be found in Table 3-2, 
below. 

Table 3-2:  Other Pollutant Removal Capabilities of Structural BMPs 
 Target Pollutants 

Structural BMP Category 
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Distributed BMPs 

Local Capture Systems       

Vegetated Treatment 
Systems 

      

Local Infiltration Systems 
      

Media Filters 
      

Gross Solids Removal 
Devices 

      

Drain Inlet Inserts and 
Filters 

      

Street and Parking Lot 
Biofiltration Retrofits 

      

Equestrian Related BMPs 
      

Regional/Subregional BMPs 

Regional Detention       

Regional Infiltration 
      

Regional Natural 
Treatment Systems 

      

Treatment Facilities 
      

  1        - High Effectiveness        - Moderate Effectiveness       - Limited Effectivenes 
 2 All pollutant groups include trash, sediment, nutrients, metals, bacteria, and 
organic pollutants 
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4.0   Prioritization of Bacteria Related BMPs 
The BMPs identified in Table 3-1 are diverse in their function and mechanism.  While some of 
these, such as regional infiltration facilities, may provide a stand-alone solution to bacterial 
problems, other BMPs such as local capture systems, serve only a support function to an overall 
treatment strategy.  Because of the significant differences between subwatersheds within the 
MCW, the efficiency and effectiveness of a watershed-wide solution will benefit from an 
integrated approach.  Such an integrated approach requires a broad menu of different BMPs; 
however evaluation of alternative treatment strategies, including risks, performance, and 
estimated sizes and costs, requires the menu of BMPs to be qualitatively assessed in the context 
of the specific treatment mechanisms provided by each BMP and potential integration into a 
bacterial treatment strategy.   

In this section, BMPs are discussed by categories based on their function and their location 
within the watershed (i.e., distributed vs. regional).  Each category includes a number of BMPs 
that operate by similar mechanisms and serve similar functions with respect to bacteria.  BMPs 
within each category have been compared, and strengths and weaknesses have been identified 
with respect to their potential role in the control of bacteria.  In the following sections, these 
BMPs will be explored more thoroughly with respect to the role they could play in general 
treatment strategies.  Further sections also identify and discuss considerations for cost, risk, and 
implementation of these BMPs, and develop preliminary unit cost and sizing relationships. 

For the purposes of this discussion, Institutional Structural BMPs have been grouped with 
Distributed BMPs, since these two groups rely on the same basic technologies, with the 
differences being primarily the scale and manner in which they are implemented.  Also, the 
category Regional BMPs has been divided into Passive Regional BMPs and Active Regional 
BMPs due to the significant differences in treatment mechanisms between these two groups.   

4.1   Distributed Structural BMPs 
The use of distributed structural BMPs could be an effective part of an overall strategy to 
control bacterial loading in the MCW.  The most significant mechanism employed by 
distributed BMPs for bacteria control is volume reduction.  Secondary to this mechanism is 
filtration, which has the potential to remove bacteria associated with particulate matter or 
provide some local disinfection through the use of anti-bacterial filter media.  Finally, peak flow 
attenuation may provide indirect benefits to downstream BMPs.  Some distributed BMPs, such 
as bioretention areas, combine all of these mechanisms, while others, such as rain barrels, may 
not provide one or more treatment mechanism but may provide additional benefits such as 
irrigation reuse.  Because each group of BMPs could play an important role in an integrated 
system, all are considered in this TM.  Categories of distributed BMPs discussed below include 
Local Capture Systems, Vegetated Biofiltration, Media Filtration, Local Infiltration, and 
Equestrian Related BMPs.  It should be noted that because vegetated treatment systems and 
street and parking lot retrofits utilize similar BMPs and serve similar functions, these BMPs 
have been grouped together as Vegetated Biofiltration Systems for the purposes of this 
document.  A comparison of the advantages and disadvantages of each of these BMPs is found 
in Table 4-1 at the end of Section 4.1. 
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4.1.1 Local Capture Systems 
Description.  BMPs within this category include rain barrels, cisterns, and other containers used 
to hold rainwater for reuse or recharge.  These systems are usually designed to capture runoff 
from relatively clean surfaces such as roofs, such that the water may be reused without 
treatment.  Tank capacities range from around 55 gallons to several thousand cubic feet and can 
be above or below ground.   

Mechanisms.  Local capture systems contribute to the control of bacteria in the watershed by 
reducing volume of runoff and reducing peak flows.  While runoff from rooftops is not usually 
a significant source of bacteria, the storage and beneficial reuse of this water during dry weather 
and between storms may significantly reduce the required size of downstream treatment 
facilities if local capture facilities are widely instituted within a subwatershed.    

Modifications for Enhanced Bacterial Control.  Ensuring that local capture facilities are 
drained between storms is important to ensure that volume reduction and peak mitigation 
functions are maintained.  Continuously releasing captured runoff at a slow rate to pervious 
areas or directly to the storm drain during or between storms would improve the capture 
efficiency.  Furthermore, the connection of local capture facilities to a common collection system 
for some type of sub-regional beneficial use/reuse, such as an irrigation pond or pocket 
wetland, could also help to ensure that basins are emptied regularly.   

Application and Integration.  Local capture facilities do not depend on geographic constraints 
for their application, thus they could be used throughout the MCW where development exists.  
They are not applicable as stand-alone treatment because they do not eliminate volume by 
themselves and do not treat for bacteria.  However, these systems are versatile in how they 
could be used in an integrated system, from simply holding water for on-site infiltration to 
being connected to a regional system to provide water for a sub-regional beneficial reuse as 
mentioned above.    

4.1.2 Vegetated Biofiltration Systems 
Description.  BMPs within this category include vegetated swales, filter strips, bioretention 
areas and storm water planters.  These can be installed as on-site features of developments or in 
street medians, parking lot islands, or curb extensions.   

Mechanisms. Through a combination of biofiltration, retention, infiltration, and 
evapotranspiration, BMPs within this category can provide a significant contribution to 
bacterial control for small areas and can be applied across the watershed.  The most important 
mechanisms for bacterial control are infiltration and biofiltration.  Infiltration, along with soil 
soaking and evapotranspiration, reduces the volume of storm water runoff, reducing the 
required size of downstream regional facilities.  Biofiltration can remove some particulates and 
the associated bacterial loading from storm water runoff. 

Modifications for Enhanced Bacterial Control.  Bioretention areas, which utilize selected 
vegetation and amended soil for enhanced storage, filtration, and subsurface flow, are the most 
effective of these BMPs.  Where biofiltration areas are not practical, the design of other 
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biofiltration facilities can be modified to improve their bacteria removal capabilities by 
including soil amendments that promote infiltration and water retention.  The NCHRP LID 
Manual (LID, 2006) includes recommended designs for  swales,  “bioslopes”, and infiltration 
trenches which utilize amended soil and are designed to promote subsurface flow.  All facilities 
should be designed to infiltrate as much runoff as soil conditions will allow.  

Application and Integration.  Vegetated biofiltration systems can be effective for management 
of storm water runoff from areas ranging from an individual parcel to a parking lot to several 
city blocks.  While these facilities can provide significant water quality benefits for a variety of 
pollutants, limited data exists showing significant removal of bacterial loads.  Therefore, when 
integrating these facilities into a watershed-wide bacteria control plan, their most important 
contribution will be the volume reduction they provide through infiltration, soil soaking, and 
evapotranspiration.  Peak attenuation effects may also be realized for small storms.  

4.1.3 Media Filtration Systems 
Description. Media filtration is primarily intended to separate fine particulates and associated 
pollutants.  In this process, storm water is captured and directed either under gravity or 
pumped pressure through media such as sand, compost, zeolite, and combinations of natural 
and engineered substrates.  Depending on the media type, media filtration may also be used for 
enhanced treatment to remove bacteria and nutrients.  Sand is used extensively for filtration of 
storm water because of its favorable cost, availability, handling, and maintenance. Sand filters 
are normally inert media filters (non-reactive and not organically enriched), so they remove 
solids well, but are marginally effective in removing bacteria and nutrients.  There are now 
many options available for engineered media using natural and manufactured substrates (see 
Modifications for Enhanced Bacterial Control, below).  

Mechanisms. Treatment of storm water by media filtration primarily involves the processes of 
1) surficial sedimentation, entrapment, and straining of solids by the media, 2) surface 
complexation, sorption, precipitation, and ion exchange of pollutants depending on the media 
type and pollutant, 3) microbial degradation of readily-oxidizable organic pollutants, and 4) 
surficial sedimentation for bed filters with surcharge capacity above the bed (WERF, 2005).  
Mechanisms of microorganism removal by media filters typically include attachment and 
detachment processes such as electrostatic attraction and repulsion, van der Waals forces 
(intermolecular forces that act between electrically neutral molecules), Brownian movement, 
and straining.   

Modifications for Enhanced Bacterial Control. In water and wastewater treatment, slow sand 
filtration has been shown to be extremely effective in removing suspended particles, bacteria, 
protozoa, and some viruses. However in storm water, physical and chemical mechanisms of 
filtration dominate over biological conversion because beneficial microbes require regular 
organic loading and a wet environment to survive; these conditions are often not met due to the 
highly stochastic nature of storm water runoff, but can be supported by dry weather runoff.  For 
bacteria control, alternatives to sand filtration may be desirable.  
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Vendors contend that anti-microbial agents can chemically and permanently coat filter media 
without hindering any of its oil and grease-absorbing capabilities.  Some technologies, target 
pathogen indicator bacteria commonly found in storm water runoff.  The active component of 
anti-microbial coating is described as an “organosilane derivate” which is used for bacteria 
deactivation in the medical, food, and swimming pool industries.  The coating works by 
producing an electromagnetic field that disrupts the membrane of the bacteria cell.  Since there 
is no chemical or physical change in the coating during the disinfection process, it is claimed 
that there is no long-term depletion of the anti-microbial agent.  These qualities and 
characteristics have not been independently verified by the authors. 

Application and Integration.  Media filters could be integrated directly into existing storm 
drain systems, but are generally offline facilities requiring a diversion structure.  These systems 
do not provide volume reduction benefits, but may provide limited flow attenuation for small 
size storms depending on the size and type of facility.  To maximize the bacterial reduction 
benefits of media filters, these facilities should be strategically placed in locations with high 
observed or suspected bacteria loadings.  

4.1.4 Local Infiltration Systems 
Description.  Local infiltration systems utilize methods to increase on-site infiltration including 
the use of alternative paving materials, retention grading and infiltration pits. Specific BMPs in 
this category include Permeable Paving, Pervious Concrete, Pervious Asphalt, Pervious Paving 
Blocks, Grass Pavers, Gravel Pavers, Pervious Crushed Stone, Retention Grading and 
Infiltration Pits.    

Mechanisms.  BMPs within this category contribute to bacterial control by reducing the runoff 
from traditional impervious surfaces, infiltrating potentially contaminated runoff from houses, 
streets, parking lots, etc., and mitigating peak flows.  These facilities provide storage in pore 
space and allow water to infiltrate.  Infiltration systems also allow for volume reduction 
through evapotranspiration and soil soaking.  Volume reduction decreases the required size of 
downstream facilities.  Overflows that are not able to be infiltrated receive only minimal, if any 
treatment.   

Modifications for Enhanced Bacterial Control.  Because the only significant mechanism for 
bacteria control through these facilities is volume reduction, performance can only be 
significantly enhanced through improved infiltration.  This may include the use of soil 
amendments and/or thicker gravel under layers. 

Application and Integration.  Local infiltration systems can be effective for management of 
storm water runoff from areas ranging from an individual lot to a parking lot to several city 
blocks.  The downstream impact of these facilities is primarily seen in reduction of runoff 
volume, but can also include the corresponding attenuation of peak flows.  While these facilities 
can provide a very significant contribution if widely applied, their effectiveness is based 
primarily on soil characteristics, making them inappropriate for some locations.  Also, the 
potential exists for infiltrated flows to resurface down gradient, negating their effectiveness or 
potentially worsening the problem by picking up bacteria from underground sources.  Effort 
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should be made to site these facilities where this is not likely to occur (i.e., not on steep slopes or 
upgradient of septic system drain fields).  Currently there are new applications being developed 
within street parkways to provide local infiltration.  

4.1.5 Equestrian Related BMPs 
Description.  Equestrian related BMPs include buffers and filter strips protecting streams and 
drainages, improved manure storage areas and designated horse-wash areas with connections 
to sanitary sewer.  

Mechanisms.  Equestrian related BMPs contribute to bacterial control by controlling bacteria at 
their source.  Buffers and filter strips provide separation between pollution generating areas 
and water bodies and provide biofiltration for runoff from these areas.  Improvements to 
manure storage areas including impervious slabs and roofs help prevent bacteria from being 
transported by runoff.  Piping of horse-wash areas to sanitary sewer sends this bacteria-laden 
water to existing facilities that have disinfection capabilities.  

Modifications for Enhanced Bacterial Control.  One of the primary purposes of these BMPs is 
to reduce bacteria in storm water runoff.  No modifications are suggested. 

Application and Integration.  Equestrian related BMPs can contribute to the control of bacteria 
in the watershed by reducing a significant source of bacteria.  While horse farms are not one of 
the larger contributors of bacteria on a watershed-wide basis, they represent a significant 
contribution of bacteria for certain subwatersheds (LARWQCB, 2004).  The downstream effect 
of these BMPs is difficult to estimate, but potentially can be predicted by estimating the unit 
contribution of these sources to bacterial loading and then estimating the effectiveness of these 
BMPs. 

Table 4 –1 Comparison of Distributed BMPs 
Technology Advantages Disadvantages 

Local capture  

• Peak attenuation 
• Volume reduction 
• Potential for reuse 
• Low cost 
• Low maintenance 
• Low tech 

• Potential mosquito habitat 
• Full implementation/participation may be 

difficult 
• Limited capacity for consecutive storms 
• Primarily capturing relatively clean water 

Vegetated 
Biofiltration 

• Volume reduction 
• Low cost 
• Low tech 
• Water quality benefits 
• Aesthetic and versatile 

• Landscape maintenance 
• Level of bacteria treatment variable and 

uncertain for non-infiltration systems 
• Volume reduction depends on soil types 

Media Filtration 

• Requires small footprint or 
underground 

• Larger treatment areas compared to 
other distributed BMPs 

• Potential for bacteria deactivation 

• Pathogen indicators are not always killed 
in the media and can be flushed out 

• No volume reduction 
• No third-party verification of anti-

microbial media 
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Table 4 –1 Comparison of Distributed BMPs 
Technology Advantages Disadvantages 

Local Infiltration 

• Volume reduction 
• Groundwater recharge 
• Low cost 
• Low tech 
 

• Potential for interflow and reentrainment 
of bacteria from underground sources (e.g., 
leach fields) 

• Structural concerns if near foundations 
• Potential for clogging and bypass 

Equestrian Related 
BMPs 

• Source reduction 
• Low cost 
• Low tech 

• Addresses only small proportion of 
watershed land uses. 

• Private property implementation 
 

4.2 Regional and Subregional BMPs 
4.2.1  Passive Regional BMPs 
Passive regional or subregional BMPs are large facilities that provide water quality and/or flow 
control functions for large size catchments.  These facilities are generally located near the outlet 
of a catchment on a large parcel of open space.  Important mechanisms for bacterial control in 
passive regional facilities are infiltration and natural treatment, thus facilities that rely primarily 
on sedimentation of particulate matter for treatment or are only designed to provide flow 
control are not generally as effective at bacterial control, but could serve important functions in 
a treatment train.  An example would be the use of a detention/sedimentation basin upstream 
of an infiltration facility to equalize flows and reduce sediment loads.  Of the BMPs included in 
this management strategy, three have been identified as the most appropriate and effective 
measures for bacterial control: regional infiltration facilities, natural treatment systems 
including free surface flow (FSF) wetlands and subsurface flow (SSF) wetlands, and regional 
detention facilities.  Regional detention facilities were included on this list because the 
supporting role they play in bacterial control. A comparison of the advantages and 
disadvantages of each of these BMPs is found in Table 4-2 at the end of Section 4.2.1. 

4.2.1.1 Regional Infiltration Facilities 
Description.  A regional infiltration facility generally consists of a large shallow basin, capable 
of detaining the entire volume of a design storm and infiltrating this volume over a specified 
period.   

Mechanisms.  The primary mechanism for bacteria removal in regional infiltration facilities is 
volume reduction to receiving waters and, for storms smaller than the design storm, no design 
surface discharge.  Infiltration facilities achieve high levels of treatment by impounding water 
and allowing it to slowly percolate into surface soil and eventually into groundwater.  Upon 
infiltration, bacteria are typically removed through soil filtering and adsorption, and attenuated 
through die-off in the soil.  Because fine sediment particles are filtered by the soil, the potential 
exists for infiltration basins to clog over a period of use.  To extend the life of infiltration basins, 
a sedimentation forebay is often included to reduce loads upstream of the infiltration basin.     
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Modifications for Enhanced Bacterial Control.  Current facility designs are very effective in 
reducing bacteria loads to waterbodies.  Prior to siting, it should be assured that infiltration 
basins do not provide a direct connection to groundwater aquifers or to surface water through 
interflow channels.  This can be achieved provided adequate separation is maintained between 
the infiltration basin and the groundwater table.   

Application and Integration.  Regional infiltration facilities can be effectively applied as a 
stand-alone treatment feature for bacterial control on a subwatershed scale.  Where acceptable 
soils are present and open space exists, such a facility could be designed to capture and 
infiltrate the entire design storm volume with no surface discharge.  Capture of bacteria would 
be essentially 100% for the subwatershed for the design storm.  In the event of larger storms, 
some flow would bypass infiltration and discharge to the receiving water untreated; however 
treatment of a large percentage of the flow would still be achieved.  Regional infiltration 
facilities could also be integrated with distributed volume reduction BMPs which would reduce 
the required size of the regional facility and/or provide more capture reliability.   

Application of regional infiltration facilities for control of bacteria in the MCW is heavily 
dependent on the suitability of soils for infiltration and the availability of appropriately-located 
open space.  Infiltration facilities are a simple treatment method and very little can be done to 
compensate for poor soil or lack of space. 

4.2.1.2 Regional Natural Treatment Systems 
Description.  Regional natural treatment systems (NTS) are vegetated treatment systems, 
primarily constructed water quality treatment wetlands.  Constructed wetlands are different 
from natural wetlands in that they are designed and maintained primarily for water quality 
treatment. These facilities have gained acceptance in recent years as a practical and cost-
effective approach for treating runoff and wastewater. The two most common regional NTS are 
free surface flow (FSF) wetlands and sub-surface flow (SSF) wetlands. These are discussed and 
compared in this section.   

Mechanisms.  Constructed wetlands make use of processes that occur in natural wetlands as 
well as in conventional wastewater treatment plants, but are simpler than conventional 
technologies because they do not require advanced containment and control systems.  FSF 
wetlands are characterized by shallow ponded water at varying depths above the ground 
surface.   In SSF wetlands, water flows through the sub-surface soil matrix, rarely surfacing.  
Both types of wetlands are characterized by typical wetland vegetation and a diverse 
assortment of other flora and fauna.   The mechanisms for bacterial control in a constructed 
wetland include filtration, sedimentation, oxidation, antibiosis, predation, and competition 
(Davies and Bavor, 2000).  In FSF wetlands, solar irradiation is also thought to contribute to 
bacterial removal, while in SSF wetlands, the presence of aerated and anoxic zones is also 
thought to contribute to be an important removal mechanism.   

Modifications for Enhanced Bacterial Control.  Due to the enhanced filtration processes, the 
anaerobic environment, reduced residence time, and the lack of inhabiting animals contributing 
to bacteria loads, SSF wetlands are considered to be more effective at bacteria removal than FSF 
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wetlands.  Therefore, where possible, SSF wetlands should be considered first.  Various 
modifications have been made in specifics designs of SSF wetlands to enhance treatment 
capabilities.  One modification is the use of a backflow pump to purge the wetlands of fine 
sediments and other potentially clogging materials.  Another is the addition of nutrients to SSF 
wetlands to promote vegetative and bacterial growth.  This is generally required when an inert 
substrate such as sand is used.  A required design element that enhances performance and 
increases the lifespan of SSF wetlands is to provide removal of suspended solids upstream of 
the wetland.  

Application and Integration.  Constructed wetlands can be applied as either inline or offline 
facilities, and can be integrated into other habitat enhancement projects.  However, to mimic the 
natural function of wetlands they require comparatively large areas of relatively flat land.  This 
could limit their implementation significantly in the MCW.   

These facilities are not intended to provide stand-alone treatment of storm water runoff.  Often 
a detention facility is required upstream to mitigate peak flows and provide a more steady 
inflow.  Constructed wetlands, especially SSF wetlands, can become clogged with sediments 
and lose their effectiveness.  To counter this drawback, these facilities can be integrated with 
other BMPs to provide better performance and longevity of the facility.  Any upstream BMP 
that effectively reduces sediment loads, including but not limited to biofiltration facilities, 
media filters, and sedimentation basins, could be integrated with constructed wetlands for 
better longevity and more reliable treatment.        

4.2.1.3 Regional Detention Facilities 
Description.  Regional detention facilities generally consist of large basins equipped with an 
outlet structure that regulates the rate of release.  These basins can be shallow, lined with 
vegetation and separated into multiple bays to improve their water quality function.  Detention 
facilities can also be deep, steep-wall basins, or underground vaults when space is a limiting 
factor.   

Mechanisms.  The primary roles detention facilities play in bacteria control are sedimentation 
and peak flow mitigation for downstream facilities.  Sedimentation of suspended solids in these 
facilities can provide limited bacteria removal.  The flow control function of these facilities 
involves capture of large volumes of runoff and release at lower rates for longer periods of time.  
This lower flow rate can be treated more effectively. 

Modifications for Enhanced Bacterial Control.  Regional detention facilities that are designed 
to promote sedimentation (i.e., through a sedimentation forebay, or a large shallow design) 
accomplish their roles in bacteria removal most effectively.    

Application and Integration.  Regional detention facilities can require large tracts of land, but 
are not as difficult to site as regional infiltration facilities.  They do not require favorable soil 
characteristics and do not need to be as shallow and flat-bottomed as infiltration ponds.  
However, they are not effective as a stand-alone treatment option for bacteria.  For the control 
of bacteria, these facilities are most commonly applied upstream of treatment facilities such as 
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constructed wetlands or disinfection plants.  These facilities can also contribute to stream 
enhancement projects by mitigating the damaging effects of peak flows and extended flows that 
cause erosion.   

Table 4-2 Comparison of Passive Regional Facilities 

Technology Advantages Disadvantages 

Regional Infiltration 

• High volume reduction 
• Groundwater recharge 
• Low tech 
 

• Volume reduction depends on soil 
types 

• Potential for interflow and re-
entrainment of bacteria from 
underground sources (e.g., leach 
fields) 

• Structural concerns if near foundations 
• Potential for clogging and bypass 
• High maintenance 

Regional Natural 
Treatment Systems 

• High performance for variety of 
pollutants  

• Aesthetic and versatile 
• Habitat value for FSF wetlands 

• Potential mosquito habitat 
• Limited volume reduction 
• Potential for biofouling for SSF 

wetlands 
• Attracted wildlife may be source of 

bacteria 
• Requires large footprint area 

Regional Detention 

• Flow equalization 
• Potential for reuse 
• Volume reduction for well-drained 

soils 
• Low maintenance 

• Requires large footprint area 
• Limited to no bacteria control 
 

 

4.2.2   Active Regional BMPs 
As with passive regional BMPs, active regional or subregional BMPs are best located near the 
outlet of relatively large catchments.  Active facilities are generally more energy and 
management intensive than passive systems due to the advanced flow control and disinfection 
treatment mechanisms typically employed, but are expected to achieve more consistent and 
reliable treatment levels.  Similar to passive regional BMPs, all active regional BMPs require 
some form of flow equalization and sediment removal prior to advanced treatment.  As such, 
the discussion of active regional BMPs presented herein has been limited to the disinfection 
facilities themselves rather than the required storage and pretreatment BMPs needed upstream 
of a facility.  Nonetheless, the importance of these upstream BMPs, particularly with respect to 
enhancing the performance of an active treatment facility, is emphasized.  Refer to the passive 
regional BMPs discussion for more information.  

The active regional BMPs considered here include ozone, ultra-violet (UV) irradiation, and 
biocides/peracetic acid (PAA) disinfection facilities.  Other disinfection options, such as 
chlorination, were considered for storm water treatment but due to the safety concerns of 
transport and storage of chlorine compounds and the potentially harmful release of chlorination 
byproducts, ozone, UV, and PAA were deemed more feasible.  Ozone and UV have been 
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applied successfully to dry weather flows, but limited information on successful application to 
wet weather flows is available.  Wet weather flows are typically larger and more variable than 
dry weather in flow rate, bacteria concentration, and turbidity, making disinfection more 
difficult than with dry weather flows.  Peracetic acid has been used in combined sewer overflow 
(CSO) applications, but not directly for wet weather urban runoff.  

The diversion of wet weather flows to a sanitary wastewater treatment plant was also 
considered as a potential active regional BMP option for the MCW.  However, this option is less 
desirable than other options due to limited capacity of the existing Tapia WTP and considerable 
costs for expanding this plant or constructing a new one.   

The following paragraphs describe each of the mechanisms and some of the associated 
challenges. A comparison of the advantages and disadvantages of each of these BMPs is found 
in Table 4-3 at the end of this Section 4.2.2. 

4.2.2.1 Ozonation Facilities 
Description.  Ozone is chemically unstable (rapidly decomposing to oxygen) and must be 
generated onsite.  This reduces the transportation hazards associated with supplying a facility 
with a disinfectant agent.  An ozonation facility consists of equipment used to produce ozone 
from air using electrical power, followed by devices to mix and dissolve the ozone gas into 
solution to react with pollutants in the water.  Ozone is effective against viruses, bacteria, 
amoeba, and protozoans including Giardia (Hoff, 1987) and Cryptosporidium (Korich et. al., 
1990).  In addition, ozone reduces BOD and COD, enhances dissolved oxygen, removes adverse 
taste and color, and oxidizes oil and grease, organophosphorus pesticides, and inorganic 
compounds.  It also increases coagulation and helps remove iron and manganese (USEPA, 
1999c).  Although ozone has been documented as an effective disinfectant in the treatment of 
wastewater and combined sewer overflows (CSO), its use in the storm water industry is 
relatively new. 

Mechanisms.  Ozone is an extremely reactive oxidant that disinfects by disintegrating the cell 
wall of the target microorganism, a process called cell lysis (Metcalf and Eddy, 1991).  It is a 
more powerful disinfectant than most chlorine compounds, while requiring a shorter contact 
time (USEPA, 1999c).  Because ozone decays rapidly, there should not be a concern regarding 
bactericide residuals provided the dosages and contact time of ozone in the facility are 
appropriate.  While, a residual concentration of disinfectant is critical in drinking water system, 
it is undesirable when discharging into receiving water containing aquatic biota.  Of potential 
concern is the formation of the potentially carcinogenic compound bromate, which occurs when 
a bromide ion is oxidized by ozone during the disinfection process.  However, Siddiqui and 
Amy (1995) investigated the effects of source water quality on bromate formation during the 
ozonation process and found that even with an elevated bromide concentration of 500 ug/L the 
resulting bromate concentration was far less than the 3 mg/L limit suggested by Hutchinson et 
al. (1997) to protect aquatic organisms from long-term adverse effects. 

Modifications for Enhanced Bacterial Control.  The primary modifications that can be 
employed to enhance the bacterial control for ozonation are extended detention storage for 
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metering flows to the facility, enhanced sediment removal via filtration, or the addition of a 
coagulant, such as chitosan, into a sedimentation tank or forebay.  Contact time is an important 
parameter that can influence the performance of an ozonation facility. Suspended sediment and 
biological material increases the ozone demand and shields microbes from treatment.  High 
nitrate levels can also reduce the effectiveness of ozone (Metcalf and Eddy, 2003), so any 
upstream BMP that reduces nitrate concentrations would also improve the performance of an 
ozonation facility. 

Application and Integration.  An ozonation facility must be strategically placed in a 
subwatershed to maximize the benefits associated with disinfection.  Locations within the 
watershed with high observed or suspected bacteria levels should be targeted.  The availability 
of land for placement of an ozonation facility and the upstream detention/sedimentation 
facility is a critical factor in evaluating implementation feasibility.  The required footprint area 
depends on the catchment drainage area, size of the detention facility, and diversion and 
treatment rate of the disinfection facility.  By integrating distributed BMPs throughout the 
subwatershed to reduce runoff rates and volumes, the area required for an ozonation facility 
can be reduced.   

4.2.2.2 Ultra-Violet Irradiation Facilities 
Description.  Ultra-violet (UV) light is in a broad spectrum below visible light.  Between 
approximately 220 to 320 nanometers, UV light has a germicidal effect that peaks at about 260 
nanometers (Metcalf and Eddy, 2003).  A UV treatment system generally consists of a power 
supply, ballast or capacitors, high-intensity lamps, reaction chamber, cleaning apparatus, and 
controls and instrumentation.  Storm water applications of UV disinfection are rare, but are 
beginning to become more popular. For example the, City of Encinitas, CA recently installed a 
UV disinfection system to treat storm water discharges to Moonlight Beach (City of Encinitas, 
2006). In a similar application, the City of Coronado, CA installed a UV disinfection system for 
treating both groundwater and storm water (combined system) prior to discharging to the 
ocean (Woodward Clyde, 1998). 

Mechanisms.  Ultraviolet (UV) light immobilizes storm water-borne pathogens by penetrating 
pathogen cell walls and causing the formation of double bonds within the pathogens. This 
prevents replication and/or causes death of the organism (Metcalf and Eddy, 2003). The 
effectiveness of UV disinfection depends primarily on the uniformity of flow velocities and the 
clarity of the influent water.  Solid particles can greatly affect the performance of a UV system 
by minimizing light penetration and shielding bacteria.  Furthermore, the characteristics of the 
target organisms and the chemical characteristics of the influent may have an affect on UV 
effectiveness. 

Modifications for Enhanced Bacterial Control.  Since the effectiveness of UV systems depends 
on the clarity of influent, any pretreatment for solids, such as sedimentation or filtration, would 
enhance bacterial control.  Also, hydraulic controls and conveyances designed to achieve a 
nearly uniform velocity field through the reaction chamber would enhance performance.  
Furthermore, the UV lamp encasements must be routinely cleaned so that the UV light is not 
hindered by algal growth and calcium deposits (Metcalf and Eddy, 2003). 
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Application and Integration.  As with ozonation facilities, a UV irradiation facility should 
ideally be located near an outfall or stream reach with high observed or suspected bacteria 
levels and where land is available for placement of the facility.  UV treatment systems are 
necessarily off-line facilities where the required footprint area depends on the catchment 
drainage area, size of the upstream detention and sedimentation/filtration BMPs, and the 
treatment rate of the facility.  The integration of distributed BMPs throughout the subwatershed 
will reduce runoff rates and volumes, thereby reducing the area required for an UV irradiation 
facility.   

4.2.2.3 Peracetic Acid  
Description.  PAA is an emerging product that can be used in storm water treatment. PAA is a 
stabilized equilibrium solution concentrate that is a mixture of peracetic acid, acetic acid, and 
hydrogen peroxide. PAA is more effective than chlorine dioxide and has virtually no odor at 
end-use concentrations. It degrades to acetic acid (vinegar), water, carbon and oxygen. It does 
not have disinfection byproducts like chlorine, but does have a residual concentration, which is 
non-toxic and readily biodegradable in receiving waters. These features make PAA a good 
alternative to common disinfectants such as chlorine, potassium permanganate, or hydrogen 
peroxide alone. PAA is primarily used in the food and beverage industry, but it also has 
potential wastewater and storm water treatment applications. 

Mechanisms.  Peracetic acid oxidizes the outer cell membranes of microorganisms and can be 
applied for the deactivation of bacteria and viruses.  The oxidation mechanism consists of 
electron transfer.  When a stronger oxidant is used, the electrons are transferred to the 
microorganism much faster, causing the microorganism to be deactivated rapidly.  

Modifications for Enhanced Bacterial Control.  Due to the limited information on the use of 
PAA for water treatment, much less storm water treatment, specific modifications that can be 
used to enhance bacteria deactivation are unknown.  However, similar to other disinfection 
facilities, the use of extended detention basins and sedimentation ponds would likely improve 
performance of a PAA treatment facility.  

Application and Integration.  Similar to other active regional treatment BMPs these facilities 
should be placed in areas where high bacteria concentrations have been observed or are 
suspected.  Adequate space must be available for the facility. 

Table 4-3 Comparison of Active Regional Facilities 
 Technology Advantages Disadvantages 

Ozonation 

• Does not require extensive pretreatment 
for solids removal 

• Requires a short contact time 
• Added benefits of removing BOD, COD, 

taste and odor 
• Increases dissolved oxygen 

concentrations 
• Does not produce a residual bactericide  

• Could potentially form bromate in the 
effluent which has been found to cause 
cancer in animals and requires disposal 
(USEPA, 2001) 

• Ozonation is a complex, multi-unit 
process with significant operational and 
maintenance concerns 

• Leaks in the system can create an electric 
shock hazard 
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Table 4-3 Comparison of Active Regional Facilities 
 Technology Advantages Disadvantages 

• High energy costs 
• Permitting issues 

UV Irradiation 

• Does not require the application of 
chemicals 

• No transport or storage hazards 
• High public acceptance 
• Does not produce any residual chemical 

byproducts, including bactericides  
• Proven to be highly effective at 

disinfecting dry weather flows 
• Requires small footprint 
 

• High turbidity reduces UV effectiveness 
• High concentrations of dissolved organic 

and inorganic compounds reduce UV 
effectiveness 

• Requires routine cleaning of lamps to 
reduce scum buildup that could hinder 
UV penetration into the waste stream 

• UV lamps contain mercury 
• Permitting issues 

Peracetic Acid 

• Does not require extensive pretreatment 
for solids removal 

• Requires a short contact time 
• Non-toxic, biodegradable residual 

bactericide 
• No disinfection byproducts  
 

• Emerging technology with limited 
performance information 

• Transport and storage of hazardous 
chemical  

• Permitting issues 

 

4.3 Riparian Enhancements 
Description.  Riparian enhancements may include a wide variety of practices intended to 
restore the natural condition and function of creeks, wetlands, and riparian vegetation.  These 
practices may include streambank stabilization and outfall protection, planting of streambank 
vegetation and establishment of sufficient stream buffers, removal of invasive plant species, 
improvement of floodplain connections, removal of fish barriers, and enhancement of wetlands.  
A comparison of the advantages and disadvantages of each of these BMPs is found in Table 4-4 
at the end of this Section 4.3. 

Mechanisms.  As discussed above, riparian enhancements include a large suite of stream and 
habitat restoration practices that may have direct and indirect effects on water quality.  From a 
TMDL perspective, it is unknown how these practices may impact bacteria levels.  However, by 
reducing in-stream erosion it is suspected that sediment-associated bacteria would be reduced.  
Two key issues specifically relevant to bacteria mitigation are regrowth and suspension of 
bacteria-laden sediments.  Sediment and nutrients in the water column provide a medium for 
which bacteria can proliferate, so any reduction in sediment transport would likely have an 
effect on bacteria levels.  Also, by enhancing floodplains and wetlands, the natural processes of 
sedimentation, soil soaking, vegetative filtration and nutrient uptake would be improved.   

Modifications for Enhanced Bacterial Control.  Since the direct relationship between riparian 
enhancements and bacteria levels and reductions are unclear, additional modifications to 
enhance bacterial control are not known at this time.  
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Application and Integration.  While the precise role of riparian enhancements at reducing 
bacteria levels is unknown, an integrated resources management approach clearly includes a 
riparian enhancement component for the attainment of multi-beneficial uses in the MCW.  By 
integrating distributed BMPs throughout a subwatershed, the erosive energy at outfalls to 
tributary streams would be reduced thereby complimenting any riparian enhancement efforts.  
Due to these considerations, riparian enhancements should be included as part of any adopted 
integrated treatment strategy for the MCW. 

4-4 Comparison of Riparian Enhancement Approaches 
Approaches Advantages Disadvantages 

Bank/channel 
stabilization 

• Reduce bank and channel erosion 
• Stream bank vegetation provides habitat 

and places to hide for fish 
• Vegetated banks and channels can 

provide improved sediment 
capture/retention.. 

 

• Stabilization measures that depend on 
bank hardening, do not reduce 
downstream flow energy 

Stream buffers 
• Filters pollutants from overland flow 
• Reduces direct human and domestic 

animal contact with sensitive streams 

• Requires potentially developable land 

Wetland 
enhancements 

• Provides significant habitat value 
• Provides natural treatment functions such 

as sediment retention, nutrient uptake, 
etc. 

 

• Requires potentially developable land 
• Potential increases mosquito productivity 
• Attracts animals that may contribute to 

bacteria loads 
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5.0   General Treatment Strategies 
Various combinations of the BMPs discussed above could be used to control bacteria loads in 
the MCW.  In this section, several general treatment strategies are developed for subwatershed 
scale bacterial control.  These general treatment strategies are defined by the way the effects of 
bacteria in storm water runoff are mitigated.  They include: 1) treatment and discharge, 2) 
treatment and beneficial reuse/recharge, 3) infiltration, and 4) enhancement of natural systems.  
This section outlines the ways in which each treatment strategy could be applied to a generic 
subwatershed, identifies possible combinations of BMPs for each category, and discusses factors 
to consider for cost, risk, performance and implementation of each general strategy.  
Application of the general treatment strategies to specific subwatersheds is the focus of Section 
6.   

5.1  Treatment and Discharge 
Strategies that involve the treatment and release of storm water can be versatile for 
implementation in almost any subwatershed.  The level of treatment provided by such 
strategies can also be easily modified as needed through the selection of different components.  
As described above, BMPs are available on either the distributed level or the regional level that 
are capable of various levels of treatment.  This general treatment strategy encompasses any 
BMP or combination of BMPs in which treatment is provided and release to streams (without 
beneficial reuse) is the primary disposal mechanism.   Potential combinations of BMPs that 
could constitute a treatment and release strategy utilizing the preferred BMPs identified in 
Section 4 include: 

• Distributed vegetated treatment facilities 

• Distributed media filtration facilities 

• Regional off-line constructed wetland (with or without distributed volume reduction)  

• Regional UV disinfection facility (with or without distributed volume reduction) 

• Regional ozone disinfection facility (with or without distributed volume reduction) 

• Capture and diversion to a wastewater treatment plant (WWTP). 

5.2 Treatment and Beneficial Reuse 
Strategies that involve the treatment and beneficial reuse or recharge of storm water can be very 
efficient methods for the reduction of bacterial loads to receiving waters and the reduction of 
demands on in-stream water rights or municipal water supplies.  Where the demand exists for 
reused water, treatment and reuse strategies can be developed to fit most subwatersheds.  The 
level of treatment provided by such strategies can also be modified based on the requirements 
of the reuse application.  BMPs supporting this strategy are available on either the distributed 
level or the regional level that are capable of various levels of treatment.  This general treatment 
strategy encompasses any BMP or combination of BMPs in which treatment is provided and 



Ms. Carolina Hernandez, County of Los Angeles Watershed Division 
May 25, 2006 
Page 26 

 

either beneficial reuse or recharge is the primary disposal mechanism.  Potential combinations 
of BMPs that could constitute a treatment and reuse/recharge strategy utilizing the preferred 
BMPs identified in Section 4 include: 

• Distributed capture with beneficial reuses 

• Regional treatment with beneficial reuses. 

5.3 Treatment and Infiltration 
Strategies involving the full or partial infiltration of storm water runoff can be very effective as 
bacterial control strategies.  Where soils and topography are favorable, infiltration strategies can 
eliminate or significantly reduce the volume of storm water runoff and its corresponding 
bacterial loads.  While infiltration facilities are not intended to recharge groundwater directly, 
infiltrated water can percolate downward towards aquifers, mimicking the more natural 
hydrology of a site.  Infiltration facilities can be located at either the distributed or regional 
scale.  An infiltration strategy for a subwatershed could include: 

• Distributed infiltration facilities 

• Regional infiltration facilities 

• Combination of regional and distributed infiltration facilities. 

5.4   Riparian Enhancement 
Strategies involving riparian enhancement could potentially be effective for bacterial control by 
mitigating potential bacterial regrowth and resuspension of bacteria-laden sediments.  Where 
streams are degraded, their natural bacteria-controlling functions can be compromised.  
Degraded streams could potentially be source of bacteria in the watershed due to the animal 
populations they support and the sediment loads they can contribute to downstream waters.  
Enhancements to streams and wetlands can help them recover their natural bacteria-controlling 
functions which include filtration, sediment retention, predation and competition.  While these 
enhancements are not usually considered to be stand-alone treatment strategies, they could 
contribute to bacteria control in the MCW.  Enhancement strategies for a subwatershed could 
include: 

• Stream enhancement 

• Stream enhancement with distributed treatment/volume reduction/ flow control BMPs 

• Stream enhancement with regional flow control facilities. 

It should be noted that stream buffers placed near animal grazing areas may actually cause an 
increase in bacteria because of the movement of animals into the buffered area for food and 
shelter.  The use of fencing or other obstructions may be necessary to keep grazing animals out 
of these areas. 
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6.0   Criteria for Evaluation of Treatment Strategies 
Among the treatment strategies identified in this TM, costs, risks, performance and 
implementability vary greatly.  In the selection of treatment strategies each of these factors, and 
others, should be considered and weighted appropriately.  Comparing a program of downspout 
disconnections to a regional disinfection facility illustrates this point.   The cost, both for 
installation and O&M, of the former is much less than that of the latter.  However, the reliability 
and performance associated with the regional facility could prove to be worth the cost.  How 
these conflicting areas should be weighted can depend on agency-specific and/or 
subwatershed-specific factors.  This section discusses the factors that should be considered 
when evaluating the cost, risk, performance, and implementability of a treatment strategy.  
Integrated management considerations are also discussed, as well as, subwatershed-specific 
considerations in terms of how they could impact the selection of a treatment strategy.  

6.1 Cost Considerations 
When determining the cost of a treatment strategy on a subwatershed scale, various costs 
should be assessed.   These costs should include: design and installation costs, land acquisition 
costs, O&M costs, and replacement costs.  Often these costs will need to be estimated when they 
are dependent on voluntary participation or other unpredictable factors.  For example, if 
incentives were offered for onsite BMP retrofits, project cost would depend on the level of 
participation in the program.  In an integrated management approach, the level of expenditure 
on one system element, could impact the cost of another element.  For example, if a strategy was 
proposed that coupled distributed infiltration facilities with regional disinfection facilities the 
required size of the disinfection facility could be impacted by the extent of implementation of 
distributed infiltration facilities.    

These examples suggest that the use of unit cost methods at the planning level would be 
appropriate.  Unit cost methods allow for rough cost estimates by developing relationships 
between BMPs costs and independent variables such as the volume or flowrate to the treated, 
the area of land or number of lots draining to a facility, or the number of participants in a 
program.  The relationships are intended to be applied broadly and do not account for site-
specific variations.  Despite these limitations, unit cost methods can be valuable tools for 
preliminary planning.   Unit costs are developed for BMPs in Section 7.      

6.2 Non-compliance Risk Considerations 
For the purpose of this TM, risk is defined as the risk of non-compliance with regulatory limits 
Non-compliance could be due to ineffectiveness of a treatment strategy, component failure, or 
inadequate sizing of facilities.  Risk of hazard to human health, environmental risk, and the risk 
of detrimental impact to other beneficial uses are not included in the evaluations contained in 
this TM.  These risks should be the focus of subsequent planning and design activities.  

Risk of non-compliance and treatment strategy performance are integrally linked.  The primary 
factors influencing risk of non-compliance are the effectiveness and performance of the BMPs 
that make up a treatment strategy.  Therefore, a proper evaluation of risk of a treatment strategy 
should include an assessment of the system components and their performance and limitations.  
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For some BMPs, such as active regional facilities, performance can be controlled through 
process modifications.  Conversely, for most passive BMPs, it if difficult to modify performance 
once they are operational.  For some of these, extensive studies have been completed to be able 
to predict the performance of these facilities.  For others, levels of performance are less certain.  
Both the level of performance and the reliability of a BMP are important to consider. 

Because compliance is usually gauged at a subwatershed level, the performance of a treatment 
strategy at the subwatershed level is ultimately more important than the performance of 
individual BMPs.  However, due to the number of variables that exist on a subwatershed scale, 
level of performance at this level is harder to predict.  Subwatershed-scale models can be 
developed to help with the prediction, but the degree of certainty of these models is less than 
for a smaller better-defined catchment.  Due to the difficulty of estimating performance at the 
subwatershed scale, the concept of adaptive management is widely used.  Simply stated, 
adaptive management involves selecting a treatment strategy, making predictions of 
performance, implementing the strategy, monitoring performance, and making modifications to 
the strategy where they are needed.   Adaptive management, if responsive, can be a very 
effective way of mitigating risk on a subwatershed or watershed scale.  
 
6.3 Implementation Considerations 
The implementability of a treatment strategy is among the most important of the factors 
considered in the selection process.  A strategy can appear to be the most appropriate in terms 
of cost, performance, and risk, but if it cannot be reasonably implemented, the strategy may not 
be feasible.  Fortunately, a variety of implementation strategies are available.   

Different implementation strategies are applicable at different scales.  Distributed BMPs are 
often implemented as institutional structural BMPs. For institutional structural BMPs, two basic 
implementation strategies are available: ordinance-based and incentive based.  An example of 
ordinance-base implementation would be the development of design standards for new and re-
development.  Property owners seeking to develop or re-develop land would be required to 
include BMPs in their design.  An example of incentive-based implementation would be a 
program that offers discounted storm water fees for BMP installation on private lots.  
Watershed-specific factors would help determine which would be more appropriate.  Other 
BMPs are implemented through public works projects.  These projects can be implemented 
through retro-fit of existing right-of-way, inclusion of BMPs in design standard for public works 
projects, or constructing BMPs on public or acquired lands.  Examples might include planter-
box swales in street redevelopment, pervious pavement in public parks or the acquisition of a 
large parcel of land for an infiltration basin. 

Potential barriers to implementation should be identified and considered.  These could include: 

 Conflicts of interest with respect to public land use,  

 Difficulty in land acquisition,  
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 Poor participation in or resistance to voluntary programs,  

 Lack of funding and/or staff to complete public works projects,  

 Conflicting beneficial uses,  

 Jurisdictional issues, and  

 Regulatory conflicts. 

Identification and consideration of potential barriers to implementation should be a component 
of subwatershed-specific evaluations. 

6.4  Integrated Resource Management (Beneficial Reuse) Considerations 
Integrated resource management of storm water involves the development of management 
strategies that address as many pollutants as possible and support beneficial uses.  In the 
selection of strategies for bacteria control in the MCW, integrated management should be a 
consideration.  Some treatment strategies for bacterial control are also effective for controlling 
other pollutants; others are only effective for bacteria or provide limited treatment of other 
contaminants.  Likewise, some strategies support beneficial reuses more than others.  Effort 
should be made to understand the full treatment capabilities of BMPs and the beneficial reuses 
that could be supported within a subwatershed.  Where possible, treatment strategies should be 
selected that use “multi-purpose” BMPs and support beneficial reuses.  However, because 
bacteria contamination is regulated under the TMDL, and the purpose of the treatment 
strategies developed in this TM are specifically to address this TMDL, treatment strategy 
effectiveness should not be unnecessarily sacrificed to support integrated management goals.  It 
may be the case that the only appropriate strategies for some subwatersheds are those that treat 
only bacteria.  

6.5  Subwatershed-specific Considerations 
In the selection of a treatment strategy for a subwatershed, the characteristics of the 
subwatershed should play a major role.  While the other considerations discussed in this 
section, such as cost and risk, are important, the selection of a strategy that best fits the unique 
nature of the subwatershed generally satisfies the other considerations as well.  For example, a 
watershed with uniquely infiltrative soil would lend itself to the implementation of an 
infiltration-based strategy which would be cost effective, low risk, high-performing and 
implementable.  The following list includes subwatershed-specific factors that should be 
considered when selecting a treatment strategy.  

• Priority ranking of the subwatershed, 

• Pollutant sources within the subwatershed, 

• Land use distribution in the subwatershed, 

• Availability of land suitable for regional BMPs,  
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• Jurisdictional authorities within the subwatershed, 

• Available capacity in local WWTPs, 

• Specific beneficial reuse options within the subwatershed, 

• Soil and topographic data for the subwatershed, and 

• Riparian conditions. 

The impacts of each of these aspects on the selection of treatment strategies are discussed below. 

Subwatershed priority ranking.  In TM 3.1, subwatersheds within the MCW were identified as 
high-, medium-, or low-priority based on their relative contribution of pollutants and the 
impact of these pollutants on the water quality in 303(d)-listed water bodies within the MCW.  
The priority ranking of a subwatershed should have a significant impact on which treatment 
option is selected.  For higher priority subwatersheds, more emphasis should be place on 
treatment effectiveness than on cost, while for lower priority subwatersheds it may be more 
appropriate to use lower cost, if less effective BMPs.   For example, using distributed BMPs as a 
stand-alone solution for a high-priority watershed would not be advisable.  While distributed 
BMPs such as vegetated treatment, media filtration, or local treatment could provide some 
volume reduction, peak flow mitigation and/or treatment, widespread application of these 
BMPs would be necessary to provide load reductions sufficient to meet regulatory criteria.  In 
some cases, the best possible performance through distributed BMPs would not be enough.  For 
such a subwatershed, a regional facility would likely be a better option for achieving reliable 
compliance.  Distributed BMPs could be implemented to reduce the size of and optimize the 
function of a regional BMP.   

Pollutant sources.  The nature of pollutant sources within the subwatershed may impact which 
treatment strategy is selected.  Where pollutant sources are well-defined and/or localized, 
distributed BMPs could be more appropriate than regional facilities.  Where pollutant sources 
are less defined or less concentrated, regional strategies may be the only option to remove a 
significant portion of the load.  In this case, distributed facilities could provide benefits through 
volume reduction, but might not be able to remove a significant fraction of the load.   For 
example, if the majority of bacterial loading in a subwatershed is thought to originate from a 
specific area of commercial development or from several horse farms, it would be more 
appropriate to implement distributed BMPs or sub-regional treatment facilities to control this 
loading closer to the source than to attempt to treat runoff from the entire basin in a regional 
facility.  

Beneficial reuse options.  Beneficial reuse of storm water can be a desirable alternative in semi-
arid regions such a Southern California.  Therefore, the options for beneficial reuse within the 
subwatershed and their locations should be identified.  Water quality and volume requirements 
for these beneficial uses should also be identified.  In the case of high volume demands and low 
water quality standards, a detention pond and transmission pipeline could accomplish this.  
More likely, a steady, controlled flow of partially treated water might be desired for 
applications such as supplying a wetland.  In this case, an approach that involves distributed 
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detention systems (i.e., rain barrels or cisterns) feeding a common supply line could be 
appropriate.  In the case of a beneficial reuse (such as residential irrigation) desiring a large 
supply of disinfected water, a regional treatment and distribution facility could be necessary. 

Land use distribution.   The subwatersheds within the MCW vary significantly in their land 
use distributions.  Selection of a treatment strategy should take into account the land use within 
the subwatershed.  For example, where land use is primarily undeveloped or agricultural, but 
bacteria loadings are high, distributed or regional BMPs that address runoff from developed 
areas may be ineffective.  It may be more appropriate to look at BMPs that focus on agricultural 
runoff or identify stream enhancements projects that could provide better in-stream treatment 
of bacteria from natural sources.  Relative size and proximity of land-uses may be important in 
conjunction with the identification of potential beneficial uses.  If a subwatershed has a large 
demand for reused storm water, but a small area that would generate capture-able runoff, a 
regional facility may be the only option to meet the demand.  Conversely, if a watershed has 
more capture-able runoff potential than reuse demand, it may be more appropriate to 
implement distributed detention over part of the subwatershed and address the other areas 
with treatment and recharge or another type of treatment strategy.  A potential source of 
reusable storm water located in close proximity to a potential demand could indicate the 
potential for a beneficial reuse strategy. 

 Availability of land suitable for regional BMPs.  Regional BMPs generally require a 
significant amount of land in an appropriate location within the subwatershed.  Regional 
infiltration facilities require large flat parcels.  While treatment facilities would have small 
footprint, the accompanying detention/sedimentation facility that is necessary for flow 
equalization would require a large lot.  Lack of a suitable site for a regional facility within a 
subwatershed would suggest the use of distributed BMPs for stand-alone treatment or the 
widespread use of distributed volume reduction BMPs to reduce the regional facility to an 
acceptable size for the available land.  

Soil and topography.  The performance of infiltration facilities is very dependent on soil 
characteristics, topography, and subsurface geologic and groundwater conditions, thus these 
factors should be considered when selecting an infiltration strategy for a subwatershed.  For 
example, if soils offer better infiltration in the upper areas of a subwatershed than near the 
outlet of the catchment, it may be more appropriate to institute distributed infiltration facilities 
in these areas to eliminate or place less demand on a regional infiltration facility.  Conversely, if 
a large section of the subwatershed is made up of impervious soils, a regional infiltration facility 
may be required to accept runoff from these areas.  As another example, if the terrain in the 
lower part of the catchment is too steep for a regional detention facility, sub-regional or 
distributed facilities may be the only infiltration strategies available.  Because infiltration is a 
desirable option for bacterial control, soil and topography of a subwatershed should always be 
considered to identify areas where infiltration may be implemented 

Jurisdictional issues.  Some subwatersheds within the MCW are split between two or more 
jurisdictions.  In such a subwatershed, the selection of a treatment strategy could be impacted 
by jurisdictional issues.  For example, the implementation of a distributed BMP program could 
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be more difficult and/or less effective if jurisdictional issues kept the program from being 
applied throughout the subwatershed.   

Available capacity in local WWTP.  In order to consider a strategy involving capture and 
diversion of storm water to a WWTP the capacity of the plant would have to be shown to be 
adequate.  The Tapia Water Reclamation Facility (WRF) is the only wastewater treatment 
facility in MCW.  

Riparian conditions.  The condition of riparian areas should be considered when selecting a 
treatment option.  At sites with degraded or historic wetlands, the potential for water quality 
benefits could be high with wetland enhancement.  Wetland enhancements provide excellent 
opportunities to improve the natural bacteria-controlling function of the watershed and 
implement integrated management.   Where erosion due to high peak flows is evident (down 
cutting, etc.) in streams, bank and channel enhancement projects should be considered in 
conjunction with energy-reducing flow control facilities.  Mitigating the damage to stream 
channels and reducing the sediment transport can have positive effects on bacteria control.   
Stream restorations are also a good example of integrated management. 

 
7.0   Unit Costs and BMP Size Relationships 
Preliminary sizing of the various BMPs is a necessary step in estimating unit costs. For the 
capital and maintenance cost estimates presented in this section, impervious tributary areas of 
either 1 acre or 10 acres were used for distributed BMPs, and tributary areas of 100 acres were 
used for all regional BMPs. The economies of scale and variations in BMP sizing and costing 
approaches necessitate the use of caution when applying unit costs obtained from literature to 
real life projects.  Therefore, a logarithmic tributary area scale (1 acre, 10 acres, and 100 acres) 
was selected to optimize BMP sizing and approximately account for the economy of scale while 
minimizing ambiguity in the estimation.  For distributed BMPs, the normalized cost estimates 
are compiled on a per acre treated using the SUSMP BMP design volume of 0.75 inches for all 
sizing computations. For regional BMPs, the unit costs were normalized based on a per acre-feet 
treated also using the SUSMP BMP design volume of 0.75-inches.  The costs Actual sizing of 
regional BMPs will be based on an evaluation of the Concept Hydrology discussed in Section 
2.0 and actual site opportunities and constraints.  The Table 7-1 summarizes the reference 
catchment size and the BMP footprint assumptions used for sizing and costing BMPs. 
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Table 7-1: Unit sizing relationships for distributed and regional BMPs 

 

BMP Type 

Representative 
BMP Used for 
Cost Estimates 

Reference 
Catchment 
Size (acres) BMP Footprint Assumptions 

Local Capture Cisterns 1 underground or insignificant 
Vegetated 
Biofiltration Bioretention 1 12% of drainage area 

Vegetated 
Biofiltration Vegetated Swales 10 3:1 side slopes, 6" freeboard; use 

Manning's equation 
Local Infiltration Porous Pavement 1 20% of drainage area D

is
tr

ib
ut

ed
 

Media Filters StormFilter™ 10 underground or insignificant 
       

Regional 
Infiltration Infiltration Basins 100 25% forebay, 4' ponding depth 

w/ 2:1 side slopes 

Regional 
Detention 

Dry Detention 
Basins 100 

25% forebay at 4' depth, 6' 
ponding depth in main pool w/ 

2:1 side slopes 

Natural Treatment 
System 

Constructed SF 
Wetlands 100 

33% open water @ 4' depth, 
3'main pool w/ emergent 

vegetation 
Natural Treatment 
System SSF Wetlands 100 3 acres / MGD  

Treatment Facility Package 
Treatment Plant 100 0.5 acres 

R
eg

io
na

l 

Stream 
Enhancement Riparian Buffer n/a not applicable 

 

Sources of BMP capital and maintenance cost information are limited and often inconsistent and 
may not necessarily apply to site specific conditions or particular BMP design alternatives and 
variations. As such, the costs estimates presented here may only be used as planning level cost 
estimates for quickly comparing and screening BMP unit costs.  The following subsections 
describe the procedure and assumptions used to estimate capital and operations and 
maintenance costs of BMPs.  

BMP Capital Cost Assessment 
Unit capital costs for regional and distributed BMPs are based on "ball park" construction cost 
estimates, derived from regression equations found in literature and from construction 
estimates derived from RS Means (2005). All costs are adjusted to reflect 2005 dollars and 
represent the Southern California region using the regional cost adjustment factors from USEPA 
(1999).  Table 7-2 summarizes normalized capital costs for the BMPs considered in this TM. 

For distributed BMPs, costs were normalized based by dividing capital costs by the assumed 
impervious tributary area for each BMP type.  For regional BMPs, costs were normalized based 
on volume treated.  For BMPs based on flow-rate (SSF wetlands and treatment plants), it was 
assumed that the entire SUSMP volume (0.75 inches over the assumed impervious drainage 
area) would be captured and treated over 24-hours.  For riparian enhancements, costs are 
normalized based on the area being improved or restored.  
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The following bullets summarize the sources of information used in estimating costs.  For all the 
equations presented below, C is the construction cost and V is the volume treated by the BMP.  

• Cistern construction cost estimates are based on $1000 per 3000 gallon cistern 
(http://www.lid-stormwater.net/raincist/raincist_cost.htm 4).  For a 1 acre impervious 
area, approximately 6 of these cisterns would be required.  

• Bioretention footprint is assumed to be equivalent to 12% of the tributary area. The 
construction cost of bioretention areas is based on the following regression equation: C = 
7.3V0.99  (Muthukrishnan, 2004). A tributary area of 1 acre was assumed for bioretention 
areas. 

• Porous pavement tributary area to footprint ratio was assumed to be 5:1 (Yoko, 2004) 
and construction costs are based on $2 to $3 per square foot (USEPA, 2004). A tributary 
area of 1 acre was assumed for porous pavement. 

• StormFilter™ costs were based on a 2004 quote from Stormwater Management, Inc.   
• SSF wetlands are sized based on an estimate of $3 per square foot / MGD treated (Susilo 

et al., 2004). Construction costs are based on $26,000 to $55,000 per acre of wetland 
constructed (Susilo et al, 2004).  Upper limit used in estimates. 

• Treatment plants capital costs estimates are based on costs for the Moonlight Beach UV 
treatment facility in Encinitas, CA (Dycus, 2004), which was approximately $480,000 to 
construct and currently treats approximately 150 gpm.  Since these costs are based on a 
pilot facility, they are likely higher than actual costs.  Therefore, these costs were 
averaged with the capital costs of $3 per gallon per day treated for package treatment 
plants provided by the USEPA (2000b).   

• Riparian buffers are based on 1999 itemized costs USDA-NRCS (2001) for riparian buffer 
establishment that includes site preparation ($75/acre), seeding ($400/acre), and tree 
planting ($800/acre).  

• All other costs are based on itemized estimates with unit costs primarily based on RS 
Means (2005) estimates. 
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Table 7-2: Normalized capital costs for distributed and regional BMPs 

 

BMP Type 

Representative 
BMP Used for 
Cost Estimates 

Normalized 
Capital Costs 

Normalization 
Unit 

Local Capture Cisterns  $          7,800  acre treated 
Vegetated 
Biofiltration Bioretention  $        23,100  acre treated 
Vegetated 
Biofiltration Vegetated Swales  $          2,600  acre treated 

Local Infiltration Porous Pavement  $        31,000  acre treated D
is

tr
ib

ut
ed

 

Media Filters StormFilter™  $          9,600  acre treated 
       

Regional 
Infiltration Infiltration Basins  $        69,000 acre-feet 
Regional 
Detention 

Dry Detention 
Basins  $        38,000  acre-feet 

Natural Treatment 
System 

Constructed SF 
Wetlands  $        43,000  acre-feet 

Natural Treatment 
System SSF Wetlands  $        74,000  acre-feet 

Treatment Facility Package 
Treatment Plant  $    1,130,000 acre-feet 

R
eg

io
na

l 

Stream 
Enhancement Riparian Buffer  $           2,000 acre 

 

BMP Annual Operations and Maintenance Cost Assessment 
All operations and maintenance costs were adjusted to 2005 Southern California dollars. As 
with capital cost estimates, the annual maintenance costs for distributed BMPs were normalized 
by impervious drainage area and the regional BMP cost estimates were normalized based on 
the volume treated.  Operations and maintenance costs were derived from available literature 
sources and best professional judgment of the maintenance frequencies.  Life-cycle costs were 
not included in these estimates.  While it is understood that the useful life of a BMP greatly 
influences its present worth, estimating BMP life is highly subjective and is primarily based on 
the level of maintenance and the specific design of the BMP.  Table 7-3 summarizes normalized 
operations and maintenance costs for the BMPs considered in this TM.  

BMP specific assumptions used in the derivation of the costs in are presented in the bullets 
below. For all equations presented, M represents maintenance costs. 

• Cistern maintenance costs estimates are based on two inspections per year. In situations 
where disinfection and vector control are required, cistern maintenance costs could be 
higher. 

• Bioretention annual maintenance costs are based on the following equation: M = $2/ft.   
(Bannerman et al, 2003). Using an assumed width of 40 feet resulted in a modified cost 
function as follows: M = $0.05/ft2.  

• Vegetated swales annual maintenance costs are based on 6% of the capital costs as 
reported in SWRPC (1991).  
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• Porous pavement annual maintenance costs are based on $290/acre of practice as 
reported by Bannerman et al. (2003).  

• StormFilter costs are based on an assumption that the vaults are cleaned and cartridges 
are replaced once per year. 

• Infiltration basin annual maintenance costs are based on an estimate of 2% of the capital 
costs as reported by Livingston et al. (1997). 

• Detention basin annual maintenance costs are based on an estimate of 1% of the capital 
costs as reported by SWRPC (2001).  

• Constructed Surface Flow wetlands annual maintenance costs are based on 2% of the 
capital costs as reported by Livingston et al. (1997) and Brown and Schueler (1997). 

• Subsurface Flow Wetlands annual maintenance costs are based on average maintenance 
costs for five wetlands presented as cost per acre of wetland in USEPA (2000a). 

• Treatment plant maintenance costs are based on an average of $2000/MGD from USEPA 
(2000b) for package treatment plants and $30,000 per year for the Moonlight Beach UV 
plant (Hartman 2006, personal communication), which treats approximately 150 gpm 
continuously.   

• Riparian buffer maintenance is assumed to require approximately once per year and 
equal the cost of site preparation ($75/acre) based on USDA-NRCS (2001) 1999 itemized 
costs.  

 
Table 7-3: Normalized O&M costs for distributed and regional BMPs 

 

BMP Type 

Representative 
BMP Used for 
Cost Estimates 

Normalized 
Annual O&M 

Costs 
Normalization 

Unit 
Local Capture Cisterns  $                 100  acre treated 
Vegetated Biofiltration Bioretention  $                 300  acre treated 
Vegetated Biofiltration Vegetated Swales  $                 200  acre treated 
Local Infiltration Porous Pavement  $                 100  acre treated 

D
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tr
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ed

 

Media Filters StormFilter™  $               1,500 acre treated 
       

Regional Infiltration Infiltration Basins  $              1,400  acre-feet 
Regional Detention Dry Detention Basins  $                 400  acre-feet 
Natural Treatment 
System 

Constructed SF 
Wetlands  $                 900  acre-feet 

Natural Treatment 
System SSF Wetlands  $               1,200 acre-feet 

Treatment Facility Package Treatment 
Plant  $             25,000 acre-feet 

R
eg
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l 

Stream Enhancement Wetland Channel  $                  120 acre 
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8.0     Subwatershed-Specific Analyses 
8.1  High-Priority Subwatersheds 
The top priority subwatersheds, or water quality areas of concern (AOC), within MCW were 
identified in TM Task 3.1 (CDM, 2006). Prioritization of these subwatersheds was based on an 
analysis of relative pollutant load estimates, available monitoring data, and listed downstream 
impairments. The analysis resulted in the identification of 10 high-priority subwatersheds, 5 
medium- priority subwatersheds, and 3 low-priority subwatersheds, as indicated in Table 8-1 
and shown in Figure 8-1. A high priority is assigned to all subwatersheds with a 1 or 2 relative 
prioritization score, a medium priority is assigned to those with a 3 relative prioritization score, 
and a low priority is assigned to those with a 4 or 5 relative prioritization score.  Figure 8-2 
shows the high/medium/low prioritization of the subwatersheds.  

Table 8-1: Prioritization of Malibu Creek Subwatersheds  
Subwatershed1 Priority Subwatershed Priority 
Westlake High Lower Medea Creek High 
Lower Lindero Creek High Middle Malibu Creek Med 
Malibu Lagoon High Lower Malibu Creek Med 
Upper Lindero Creek High Upper Las Virgenes Creek Med 
Upper Medea Creek High Palo Comado Creek Med 
Lower Las Virgenes Creek High Cheeseboro Creek Med 
Portrero Canyon Creek High Upper Malibu Creek Low 
Hidden Valley Creek High Cold Creek Low 
Stokes Creek High Triunfo Creek Low 
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8.2    Subwatershed Characterization and Treatment Strategies 
In this section, preliminary characterizations of the high-priority subwatersheds have been 
completed with the purpose of providing preliminary recommendations for treatment 
strategies.  Analyses made use of land-use data, topographic data, geographic data, property 
ownership records, and other subwatershed-specific data.  Using the selection criteria 
established in Section 6.0, potential treatment strategies are discussed for each high priority 
subwatershed and preliminary recommendations for potential treatment strategies are made.  
The results of an ongoing investigation of potential regional sites have not been included in this 
TM.  These results and their impact on the selection of treatment strategies will be the focus of 
TM 7.3.    

In most cases, the selection of a treatment strategy will depend significantly on the results of 
site- and subwatershed-specific investigations.  For example, there is no way to know at this 
time whether demands exist that could support a beneficial reuse option, whether space is 
available for a SSF wetland, etc.  For the purpose of this analysis, priorities have been assumed 
for the cases where data is not available to decide between similar options.  It has been assumed 
that for a high-priority watershed, a regional treatment option would be desirable because of its 
high performance and reliability.  Among regional treatment options, beneficial reuse or 
constructed wetlands have been assigned highest priority, but other regional treatment 
methods could be considered if these are found to be inappropriate.  For distributed options, 
vegetated treatment systems have been assigned highest priority due to their implementability 
and ability to provide partial treatment; however specific constraints could limit their 
application and suggest the use of other options.  The recommended treatment strategies 
should be evaluated closely upon site investigations and modified as necessary.    

Potential implementation strategies have been mentioned in the discussion of treatment 
strategies for subwatersheds, however specific plans are not recommended at this time.  In 
general, adaptive management philosophies are recommended for the implementation of each 
selected treatment strategy.   Any implementation strategy should include performance 
monitoring programs and provide measures to gauge BMP effective based on the monitoring 
results.  Implementation strategies should include triggers to indicate the need to modify the 
treatment strategy and provide suggestions for modifications to improve performance.        

The following sections include subwatershed-specific analyses for high-priority subwatersheds.  
Analyses of medium- and low-ranking subwatersheds are not included in this TM.   Tables 
containing subwatershed characteristic are included as Attachment 1, and maps of each 
subwatershed are included as Attachment 2. 
 
8.2.1     Westlake 
The Westlake subwatershed is 4,901 acres and is comprised of a mixture of open space, dense 
residential development, a golf course, and parks within the Cities of Westlake Village and 
Thousand Oaks.  Westlake flows into Malibu Lake via Triunfo Creek.  The Westlake 
subwatershed is among the most developed of MCW subwatersheds with approximately 41% 
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of its area covered by residential areas (26%), commercial areas (13%) or roads (2.3%).  Soils are 
generally poor (Group C or D) and grades range from less than 1% to 53%.  Four sites have been 
identified for potential regional BMPs.  If these sites are found to be inappropriate through site 
investigations, land acquisition or widespread implementation of distributed BMPs would 
likely be necessary.  Because of the large percentage of residential and commercial land use, 
local capture facilities and/or vegetated treatment systems would be good options for 
distributed treatment, volume reduction and peak flow mitigation.  These could be 
implemented as institutional BMPs.  Beneficial reuse options related to the golf course or public 
parks should be investigated further as should potential riparian enhancement projects.   

Based on this preliminary analysis and assumed priorities, the following treatment strategies 
are recommended:  1) treatment and beneficial reuse, 2) treatment in a regional constructed 
wetland and discharge, and 3) distributed vegetated treatment facilities.  These options should 
be evaluated further in site- and subwatershed-specific investigations and modified based on 
findings.  

8.2.2     Lower Lindero Creek 
The Lower Lindero Creek subwatershed is 1,698 acres and is comprised of a mixture of open 
space, dense residential development, and parks within the City of Agoura Hills.  Lower 
Lindero Creek drains out of Lake Lindero and joins with  Lower Medea Creek at the corner of 
Kanan Road and Cornell Road.  The Lower Lindero Creek subwatershed is one of the most 
developed subwatershed in MCW with land uses consisting of 28% residential, 7.5% 
commercial, and 4.2% major roads for a total of 40% developed land use.  Soils are generally 
poor (Group C or D) and grades range from less than 1% to 45%.  Two primary sites for 
potential regional BMPs have been identified as well as a variety of smaller sites in the vicinity 
of major roads.  The proximity of potential sites to the creek near the lower end of the 
subwatershed suggests the potential for regional facilities; however site investigations will be 
necessary to determine the feasibility of regional facilities at these sites.  If neither of the sites is 
identified as appropriate, distributed BMPs such as vegetated treatment systems or local 
capture systems could be implemented as institutional BMPs for residential and commercial 
areas to reduce the required size of a regional facility.  Roadway retrofits could be a distributed 
solution for major roads.  Potential beneficial reuse should be investigated for public parks or 
other water demands.  

Based on this preliminary analysis and assumed priorities, the following treatment strategies 
are recommended:  1) treatment and beneficial reuse, 2) treatment in a regional constructed 
wetland and discharge, and 3) distributed vegetated treatment facilities.  These options should 
be evaluated further in site- and subwatershed-specific investigations and modified based on 
the findings. 

8.2.3     Upper Lindero Creek 
The Upper Lindero Creek subwatershed is 2,635 acres and is comprised of a mixture of open 
space, dense residential development, and parks within the Cities of Agoura Hills, Thousand 
Oaks and Westlake. Upper Lindero Creek flows through the Lake Lindero Country Club into 
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Lake Lindero..  Upper Lindero Creek flows through the Lake Lindero Country Club into Lake 
Lindero.  The Upper Lindero Creek subwatershed is one of the most developed subwatersheds 
in MCW with land uses consisting of 38% residential, 3.6% commercial, and 0.2% major roads 
for a total of 42% developed land use.  Soils are generally poor (Group C or D) and grades range 
from less than 1% to 21%.  Two potential sites have been identified for construction of regional 
BMPs, but size and location constraints could limit their effectiveness.  It is likely that a strategy 
combining distributed BMPs with a regional facility would be necessary to meet load 
reductions required for this subwatershed.  The high percentage of residential land use in the 
subwatershed indicates that distributed vegetated treatment systems or local capture systems 
could be effective if widely implemented.  These could be implemented as institutional BMPs.  
Potential beneficial reuse should be investigated for public parks or other demands (potentially 
the country club).  

Based on this preliminary analysis and assumed priorities, the following treatment strategies 
are recommended:  1) treatment and beneficial reuse with distributed volume reduction, 2) 
treatment in a regional constructed wetland with distributed volume reduction, and 3) 
distributed vegetated treatment facilities.  These options should be evaluated further in site- 
and subwatershed-specific investigations and modified based on the findings. 

8.2.4     Upper Medea Creek 
The Upper Medea Creek subwatershed is 3,948 acres and is comprised of a mixture of open 
space, dense residential development, and recreational areas within the Cities of Agoura Hills 
and Oak Park and Ventura County.  Upper Medea Creek becomes Lower Medea Creek at the 
confluence with Lindero Creek.  The Upper Medea Creek subwatershed is one of the most 
developed subwatersheds in MCW with land uses consisting of 38% residential, 1.5% 
commercial, and 0.2% major roads for a total of 40% developed land use.  Soils are generally 
poor (Group C or D) with the exception of some Group B soils in the upper reaches (mostly 
undeveloped areas).  Grades range from less than 1% to 49%.  Several potential sites for regional 
BMPs have been identified within public parks or open space.  Due to the apparent availability 
of open space, achieving treatment at a regional facility such as a constructed wetland would be 
appropriate for this subwatershed.  The high percentage of residential land use in the 
subwatershed indicates that distributed vegetated treatment systems or local capture systems 
could be effective at reducing volume and loads to a regional facility.  These could be 
implemented as institutional BMPs.  Potential beneficial reuse should be investigated for public 
parks or other demands.  

Based on this preliminary analysis, the following treatment strategies are recommended:  1) 
treatment and beneficial reuse, 2) treatment in a regional constructed wetland and discharge, 
and 3) distributed vegetated treatment facilities.  These options should be evaluated further in 
site- and subwatershed-specific investigations and modified based on findings. 

8.2.5     Lower Las Virgenes Creek 
The Lower Las Virgenes Creek subwatershed is 4,887 acres and is comprised of a mixture of 
urban and recreational land uses.  Surrounding the 101 Freeway are urban parts of the Cities of 
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Calabasas and Agoura Hills.  The middle of the subwatershed is within Malibu Creek State 
Park and the Santa Monica Mountains National Recreation Area (SMMNRA).  Runoff in Malibu 
Creek reaches the lagoon and either continues to flow into Santa Monica Bay or is retained 
depending on the season.  The Lower Las Virgenes Creek subwatershed is moderately 
developed compared to other high-priority subwatersheds in MCW with land uses consisting of 
9.6% residential, 2.6% commercial, 1.6% major roads, and 0.2% horse farms  for a total of 14% 
developed land use.  Soils are generally poor (Group C or D) and grades range from less than 
1% to 32%.  Two potential sites have been identified for construction of regional BMPs within 
public parks or public parcels.  Treatment of the developed area of the watershed at a regional 
facility would likely be appropriate.  If this is not possible due to site constraints, a program of 
distributed BMPs within residential, commercial and road areas could provide stand-alone 
treatment or allow for smaller regional facilities. These could be implemented as institutional 
BMPs. The large percentage of undeveloped land indicates that natural sources may be more 
important.  Possibilities for riparian enhancements should be investigated as should potential 
for beneficial reuses.  The contribution of horse farms to bacterial loading should be 
investigated.  This contribution could be mitigated with equestrian related BMPs. 

Based on this preliminary analysis, the following treatment strategies are recommended:  1) 
treatment and beneficial reuse, 2) treatment in a regional constructed wetland and discharge, 3) 
distributed vegetated treatment facilities, and 4) equestrian related BMPs.  These options should 
be evaluated further in site- and subwatershed-specific investigations and modified based on 
the findings. 

8.2.6     Portrero Canyon Creek 

The Portrero Canyon Creek subwatershed is 2,266 acres and is comprised of a mixture of open 
space, dense residential development, and parks within the Cities of Westlake Village and 
Thousand Oaks.  Portrero Canyon Creek drains out of Lake Sherwood and flows into Westlake 
Lake.  The Portrero Canyon Creek subwatershed is moderately developed compared to other 
high-priority subwatersheds in MCW and developed area is mostly residential.  Land uses 
consist of 26% residential, 0.2% commercial, and 1.3% horse ranches for a total of 28% 
developed land use.  Soils are generally poor (Group C or D) with pockets of Group B soils.  
Grades range from less than 1% to 42%.  Two potential sites have been identified for 
construction of regional BMPs.  Treatment of the developed area of the watershed could be 
possible in regional facilities on these sites.  If this is not possible due to site constraints, a 
program of distributed BMPs in residential areas could provide stand-alone treatment or allow 
for smaller regional facilities. These could be implemented as institutional BMPs. The large 
relatively percentage of horse farms in this subwatershed indicates that the contribution of 
horse farms to bacterial loading could be high.  This contribution could be mitigated with 
equestrian related BMPs. 

Based on this preliminary analysis, the following treatment strategies are recommended:  1) 
treatment and beneficial reuse, 2) treatment in a regional constructed wetland and reuse, 3) 
distributed vegetated treatment facilities, and 4) equestrian related BMPs.  These options should 
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be evaluated further in site- and subwatershed-specific investigations and modified based on 
findings. 

8.2.7     Hidden Valley Creek 

The Hidden Valley Creek subwatershed is 10,792 acres and is comprised of a mixture open 
space, parks, and agricultural areas within Los Angeles and Ventura Counties.  The many 
streams within the Hidden Valley Creek subwatershed all eventually drain into Sherwood.  The 
Hidden Valley Creek subwatershed is the largest and among the least developed of all high-
priority subwatersheds in MCW.  Developed area is mostly residential.  Land uses consist of 
5.1% residential, 0.2% commercial, and 0.01% horse ranches for a total of 5.3% developed land 
use.  Soils are generally poor (Group C or D), and steep grades are prevalent in the 
subwatershed, ranging up to 58%.  One potential site has been identified for construction of a 
regional BMP just upstream of Lake Sherwood. The location of this site is appropriate to treat 
runoff from a large portion of this watershed, including most developed areas.  Agricultural 
runoff as a source of bacterial loading should be investigated and BMPs implemented for its 
control.  Also, riparian conditions should be assessed to determine if riparian enhancement 
projects could potentially reduce bacterial loads.  Wetland construction or enhancement near 
the bottom of the catchment could provide effective treatment of subwatershed.  Also, 
distributed capture or treatment facilities implemented as institutional BMPs could provide 
load reductions from developed areas. 

Based on this preliminary analysis, the following treatment strategies are recommended: 1) 
treatment in a regional constructed wetland and discharge, 2) distributed vegetated treatment 
systems in developed areas 3) riparian enhancement projects, and 4) agricultural runoff BMPs.  
These options should be evaluated further in site- and subwatershed-specific investigations and 
modified based on findings. 

8.2.8     Stokes Creek 

The Stokes Creek subwatershed is 3,074 acres and is comprised of a mixture of open space, 
pockets of residential development, and recreational areas within County lands.  Mulholland 
Highway crosses Stokes Creek toward the mouth of the subwatershed.  Stokes Creek flows into 
Las Virgenes Creek just above the confluence between Las Virgenes Creek and Malibu Creek.  
The Stokes Creek subwatershed is the least developed compared to other high-priority 
subwatersheds in MCW and developed area is mostly residential.  Land uses consist of 3.5% 
residential, 0.3% commercial,  and 0.6% horse ranches for a total of 4.4% developed land use.  
Soils are generally poor (Group C or D) with significant pockets of Group B soils.  Grades range 
up to 31%.  One potential site has been identified for construction of a regional BMP near the 
outlet of the catchment.  The location of this site is appropriate to treat runoff from a large 
portion of this watershed, including most developed areas.  Agricultural runoff as a source of 
bacterial loading should be investigated and BMPs implemented for its control.  Also, riparian 
conditions should be assessed to determine if riparian enhancement projects could potentially 
reduce bacterial loads.  Wetland construction or enhancement near the bottom of the catchment 
could provide effective treatment of this subwatershed.  Also, distributed capture or treatment 
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facilities implemented as institutional BMPs could provide load reductions from developed 
areas. 

Based on this preliminary analysis, the following treatment strategies are recommended: 1) 
treatment in a regional constructed wetland and discharge, 2) distributed vegetated treatment 
systems in developed areas 3) riparian enhancement projects, and 4) agricultural runoff BMPs.  
These options should be evaluated further in site- and subwatershed-specific investigations and 
modified based on findings. 

8.2.9     Lower Medea Creek 

The Lower Medea Creek subwatershed is 2,159 acres and is comprised of a mixture of open 
space, pockets of residential development, and recreational area within county land.  About half 
of the land in this subwatershed is within the SMMNRA.  Lower Medea Creek flows into 
Malibou Lake and the eastern shore of Malibou Lake falls within the Lower Medea Creek 
subwatershed.  The Lower Medea Creek subwatershed is moderately developed compared to 
other high-priority subwatersheds in MCW and developed area is mostly residential.  Land 
uses consist of 12% residential, and 0.7% horse ranches for a total of 13% developed land use.  
Soils are generally poor (Group C or D) with pockets of Group B soils.  Grades range from less 
than 1% to 60%.  One potential site has been identified for construction of a regional BMP.  
Treatment of a large portion of the watershed could be possible in a regional facility on this site.  
If this is not possible due to site constraints, a program of distributed BMPs in residential areas 
could provide stand-alone treatment or allow for smaller regional facilities. These could be 
implemented as institutional BMPs.  Horse farms in this subwatershed could contribute to 
bacteria loads.  This contribution could be mitigated with equestrian related BMPs. 

Based on this preliminary analysis, the following treatment strategies are recommended:  1) 
treatment and beneficial reuse, 2) treatment in a regional constructed wetland and discharge, 3) 
distributed vegetated treatment facilities, and 4) equestrian related BMPs.  These options should 
be evaluated further in site- and subwatershed-specific investigations and modified based on 
findings. 

8.2.10     Malibu Lagoon 

The Malibu Lagoon subwatershed is 692 acres and is comprised primarily of developed land 
within the City of Malibu that drains directly to Malibu Creek.  Runoff in Malibu Creek reaches 
the lagoon and either continues to flow into Santa Monica Bay or is retained, depending upon 
the wet versus dry season pattern.  The Malibu Lagoon subwatershed is moderately developed 
compared to other high-priority subwatersheds in MCW  with land uses consisting of 24% 
residential, 6% commercial, and 2% horse ranches for a total of 32% developed land use.  Soils 
are generally poor (Group C or D) with pockets of Group B soils.  Grades range from less than 
1% to 50%.  One potential site has been identified for construction of a regional BMP within the 
Malibu Lagoon State Beach Park.  Treatment of a large portion of the watershed could be 
possible in a regional facility on this site.  If this is not possible due to site constraints, a 
program of distributed BMPs in residential and commercial areas could provide stand-alone 
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treatment or allow for smaller regional facilities. These could be implemented as institutional 
BMPs.  Horse farms in this subwatershed could contribute to bacteria loads.  This contribution 
could be mitigated with equestrian related BMPs. 

Based on this preliminary analysis, the following treatment strategies are recommended:  1) 
treatment and beneficial reuse, 2) treatment in a regional constructed wetland and discharge, 3) 
distributed vegetated treatment facilities, and 4) equestrian related BMPs.  These options should 
be evaluated further in site- and subwatershed-specific investigations and modified based on 
findings. 
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