	Los Angeles River Upper Reach 2 Watershed Management Area

	Draft Watershed Management Program



This Appendix summarizes the existing water quality studies relevant to the Los Angeles River Upper Reach 2 Watershed Management Area (LAR UR2 WMA), including:

· Los Angeles County Annual Mass Emission and Tributary Station Monitoring Data (2002 – 2012);
· Los Angeles River Metals TMDL Coordinated Monitoring Plan (CMP) Ambient Monitoring Program (2008 – 2013);
· Council for Watershed Health (CWH) Los Angeles River Watershed Monitoring Program (LARWMP) data (2009 – 2012); and
· Cleaner Rivers through Effective Stakeholder-led TMDLs (CREST) Los Angeles River Bacteria Source Identification (BSI) Study.

Los Angeles County Annual Stormwater Monitoring Reports (2002-2012)

The Los Angeles County Department of Public Work Annual Stormwater Monitoring Report (LACDPW SMR) presents stormwater quality findings for each July to June storm season.  The 2002–2003, 2003–2004, 2005–2006, 2006–2007, 2007–2008, 2008–2009, 2009–2010, 2010-2011 and 2011-2012 monitoring reports addressed the following programs and associated elements:

· Core Monitoring Program – mass emission, tributary, water column toxicity, shoreline, and trash monitoring.
· Regional Monitoring Program – estuary sampling and bioassessment.
· Three Special studies.

Attachment 1, Figure 1 shows the LA River (S10) Core Monitoring program, mass emission station nearest the LAR UR2 WMA, while Figure 2 shows the Rio Hondo Channel tributary monitoring station studied during the 2002-2003 and 2003-2004 storm seasons.  The S10 station is located at the existing stream gauge station (i.e., Stream Gauge F319-R) between Willow Street and Wardlow Road in the City of Long Beach and was chosen to avoid tidal influences.  The Rio Hondo Channel monitoring station is located on Beverly Boulevard, downstream of Whittier Narrows dam, at the USGS – U.S. Army Corps of Engineers (ACOE) Stream gage No. 1102300 or E327-R and upstream of the LAR UR2 WMA.

A minimum of three wet-weather and two dry-weather events were monitored for all sites during each annual storm season.  Grab samples were collected and analyzed for conventional pollutants and bacteria during both dry- and wet-weather events.  Additionally, composite samples were collected for both dry- and wet-weather events and were analyzed for general minerals, metals, semi-volatiles, chlorinated pesticides, organophosphate pesticides, herbicides, PCBs and TSS.  A summary of constituents that did not meet applicable WQOs from 2002 – 2012 is as follows:

LAR (S10):
Dry-Weather – a total of 18 samples.
Cyanide – 13 exceedances with a range of values from 0.022 to 0.109 mg/L,
pH –11 exceedances, all greater than 9.0,
TKN – 3 exceedances ranging from 5.82 to 6.18 mg/L,
Nitrite-N – 6 exceedances with a range of values from 1.093 to 1.6039 mg/L, and 
Total Phosphorus as P – a total of 2 exceedances.

Wet-Weather –a total of 40 samples.
Cyanide – 9 exceedances with a range of values from 0.024 to 1.2 mg/L,
Dissolved Oxygen (DO) – 1 exceedance with a value of 2.5 mg/L, 
pH – 2 exceedances with measurements below 6.5, 
Chemical Oxygen Demand (COD) – 1 exceedance, a values of 578 mg/L,
TKN – 13 exceedances with a range of values from 4.9 to 30.68 mg/L,
Total Phosphorus as P – 7 exceedances, and
Total Suspended Solids (TSS) – 24 exceedances ranging from 276 to 2,280 mg/L.

Rio Hondo Channel (TS06):
Dry-Weather, n = 3
Cyanide –1 exceedance with a value of 0.025 mg/L,
pH  - 2 exceedances with one under 6.5 and one over 8.5, and
TKN – 1 exceedance with a value of 7 mg/L.

Wet-Weather, n = 9
Cyanide – 1 exceedance with a 0.043 mg/L, 
pH – 1 exceedance under 6.5, 
Chloride – 1 exceedance with a value of 759 mg/L, 
TKN – 2 exceedances with a value of 7 and 12.8 mg/L, and
TSS – 5 exceedances with a range of values from 266 to 1186 mg/L.

Metals
Figure D-1 through Figure D-5 show measured metal concentrations, and selected standards, for the 2002 to 2012 storm seasons at the Los Angeles River S10 site.  Figure D-6 through Figure D-11 show measured metal concentrations, and selected standards for the 2002 to 2012 storm seasons at the Rio Hondo TS06 tributary monitoring site.  As expected, exceedances were generally higher in wet-weather and assumption of amended WER and Lead Recalculation SSOs, reduced the prevalence of exceedances.
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[bookmark: _Ref388964783]Figure D-1  LAR S10 Total Copper Concentrations Compared to Hardness Monitoring Plot from 2002-2012 storm seasons Dry-Weather
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Figure D-2  LAR S10 Total Copper Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Wet-Weather
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Figure D-3  LAR S10 Total Lead Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Dry-Weather
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Figure D-4  LAR S10 Total Lead Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Wet-Weather
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[bookmark: _Ref388964964]Figure D-5  LAR S10 Total Zinc Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Wet-Weather
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[bookmark: _Ref388964972]Figure D-6  Rio Hondo Total Copper Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Dry-Weather
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Figure D-7  Rio Hondo Total Copper Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Wet-Weather
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Figure D-8  Rio Hondo Total Lead Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Dry-Weather
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Figure D-9  Rio Hondo Total Lead Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Wet-Weather
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Figure D-10  Rio Hondo Total Zinc Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Dry-Weather
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[bookmark: _Ref388964980]Figure D-11  Rio Hondo Total Zinc Concentrations Compared to Hardness Monitoring Plot from 2002-2012 Storm Seasons - Wet-Weather

Bacteria
Fecal and total coliforms concentrations, for sampling site LAR S10 and the Rio Hondo TS06, have been plotted against time in Figure D-12 through Figure D-15.  The Los Angeles River bacteria TMDL E. coli wet- and dry-weather effluent limitation daily maximum of 126 MPN/100 mL is shown on each figure.  Although not directly comparable, during both dry- and wet-weather events, and for both the LAR S10 and Rio Hondo TS06, fecal and total coliform concentrations consistently did not meet the E. coli daily maximum.
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[bookmark: _Ref388964992]Figure D-12  LAR S10 Fecal Coliform Concentration Plot from 2002-2012 Storm Seasons
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Figure D-13  Total Coliform Concentration Plot from 2002-2012 Storm Seasons
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Figure D-14  Rio Hondo Fecal Coliform Concentration Plot form 2002-2012 Storm Seasons
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[bookmark: _Ref388965000][bookmark: _GoBack]Figure D-15  Rio Hondo Total Coliform Concentration Plot from 2002-2012 Storm Seasons

Los Angeles River Metals TMDL CMP and Ambient Monitoring Submittal (2010-2011, 2011-2012)

At its July 17, 2006 meeting, the Los Angeles River Watershed Management Committee recommended formation of a Los Angeles River Metals TMDL Technical Committee (TC) and tasked the group with preparation of a Coordinated Monitoring Plan (CMP).  The CMP includes both ambient (Tier I) and effectiveness monitoring (Tier II).  The Tier I ambient monitoring program collects monthly samples at thirteen (13) locations shown in Attachment 1, Figure 3.  Tier I monitoring site LAR1-8, LAR1-9, and LAR1-10 are located adjacent to the LAR UR2 WMA and the data from these sites would give the LAR UR2 WMA a better understanding of the distribution of metals concentrations in the adjacent WMAs.

Sampling results for CMP ambient monitoring for July 1, 2010 to June 30, 2011 (2010-2011) and July 1, 2011 through June 30, 2012 (2011-2012) was acquired.  The 2011-2012 CMP results include submittal for both Ambient (Tier I) and Effectiveness (Tier II) Monitoring.  Sampling sites LAR1-8, LAR1-9, and LAR1-10 were not sampled during wet-weather events.  Figure D-16 through Figure D-19, show that sampling sites LAR1-8 and LAR1-9 are in compliance of the LA Rivers metals TMDL daily maximums for Reach 2.  However, sampling site LAR1-10, with a total of 10 sampling events, had a total of seven exceedances for total copper and three exceedances for total lead.  LAR1-10 was compared to the metals TMDL daily maximum for the Rio Hondo.
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[bookmark: _Ref388965011]Figure D-16  Total Copper Concentration Comparison for LAR1-8 LAR1-9
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Figure D-17  Dissolved Copper Concentration Comparison for LAR1-8 LAR1-9
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Figure D-18  Total Lead Concentration Comparison Plots for LAR1-8 and LAR1-9

[image: ]
[bookmark: _Ref388965019]Figure D-19  Dissolved Lead Concentration Comparison Plots for LAR1-8 and LAR1-9
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Figure D-20  Total Zinc Concentration Comparison Plots for LAR1-8 and LAR1-9
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Figure D-21  Dissolved Zinc Concentration Comparison Plots for LAR1-8 and LAR1-9

Council for Watershed Health: Los Angeles River Watershed Monitoring

The Council for Watershed Health (CWH) coordinates the Los Angeles River Watershed Monitoring Program (LARWMP) to assess Watershed health based on five broad objectives: are stream conditions improving; are specific critical site conditions improving; do discharges meet WQOs; is it safe to swim; and are locally caught fish safe to eat.  The CWH LARWMP collects water samples and performs bioassessments throughout the watershed using a stratified randomized sampling scheme that separates the watershed into natural, urban and mainstem portions from which random samples may be taken to facilitate comparisons.  Sampling occurs annually, during the late spring or early summer, and the water is analyzed for general chemistry (nutrients), metals (total and dissolved), organophosphorus, and pyrethroid pesticides.  The CWH provided for monitoring data from 2009 – 2012, which was reviewed for relevance.  The most recent monitoring sites near the LAR UR2 WMA are LALT500, located at the LAR and Rio Hondo confluence, and LAR00830, which is located within Rio Hondo.  As shown in 
Attachment 1, Figure 4 both sites are located directly downstream of the LAR UR2 WMA.  Although these sampling locations are not within the LAR UR2 WMA, the data provides perspective regarding water quality passing through the LAR UR2 WMA.

The CWH LARWMP found that one of four samples exceeded the MS4 Permit Total Kjeldahl Nitrogen (TKN) MAL of 4.59 mg/L.  Based on the MS4 Permit MAL for Total Nitrate three exceedances, out of four samples, with a range of values from 2.02 to 5 mg/L were observed.

Site LALT500 observed one exceedance for total copper and two exceedances for total lead, among three samples.  Sampling site LAR00830 had one exceedance for total copper from only one sample.

CREST Los Angeles River BSI Study Final Report

Consistent decreases in E. coli concentrations are observed where discharges of tertiary-treated, reclamation plant (WRP) effluent overwhelm and dilute in stream flows.  Generally single sample E. coli numbers at the base of reaches 2 and 4 are up to two orders of magnitude (100x) higher than water quality objectives (WQO).  Identification of the sources responsible for these increases was a high priority of the BSI study, which was designed to characterize the bacteria inputs to the LA River, support the development of the Bacteria TMDL source assessment, and assist with prioritization of the types and locations of TMDL implementation actions.  Bacteria concentrations in the LA River are typically at a minimum in reaches that are supplied with recycled water from municipal WRPs (Reach 4 - LAR @ Sepulveda Boulevard and Reach 2 - LAR @ Figueroa Street).

Monitoring for the BSI Study was conducted within LA River Reaches 2, 4, and 6, during a two-month period, when six “Snapshot” and six “WRP” events, consisting of more than 600 water samples, were collected for the BSI Study.  Monitoring locations for Snapshot Events included 10 LA River sites, three tributary sites, and over 110 storm drain sites.  Attachment 1, Figure 5 shows the BSI Study WRP sampling locations while Figure 6 and Figure 7 illustrate the storm drain sampling locations.  The sampling logistics associated with the Snapshot Events were immense; each event was conducted over two days using four teams of field personnel.  During WRP Events, untreated influent and tertiary-treated, disinfected effluent were collected from two WRPs: D.C. Tillman and City of LA-Glendale.  All ~600 samples were analyzed for E. coli, Enterococcus, universal Bacteroidales, human-specific Bacteroidales, human adenovirus, flow rate, and seven other constituents.  Along LAR R2 four receiving water sites were sampled and approximately 47 storm drain discharge sites were sampled, regularly or irregularly.

Therefore it appears that significant loads of bacteria are entering the water column in Reach 2, leading to concentration increases and WQO exceedances.
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Figure D-22  Mainstem LA River E. coli Concentrations as Measured during Dry and Wet Weather by Status and Trends from 2001-2007

Status and Trends monitoring dataset collected from wet-weather shows that bacteria concentrations are about one order of magnitude higher during dry-weather, and there is less apparent spatial variation, as shown in Figure D-23.  Median bacteria concentrations are well above the single sample maximum WQOs at all sites during wet-weather.  Although the trend is not as strong as with dry-weather sampling, there is still a slight upward trend in the median concentrations in the downstream direction in both Reaches 2 and 4 during wet-weather.  This may be an indication that the same source(s) may be influencing bacteria levels during both dry- and wet-weather.  Overall, the relatively uniform spatial patterns suggest that strong, ubiquitous inputs of bacteria affect the LA River during wet-weather.  Studies in other southern California watersheds have observed similarly strong and ubiquitous wet-weather bacteria sources, with > 99% of the annual bacteria loading from watersheds occurring during storm events.
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[bookmark: _Ref388965038]Figure D-23  Measured E. coli Concentration along the LA River - BSI Monitoring Study

E. coli
Along Reach 2, both E. coli concentrations and loading rates increased from upstream to downstream on each sampling date.  The measured concentration and loading rate always increased from Figueroa Street to 6th Street to Slauson Avenue to Rosecrans Avenue.  Respectively, the average concentrations along Reach 2, from upstream to downstream, were 199, 488, 8030, and 10,522 MPN/100mL, and average loading rates were 415, 1,030, 18,642, and 27,174 x109 MPN/day.  Overall, E. coli concentrations increased by approximately two orders of magnitude (100x) between the upstream and downstream ends of Reach 2.  As such, apparently strong sources of E. coli are significantly affecting Reach 2, primarily along the lower section between 6th Street and Rosecrans Avenue.  This large upstream-downstream increase, which was one of the motivations behind the BSI Study, was also apparent during other studies of Reach 2, including the Status and Trends monitoring.

Enterococcus
Along Reach 2, Enterococcus concentrations generally increased from upstream to downstream with average concentrations of 59, 299, 399, and 556 MPN/100mL at Figueroa Street, 6th Street, Slauson Avenue, and Rosecrans Avenue, respectively.  However, the concentration differences among lower and upper Reach 2 sites for Enterococcus were not nearly as dramatic as for E. coli, with an approximately order of magnitude (10x) increase in Enterococcus concentration from Figueroa Street to Rosecrans Avenue, compared to two orders of magnitude increases (100x) for E. coli.  Concentrations of Enterococcus were generally more variable when compared to E. coli, particularly at 6th Street (coefficient of variation [CV] of 0.24 for E. coli compared to 1.61 for Enterococcus) and Slauson Avenue (CV of 0.20 for E. coli compared to 0.95 for Enterococcus).  The only statistically significant difference among Reach 2 sites was for Rosecrans Avenue versus Figueroa Street; the mean log Enterococcus concentrations and loading rates were significantly higher at Rosecrans Avenue (HSD test, α=0.05).

Bacteroidales
Along Reach 2, universal and human Bacteroidales concentrations apparently increased between Figueroa Street and 6th Street and then remained relatively constant between 6th Street and Rosecrans Avenue.  All-event average concentrations slightly increased from 28 gc/mL to 32 gc/mL and the rate of detection indicate a source of human fecal inputs affecting LA River concentrations along this segment; human Bacteroidales was detected on 3 of 6 dates at Figueroa Street and 6 of 6 events at 6th Street12.  Average concentrations of universal Bacteroidales also increased from 2,282 to 3,973 gc/mL between Figueroa Street and 6th Street.  E. coli concentrations increased along this segment, from generally in-compliance with WQOs at Figueroa Street to out-of-compliance at 6th Street.  It is interesting to note that a majority of the homeless person activity observed along Reach 2 during the BSI Study was near the 6th Street bridge, where there were numerous encampments near storm drain outfalls.  One of most significant storm drain inputs of human Bacteroidales (storm drain site R2-A) was between these sites as well.

Further downstream, universal and human Bacteroidales concentrations remained relatively constant or decreased.  Average human Bacteroidales concentrations at Slauson Avenue and Rosecrans Avenue were 75 gc/mL and 47 gc/mL, respectively. Average universal Bacteroidales concentrations at Slauson Avenue and Rosecrans Avenue were 4,668 gc/mL and 4,650 gc/mL, respectively.  During 5 of 6 events and 3 of 6 events, respectively, universal and human Bacteroidales concentrations decreased between Slauson Avenue and Rosecrans Avenue.  There were no significant differences among Reach 2 sites for universal or human Bacteroidales.  E. coli concentrations increased dramatically along this segment.  Thus, it appears that the apparent bacteria source(s) affecting lower Reach 2 are predominantly non-human, highly abundant in E. coli, and low in Bacteroidales.

Tributary Measurements
Three tributaries were monitored during this study; Arroyo Seco and Rio Hondo along Reach 2 and Tujunga Wash along Reach 4.  Concentrations of E. coli in tributaries were generally above the WQO of 235 MPN/100mL.  Rio Hondo was the only tributary that exhibited concentrations below the WQO 2 of 6 samples were <235 MPN/100mL, one of these was non-detect.  However, the maximum tributary E. coli (48,840 MPN/100mL) concentration was also measured at Rio Hondo, making it the tributary with the most variable E. coli concentrations and loading rates.

Concentrations of Enterococcus in tributaries ranged from 74 to 10,462 MPN/100mL and loading rates ranged from 0.09 to 584 x109 MPN/day.  Compared to E. coli, the variability of Enterococcus in Arroyo Seco was greater, but lower for Rio Hondo.  Median concentrations, from high to low, were Tujunga Wash > Arroyo Seco > Rio Hondo.

Concentrations of universal Bacteroidales ranged from 244 to 16,800 gc/mL while human Bacteroidales ranged from non-detect to 6150 gc/mL.  The variability of universal Bacteroidales in tributaries was generally lower than E. coli or Enterococcus, and human Bacteroidales were detected in 10 of 18 samples.  The Rio Hondo exhibited the highest median universal Bacteroidales and lowest median human Bacteroidales concentration, indicating non-human sources.  Loading of human Bacteroidales in the Rio Hondo was two orders of magnitude lower than the Tujunga Wash and Arroyo Seco.  For both 200-mL and 4-liter methodologies, human viruses were detected in 0 of 18 tributary samples.
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[bookmark: _Ref388944615]Figure 1  LA County Annual Stormwater Monitoring Reports (2002-2012) - LA River S10 Locations
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[bookmark: _Ref388944626]Figure 2  LA County Annual Stormwater Monitoring Reports (2002-2012) - Rio Hondo TS06 Location
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[bookmark: _Ref388946550]Figure 3  LA River Metals TMDL Coordinated Monitoring Plan Tier I and II Monitoring Locations
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[bookmark: _Ref388946777]Figure 4  CWH Los Angeles River Watershed Monitoring Program (2011 Draft Report) LARWMP Sampling Locations 2011
[image: ]
[bookmark: _Ref388946889]Figure 5  Crest LA River Bacteria Source Identification (BSI) Study Final Report - LA River Reaches and Long-Term Bacteria Monitoring Locations along the Mainstream LA River
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[bookmark: _Ref388946898]Figure 6  Crest LA River Bacteria Source Identification (BSI) Study Final Report - BSI Study Monitoring Locations
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[bookmark: _Ref388946902]Figure 7  Crest LA River Bacteria Source Identification (BSI) Study Final Report - BSI Study Monitoring Locations: Reach 2
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Figure 2-3. Mainstem LA River E. coli Concentrations as Measured on Wet Weather Days by Status and Trends from 2001 - 2005.
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