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Table 6A-1. Regional Board model parameter ranges

Range of

Initial Model
Parameter Values Values

Hydrology Parameters

Interception storage capacity in. 0.01-0.40 0.05-0.2
Manning’s n for overland flow -- 0.01-0.15 0.1-0.2
Upper zone nominal soil moisture storage in. 0.05-2.0 05
Fraction of GW inflow to deep recharge -- 0.0-0.50 0.0
Fraction of remaining ET from baseflow -- 0.0-0.20 0.0
Fraction of remaining ET from active GW -- 0.0-0.20 0.0
Lower zone nominal soil moisture storage in. 2.0-15.0 7.0
Interflow inflow parameter -- 1.0-10.0 10
Interflow recession parameter -- 0.3-0.85 0.6-0.7
Lower zone ET parameter -- 0.1-0.9 0.25-0.6
Water Quality Parameters

Initial storage of water quality constituent on land surface Ibs 0.0-0.0005 0.0
Wash-off potency factor for sediment associated constituent Ibs/ton 0.0-10.0 0.03-2.57
Scour potency factor for sediment associated constituent Ibs/ton NA 0.03-2.57
Accumulation rate of water quality constituent of land surface Ibs/ac/day 0.0-0.0005 n/a
Maximum storage of water quality constituent on land surface Ibs/ac/day 0.0-0.0005 n/a
Rate of surface runoff that removes 90% of stored mass in/hr. 0.0-0.5 n/a
General first order in-stream loss rate of constituent 1/day 0.2-0.2 0.1-0.2

Sediment Parameters

Coefficient in the soil detachment equation -- 0.05-0.75 0.1-0.35
Exponent in the soil detachment equation -- 1.0-3.0 181
Coefficient in the sediment wash-off equation -- 0.1-10.0 0.35-0.85
Exponent in the sediment wash-off equation -- 1.0-3.0 20
Coefficient in the sediment scour equation -- 0.0-10.0 0.0
Exponent in the sediment scour equation -- 1.0-5.0 20
Solids accumulation rate on the land surface Ibs/ac/day 0.0-30.0 0.003
Fraction of solids removed from land surface per day -- 0.01-1.0 0.025
Coefficient in the soil detachment equation -- 0.05-0.75 0.1-0.35
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The purpose of this attachment is to provide additional details approach and results of the
baseline model calibration to support the RAA for the Los Angeles River watershed.

Hydrology Calibration

Calibration began with a comparison of the simulated and observed flow from 10/1/2002 through
9/30/2011 at the gages listed below in Table A-2. The process began at the headwater locations
(in both Rio Hondo and the Los Angeles River), and progressed to the mainstem gages. Figure
A-2 through Figure A-21 present the hydrology calibration results illustrated by hydrographs and
summary statistics that compare modeled and observed flow. Error! Reference source not
ound. presents recommended and final calibrated hydrology parameter values. Differences in
modeled versus observed flows were largely due to hydromodification structures that were not
explicitly represented in the model, storm drain routing, subwatershed assignments and
representation of precipitation, or other low-flow fluctuations in the observed dataset not
captured by the model.

Table A-2. Summary of streamflow gages assessed for hydrology calibration of the Los Angeles

River model
Waterbody Gage Description Gage ID Dra(i:;g;i/.-\)rea
Los Angeles River @ Wardlow F319-R 821.3
Los Angeles River Los Angeles River @ Arroyo Seco F57C-R 514.3
Los Angeles River @ Tujunga Wash F300-R 404.0
Sawpit Wash Below Live Oak Avenue F194B-R 16.7
Rio Hondo Above Stuart and Gray Road F45B-R 141.4
Rio Hondo Santa Anita Wash @ Longdem Avenue F193B-R 19.1
Arcadia Wash Below Grand Avenue F317-R 8.8
Eaton Wash Below Grand Avenue F318-R 24.5
Verdugo Wash Verdugo Wash @ Estelle Aveune F252-R 25.3
Burbank Channel Burbank Western Storm Drain @ Riverside Drive E285-R 24.6
Compton Creek Compton Creek Near Spring Street F37B-R 22.2

Table 1-1 Example Table

Drainage Area

Gage Description square miles
Los Angeles River @ Wardlow F319-R 821.3
Los Angeles River Los Angeles River @ Arroyo Seco F57C-R 514.3
Los Angeles River @ Tujunga Wash F300-R 404.0
Sawpit Wash Below Live Oak Avenue F194B-R 16.7
Rio Hondo Above Stuart and Gray Road FA5B-R 141.4
Rio Hondo Santa Anita Wash @ Longdem Avenue F193B-R 19.1
Arcadia Wash Below Grand Avenue F317-R 8.8
Eaton Wash Below Grand Avenue F318-R 24.5
Verdugo Wash Verdugo Wash @ Estelle Aveune F252-R 25.3
Burbank Channel Burbank Western Storm Drain @ Riverside E285-R 24.6
Compton Creek Compton Creek Near Spring Street F37B-R 22.2
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A review of the hydrology calibration metrics indicated that refinement to the model parameters
was necessary, primarily to produce a reasonable match with the falling limb of the hydrograph
and low flow periods. Key observations included:

Hydrology at the natural-urban interface was significantly affected by debris basins.
There were 162 debris basins located at the base of mountain canyons throughout the
study area. The overflow berms represent the start of the storm drain/river network. See
Figure A-1.

Runoff from natural areas only entered the drainage network during extreme events
Much of the baseflow from natural areas does not enter the storm drain network because
it is trapped and infiltrated at the debris basins

Spreading grounds also have a significant impact on hydrology. Improving the
representation of their configuration resulted in double-digit improvements in modeled
vs. observed percent difference.

“Baseflow” in the storm drain channels is composed almost entirely of dry-weather urban
runoff and point source flows.

The most sensitive component of the calibration was the identification and representation of
debris basins and spreading grounds throughout the network, as follows:

Lined channels were distinguished from natural channels using model parameter groups
(DEFID)

In places where debris basins could not be explicitly represented, their hydrological
impact was reflected by restricting 50 percent of baseflow and 25 percent of interflow
from natural areas from entering the storm drain network.

The two Rio Hondo gages at Sawpit Wash and above Stuart and Gray Road receive
periodically diverted flows from the San Gabriel River watershed. Those flows are
subject to capture and infiltration at the Wittier Narrows Dan and spreading ground.
Overflow during extreme events reaches the mouth of the Los Angeles River.

Those inter-basin transfers from the San Gabriel River watershed are not represented in
the model calibration results presented below. Affected gages include: F319, F194, and
F45B. Additional refinements will be conducted as operation data are received.
Boundary conditions may be implemented at Sawpit Wash using the flow gage, since that
area is upstream of the EWMP group.

Further investigation was performed on the hourly potential-evapotranspiration (PEVT)
timeseries used as inputs to the publicly-available WMMS system. Plotting the PEVT timeseries
showed a striking deviation in annual PEVT totals from long-term station trends from WY 2007
through WY 2011, suggesting that assumptions used to derive those data for that period may
have differed from the original WWMS model period (pre-2007). After adjusting the PEVT
timeseries to be consistent with the original WMMS model, calibration was performed by
reducing the lower zone evapotranspiration parameter (LZETP), removing deep fractional losses
(DEEPFR), adding representation of lined concrete channels, and adding representation for
irrigation overspray.
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In addition, the dry weather component of the model was improved to better represent dry
weather flows, as follows:

The impact of lined channels was represented by restricting 100 percent of baseflow and
90 percent of interflow from entering the stormdrain network. Surface runoff was not
restricted.
Outdoor water use (i.e. irrigation overspray, car washing, pool draining, sidewalk
cleaning, etc.) was represented in the model using the irrigation module.
o A new impervious land use category was added to each subwatershed.
0 The area of this landuse was estimated through model calibration as a function of
the percentage of impervious area.
o To avoid double-counting flow contributions, precipitation was set to zero for
these areas.

Combined, these model refinement have resulted in an LA River watershed model that is greatly
improved from the publicly-available WMMS download version.

Figure A-1. Example debris basin. There are 162 such structures at the base of mountain canyons
at the natural-urban interface. The overflow weirs are the start of the storm drain
network.
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Figure A-2. Monthly hydrograph for LACFCD F193-B, Santa Anita Wash At Longdem Avenue
(10/1/2002 — 9/30/20011).
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Figure A-3. Aggregated monthly hydrograph LACFCD F193-B, Santa Anita Wash At Longdem
Avenue (10/1/2002 — 9/30/20011).
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Figure A-4. Monthly hydrograph for LACFCD F252, Verdugo Wash At Estelle Avenue (10/1/2002 —
9/30/20011).
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Figure A-5. Aggregated monthly hydrograph LACFCD F252, Verdugo Wash At Estelle Avenue
(10/1/2002 — 9/30/20011).
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Figure A-6. Monthly hydrograph for LACFCD F317, Arcadia Wash Below Grand Avenue (10/1/2002

—9/30/20011).
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Figure A-7. Aggregated monthly hydrograph LACFCD F317, Arcadia Wash Below Grand Avenue
(10/1/2002 — 9/30/20011).

Upper LA River EWMP 6.A.7 Draft June 2015




Appendix 6.A  Model Calibration and Parameters

= Precipitation ——QObserved: Eaton Wash At Loftus Drive ——Modeled Streamflow
10 I..r. Tl - I-F = n T -y .—T ‘-I - T - 0
9
_ " I 10
£
H ? 20 £
@ 2
5 5 30 :-.
o
Eoa £
= 4
E 3 °
2
2
50
1
0 60
™ oo omom T T U W oW W O W W W M~ M~ M~ 00 00 09 D o o 0 O O = = -
[= 1= =] g g [=] o o o [= T =T =] o o 9 [= =T =] [= = =] P R . B R |
HEEEB22 3 EEEEEE e E ¢ 88 8 88888 ¢838¢8
e e e e e e e e e e e e e B e e e e e e S e e e e e e R
SSFRESFNSESSRSSTRSESSTRSESIINSSIRegssregssSR
- - -~ - -~ - -~ - -~
Figure A-8. Monthly hydrograph for LACFCD F318, Eaton Wash At Loftus Drive (10/1/2002 —
9/30/20011).
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Figure A-9. Aggregated monthly hydrograph LACFCD F318, Eaton Wash At Loftus Drive (10/1/2002
—9/30/20011).
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Figure A-10. Monthly hydrograph for LACFCD E285, Burbank Western Storm Drain At Riverside
Drive 10/1/2002 — 9/30/20011).
W Precipitation ——0bserved ~——Modeled @ Normalized Monthly Streamflow
2.5 0
10
i R _
£ £
£ 3
g R
E 15 2 E
g s 8
& 2 =
3 3
£ 10 & =
b 3
5 40 =
=
0.5
50
0.0 60
- > o c Pl =, = > c = = j=%
g &2 & 8¢ 28 & 3 S5 3 00 02 04 06 08 10 12 14 16 18 20
Aggregated Monthly (10/01/2002 - 09/30/2011) TSt )

Figure A-11. Aggregated monthly hydrograph LACFCD E285, Burbank Western Storm Drain At
Riverside Drive (10/1/2002 — 9/30/20011).
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Figure A-12. Monthly hydrograph for LACFCD F318, Los Angeles River Below Wardlow River Road
(10/1/2002 — 9/30/20011).
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Figure A-13. Aggregated monthly hydrograph LACFCD F318, Los Angeles River Below Wardlow
River Road (10/1/2002 — 9/30/20011).
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Figure A-14. Monthly hydrograph for LACFCD F57C, Los Angeles River Above Arroyo Seco
(10/1/2002 — 9/30/20011).
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Figure A-15. Aggregated monthly hydrograph LACFCD F57C, Los Angeles River
Above Arroyo Seco (10/1/2002 — 9/30/20011).
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Figure A-16. Monthly hydrograph for LACFCD F57C, Los Angeles River Above Arroyo Seco
(10/1/2002 — 9/30/20011).
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Figure A-17. Aggregated monthly hydrograph LACFCD F57C, Los Angeles River Above Arroyo
Seco (10/1/2002 — 9/30/20011).
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Figure A-18. Monthly hydrograph for LACFCD F300, Los Angeles River At Tujunga Avenuee
(10/1/2002 — 9/30/20011).
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Figure A-19. Aggregated monthly hydrograph LACFCD F300, Los Angeles River At Tujunga

Avenue (10/1/2002 — 9/30/20011).
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Figure A-20. Monthly hydrograph for LACFCD F37B, Compton Creek Near Greenleaf Drive
(10/1/2002 — 9/30/20011).
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Figure A-21. Aggregated monthly hydrograph LACFCD F37B, Compton Creek Near Greenleaf
Drive (10/1/2002 — 9/30/20011).

Water Quality Calibration

Sediment and water quality calibrations were parameterized consistently with other regional
WMMS model calibrations performed for EWMP development projects in the region. Land use-
specific potency factors (POTFW) for the metals were adjusted for the Los Angeles River
watershed to match calibration with observed data at the mass emission station (S10). Event
mean concentration values for fecal coliform on the newly added overspray model were set to be
consistent with observed low flow concentrations from observed data. Error! Reference source
ot found. presents the final calibrated set of model parameters used to represent sediment and
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water quality. Figure A-22 through Figure A-27 present water quality calibration plots for the
Los Angeles River mass emission station (S10).
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Figure A-22.Simulated vs. observed time series plots for Total Suspended Sediment (TSS) at Los
Angeles River mass emission station S10 (10/1/2002 through 9/30/2011.
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Figure A-23. Simulated vs. observed time series plots for Total Copper at Los Angeles River mass
emission station S10 (10/1/2002 through 9/30/2011).
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Figure A-24. Simulated vs. observed time series plots for Total Lead at Los Angeles River mass
emission station S10 (10/1/2002 through 9/30/2011).

~——— Modeled (Reach 6013) e Observed (Los Angeles River (S10)) Precipitation

o111 L1 A I 1 N

1800 = 1

1600 - @ L 9
__1400 - 3 B
g 2
ES 200 I =
£1000 E 8
~N -5 ®
T 800 - s
: & B

600 - L

400 - |, 7

200 || - 8

Oct Jul Dec Oct Jul pr Jan  Oct Jul  Apr  Jan

2002 2003 2004 2004 2005 2006 2007 2008 2008 2009 2010 2011

Figure A-25. Simulated vs. observed time series plots for Total Zinc at Los Angeles River mass
emission station S10 (10/1/2002 through 9/30/2011).
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Figure A-26. Simulated vs. observed time series plots for Fecal Coliform at Los Angeles River
mass emission station S10 (10/1/2002 through 9/30/2011).
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Figure A-27. Simulated vs. observed time series plots for Total Phosphorous at Los Angeles River
mass emission station S10 (10/1/2002 through 9/30/2011).
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Appendix 6.C  Control Measure Opportunity Assessment

Figure 6.C-4. Planned Distributed BMPs.

Notes: BMPs with no spatial data are not shown. See Appendix 6.F for details.
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6.C.7 Potential Control Measure Opportunity Assessment

Additional control measures were identified to meet the numeric water quality objectives of the EWMP.
This section discusses the methods used to assess new control measure opportunities for each category
discussed in the EWMPL. Analysis of soil infiltration rates was also performed to evaluate the
prominence of systems where poor infiltration necessitates underdrains (e.g. biofiltration systems) and
to aid with project prioritization.

Data used for the desktop assessment are listed in Table 6.C-5.

Table 6.C-5. Data inventory for street screening

Data Set Format Description Source
Parcels GIS Shapefile Outlines property boundaries, sizes, and ownership Los Angeles County
(LAC) Assessor
Roads GIS Shapefile Shows street centerline network & classification by LAC GIS Portal
Topologically Integrated Geographic Encoding and
Reference (TIGER)
Land Use GIS Shapefile Subdivides the region into predefined land use LAC WMMS Model
categories with similar runoff properties. Each
individual land use feature identifies the associated
percent impervious coverage.
Soils GIS Shapefile Outlines spatial extents of dominant soil types LAC GIS Portal
Subwatersheds GIS Shapefile Defines drainage areas to selected outlet points LAC WMMS Model
Groundwater GIS Shapefile lllustrates groundwater depth as measured from the Los Angeles Bureau of
Contours surface Sanitation
Slopes GIS Shapefile Classifies regions by the slope category LAC WMMS Model
Jurisdictions GIS Shapefile Establishes city and county boundaries LAC GIS Portal
Aerial Image Shows high resolution (30-cm) satellite imagery ESRI Basemap
Orthoimagery
Soil Table Coordinates of active soil contamination and cleanup State of California
Contamination sites Water Resources
Hazards Control Board
GeoTracker

6.C.8 Soail Infiltration Rate Assessment

Soil infiltration rates are one of the key drivers of infiltration BMP performance (as discussed in Section
6 of the EWMP), and determine whether an underdrain is necessary to facilitate drainage. This section
describes the methodology used to estimate subwatershed-scale soil infiltration rates for BMP modeling.

The RAA model implicitly includes soil infiltration parameters that were arrived at through calibration
efforts; however, to explicitly model control measures, infiltration rates were defined by subwatershed
using available geospatial data. Soil data coverage provided through the LACDPW Hydrology Manual
categorized soil unit areas into soil types. Runoff coefficient curves reported in the Hydrology Manual

! Note that for the purposes of the RAA, total drainage area must be conserved. In other words, overlapping
drainage areas were consolidated to avoid double-counting the same treated drainage area. The reported
opportunities in this section are therefore smaller than the actual available spatial opportunities in the
EWMP area — this was reconciled in the RAA by incorporating routing between BMPs so that the
cumulative upstream drainage area to each BMP is represented.

Upper LA River EWMP 6.C.11 Draft June 2015



Appendix 6.C  Control Measure Opportunity Assessment

were developed by LACDPW for each soil type using double ring infiltrometer tests performed on areas
of homogeneous runoff characteristics (LACDPW 2006). LADPW employed a sprinkling-type
infiltrometer to perform the tests in each homogeneous area.

Runoff coefficient curves represent the response of the runoff coefficient (defined as the ratio of runoff
to rainfall from a land area) to varying rainfall intensities. Each curve displays an inflection point
representing the rainfall intensity at which substantial runoff initiates. According to LADPW (2006),
each curve was assigned a minimum runoff coefficient of 0.1, “indicating that there is some runoff even
at the smallest rainfall intensities.” The infiltration rate for each soil curve can therefore calculated as
the difference between the rainfall intensity at the point of inflection and the minimum runoff rate, as
demonstrated conceptually in Figure 6.C-5.

The inflection point, and subsequently calculated infiltration rate, for each unique soil type in the EWMP
area were identified using the runoff coefficient curves in Appendix C of the Hydrology Manual (LADPW
2006). Subwatershed areas were then intersected with the soil type coverage to calculate an area-
weighted infiltration rate. Figure 6.C-6 shows the distribution of the infiltration rates.
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~
at which substantial runoff initiates.
00 i.e. infiltration rate = rainfall intensity — minimum
0.0 2.0

Rainfall Intensity

Figure 6.C-5. Example Determination of Runoff Coefficient Inflection Point for an Arbitrary Soil Type in
Appendix C of LACDPW (2006).
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EWMP Area.

Appendix H of the Permit mandates underdrains (biofiltration systems) when subsoil infiltration rates
are below 0.3 in/hr. Figure 6.C-7 shows areas where green infrastructure and LID BMPs will likely

require underdrains.
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Figure 6.C-7. Areas where underdrains would likely be required (e.g. where subsoil infiltration rates are
estimated less than 0.3 in/hr)

6.C.9 Parcel Screening Methods

Some parcels are unsuitable for control measures due to physical site constraints and/or institutional
barriers. All parcels within the EWMP area were therefore screened for suitability, and the remaining
candidate parcels were ranked using quantitative prioritization metrics. The following subsections describe
these methods.
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6.C.9.1.1 Public Parcel Screening Criteria (LID on Public Parcels)

Retrofitting public parcels with BMPs can be an efficient strategy for reducing stormwater runoff. This
method allows municipalities the flexibility to prioritize and schedule stormwater projects to coincide
with improvements that are already on the books (such as scheduled parking lot resurfacing, utility
work, and public park improvements). Implementing LID on public parcels also allows municipalities
the freedom to construct, inspect, and maintain BMPs without the need to purchase private property or
to create stormwater easements.

A detailed discussion of regional project screening criteria was provided in Appendix 4 (for sites that
capture and treat offsite runoff). Additionally, a reconnaissance of aerial imagery was performed for all
High Tier candidate parcels to assess the engineering suitability of each parcel for regional BMPs. Sites
deemed unsuitable based on best professional judgment (i.e. sites located at the base of steep canyons or
on hilltops, sites built out with extensive building footprints, etc.) were eliminated from the pool of
opportunities.

The following criteria were used to screen potential sites for LID BMPs (to treat onsite runoff):

Ownership: Public parcels in the EWMP area were first identified using their assessor’s
identification number. Private parcels are discussed in the next subsection.

Slopes: The identified list of public parcels underwent screening for slope because high slope
areas tend to preclude efficient BMP retrofits. Areas with slopes greater than 10% were clipped
out of the candidate parcels, while low slope parcel areas were retained as potential
opportunities.

Soil contamination: Infiltrating runoff near historical spills and cleanup sites can present a risk
of mobilizing pollutants into the groundwater. To avoid potential problems, sites that were
identified as open contamination cases (per the State of California GeoTracker database) were
eliminated as unsuitable BMP retrofit opportunities. Sites that have been remediated or have
closed cases were still considered as opportunities to provide BMP retrofits.

Receiving waters: Sites located within the extents of open channels and receiving waters were
screened out because compliance must be achieved at the point of discharge (e.g. runoff must be
treated before it reaches the stream)

The results of desktop screening for LID BMPs on public parcels is tabulated in Table 6.C-6 and
displayed in Figure 6.C-8. Appendix 4 summarizes the available opportunity for regional BMPs. Note that
the RAA assumed LID BMPs could be implemented on the identified public parcels to treat the direct
runoff from the parcel proper, whereas regional BMPs could be co-located on the same parcel to treat
offsite runoff.
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Table 6.C-6. Screened public parcel LID retrofit opportunities?

Total Public Parcel Area Identified for LID

Jurisdiction Opportunity (acres)
Alhambra 148
Burbank 171
Calabasas 10
Glendale 95
Hidden Hills -
La Canada Flintridge 3
Los Angeles 3,363
Montebello 307
Monterey Park 19
Pasadena 509
Rosemead 26
San Fernando 32
San Gabriel 23
San Marino 27
South El Monte 62
South Pasadena 33
Temple City 29
Unincorporated LA County 721

2 Reported areas represent total parcel areas — the actual BMP footprints to be implemented on the screened
parcels was identified in the RAA based on the design assumptions detailed in Appendix 6.D.
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Figure 6.C-8. Results of Desktop Screening for LID Opportunities on Public Parcels.

Notes: Regional and LID BMPs can be co-located on the same parcel, although their respective drainage areas do not overlap (LID treats the
parcel, while regional BMPs treat the upstream area).

6.C.9.1.2 Private Parcel Screening (Residential LID and Redevelopment)

Distributed LID on private parcels was applied based on the relevant land use areas. High-density
residential land areas were considered for residential LID opportunities at a predicted rate of 1% per
year (starting in 2017); in other words, the RAA assumed that 1% of residences would implement LID
measures to treat their parcels each year.

To represent LID due to redevelopment in the EWMP area, all developed land uses were considered. The
land area redeveloped (and treated) was approximated using redevelopment forecasts for the City of
Los Angeles (Table 6.C-7; Los Angeles River Upper Reach 2 Watershed Management Area Cities, 2014).
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These area-weighted redevelopment rates were also applied to the developed land uses in other Group
Member jurisdictions.

LID on private parcels represented in the EWMP is tabulated in Table 6.C-8 and shown visually in Figure
6.C-9.

Table 6.C-7. Forecasted redevelopment rates by land use

Redevelopment Rate
(2015-2028)

Modeled Land Use

High-Density Residential 2.4%
Low-Density Residential 2.4%
Multi-Family Residential 2.4%
Commerecial 2.1%
Institutional 2.2%
Industrial 4.7%

Table 6.C-8. Predicted areas treated by LID on private parcels

Total Acres Assumed Treated by Total Acres Assumed Treated by LID due
Residential LID to Redevelopment
Jurisdiction (2017-2028) (2015-2028)
Alhambra 161 90
Burbank 336 163
Calabasas 125 40
Glendale 510 224
Hidden Hills 1 19
La Canada Flintridge 150 76
Los Angeles 6,071 2,959
Montebello 141 124
Monterey Park - 84
Pasadena 478 239
Rosemead 123 61
San Fernando 60 30
San Gabriel 115 49
San Marino 117 45
South El Monte 37 39
South Pasadena 98 37
Temple City - 49
Unincorporated LA County 814 524
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Figure 6.C-9. LID on Private Parcels Represented in the EWMP.

Notes: Displayed opportunities are distributed proportionally by land use throughout the EWMP area at the rates specified in Table 6.C-8.

6.C.10 Street Screening Methods

Stormwater BMPs in the right-of-way are treatment systems arranged linearly within the street corridor
and are designed to reduce runoff volumes and improve runoff water quality from the roadway and
adjacent parcels. Implementing BMPs in the right-of-way provides an opportunity to meet water quality
goals by locating BMPs in areas owned or controlled by a municipality to avoid the cost of land
acquisition or establishing an easement. Implementing street retrofit opportunities allows for direct
control of construction, maintenance, and monitoring activities by the responsible jurisdiction.

Not all roads are suited for right-of-way BMP retrofits; therefore, screening is required to eliminate
roads where green street retrofits are impractical or infeasible due to physical constraints. While right-
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of-way BMP retrofits can be implemented in a variety of settings, the physical characteristics of the road
itself such as the road type, local topography, and depth to groundwater can significantly influence the
practicality of designing and constructing these features. A screening protocol was established to
identify realistic opportunities for retrofits based on the best available GIS data, as listed in Table 6.C-5,
and supplemented with the Topologically Integrated Geographic Encoding and Reference (TIGER)
Census roads data.

Streets were screened based on the following criteria:

Road Functional Class: High traffic volumes, speed limits, and slopes impact the feasibility of
green infrastructure implementation along street corridors. Road classification data contains
information typically useful for determining if the street is subject to high traffic volumes and
speeds, and Census TIGER road data provides the best available road classification information
for the study area. Table 6.C-9 shows the Master Address File (MAF)/TIGER Feature Classification
Codes (MTFCC) deemed appropriate for street retrofit opportunities. Only roads with the
MTFCCs listed in Table 6.C-9 were considered for street retrofits in this screening analysis. All
other roads were screened out.

Slopes: In addition to the screening of road types, opportunities were further screened to remove
segments that have steep slopes. BMP implementation on streets with grades greater than 10
percent present engineering challenges that substantially reduce the cost effectiveness of the
retrofit opportunity. From the available WMMS slope information, roads were considered as
retrofit opportunities if the slope was less than 10 percent.

The results of the street screening are presented in Table 6.C-10 and shown in Figure 6.C-10. Note that
the analysis screened many roads out of the Upper Los Angeles River EWMP area due to high slopes.

Table 6.C-9. Green Street BMP Assumed Suitable MTFCC

MTFCC Description

§1400 Local neighborhood road, rural road, city street
S1730 Alley
$1780 Parking lot road

Table 6.C-10. Screened potential green street opportunities

Total Green Street Total Approximate Direct? Approximate Length of Screened
Volume Considered in Drainage Area to Screened Green Street Opportunity
Jurisdiction Model (acre-ft) Street Opportunities (acres) (miles of frontage length)*
Alhambra 104.6 3,326 240
Burbank 184.9 5,398 416
Calabasas 55 365 13
Glendale 226.6 6,365 432
Hidden Hills 1.6 230 4

% Recall that upstream BMPs such as LID on parcels, and their associated drainage areas, are also ultimately
routed to green streets.

4 Note that this is total screened frontage length (not road length or BMP length). The road length is
approximately one half of the reported frontage, and the required green street BMP lengths were
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Table 6.C-10. Screened potential green street opportunities

Total Green Street Total Approximate Direct? Approximate Length of Screened
Volume Considered in Drainage Area to Screened Green Street Opportunity
Jurisdiction Model (acre-ft) Street Opportunities (acres) (miles of frontage length)*
La Canada 34.9 1,679 77
Flintridge
Los Angeles 2,618.9 87,925 5,779
Montebello 92.6 2,713 186
Monterey Park 955 2,654 163
Pasadena 210.8 8,281 479
Rosemead 54.0 2,256 124
San Fernando 36.8 1,137 84
San Gabriel 55.9 2,044 127
San Marino 49.1 1,956 99
South El Monte 27.1 960 62
South Pasadena 37.0 1,265 84
Temple City 53.8 2,189 124
Unincorporated 445.7 13,849 930
LA County

determined in the RAA based on the assumptions in Appendix 6.D. Reported lengths are conceptual and
will vary depending up on BMP configuration.
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Figure 6.C-10. Screened Potential Green Street Locations.

6.C.11 References

Los Angeles River Upper Reach 2 Watershed Management Area Cities (City of Bell, City of Bell Gardens,
City of Cudahy, City of Maywood, Los Angeles Flood Control District). 2014. Los Angeles River Upper
Reach 2 Watershed Management Area Watershed Management Program (WMP) Plan DRAFT. Prepared
for the Los Angeles Gateway Region Integrated Regional Water Management Authority.
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Appendix 6.0 Control Measure Design and Representation

This appendix presents details on BMP design assumptions. These assumptions were generated using
best available data to represent the opportunities and limitations within the Upper Los Angeles River
EWMP area. For the EWMP to meet its full potential as a planning document, it is essential that the
control measure assumptions provide a definitive link between the RAA and actual implementation
efforts that are aligned with Group Member preferences. Group Members were therefore surveyed and
the resulting preferences used to inform the RAA are listed in Table 6.D-1.

The routing schematic used for BMP routing in the RAA model (SUSTAIN) is shown in Figure 6.D-1.
Note that hydrologic response units (HRU) are analogous with land uses for many purposes. Discrete
land uses are routed to different types of BMPs. For example, residential HRUs/land uses are routed to
residential LID. The allocations and available BMP opportunities vary by jurisdiction and watershed.
Runoff from non-EWMP and non-MS4 permittees — including non-traditional Phase 2 MS4 areas, parcels
with industrial stormwater permits, the extent of the Caltrans right-of-way, and federal and state lands —
was not routed to BMPs and was excluded from compliance target calculations.

Recall that cost functions were presented in Section 6 of the EWMP.

Table 6.D-1. Jurisdictional BMP Preferences

LID on Very
LID Residential | Municipal | Permeable | High/High Regional/LID
Jurisdiction Institutional | Ordinance LID Parcels Pavement Regional on Schools

Alhambra 5% Yes Yes Yes Yes Yes No
Burbank 10% Yes Yes Yes Yes Yes Yes
Calabasas 5% Yes Yes Yes Yes Yes No
Glendale 10% Yes Yes Yes Yes Yes No
Hidden Hills 5% Yes Yes Yes Yes Yes No
La Canada 5% Yes Yes Yes Yes No No
Flintridge

Los Angeles 5% Yes Yes Yes Yes Yes No
Montebello 5% Yes Yes Yes Yes Yes Yes
Monterey Park 5% Yes No Yes Yes Yes No
Pasadena 5% Yes Yes Yes Yes N/A No
Rosemead 5% Yes Yes Yes Yes Yes No
San Fernando 5% Yes Yes Yes Yes Yes No
San Gabriel 5% Yes Yes Yes Yes Yes No
San Marino 5% Yes Yes Yes Yes Yes No
South El Monte 5% Yes Yes Yes Yes Yes Yes
South Pasadena 10% Yes Yes Yes Yes Yes No
Temple City 10% Yes No Yes Yes N/A Yes
Unincorporated 5% Yes Yes Yes Yes Yes Yes
LA County
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Figure 6.D-1. Conceptual schematic illustrating BMP routing for the RAA

6.D.1 Institutional BMPs

It was assumed institutional BMPs will reduce the target load at the rates specified in Table 6.D-1, and
this reduction was assumed implicitly, e.g.., no modeling was performed.

6.D.2 Existing/Planned Distributed BMPs, LID on Public

Parcels, Redevelopment

Table 6.D-2 provides the modeled sizing criteria for existing/planned distributed BMPs, LID on public
parcels, and redevelopment LID. The public parcels considered for LID included screened parcels owned
by the Group members; schools and parcels owned by other entities were also considered if directed by
Group members. The rate of redevelopment was presented in Appendix 6.C.
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Table 6.D-2. Existing/Planned Infiltration/Filtration BMP design criteria

Parameter
Design Drainage Area

Value

Sized to capture 85™ percentile volume

Units

Surface BMP Footprint
Ponding Depth 9 in.
Depth 2 ft.
Soil Media Porosity 0.35 n/a
Media Infiltration Rate 2 in/hr
Use underdrain if underlying soils are less than 0.3 In/hr
) Depth 15 ft.
Underdrain - -
Media Porosity 0.4 n/a
Subsoil Infiltration Rate Match underlying soils
Cost Use bioretention cost functions

6.D.3 Regional BMPs on Public Parcels

The assumptions for modeling the High and Medium Tier regional facilities are listed below in Table
6.D-3. High Tier facilities included only the screened, municipally owned public parcels, while Medium
Tier facilities included schools and parcels owned by other entities (if included upon the direction of the
Group members). Assumptions governing Very High tier facilities were specified on a site-by-site basis
per aerial investigations and planning-level site layouts. A total of 20 Very High tier facilities were
included in the RAA per Group member input.

Table 6.D-3. High Tier regional facility on public parcels design criteria

Surface

Cost

Diversion Type

Parameter
Design Drainage Area
BMP Footprint

Specified explicitly for each BMP

Ponding Depth
Overflow Weir Length

Extended Detention via Outlet
Structure Required if Underlying Soil
Infiltration Rate less than

Assumed Dewatering Time if
Extended Detention is Required

Assumed Permanent Pool Depth

Assumed pumped if major storm drain greater than 100 ft from BMP (maximum 20 cfs pump
capacity). Used optimum diversion rate of 0.09 cfs per contributing acreage if BMP less than 100 ft

from major storm drain

Use regional project cost functions

Value

3

100

0.3

3-5

0

Units

ft
ft

In/hr

days
ft

Notes

Assumed

Assumed to allow free
overflow

Allows Dewatering
within 5 Days

All Volume Dewatered

6.D0.4 Green Streets

Green street design criteria and drainage areas are provided in Table 6.D-4 below, and permeable
pavement is included to simulate “additional storage”, which would be in the form of permeable
pavements, suspended pavements, or other subsurface storage. Certain high-efficiency BMPs (green
street opportunities undersized relative to their contributing drainage area) are inherently
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acknowledged in the subwatershed-scale model inputs, but such opportunities must be identified with
street-scale analyses.

Table 6.D-4. Green Street BMP design criteria

Parameter

Bioretention Assumptions

Value

Units

Design Drainage Area

Specified for each jurisdiction,

subwatershed and land use

Surface BMP Footprint combination based on available
P opportunities
Ponding Depth 7 in.
Depth 2 ft.
Soil Media Porosity 0.35 n/a
Media Infiltration Rate 2 in/hr
Use underdrain if underlying soils are less than 0.3 In/hr
Depth 15 ft.
Underdrain - -
Media Porosity 0.4 n/a
Subsoil infiltration Rate Match underlying soils
Cost Use bioretention cost functions

Permeable Pavement Assumptions

Design Drainage Area

Specified for each jurisdiction,

subwatershed and land use

combination based on available

Surface BMP Footprint o
opportunities
Ponding Depth 0.12 in.
Depth 2 ft.
Aggregate Media Porosity 0.4 n/a
Media Infiltration Rate 2 in/hr
Use underdrain if underlying soils are less than 0.3 In/hr
Depth 15 ft.
Underdrain : :
Media Porosity 0.4 n/a
Subsoil Infiltration Rate Match underlying soils
Cost Use permeable pavement cost functions

6.D.5 LID on Private Residential Parcels

Model inputs assumed that 1% of homeowners per year (starting in 2017) would participate in
residential LID programs. Assumptions for LID on private residential parcels are presented in Table

6.D-5.
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Parameter ‘ Value Units ‘
Design Drainage Area giﬁjml;/él?gggr:gge??g:y residential land use within
Surface _ % of Qrainage area (e.g.,
BMP Footprint 4 footprint as percentage of
each retrofitted parcel)
Ponding Depth 9 in.
Depth 2 ft.
Soil Media Porosity 0.35 n/a
Media Infiltration Rate Match underlying soils
Cost Use LID on Residential cost functions

6.D.6 Regional Projects on Acquired Private Parcels

Remaining untreated areas and effluent from upstream BMPs are assumed to drain to private parcels
that have the potential to provide regional BMP opportunities. For the purposes of the RAA, these BMP
opportunities are assumed to be infiltration basins. Table 6.D-6 provides a summary of the design
criteria for these BMPs.

Table 6.D-6. Design criteria for regional BMPs on private parcels

All areas not routed to upstream BMPs

Parameter

Infiltration Basin

Design Drainage Area

. . % of directly contributing
Maximum BMP Footprint 5 "
Surface drainage area
Ponding Depth 36 in.

Dewatering Mechanism No Dewatering — Assume fully infiltrating.

Diversion Type Assume 100% flow routed to facility

Use Regional Project on Private Parcel

Cost .
cost functions

6.D.7 BMP Performance Analysis

This section presents the results of a statistical analysis of available BMP performance data relevant to
southern California. The goal was to review and summarize data regarding performance of BMPs for
reducing constituents of concern from stormwater and non-stormwater flows. The scope of work
specified the analysis should be based on data provided by the Upper Los Angeles River WMG, specific to
southern California, and analyzed in consideration of applicable MS4 Permit limitations. Few BMP
performance data were available from the Upper Los Angeles River WMGs, and thus external data were
compiled as described below. The compiled dataset is extensive and appendices are presented through
web links (to avoid complications with printing).

The following sections provide an overview of the data sources, description of statistical methods, and
summary of the results of the statistical analysis.
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6.D0.8 Data Sources for BMP Performance Data

Data for the BMP performance analysis were derived from the IBD, the most extensive effort to collect
and distribute BMP performance data in the US. The IBD is sponsored by USEPA, WERF, the American
Society of Civil Engineers (ASCE)/Environmental and Water Resources Institute (EWRI), the American
Public Works Assaciation (APWA), and the Federal Highway Administration (FHWA). The stated
purpose of the project is “to provide scientifically sound information to improve the design, selection
and performance of BMPs.”

The currently (Nov 2013) available sites with monitoring data in Southern California are displayed in
Figure 6.D-2 There are 44 sites that have data within the mapped area and the sites have a total of 58
BMPs that were sampled. Each of these BMPs in the IBD was mapped to the categories and
subcategories established in Section 2 (see Table 6.D-2). Many of the BMPs, particularly bioswales, are
owned and operated by Caltrans and therefore implemented on roadways, maintenance stations, and
park and ride facilities.

Wbt of BUPs s Siste

Figure 6.D-2. Southern California BMPs from the International BMP Database
(www.bmpdatabase.org)

6.D.9 Description of Analyzed Data

Analysis of BMP data in the International BMP database collected from Southern California provides a
cross-section of structural BMP results and constituents. The following provides an overview of the data
characteristics:

BMP types: The BMPs in the IBD were categorized according to those defined in Appendix 4, after
review of the BMP design details. Five of the BMP subcategories were represented in the IBD for
the Southern California region, including the following:

- Constructed wetlands
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- Site-scale detention

- Bioswales

- Flow through Treatment BMPs
- Catch basin inserts

Constituents: The IBD contains sample data for hundreds of constituents ranging from metals to
pesticides. This analysis herein emphasized a subset of constituents referred to herein as
“common constituents of concern”, as follows:

- Total suspended solids (TSS)
- Fecal coliform

- Total copper

- Total lead, and

- Total zinc

Beyond these five constituents, the database was screened for additional constituents with
sufficient data to perform analysis and results. Based on this screening, an additional 18
constituents were identified, for a total of 23 constituents. To assist with organization and
presentation of the results, each of the 23 constituents was categorized into four groups as
follows (shown in Table 6.D-4):

- Metals

- Bacteria

- Solids, and
- Nutrients.

Land uses: A majority of the BMPs are located primarily for transportation related sites. Other
major land use categories such as residential, commercial, and industrial are not heavily
represented in the analysis herein. However, the effluent concentrations and performance metrics
are still generally considered applicable to non-transportation land uses. Many bioswales were
included in the analysis, which allowed for grouping of bioswales into three categories: “all”,
“Caltrans”, and “Non-Caltrans.”

Monitoring methods: The majority of the data from the IBD are based on flow-weighted
composite (FWC) samples which is the generally preferred practice. FWC samples provide a
better measurement of the total load from a storm event and most accurately portray the removal
efficiency of BMPs. These types of samples can be used to generate good event mean
concentrations (EMCs) that can be used to calibrate water quality models. The analysis herein
emphasizes reduction in concentrations of constituents. Flow reduction is heavily site- and storm-
specific (depended on rainfall intensity, soil types, antecedent conditions, etc.) and can be
predicted through other means (e.g., modeling during the RAA).
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6.D.10 Statistical Analysis

The statistical analysis herein is primary based on three metrics:
Tabular summary statistics of inflow and outflow from BMPs (mean, median, percentiles, etc.)
Graphical presentation of the inflow and outflow using box plots

Tabular presentation of constituent reductions and tests for statistical significance of differences
between inflow and outflow

It is acknowledged that “percent reduction” is a BMP performance metric that deserves caveats (see the
article “Voodoo Hydrology” in the July 2006 article of Stormwater Magazine,
http://www.stormh20.com/SW/Articles/Voodoo_Hydrology_37.aspx). Percent reduction is a
readily-understandable BMP performance metric, and it also convenient for reporting a compact form
(as shown in Table 6.D-4). However, BMP performance is ultimately characterized by both the reduction
of pollutants from inflow to outflow and the concentration of constituents in the outflow. For this
analysis, percent reduction is presented as a simple metric to compare different BMPs across different
storm and land use conditions. In addition, inflow and outflow datasets were analyzed separately, in
order to characterize the quality of BMP outfalls and allow for future comparison to permit limitations.

An emphasis of the analysis herein was handling of non-detected samples. The approach to handling
non-detects can greatly affect estimated summary statistics. For the BMP performance analysis herein,
statistical analyses of measured concentrations were based on regression-on-order statistics (ROS). The
primary advantage/purpose of the ROS approach is to account for sample limits of detection (SLODs) in
samples that were non-detect (referred to as “censored™). An Excel add-in developed by Caltrans was
used to generate ROS, for which the primary references for the statistical procedures are Shumway and
Azari (2000) and Helsel (1990).
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Table 6.D-4 Mean and Median Percent Removal from Inflow to Outflow for All Pollutants and BMP Categories
BioSwale BioSwale BioSwale Constructed Flow Through Site Scale
(All) (Caltrans) (Non-Caltrans) Wetland Treatment BMP Detention
% % % % % % % % % % %
Constituent Change, | Change, | Change, | % Change, | Change, | Change, | Change, |Change, | Change, | Change, | Change, | Change,
Group Pollutant Mean | Median Mean Median Mean Median Mean |Median| Mean |Median| Mean | Median
Total Arsenic -51.14% |-21.85% |[21.19% |29.33% -70.90% |-44.19% |-64.23% |-65.00% |-11.57% [-18.52% |-19.56% |-24.00%
Total Cadmium -51.15% |-58.47% |[-15.99% |-49.52% -68.14% |-66.32% |-74.50% |-62.40% |1.22% |[-48.00% |-53.72% |-49.44%
Total Chromium -24.85% |-42.03% |[-21.11% |-28.38% -27.37% |-61.06% |-81.54% |-88.30% |-35.10% [-37.04% |-60.67% |-50.00%
Metals Total Copper -69.02% |-68.29% |(-59.24% |-60.98% -70.39% |-60.32% |-98.02% |-85.81% |-55.03% |-38.89% |-51.83% | -48.04%
Total Iron -57.30% |-61.20% |-48.56% |-47.57% - — - —
Total Lead -75.46% |-77.05% |-69.92% |-75.02% -76.11% |-67.68% |-98.11% |-97.41% |-63.71% [-76.15% |-66.23% |-59.26%
Total Nickel -59.02% |-64.38% |-41.24% |-46.58% -69.50% |-72.97% |-48.11% |-36.78% |-21.04% (-28.57% |-62.53% |-45.21%
Total Zinc -74.08% |-75.66% |[-71.53% |-76.14% -71.42% |-68.65% |-84.48% |-B5.56% |-62.40°% |-74.89% |-68.98% |-64.64%
. Fecal Coliform -13.70% |-82.00% |-— — -13.70% |-82.00% |-94.54% |[-92.69% |-26.36% |-91.43% |99.1% |41.7%
Bacteria Total Coliform - - - -— -— — -0.18% -62.97% | -99.91% | -99.90% | — -
Total Suspended Solids -50.46% |-59.21% |-24.21% |-51.28% -61.37% |-58.33% |-94.55% |-95.22% |-65.0% |(-B2.28% |-62.82% |-62.00%
Solids Total Dissolved Solids -3.72% | 7.32% 17.58% |12.36% -17.36% |-2.50% +1169%  [1739% |12.12% |16.67% |-0.29% |0.00%
Turbidity -62.65% |-50.67% |[-62.65% |-50.67% - — - —
Kjeldahl nitrogen (TKN) -18.52% |-15.00% |[29.02% |16.67% -31.74% |-2524% |-2291% |8.33% |-24.22% (-30.97% |-14.86% |-20.21%
Nitrogen, ammonia as N 15.93% |-25.50% |4091% |-9.04% 61.86% |-57.14% | 28.35% |50.00% |—
Nitrogen, Nitrate (NO3) as N -12.14% [-21.25% [13.77% |-1.31% -22.54% |-23.29% |-66.90% |-B87.87% [24.13% [41.41% |-13.89% |-10.59%
Nitrogen, Nitrite (NO2) as N 89.01% |31.91% (89.01% |31.91% -100% -100% |-
Nutrients Nitrogen, unionized ammonia (NH3)as N | — - - - - — - — -56.11% | -62.50% | — -
Organic carbon, Dissolved -10.96% | 7.50% 17.74% | 34.02% -28.27% |-14.14% |-3254% |-40.91% (-1.43% |-7.14% |6.92% |9.09%
Organic carbon, Total -13.17% | 0.00% 15.30% | 18.18% -29.70% |-5.56% -23.90% |-6.67% |-4.78% |-12.79% |0.68% |6.06%
Phosphorus as P, Dissolved +263% | +250% |-— - +263.42% | +250.00% | +186.92% | 90.18% |-7.14% |-11.11% |-3.15% |22.22%
Phosphorus as P, Total +125% | +100% +219% +269% 92.89% 68.18% -19.33%  |-14.29% | -34.10% | -25.00% | -35.61% | -19.44%
Phosphorus, orthophosphate as P +369% | +553% +531% | +795% 59.09% |31.91% -— — — — — —
Notes
1: Bolded, orange values indicate statistically different inflow and outflow concentrations based on 95% confidence intervals.
2: If insufficient data were available to calculate the % removal, then - is shown.
3: Catch basin inserts are not shown because effluent data were insufficient.
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6.D.11 Results

The analysis performed under this task produced thousands of statistical measures that can be used to
evaluate BMPs. These results will support the RAA, by supporting assumptions regarding effluent
concentrations from some BMPs. The results are presented in formats that are designed to allow readers
to focus on both absolute (inflow and outflow concentrations) and relative performance of BMPs
(percent reductions) for individual constituents and groups of constituents. As mentioned previously,
extensive appendices were generated and are available for web download. The results of the analysis

are presented as follows:

Percent removal: the results in Table 6.D-4 provide mean and median removal percentages for
the BMPs and for each of the 22 POCs analyzed. The table can be used to evaluate relative
performance across constituent and BMP categories.

Inflow and outfall concentrations for common POCs: Shown in Table 6.C-5 thru Table 6.C-9
are comparisons of standard statistics for the five available BMP categories across each of the
common POCs. The corresponding box plots in Figures 6.C-3 thru Figure 6.C-7 graphically
represent the range of inflow versus outflow performance for the BMP categories.

Inflow and outflow concentrations for all 22 constituents: Standard statistics, including
significance testing of percent reductions, for all constituents are included in Section 6.D.13.

Performance statistics and box plots for all constituents: Extensive summary statistics and

box plots of BMP performance across the BMP categories are included in Section 6.D.13.

The presented box plots include whiskers that span from the 10th to 90th percentiles and display

outliers, defined as values that are more than 1.5 times the inner quartile range beyond the median.
These outliers are included in all the generated summary statistics. This approach is consistent with
technical memorandums on the IBD website.

Table 6.D-5

BMP
Category

Site Scale
Detention

Number of BMP

Sampling
Locations

Number of
Samples
Analyzed

76

69

Inflow/Outflow Summary Statistics for TSS (mg/1)

25th Percentile

75

23

Median

(50th Percentile)

100

38

75th Percentile

169

59

Bioswales

159

103

45.0

18.0

76.0

31.0

130

54

Catch
Basin
Inserts

88

20

375

71

Flow
Through
Treatment
BMPs

13

13

230

218

8.875

2.875

395

7.00

89.25

22.25

Constructe
d Wetlands

13

14

140

3.50

230

11.0

255

135
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Total Suspended Solids - TSS (mg/L)
1

Figure 6.D-3. Box Plots of Inflow/Outflow TSS Concentrations in Southern California

Table 6.D-6 Inflow/Outflow Summary Statistics for Fecal Coliform (#/100mL)
Number of BMP Number of Median 75th

Sampling Samples 25th Percentile (50th Percentile) Percentile

Locations Analyzed

BMP Category
Site Scale
Detention 9 9 34 30 300 475 600 850 1700 3075
. 1650
Bioswales 8 8 33 19 500 130 5000 900 0 5000
Catch Basin
Inserts 0 6 B o - - --- - - -
Flow Through
Treatment BMPs 11 11 172 152 300 7.47 900 77.1 3000 797
Constructed
Wetlands 2 2 13 14 230 20.0 1300 95.0 3800 255
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Figure 6.D-4. Box Plots of Inflow/Outflow Fecal Coliform Concentrations in Southern California

Table 6.D-7  Inflow/Outflow Summary Statistics for Copper (ug/1)

Number of BMP
Sampling
Locations

Number of
Samples
Analyzed

Median

. 75th P til
(50th Percentile) Sth Percentile

25th Percentile

BMP Category
Site Scale
Detention 5 5 76 68 26.25 | 15.00 39.45 20.50 | 63.75 28.00
Bioswales 31 31 150 100 22.00 8.23 41.00 13.00 70.50 19.90
Catch Basin
Inserts 0 6 88 5.95 13 22
Flow Through 11 1 150 146 | 11.98 | 620 | 1800 | 11.00 | 33.00 | 21.25
Treatment BMPs
Constructed 110.0
Wetlands 2 2 21 22 11.15 5.55 62.00 8.80 0 14.75

Upper LA River EWMP 6.D.12 Draft June 2015



Appendix 6.0  Control Measure Design and Representation

Total Copper (ug/L)

Figure 6.D-5. Box Plots of Inflow/Outflow Copper Concentrations in Southern California

Table 6.0-8  Inflow/Outflow Summary Statistics for Lead (ug/1)

Number of BMP Number of

Sampling Samples 25th Percentile Median

: 75th Percentile
Locations | Analyzed (50th Percentile) s

BMP Category
Site Scale
Detention 5 5 76 69 34.40 | 13.00 54.00 22.00 | 108.25 36.50
Bioswales 31 31 150 100 13.92 3.53 32.89 7.55 77.75 21.50
Catch Basin
Inserts 0 6 88 2.3 6 12.45
Flow Through 11 11 149 146 6.50 1.00 13.00 3.10 25.50 7.10
Treatment BMPs
Constructed
Wetlands 2 2 21 22 3.32 2.70 170.00 4.40 315.00 8.32
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Figure 6.D-6. Box Plots of Inflow/Outflow Lead Concentrations in Southern California

Table 6.D-9 Inflow/Outflow Summary Statistics for Zinc (ug/1)

Number of BMP Number of
Sampling Samples 25th Percentile . 75th Percentile
Locations Analyzed (50th Percentile)

Median

2 2 2

o o o

= = =

BMP Category © © ©

Site Scale 5 5 76 68 152.75 | 68.25 280.00 99.00 504.75 150.00
Detention
Bioswales 31 31 150 100 110 29.5 228 55.5 360 82.5
Catch Basin 0 6 88 50.5 107 220
Inserts
Flow Through 11 11 150 146 110 23.00 221 55.5 400 131
Treatment BMPs
Constructed 2 2 21 22 109.00 | 28.53 270.00 | 39.00 450.00 84.35
Wetlands
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Figure 6.D-7. Box Plots of Inflow/Outflow Lead Concentrations in Southern California

6.D.12 Discussion and Observations regarding BMP

Performance

The statistical analysis presented herein has many applications, including supporting the RAA for the
EWMP. As future applications are undertaken, the results can be analyzed in more detail. For this Work
Plan, several general observations are highlighted, as follows:

Comparison of outflow quality among BMPs: the constructed wetland (n = 2) and flow through
treatment BMPs (n = 31) generally exhibited the highest quality effluent. Reductions of TSS were
generally higher compared to other BMPs and concentrations of TSS in outflows were generally
lower (see Table 6.D-5 and Figure 6.D-3). Elevated performance is also apparent for other
constituents. The constructed wetlands exhibited exceptional reductions (>84 percent) of total
copper, lead, and zinc. Constituents were likely reduced in the constructed wetlands by means of
sedimentation, chemical and biological conversions, and uptake. The flow through treatment
BMPs in the dataset were mostly Caltrans BMPs including media filters and proprietary cartridge
filters with a range of sand/peat and sand/gravel mixes.
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BMP performance for individual constituents: among the constituents analyzed, the percent
removals were often the highest for total metals, especially lead and zinc (Tables 6.D-8 and 6.D-9).
The poorest performance was often for nutrients, with phosphorous concentrations increasing in
some cases (likely due to leaching). For bacteria, only the constructed wetlands and flow through
treatment BMPs were able to generate outflows with median fecal coliform concentrations less
than 235 most probable number (MPN) per 100mL (which is an applicable Permit limitation if
fecal coliform is assumed equivalent to Escherichia coli [E. coli]) (see Table 6.D-6 and Figure
6.D-4).

Application of the data herein for the RAA effort: in general, the majority of pollutant removal
associated with potential stormwater BMPs in the RAA will be due to volume reduction (infiltration).
SUSTAIN, which will be used for the RAA, is process-based and thus is able to estimate volume reduction
and the proportion of inflow that is infiltrated, treated, and overflowed. Because the model is dynamic,
these proportions change from storm to storm (i.e., overflows are less frequent during small storms than
large storms). SUSTAIN also simulated first order decay of pollutants per the parameters listed in the
Guidelines for Conducting Reasonable Assurance Analysis in a Watershed Management Program,
Including an Enhanced Watershed Management Program (Nguyen et al., 2014).

For the subset of BMPs with a treatment component, some assumptions were needed regarding the
quality of treated and discharged outflow (e.g., biofiltration BMPs, which have an underdrain). The
analysis herein support those assumptions. It is noted that SUSTAIN does not provide a mechanism to
apply effluent concentrations, so the median concentration reduction rates reported in Table 6.D-3 were
applied to underdrain effluent (acknowledging the limitations of this metric discussed in Section
6.D.10).

6.D.13 Detailed Results

A detailed summary of BMP influent and effluent statistics for all 23 analyzed constituents, as well as
detailed performance metrics for all BMP categories can be found in the Summary of Existing and
Potential Control Measures for the Upper Los Angeles River Watershed (Black & Veatch Team 2013).

6.D.14 References
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