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A1.1  Introduction  

 

This Appendix 1 supports the Dry Weather Implementation Plan (Section 7) of the LA River 

Bacteria TMDL Technical Report.  The sections herein are very similar to the corresponding cost 

and timeline sections in Section 7, except they provide additional detail with respect to 

assumptions and methodology for development MS4 Load Reduction Strategies (LRSs) for 

individual LA River segments or tributaries.  Some of the text/information herein is duplicative 

for Section 7, which is intentional to allow both Section 7 and Appendix 1 to be standalone 

documents.  Additional details for the following implementation components are included 

herein:  

¶ Outfall-based Load Reduction Strategy (Section A1.2) 

¶ Downstream-based Load Reduction Strategy (Section A1.3) 

 

Note that these approaches apply to individual LA River segments or tributaries.  Examples of 

combinations of LRS approaches that could be used to address the entire Watershed are 

described as ñWatershed-wide Strategiesò in Section 7.8. 

For reference, Figure 1 shows the spatial extent of the LA River segments and tributaries 

addressed under this TMDL.  The LA River segments are as follows: 

¶ Segment E: Reach 6 ï LA River headwaters to Balboa Boulevard 

¶ Segment D: Reach 5 to middle Reach 4 ï Balboa Boulevard to Tujunga Avenue 

Segment C: lower Reach 4 and Reach 3 ï Tujunga Avenue to Figueroa Street 

¶ Segment B: upper and middle Reach 2 ï Figueroa Street to Rosecrans Avenue  

¶ Segment A: lower Reach 2 and Reach 1 ï Rosecrans Avenue to Willow Street 
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Figure 1.  Segments and Tributaries for which Allocations were Developed for the Los Angeles River 

Watershed Dry Weather Bacteria TMDL  
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A1.2  Outfall -based Load Reduction Strategy  for an 

Individual LA River Segment or Tributary  

 

The Outfall-based approach emphasizes reducing loading from outfalls that discharge to a 

mainstem LA River segment or tributary.  The discharges from these outfalls are predominantly 

from MS4s, but the Outfall-based approach could also identify problematic discharges from 

industrial stormwater and other source types.  As shown in Figure 2, the Outfall-based approach 

is an stepwise process that includes monitoring of bacteria discharges from outfalls, 

implementation of actions to reduce MS4 discharges below the WLA, and follow-up assessment 

of additional actions needed both regulatory actions and structural actions, if necessary. Due to 

the highly-variable nature of bacteria discharges from outfalls, this stepwise process for each 

mainstem LA River segment and tributary may need to be repeated in subsequent ñiterationsò 

during TMDL implementation.  

 

A1.2.1   Implementation Actions for Outfall-based Approach  

Each of the seven steps presented in Figure 2 is described in detail in Sections A1.2.1.1 through 

A1.2.1.6.1.  Implementation actions will continue on segments or tributaries during subsequent 

iterations as necessary (i.e., if the implementation actions were insufficient to meet the WLA) 

based on the procedure outlined in Figure 2 and described in Section A1.2.1.6.1.  The 

Implementation Schedule section (Section 7.10) provides detail on the timing of actions and 

incorporation of final WLAs into NPDES permits.   
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Figure 2.  LA River Bacteria TMDL Outfall -based Approach Flow Diagram 

WLA = Wasteload Allocation   RB EO = Regional Board Executive Officer 
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A1.2.1.1 Step 1:  Conduct Outfall Monitoring 

As the first step, monitoring ñsnapshotsò will be conducted at all flowing outfalls (i.e., storm 

drains) in the targeted segment or tributary.  Outfall monitoring will be conducted as described in 

Section 8 (not yet developed).  Additionally, in-stream data will be collected to evaluate 

receiving water conditions as described in Section 8 (not yet developed).  The goal of the outfall 

monitoring is to characterize the bacteria loading from the cumulative discharges of dry weather 

runoff from the MS4 system to the segment or tributary. All storm drain discharges that are 

occurring during each monitoring event will be sampled.  Both flow rate and E. coli 

concentrations will be measured at all flowing sites. The calculated E. coli loading rates (the 

product of flow rate and concentration) from individual outfalls and all outfalls are utilized in the 

subsequent steps to prioritize outfalls for implementation actions. The Permittees are also 

encouraged to collect source identification data (e.g., concentrations of human Bacteroidales or 

human viruses) to assist with prioritization of outfall actions.  Outfall monitoring is not necessary 

in Segment B because data for all outfalls flowing during dry weather were collected through the 

Los Angeles River Bacteria Source Identification (BSI) Study (CREST 2008).  

A1.2.1.2 Step 2:  Compare Loading from Outfalls to Waste Load 
Allocations 

Under the second step in the first iteration, the total storm drain loading of E. coli from MS4 

discharges to a targeted segment or tributary will be compared to the applicable WLA.  Total 

storm drain loading is calculated for the monitoring events conducted during Step 1 by summing 

the loading rates measured at all individual storm drain outfalls.  If a reported sanitary sewer 

overflow (SSO) was found to be contributing to bacteria loading at a storm drain outfall, the 

loading from that outfall will not be considered in calculating the total loading. SSOs are not 

under the control of MS4 Permittee and are addressed through other regulatory mechanisms, and 

MS4s have procedures by which they respond to SSOs and report them to the Regional Board. 

The total storm drain loading of E. coli during each monitoring event will be compared to the 

WLA for the given segment.  If the total loading from storm drain outfalls that discharge to the 

segment exceeds the WLA during any monitoring event then the MS4 Permittees would continue 

to Step 3 described below.  If the total loading from storm drain outfalls to the segment meets the 

WLA in all events then the MS4 Permittees would skip steps 3, 4, 5, and 6 below and consider 

the requirements of Step 7 (Identifying Next Steps).   

A1.2.1.3 Step 3:  Develop Load Reduction Strategy for Outfall-based 
Approach 

The third step represents the development of a Load Reduction Strategy (LRS) for attaining the 

WLA.  The LRS is a detailed document that specifies the proposed number, types and locations 

of actions that will be implemented to attain the MS4 WLA for a mainstem LA River segment or 

tributary.  There are three primary parts that each LRS shall contain: 

 

Part 1: Prioritization of storm drain outfalls for implementation actions 

Part 2: Field assessment of feasibility of potential implementation actions and investigation 

of potential sources to Priority Outfalls  

Part 3:  Summarize investigation and identify load reduction actions to be implemented 
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Within the LRS, there is much flexibility regarding the number, types, and locations of actions; 

essentially, the Permittees may use any combination of actions as long as it is demonstrated that 

the proposed suite of actions are expected to result in WLA attainment.  If the LRS is developed 

per the process outlined below, the BMPs proposed will have been identified in a manner 

consistent with the assumptions of the WLAs.  The three components of the LRS and the process 

for Regional Board EO approval are described below. 

 

LRS Part 1: Prioritize Storm Drain Outfalls for Implementation Actions  

The following outlines a process for identifying outfalls that would potentially be included in the 

LRS.  The prioritization process is based on conducting Monte Carlo simulations [or equivalent] 

to (1) evaluate both the individual and cumulative E. coli loading rates from outfalls along a  

segment or tributary and (2) prioritize implementation actions based on these E. coli loading 

rates and, if desired, data for other indicators including source identification data (e.g., human 

Bacteroidales, human-specific viruses, etc.).  Two types of outfalls are addressed in the LRS, as 

follows: 

¶ Priority Outfalls  ï these outfalls are identified using Monte Carlo simulations (or 

equivalent) that predict the expected E. coli loading from storm drains before and after 

implementation actions.  The prioritization process highlights Priority Outfalls because 

they have the highest loading rates of E. coli and, optionally, comparatively high levels of 

human-specific bacteria or viruses.  Overall, Priority Outfalls have relatively consistent, 

problematic discharges that both drive storm drain loading rates above the WLA and are 

considered to likely pose the highest risk to human health.  As such, Priority Outfalls are 

the highest priority for source investigation and specific implementation actions (i.e., 

structural controls).  

¶ Outlier  Outfalls ï these outfalls are identified by retrospectively comparing the results 

of the Monte Carlo simulations to the ñrawò monitoring data.  Due to episodic, high 

loading rate E. coli discharges from some outfalls, called Outlier Outfalls, there may be 

instances when complete ñremovalò of the Priority Outfalls would not have led to the 

storm drain discharges of E. coli being below the WLA.   Outlier Outfalls are initially 

subject to follow-up investigations such as sanitary surveys.  

Identification of Priority Outfalls 

To prioritize implementation actions, outfall data collected during monitoring is input into a 

relatively simple stochastic (Monte Carlo) model to simulate the E. coli loading rates from storm 

discharges into LA River segments and tributaries addressed within an LRS.  The model outputs 

can be used to evaluate both the individual and cumulative E. coli loading rates from outfalls 

under a variety of scenarios.  The Monte Carlo outputs can be used to estimate the total E. coli 

loading from all outfalls along a segment/tributary if discharges from Priority Outfalls were 

addressed (i.e., through implementation of structural controls).   

 

A second tier of action prioritization could be based on data for other indicators including 

human-specific source identifiers (e.g., human Bacteroidales, human-specific viruses, etc.).  For 

example, the BSI Study (CREST 2008) employed a Weight of Evidence (WOE) Approach based 

on E. coli, Enterococcus, human Bacteroidales, universal Bacteroidales, and human adenovirus 
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to highlight the ñmost problematicò storm drain outfalls along Segment B (Reach 2) and portions 

of Segment C and D (Reach 4). The results were used to identify outfalls that discharge 

relatively high levels of both traditional indicator bacteria and human-specific bacteria or 

viruses. Outfalls with these types of discharges could be considered to be the highest priority for 

TMDL implementation actions.   

 

The use of a WOE is recommended, but not required by this TMDL. Agencies may elect to 

collect and analyze only E. coli data to identify Priority Outfalls for implementation actions (as 

opposed to relying upon a WOE Approach).  Note that the WOE approach could be developed 

using a variety of methodologies.  The BSI Study developed the WOE approach based on 

statistical properties (e.g., statistical differences and 90
th
 and 99

th
 percentile values) of the 

measured concentrations and loading rates of the suite of indicators.  Furthermore, alternative 

approaches to the Monte-Carlo simulation are acceptable as long as they provide similar 

confidence that implementing actions on Priority Outfalls will result in attainment of WLAs. 

 

To illustrate an EO-acceptable LRS approach to identifying Priority Outfalls, data collected 

during the BSI Study from Segment B are used herein, as shown in Table 1.  The actual LRS for 

Segment B would be developed and submitted by MS4 Permittees during TMDL 

implementation. A map of the 51 unique outfalls that were flowing at least once during the BSI 

Study is presented in Figure 3.
1
 The example approach utilized the following steps to identify 

Priority Outfalls for consideration in a hypothetical LRS: 

 

1. Use a Monte Carlo model to analyze the loading rate of E. coli from each outfall sampled 

(Section A1.2.1.1). The model uses the measured log-transformed means and standard 

deviations to ñrandomlyò simulate loading from each outfall during at least 50,000 iterations. 

The total E. coli loading from all outfalls is the sum of the total number of outfalls that were 

sampled along a given segment.  For any parameter, the ñexpectedò value is the median value 

over the 50,000 (or more) iterations. Accordingly, Step #1 in Table 1 is the expected E. coli 

loading rates of the monitored outfalls from upstream to downstream.  

2. Rank all drains from highest to lowest based on their simulated expected E. coli loading rate. 

3. Identify whether outfalls were considered ñproblematicò for WOE indicators such as human 

virus used during the BSI Study.  As stated above, this step is optional.  

4. Rank all drains identified as problematic for WOE indicators highest to lowest based on their 

simulated expected E. coli loading rate (note in Table 1 that only outfalls labeled as ñYESò 

in Step #2 were carried to Step #3).  As stated above, this use of the WOE approach is 

optional. 

5. Priority Outfalls are those drains whose ñeliminationò results in the total E. coli loading rate 

from all outfalls along the segment being below the WLA (see the drains above the ñWLA 

cutoffò in Step #3).   

 

The results in Table 1 demonstrate the potential Priority Outfalls for inclusion in a potential LRS 

for Segment B.  By performing  the Monte Carlo analysis, it is demonstrated that the elimination 

                                                 
1
 It should be noted that some of the identified/monitored outfalls during the BSI Study may be private/industrial 

outfalls as opposed to MS4 discharges.  In this case, these discharges would not be considered MS4 discharges, and 

would not ñcount againstò the MS4 WLA.  Instead, the responsible industrial agencies would be required to meet 

their WLA using Best Available Technology. 
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of discharges from the following outfalls leads to the expected E. coli loading rate from outfalls 

to Segment B being lower than the WLA:  R2-A, R2-K, R2-02, R2-06, and R2-J.  The actual 

LRS for Segment B (and list of Priority Outfalls) would be developed and submitted by MS4 

Permittees during TMDL implementation.  A total of five outfalls may represent the minimum 

number of Priority Outfalls for the Segment B LRS.  This number of outfalls could increase for a 

variety of reasons, including: actions are implemented that do not completely eliminate (100% 

reduce) the Priority Outfall discharges, or if MS4 agencies do not coordinate their efforts and 

submit separate LRS reports
2
.  It is important to note that compliance with this TMDL is not 

based on whether or not an agencyôs discharge is draining to a Priority Outfall or Outlier 

Outfalls.  All Permittees along the LA River segments/tributaries addressed under this TMDL are 

responsible for implementing bacteria source control actions as necessary to meet the WLAs.  

 

Permittees may also want or need to consider evaluating potential actions at additional or other 

outfalls beyond Priority Outfalls to account for situations that could include, but are not limited 

to, when: 

¶ Permittees prefer to perform actions at non-Priority outfalls (e.g., under non-coordinated 

implementation efforts).  

¶ Implementation actions are infeasible at one or more Priority Outfalls (e.g., no local 

sewer capacity to accept runoff from one of the Priority Outfalls)  

¶ Inclusion of the alternative outfalls would allow for a more cost-effective or multi-benefit 

solution while still resulting in attainment of the WLAs.  

¶ Instead of completely ñeliminatingò a discharge (e.g., full infiltrati on of flow), agencies 

choose to utilize BMPs that reduce a significant portion of the E. coli loading from the 

outfall (e.g., a treatment device that achieves a 70% reduction).  

For example, additional outfalls that might be evaluated as ñbackupò or alternative outfalls 

include R2-G, R2-E, R2-F, R2-Q, and R2-B (i.e., the outfalls that fell just below the WLA cutoff 

in Table 1).  

 

                                                 
2
 The MS4 WLAs in Section 6 are group-based allocations for discharges from all Permittees along a segment or 

tributary via the outfalls that are directly connected to the waterbody.  As described in that section, if the Permittees 

elect to conduct individual implementation efforts, the WLA can be distributed to different agencies (or groups of 

agencies) based on proportional drainage area.  In this case, each LRS would be designed to attain the proportional 

WLA, and the points-of-compliance would be the sets of outfalls that discharge from the corresponding 

jurisdictional areas.  
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Figure 3.  Segment B Outfalls Monitored during the BSI Study (CREST 2008) 














































