Parkside Estates Water Quality Evaluation Technical Appendices

A WATER QUALITY MODELING METHODOLOGY

A.l.Introduction

Urbanization changes the hydrology of a watershed by reducing infiltration and
evapotranspiration and increasing runoff. The replacement of vegetated open space with
roads, rooftops and other impervious surfaces increases stormwater runoff rates,
velocities, and volumes. Furthermore, land development often results in increases in dry
weather runoff, which is generated from urban activities, such as landscape irrigation, car
and pavement washing, and construction dewatering. Changes in water quality were
analyzed for both flow regimes to determine the effect of the project on pollutant loads
discharged to receiving waters.

Water quality models were used to estimate pollutant loads for existing, post-
development, and post-development with treatment in structural best management
practices (BMPs) for stormwater runoff and dry weather flows. The models are based on
observed relationships between rainfall and runoff, typical urban dry weather flows, and
average runoff water quality from representative types of land uses. The models are
adapted from an empirical method referred to as the Simple Method (Schueler 1987). The
models were developed to provide a simple yet reasonably reliable method for predicting
runoff volumes and pollutant loads that occur as a result of development; and to provide
estimates of the improvement in water quality from the implementation of BMPs. For
stormwater, pollutant load estimates are based upon rainfall-runoff estimates and
observed pollutant concentrations in stormwater runoff from specific types of urban land
uses. For dry weather flows pollutant load estimates are based upon average median dry
weather flows and concentrations from urban areas with the assumption that the majority
of flows originate from irrigation of pervious areas.

Empirical models of this type are commonly used to estimate pollutant loads and/or
concentrations from small development sites to large watersheds (Wong et al., 1997).
This method allows for selection of model inputs to reflect regional conditions, while the
procedure of estimating runoff volumes and loads can be applied anywhere. Adaptations
to the model used for this water quality analysis include a more detailed rainfall analysis
or analysis of dry weather flow rates; the use of specific water quality characteristics
derived from local monitoring when possible; and use of regional BMP performance
data, as well as the National Stormwater Best Management Practices Database for
estimating the performance of planned Best Management Practices (BMPs).
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The following constituents are commonly modeled:
o Total Suspended Solids
+ Total Phosphorus
. Dissolved Phosphorus
« Total Nitrogen
« Nitrate
» Total Copper
» Total Lead
» Total Zinc

These pollutants are often chosen because they are commonly found in runoff from
residential and commercial land use and reliable land use water quality data in the form
of event mean concentrations (EMC, the EMC is the arithmetic mean of the measured
pollutant concentrations) are available.

As with all environmental modeling, the accuracy of model results is heavily dependent
on how well the hydrologic, water quality and structural BMP effectiveness data describe
the actual site characteristics. Consequently, local and regional data (as opposed to
national data) are used to the fullest extent possible, and model results are evaluated
carefully based on experience.

A.2.Project Design Features

Stormwater and dry weather runoff from the proposed Shea Homes Parkside Estates
development site in southern Orange County will discharge into the East Garden Grove-
Wintersburg Channel (EGGW Channel) after project development. The EGGW Channel
is a concrete-lined stormwater conveyance channel which eventually flows to the
Huntington Harbor. Modeling was conducted for three treatment scenarios: 1) treating
runoff from the combined areas of the project site and the Cabo del Mar, Graham, and
Slater watersheds, 2) treating runoff from the Parkside Estates project area and Cabo Del
Mar watershed and 3) treating runoff from the project area only. Treatment scenario 1
combines the flows from all areas within the Slater Channel Forebay and a fraction of the
runoff or dry weather flows would be pumped to the Natural Treatment System (NTS)
wetland for treatment. In scenarios 2 and 3 runoff from the project area and / or the Cabo
del Mar watershed would be routed to the NTS wetland directly and not mix with other
offsite flows within the Slater Channel Forebay.

Project Design Features (PDFs) will include structural Best Management Practices
(BMPs) designed to improve the quality of runoff from the proposed development. The
structural BMPs that will be included in the project include:
» Vegetated swales in passive and active park areas
» Storm water treatment device (CDS unit) to remove trash, debris and coarse
sediment
« Two cell (2-acre) treatment wetland system
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The preferred project alternative (scenario 1) has been designed to divert low flow
“nuisance” runoff to the Slater Channel Forebay where it will be pumped to the NTS
wetland. This dry weather diversion will be designed not only for the entire project site
runoff, but a significant portion of the runoff from an additional 2,881 acres of off-site
development will be treated as well (see

Table A-3).

A fraction of the wet weather flows from the project site and surrounding neighborhoods
will receive treatment in the two cell NTS wetland. The system will consist of two
sediment forebays, two wetland cells with a combined 7-day residence time for treatment
of dry weather flows and a 24-hour detention time for treatment of stormwater runoff.
Treated outflow from the NTS wetland will reach the EGGW Channel from a gravity
discharge outlet. Energy dissipators will be provided where the storm drain system
discharges flows into the sediment forebays to prevent scour and transport of sediment
into the wetland or downstream and permanent vegetation and soil stabilization will be
provided for all graded areas to prevent erosion.

Two storm water treatment devices (CDS units) will be included in the project to remove
trash, debris, and coarse sediment from storm water runoff. One unit will be placed in
the Slater Channel Forebay to treat flows before they are pumped to the NTS wetland,
and the other one will be placed within Parkside Estates to treat flows discharging from
Cabo Del Mar and the project site before they enter the Slater Channel Forebay. In
model scenarios 2 and 3 flows from the project area and the Cabo del Mar watershed or
project area only are routed directly to the NTS wetland and are not treated in the second
CDS unit for flows pumped from the Slater Channel Forebay.

The passive and active park areas will be designed to include a vegetated swale to
provide treatment of storm water runoff from the park areas. An ongoing maintenance
program will be implemented for the treatment control BMPs to ensure their continued
effectiveness. Specifically, the City will maintain the CDS units, the vegetated swales,
and the NTS wetland, all of which will be placed in municipal easements. Additionally,
the City will sweep the streets and collect trash on a regular basis.

The NTS wetland and CDS units will provide the majority of pollutant removals of the
structural BMPs. While the park swales will be an important part of the treatment train
of stormwater runoff flows from the park are not expected to contain a substantial amount
of the pollutant loads generated from the project site. Because the downstream NTS
wetland is predicted to have better removals rates for the modeled pollutants, the park
swales were not included in the water quality modeling nor were source controls as
sufficient data is not available to model the effects of non-structural BMPs.

Modeled Treatment Scenarios
The area proposed for development was modeled for three development scenarios:
existing conditions, developed conditions without PDFs, and developed conditions with
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PDFs. The NTS wetland and CDS units (two CDS units for scenario 1, only one CDS
unit for scenarios 2 & 3 as project flows do not reach the Slater Pump Forebay) were
considered in this analysis. Water quality modeling was conducted for three treatment
scenarios as discussed in Section A.2.

A.3.Modeling Steps

The steps for modeling stormwater and dry weather flows only differ in the preparation
and integration of the input parameters. The modeling steps include parameter estimation
(which is subdivided into stormwater [a] and dry weather [b] parameters), model
calculations, and model results interpretation. The interpretation of results is contained in
the in the water quality report with the modeling results.

Parameter Estimation

la. Estimate the mean annual volume of rainfall a watershed receives that exceeds its
infiltrative and evaporative capacity over a given period (one year).

Ib. Estimate median dry weather runoff rate per pervious developed acre (excluding
natural areas).

2. Estimate pre- and post-development land uses, land areas, and percent impervious
values.

3a. Estimate runoff water quality based on observed statistical data from similar land-
use types.

3b. Estimate dry weather runoff quality from urban areas assuming the only
significant fraction of runoff originates from developed pervious areas (e.g.,,
landscaped areas).

4a. Estimate the capture efficiency of stormwater runoff

4b. Estimate the capture efficiency of dry weather flows

5a. Estimate the treatment performance of BMPs in terms of effluent quality achieved
or percent reduction in loads using available data.

5b. Estimate treatment performance of BMPs during dry weather in terms of effluent
quality achieved or percent reduction in loads using available data.

Model Calculations

6. Estimate average annual runoff volume using rainfall data and impervious acreage
estimates for stormwater and median dry-weather flow rates and pervious acreage
for dry-weather.

7. Compute pollutant loads by multiplying the runoff concentrations by the predicted
runoff volume.

8. Sum flows and loads from individual sub-areas just upstream of the BMPs.
Estimate the reduction in load based on anticipated BMP performance.

9. For post-development conditions, calculate the loads removed by the BMPs using
either effluent quality or percent removals.

10. Sum flows and loads from the project area to estimate predicted average annual
pollutant flows and loads to receiving waters.
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The next subsection describes the methodology used in the model calculations, including
runoff estimation (Step 5), annual pollutant loads (Step 6), loads summation upstream of
BMPs (Step 7), BMP treatment (Step 8), and sum of annual flow volumes and loads to
receiving waters (Step 9). Even though the order of the modeling steps discussed in this
section follow the parameter estimations steps (Steps 1 through 4), there are discussed
first to introduce the equations and related parameters used in the model.

A.4.Model Methodology

Runoff Volumes (Step 6)

For stormwater runoff, an analysis of local rainfall data is performed to estimate the annual
depth of rainfall that is likely to result in surface runoff (step 1, Section A.2.1). The annual
volume of stormwater runoff, resulting from the annual rainfall, can be predicted with the
following formula (based upon the rational formula, only using depth rather than
intensity to result in volumes rather than flow rate).

Where: Vwet: stormwater runoff volume (ace-feet/ year)
Rv: mean annual runoff coefficient
I : rainfall depth (ft /year)
A: drainage area (acres)

The runoff coefficient (Rv) is a unit-less value that is a function of the imperviousness of
the watershed and is approximated in the model by the equation:

Rv =0.009 x (% impervious) + 0.05 (Schueler, 1987)

Mean annual runoff volumes are calculated for each type of land use utilizing the above
method based on land use runoff characteristics, mean annual rainfall, and drainage basin
area.

For dry weather annual runoff volumes, regional urban runoff flow data from several
locations were analyzed to estimated dry weather flow rates. The median dry weather
runoff rate is divided by the pervious area to get a flow rate per unit pervious area for
each of the data sets. The average median unit runoff rate is used to estimate the average
annual dry weather runoff volume as shown below. Note it is assumed that dry weather
runoff occurs throughout the year, but become negligible during storm events.

~ Vary =Udry x A x (1 - % impervious) x (# of seconds / year)
Where: Viry: annual dry weather runoff volume (cubic feet)
Uary: average dry weather flow rate per pervious area (cfs/acre)

A: drainage area (acres)
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Pollutant Loads & Concentrations (Step 7 and 8)

Annual runoff volumes and average runoff concentrations (wet and dry) are used to
calculate the yearly load of a pollutant in stormwater and dry weather flows as shown in
the equation below.

Load Runoff Conc. Conversion Factor

b 3 lly 3
s _ £ % x 6.2428x1o"mg—ﬁ
eqar ear

y y /L

This process gives yearly load calculations for each land use type for each area (or sub-
basin) modeled. The concentration is given by the EMC for stormwater runoff or the dry
weather flow data. Sum the loads from all sub-basins upstream of BMPs for each
modeled pollutant.

Unlike stormwater load estimates where loads are a function of land-use based runoff
concentrations and estimated runoff volumes, dry weather loads are only a function of the
estimated runoff volume, as there typically are not enough data to discern dry weather
concentrations from different land use types.

Pollutant Removal Approximation (Step 9)

The treatment effectiveness for stormwater runoff by a BMP depends on two factors: the
volume of stormwater runoff captured (“capture efficiency”), and the level of treatment
achieved. The capture efficiency is the fraction of storm runoff that is diverted into and
processed by the BMP. 1t is a function of the volume or flow capacity of the facility, the
diversion capacity, and the magnitude of storm flows where the facility is located.

Two different approaches can be used for estimating pollutant removals: percent removal
(loads or concentrations) and effluent quality. Percent removal is probably the most
common approach for estimating BMP performance. It is calculated by taking the
difference between the inlet and outlet loads (or concentrations) divided by the inlet load
(or concentration). The problem with this approach is that removals are "guaranteed" in
that the predicted effluent is dictated only by the influent loads, when in fact many BMPs
exhibit "irreducible concentrations", a practical limit to effluent quality (Scheuler, 1996).
For instance, many BMPs have the ability to remove large sediment, but fail to remove
fine suspended particulates, so if the influent TSS concentrations are primarily fine
particulates, the removals could be negligible. Using the percent removal approach in the
water quality models would not account for this phenomenon.

An alternative approach is the effluent probability approach recommended in Urban

Stormwater BMP Performance Monitoring: A Guidance Manual for Meeting the

National Stormwater BMP Database Requirements (Strecker et al., 2002). In this

approach, the median effluent concentration from a particular BMP type is used to

estimate load removals. The mass removed by the BMP is equal to the difference
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between the influent and effluent loads. If the influent loads of a modeled parameter
were predicted to be less than the assigned effluent loads, the mass removed would be
zero and the effluent loads would be set equal to the influent loads for that parameter.
This assumes the BMPs will not be a source of pollution during average size storm
events, which should be the case if properly constructed and maintained. The difficulty
in implementation of the effluent quality approach for some BMPs is that performance
data are often only reported as percent removal. Therefore this approach can only be
used for BMPs where sufficient effluent data are available.

The capture efficiency and estimated effluent concentration were used to compute
effluent loads from the BMPs as follows:

% Removal Method:

Load Removed=QxC,, x % capture x % removal x conversion factor

BMP Effluent Quality Method:
Load Removed=Qx(C,, —C,,, )x % capture x conversion factor

Where:
Load Removed = the average annual load removed b{ the BMP (Ibs/year).
Q = the average annual flow routed to the BMP in (ft’/year).
C in = the pollutant concentration of stormwater captured by the BMP (mg/L).
C out = the pollutant concentration in stormwater discharged by the BMP (mg/L).

10-5 le/ﬁ3
mg/L

Conversion factor = 6.2428 x

Average Annual Pollutant Loads and Concentrations (Step 10)

Once the average annual runoff volume and pollutant load have been determined for each
land use within each sub-basin or drainage area and treatment has occurred for post-
development conditions, the result are summed to estimate the average annual flows and
loads discharged to receiving waters.

A.5.Model Parameters

A.1.1 Annual Rainfall Depth (Step 1a)

National Climatic Data Service (NCDC) hourly rainfall data from stations in the
proximity of the Parkside Estates project site were reviewed for use as model input
parameters. Two stations, Signal Hill and Long Beach Airport, were relatively close to
the project site. Data from the Signal Hill rain gauge were inconsistent for the last two
decades of data; therefore the Long Beach Airport gauge was selected as the most
representative NCDC rainfall data for the project site that is available.
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Hourly rainfall data was analyzed with the USEPA Stormwater Management Model
(SWMM) which converts the data into individual storm events and computes event and
annual rainfall statistics. This analysis used an inter-event time of 6 hours (USEPA,
1989) and a minimum storm event size of 0.11 inches. This results in rainfall periods
separated by less than 6 hours being aggregated into a single storm event. Storm events
equal to or less than 0.10 inches on average are not expected to significantly contribute to
stormwater runoff volumes.

Table A-1: Parameters Used for Selection of NCDC Rainfall Station

Approximate
. Elevation Long. Distance to | Available Period
Rain Gauge (ft) Lat. (N) W) study area of Record
(miles)
Parkside Estates =50 33:42 118:02 - -
Laguna Beach No. 2 210 33:30 117:48 19 ’49 - ‘02
Signal Hill FC 415 100 3347 | 11810 10 BB
Long Beach AP 31 33:48 118:08 10 77 —-02

Table A-2: Rainfall Analysis Statistics (analysis for storms > 0.1 inches depth)

Average A Average
. annual verage Avere.lge Average Storm
Station . number of | duration intensity
rainfall events (hours) | (inches/hr) Depth
(inches) (inches)
Long Beach AP’ 113 17 113 0.064 0.67

1 — Source: SYNOP analysis of NCDC Hourly Precipitation data from Hydrosphere Data Products,
Boulder, CO. 1999. .

A.1.2 Dry Weather Runoff Rate (Step 1b)

Limited regional dry weather runoff data (or data easily distinguishable as dry weather
data) were available. Therefore dry weather urban runoff rates were derived from three
primary sources: the Orange County Residential Reduction Runoff (R3) Study (NWRI,
2003), EGGW Channel data for station C05 taken from the Orange County
Environmental Management Agency (OCEMA NO. 217), and the runoff estimates from
the Ballona Channel not attributable to rainfall, groundwater flow, or point-source
discharges (Ackerman and Schiff, 2001). Dry weather flow rates from these three
sources indicate a range from 1.8 x 10™ to 5.9 x 10 cfs/acre. Assuming the majority of
dry weather runoff originates from pervious areas, such as urban landscaped areas, the
dry weather runoff rate per unit area may be a more appropriate denominator to use in the
flow rate per unit area calculation. Imperviousness data for the EGGW Channel were not
available at the time of the analysis, so only the R3 data and the Ballona Channel
estimate were used. For these two locations, the average median dry weather flow rate
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per pervious drainage areas is about 6.1 x 10™ cfs per pervious acre, which is of the same
order of magnitude as the range previously shown. This is the value used to estimate dry
weather runoff from the project area.

A.1.3 Land Use Areas & Percent Imperviousness (Step 2)

Pre-Development Condition

The existing land uses for the Parkside Estates project area are agriculture (row crops)
and open space (natural) areas. 40.3 acres are farmed and the remaining 9.5 acres exist as
natural spaces. The agricultural land uses were not modeled however, as the project area
does not discharge to the EGGW Channel for the existing project conditions. Only dry
and wet-weather flows and associated pollutant loads for the developed condition and
developed with PDFs of the project area were included in the model results.

Post-Development Condition

The Parkside Estates project will convert approximately 50 acres of existing agriculture
and open spaces to residential development (35.4 acres), parks and open space areas (8.2
acres of park and 6.2 acres of natural areas). The project will include supporting
infrastructure and some open space area surrounding the development areas will be
maintained in a natural condition for wildlife habitat and aesthetics. In addition the
primary structural PDF for treating runoff (both storm and dry weather flows) will be a
constructed wetland that will provide some aesthetic and wildlife habitat value.

Table A-3: Land Use (acres) and Percent Imperviousness for the Project Area

Land Use, # Representative Neighborhood
3 [+)

Ut:tcsrger % Imp Land Use Cabo Graham Slater Parkside TOTALS
Open Space’ | 0% 0 0 155.8 7.8 155.8
Open Space” | 5% Open Space 0 0 0 2.9 2.9

Park 15% 0 65.7 271.9 3.7 341.3

SF Res 3-4 40% Single Family 0 0 67.7 0 67.7
SF Res 5-7 50% Residential 0 46.7 1,284.2 354 1,366.3
SF Res 8-10 60% 0 11.7 127.3 0 139

MF 11+ 80% Multi Famil 0 0 159 0 159

Condos 65% | pecidential 21.8 274 82.9 0 132.1
Apartments 80% 0 0 11.3 0 11.3
Commercial | 90% Commercial 0 13.6 478.9 0 492.5

Schools 40% Education 0 0 54.6 0 54.6

TOTALS 21.8 165.1 2,693.6 49.8 2,930.3
Non-project area 2,880.5
Project Area 49.8

1- Open Space includes 4.5 acres of un-graded park area and open space areas

2 - 6.2 Acres of the project area are common open space. 2.9 acres are landscaped and are modeled as
having an effective % imperviousness of 5%, the remaining 3.3 acres of natural area are modeled as open
space with 0% imperviousness

SF Res = single family residential, MF = multi-family residential
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