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1 INTRODUCTION

11

Background

The City of Austin is examining opportunities to address flooding, channel erosion, and water
quality problems using distributed, small-scale green stormwater infrastructure in the Brentwood
Watershed. The objectives of the project are to demonstrate the extent to which green
infrastructure (GI) can meet the following goals:

1.

4.
S.
6.

Reduce the frequency, magnitude, and duration of peak flows to reduce the frequency of
flooding;

Reduce the volume of runoff and increase the volume of infiltration;

Reduce or eliminate the anticipated life cycle costs of system-wide stormwater
conveyance upgrades;

Reduce pollutant loads and erosion potential to receiving waters;

Reduce the use of potable water for landscape irrigation; and

Avoid adverse impacts to the base flood elevations of Shoal Creek.

Geosyntec’s proposed scope of work (dated August 31, 2012) included an initial work plan
based on anticipated methods, tools, and assumptions. Certain elements of the proposed
approach were contingent on availability of data, model computational speeds and capabilities,
suites of green stormwater practices to be evaluated, and other factors. The following efforts and
deliverables have been completed to date:

Geosyntec has reviewed available data, conducted initial modeling studies, and held a
workshop with the City on December 13, 2012 to discuss the modeling approach and the
suites of GI improvements to be evaluated. These efforts have helped to refine the
technical approach we have taken for this project.

Geosyntec submitted a Project Approach Technical Memo to the City on February 28,
2013 to provide a more detailed work plan and summary of the project progress.
Geosyntec submitted a Green Infrastructure Plan to the City on May 30, 2013 to
systematically assess selected Gl packages, including a “maximum GI’ scenario as to
their potential performance in meeting the goals stated above.

Geosyntec presented the Preliminary Modeling Results to the City on October 10, 2013
followed by an Interim Status Summary Memo on October 24, 2013 to provide an update
to the modeling efforts to date.

Geosyntec presented the draft Modeling Results Summary to the City on February 28,
2014 for City review. Following the City’s review, the City and Geosyntec agreed to
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focus remaining model efforts on a hybrid scenario, including a combination of green
infrastructure and typical grey infrastructure elements (i.e., “green/grey”), as the final
modeling alternative.

e Geosyntec submitted a Preliminary Hybrid Green/Grey Modeling Status Summary
memorandum to the City on December 16, 2014 which presented the preliminary
modeling results for the initial hybrid scenario.

e Geosyntec received corrected flow monitoring data from the City and conducted a
recalibration of model using corrected and expanded monitoring data. Several
preliminary memorandums were submitted to the City as part of this process to address
specific technical issues. The final Recalibration Results Summary Memorandum was
submitted to the City on May 5, 2015.

This effort has culminated in the completion of SWMM modeling of the existing conditions, the
maximum Gl scenario, and a hybrid green/grey scenario per Task II-A, 11-B, and II-C of our
scope of work. In addition, the completion of the HEC-HMS modeling of the existing conditions
and maximum GI scenario is presented in this submittal per Task II-A, 11-B, and II-C of our
scope of work.

1.2 Purpose and Organization

This report has been prepared pursuant to Task II-A and subsequent subtasks of our scope of
work. The purpose of this report is primarily to provide a summary of modeling results
associated with the maximum GI scenario and hybrid green/grey scenario as compared to
existing conditions model results and the findings and recommendations for the project’s future
efforts. Note that the maximum GI scenario includes minimal traditional infrastructure upgrades
such as curb height increases, whereas the hybrid green/grey scenario includes significant grey
infrastructure components such as additional storm drain pipes and inlets. For completeness, it
also provides narrative description of the approaches that were used for developing, calibrating
and applying the model and describes the scenarios that were evaluated. This summary document
contains:

e Narrative description of modeling approach and model development (Section 2);

e Narrative description of our calibration process and results, including calibration and
validation discussion/assumptions, calibration/validation statistics, and flow calibration
graphs (Section 3);

« Narrative description of our approach for incorporating 2D elements and GI features into
the model (Sections 4 and 5, respectively);
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e Figures and drawings showing the modeled watershed and drainage features, model
nodes, spatial application of Gl features, and other relevant data (throughout the report);

e A summary of model results for the maximum GI scenario (Section 6 plus Appendices);

e A summary of model results for the hybrid green/grey scenario (Section 7);

e A summary of HEC-HMS model results for the existing conditions and maximum Gl
scenario (Section 8); and

e Adiscussion of findings and next steps (Section 9).

For more detailed descriptions, explanations, and rationales for methods used and the scenarios
analyzed, please see the Technical Approach Memorandum (February 28, 2013) and the
Preliminary Gl Plan (May 30, 2013). Additionally, the PCSWMM model files (provided with
this report) provide the full detail of the modeled scenarios as well as the ability to produce
summary reports of inputs and outputs. These files and summary reports can be viewed in EPA
SWMMB5.0 (free download) or PCSWMM (trials available).

1.3 Overview of Model Approach

A total of six SWMM models were developed for this project based on model type (1D versus
2D) and modeled conditions (existing conditions versus maximum GI scenario versus hybrid
green/grey scenario). Figure 1.1 summarizes the model development process and indicates where
each of these models are discussed within this report. The 1D calibrated existing conditions
model serves as a baseline for the other models. From this baseline, Gl features were added to
form the 1D maximum GI model. Also, from the 1D existing conditions baseline, 2D elements
were added to form the 2D existing conditions model. Next, Gl features were added to form the
2D maximum GI model. The maximum GI model was used as the basis for the hybrid green/grey
model development for both 1D and 2D models, including removing some Gl features and
adding new traditional drainage features (i.e., pipes, inlets). The primary reason that these
models diverged was the relatively slow runtimes of the 2D model. While the 1D model ran
quickly enough to conduct a 28-year simulation in 2 to 3 days, the 2D model would have taken
approximately 4 years to run the 28-year simulation. For this reason, different questions had to
be addressed with different versions of the model.

Using these six models, the following model comparisons were conducted to quantify a variety
of metrics:

1. The 1D GI scenario model was compared to the 1D existing conditions (baseline) model
to quantify the effects of GI on flow rates, volumes, water surface elevations (and
associated implications on flooding) for both design storms and long-term continuous
simulations. Continuous simulation model results were also used as part of estimating
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other benefits, including volume reduction, pollutant load reduction, water conservation
implications, and erosion reduction.

The hydrographs produced by the 2D existing conditions model were compared to the
hydrographs produced by the 1D existing conditions (baseline) model as part of verifying
that the incorporation of 2D modeling features did not significantly deviate from the
results produced by the calibrated 1D model. These models were compared to develop
relationships that were then used to quantify approximate inundation metrics on a long-
term basis.

The 2D GI scenario model was compared to the 2D existing conditions model to quantify
the effects of Gl for the design storms only.

The 2D GI scenario model was compared to the 1D GI scenario model to develop
relationships that were then used to quantify approximate inundation metrics on a long-

term basis.
2D Hybrid
Green/Grey

(Uncalibrated) (Calibrated) (section 6.3.2)

T s
I 2D Existing - 2D Existing Compare
e . Spatial Metrics
! Conditions Conditions {Section 6.3.1)
l (Urwalidated) (Validated)
et e e -
Section 4 Section 4
M I 1D Hybrid
1D Max G Green/Grey
--------- section 2
' ~ Section 7
: 1D Existing 1D Existing $°m°:‘:¢ Long- Extrapolate
o erm Metrics Spatial Metrics to
I Conditions Conditions (Section 6.2) Long-Term Metries
|

Figure 1.1. Model Development Process
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2 DEVELOPMENT OF EXISTING CONDITIONS 1D SWMM MODEL
2.1 Overview

This section describes the development of the baseline existing conditions 1D PCSWMM model.
This model was calibrated and validated (Section 3). It was then modified to incorporate 2D
modeling features (Section 4) as well as to incorporate Gl features (Section 5) and the hybrid
green/grey features (Section 7).

The existing conditions 1D model was developed based on a number of datasets, analyses and
assumptions described in the sections below. The resolution of this model was tailored to the
scale of decentralized controls that were evaluated, which is a considerably finer scale than
typically used for flood and drainage studies. Spacing of model nodes has been set to allow Gl
features to be inserted at the approximate scale they would be placed. Figure 2.1 illustrates the
overall resolution of catchment delineations for the watershed, key drainage pathways, and
monitoring locations.

The existing conditions model has been developed using one-dimensional conveyance features
(i.e., water is conveyed in the longitudinal direction only); however, each feature includes two-
dimensional information about cross sections, including standard pipe cross sections as well as
irregular (user-defined) cross sections describing curb and gutter segments and open channel
reaches. Conveyance pathways have been defined that allow water to flow in pipes and channels,
where present, but also allow overland flow in gutters and across intersections and the crown of
roadways. This representation is believed to provide a reasonably accurate description of the
primary flow paths for both small storm runoff and floodwaters. An example of the resolution of
the model conveyance features is shown in Figure 2.2 for a typical roadway intersection and
evaluated Gl features. Figure 2.3 shows example cross section information associated with 1D
model elements.

2.2 Programs and Simulation Options

PCSWMM 2012 was used for model development and execution. This software includes a GIS-
based user interface around the standard EPA SWMM 5.0.022 model engine. It also includes a
number of key features to enhance model development efficiency, scenario management, and
results interpretation, and other functions. It also provides functionality to develop, edit, and
manage a 2D hydraulic network using native hydraulic elements in SWMM 5.0. Key options that
were used for PCSWMM modeling for existing conditions include:

e The Green-Ampt infiltration option is a physically-based representation of infiltration as
a function of soil properties, antecedent moisture conditions, precipitation intensity, and
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cumulative infiltrated volume. This option is well supported by available literature about
the soil moisture and infiltration properties of soil datasets. While parameters selection is
important for reliable application, this model has the capability of accounting for the
important effects of precipitation intensity and antecedent conditions on runoff
generation. The Green-Ampt infiltration method is used for infiltration in estimating
runoff rates and volumes, as well as infiltration from the Gl features.

e SWMM generates runoff hydrographs using a non-linear reservoir algorithm. This
algorithm is based on Manning’s formulation for overland flow. It dynamically tracks
precipitation, losses, depression storage, changes in transient live storage (i.e., above
depression storage), and runoff. Runoff rate is a non-linear function of the depth of active
storage over the surface of the catchment as well as the catchment slope, roughness, and
shape.

e The dynamic wave routing was used to simulate complex hydraulic conditions in the
Brentwood watershed. This option allows explicit accounting for downstream conditions
and backwater effects and allows for simulation of drainage systems with closed loops
(i.e., non-dendritic).

e 2D model elements were used for portions of the model domain (watershed) for scenarios
that require spatially explicit simulation to address study metrics.

e For design storm events and the monitoring period, runoff generation time steps were set
at 20 seconds which is compatible with 1 minute precipitation inputs used in these
models. For the 28-year continuous simulation model, runoff generation time steps were
set at 1 minute which is compatible with the 5 minute precipitation inputs used for the
continuous simulation period.

e Routing time steps were set at 5 seconds for the 1D models and 0.5 seconds for the 2D
models. The SWMM engine automatically adjusts time steps to improve model stability.

e Groundwater aquifers were not simulated explicitly. For the purpose of this analysis, it
was assumed that infiltration would be limited by infiltration rates at the ground surface.

e A free-flowing downstream boundary condition was used in the models. Tailwater effects
were not simulated because water levels in the Hancock Branch of Shoal Creek have not
been monitored and were not modeled in this study. This assumption better isolates the
effects of Gl within the watershed but may result in underestimation of absolute
inundation depths. An evaluation of model sensitivity to assumed tailwater conditions
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was conducted which suggests that the residential areas that are of primary concern for
this project are not impacted by the assumed tailwater conditions.

2.3 Base Datasets

The forcing data and physical inputs to the H&H models were developed from common base
datasets. This section describes the base datasets that were used. More specific information on
each base dataset was presented in the Project Approach Technical Approach Memo submitted
to the City on February 28, 2013.

2.3.1 Forcing Data Inputs

Forcing data for hydrologic simulations include precipitation and evapotranspiration (ET). Table
2.1 provides a summary of forcing data inputs.

Table 2.1. Summary of Forcing Data Inputs and Sources

Forcing Data Modeling Phase/Scenario | Dataset/Source

Precipitation Calibration « Brentwood gauges BW1 and BW2 precipitation data
(bucket tips at 0.01” resolution); 3/2012-12/2014

Continuous simulation and | « FEWS Station 2410 at 5 minute resolution; 0.01”

analysis of historic events precipitation depth increments; 1987-2009

= Waller Creek gage (W3A) from January 2010 to
March 2012 (scaled by 0.92 based on correlation
between W3A and FEWS 2410 for overlapping period)

 Brentwood BW-2 gage from March 2012 thru

December 2014
Design storms « City of Austin DCM precipitation depths
» SCS Type lll hyetograph (per DCM)

ET Calibration, continuous e NCDC Camp Mabry Station (Coop ID: 410428) “3200
simulation, and analysis of Cooperative Summary of the Day” (1960 to 2012)
historic events « Texas ET Network — Morris Williams Weather Station

March 2012 — December 2014
Design storms  ET not simulated for design storm events; dry

antecedent moisture conditions assumed.
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2.3.2 Topography and Drainage Features

We obtained a number of base datasets describing watershed topography and drainage features.
Table 2.2 summarizes these datasets and how they were used in developing the model
framework.

Table 2.2. Base Topography and Drainage Datasets Used for Model Framework
Development

Dataset Description Applicability in Developing Model Framework

 Used for flow accumulation analyses to identify
potential issue areas

 Used to define drainage pathways

« Used to define grade breaks and subwatershed

« Digital elevation model
(DEM) raster with 3'x3’
grid cells; approx. 0.3 foot
accuracy; at least 0.001 ft

DEM/contours . boundaries
resolution. , , ,
» Used to inform the development of irregular conduit
* Contours developed from Cross sections to represent street and/or yard
this DEM using ArcGIS . P y
. conveyance in 1D areas
Spatial Analyst o ,
» Used to develop 2D grid in 2D model domain
: * GIS datab taini , : :
Drainage . a.a ase comaning ) Used to define the piped network that will be
pipes, inlets, manholes,
database modeled

culverts, etc.

« Cross sections imported to PCSWMM directly (same
« HEC-RAS cross sections format) to define Grover Channel. Note: The cross
HEC-RAS cross : sections were completed via actual survey of the
: from previous study (RCA, .
sections 2010) channel and, therefore, were considered to be more
reliable than the channel configuration based on the
DEM topography data.

» Focused survey

. o . » Used to refine the model framework where available
investigations to fill gaps

Field drainage

network surve ) ) data is inconclusive
y in drainage database
, » Used to help estimate imperviousness and the area
- * GIS shapefile of structure : P P o
Buildings/ : . of roofs in subcatchment parameterization
footprints for entire .
Structures » Used to represent obstructions in the 2D model
watershed

domain.
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Dataset Description Applicability in Developing Model Framework
« Informal field assessment
of observed approximate
fraction of downspouts : . :
Field . P .  Used to simulate the degree of disconnection of
: disconnected and typically : .
observations of flow paths single family roofs.
downspout P : * Used to inform initial parameter selection and the
) » Augmented with Google :
disconnects : : reasonable range of parameter adjustment
Street View review and
inspection of aerial
photographs
« Shapefile containing lot
lines for all lots; typically in | « Used as one of the bases for developing
Lot lines the range of 50'x100’ in subcatchment delineations in non-residential
single family land uses; planning areas.
larger in other land uses
. « Shapefile that defines the | « Used as part of establishing opportunities for Gl
Right of o
extents of the City right of features.
way/easement : . : _
lines way. Contiguous with lot |  Used as a basis for developing right of way
lines. subcatchment delineations.
« Shapefile showing the * Used as part of establishing conduit alignments for
. location of the curb/edge street flow
Curb lines . . . : :
of pavement along City « Used to estimate the imperviousness of right of way
streets. subcatchments.
Aerial * High resoltion a.e el » Used for general purposes as indicated above (not a
hotograph photography avalable direct model input)
photograpny from City of Austin pLY-
» Shapefile describing the | » Used as part of delineating planning areas and
Land Use City defined land use identifying green infrastructure implementation

classifications for each lot

opportunities (not a direct model input).

2.3.3 Surface Soils and Subsurface Geology

We obtained a number of base datasets describing watershed soils and geology. Table 2.3
summarizes these datasets and how they were used in developing the model framework.
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Table 2.3. Surface Soils and Subsurface Geology Datasets Used for Model Framework

Development

Dataset Description Applicability in Developing Model Framework
, , Soils information was used to understand the spatial
. Shapefile showing map - L .
Soils Maps : : variability of soils; it was not used as a direct model
units from NRCS soil survey input
, , Geologic information was used to understand the
Shapefile showing map . - e :
Geology map . : spatial variability of soils; it was not used as a direct
geological units :
model input.
Shapefile showing Percolation tests were used to select initial parameters
Infiltration test/boring locations, boring | for subcatchment infiltration as well as to select
tests/boring data | logs, lab results, and field infiltration rate assumptions for BMP simulations.

test results.

2.4 SWMM Model Development

2.4.1 Rainfall-Runoff Simulation

Rainfall-runoff simulation is conducted at the subcatchment scale in PCSWMM. Subcatchment
delineations were generated in a GIS environment and parameters were populated from a number
of sources. Each parameter has a distinct role in runoff response, which was considered in
adjusting parameters to achieve calibration. Table 2.4 summarizes the approach that was used for
developing each element of the SWMM framework.

Table 2.4. Approach Used to Develop Initial Parameters in SWMM Rainfall-Runoff

Simulation
Parameter Approach
Catchment » Delineated right of ways based on right of way lines with periodic breaks (every
delineation 200 to 300 feet) to allow roads to be routed to a nearest node

 |dentified adjacent area tributary to each ROW catchment using topographic
breaks as primary basis for delineations
» See Figure 2.1 for resulting subcatchment delineations.
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Parameter Approach
Catchment = Estimated impervious cover using GIS overlay of catchment shapefiles and
imperviousness impervious cover shapefile.

» Applied a correction factor supplied by the City of Austin (personal
communication, Lee Sherman) to account for additional impervious area not
included in the impervious cover shapefile.

Internal catchment
routing (i.e.,
impervious to
pervious routing;
fraction routed)

» The structures layer was used to estimate the portion of impervious surface
associated with roofs

« Informal survey of roof runoff routing was conducted to estimate fraction of roofs
disconnected.

» Aggregated parameters were applied to single family lot catchments.

» Catchment to catchment routing was used to approximate overland flow paths.
» To facilitate placement of Gl features, catchment to catchment routing was set
from private lot catchments into public ROW catchments, where the internal
routing within the public right of way was routed as pervious to impervious
routing. This resulted in the “impervious” portion of the ROW catchment being

furthest downstream and receiving all upstream runoff.

G-A infiltration

« |nitial estimates were made based on literature and the soils data described in

parameters Table 2.3; inadequate information was available to develop unique inputs for
each subcatchment.
Catchment shape | e Defined by ‘width” in SWMM.

» This parameter was initially calculated based on (catchment
area)/(representative flow path length). Representative flow path length was
estimated from DEM using GIS spatial analysis tools.

e This was an important calibration parameter.

Catchment » This was estimated for impervious and pervious land separately as a function of

roughness dominant land covers; inadequate information was available to develop unique
inputs for each subcatchment.

Catchment slope e Estimated from DEM using GIS spatial analysis algorithms; varied between
catchments.

Catchment surface | « Estimated based on land cover type/conditions in watershed and literature

depression storage

sources; inadequate information was available to develop unique inputs for each
subcatchment.
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2.4.2 Conveyance Simulation

Conveyance simulations were conducted differently depending on the spatial domain locations
of the model related either to a domain for upland conditions or a separate domain to represent
Grover Channel. The model domains include:

Upland, 1D domain: This model domain includes areas located away from the main channel.
The majority of the watershed is characterized by areas up gradient of the channel where flow
paths generally consist of flow from lots to streets, down curb and gutter lines, and to inlets
(when present) at the end of the block. It is possible that a portion of runoff may flow from lot to
lot in the back yards in these areas The conveyance network in this domain was set up to: (1)
allow flexible placement of GI features, (2) allow depths of flow in street/ROW to be
understood, and (3) provide reliable representation of lag and connection to downstream
elements. For the 2D model (see Section 4), a portion of this area was overlain with 2D elements.

Grover Channel domain: The main channel of Grover Channel is the second model domain.
This main channel is characterized by high velocities, rapidly varying cross sectional properties
(i.e., need for high resolution in model cross sections), and significant hydraulic restrictions in
the form of culverts, bridges, etc. across the channel. This domain was represented by 1D
irregular cross sections from the RCA (2010) HEC-RAS study.

The hydraulic network is shown in Figure 2.4. The approach used to develop the network is
described in Table 2.5.

Table 2.5. Approach for Developing Key Elements in SWMM Conveyance Simulation

Key Element Approach
Street and front yard » Defined as an irregular cross section, based on a typical transect from the
conveyance crown of the street to a point 50 feet into the yard.

« One conduit was used for each half of the street.
» Nodes were spaced at approximately 100 feet to allow each lot to be routed
to a node and allow flexible placement of Gl features.

Flow over road crown | e In order to equalize flow across the crown when the street is fully inundated,
broad-crested sideflow weirs were modeled connecting the northern gutter
conduit with the southern gutter conduit as needed. In general, northern
gutter conduits receive flows from larger contributing areas when compared
to southern gutter conduits due to the topography of the watershed. This
increased flow in the northern gutters can result in situations where the
northern half of the road is inundated and flow is expected over the crown.
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Key Element

Approach

Flow at valley gutters

At intersections within the watershed, water may flow through valley gutters
when an inlet is not present or when the capacity of the subsurface system is
exceeded.

Piped conveyance

Developed based on drainage features database and focused field
reconnaissance.

Inlet restrictions

Inlet capacity restrictions were not simulated in this model; the pipe
conveyance system capacity is primarily controlled by the capacity of the
pipes, not the inlets. An analysis was conducted to simulate the inlets as
orifices to quantify the impact of inlet restrictions; the results suggest the inlet
restrictions do not have a significant impact on the expected flow rates
and/or water depths.

Channel definition

Define channel using HEC-RAS cross sections from RCA (2010).

Incorporation of 2D
elements

See Section 4

Incorporation of Gl
Features

See Section 5

2.5 Summary of Existing Condition 1D Model

Table 2.6 below provides an inventory of the 1D model that was developed for the existing
conditions. Figure 2.1 and Figure 2.4 illustrate key elements of the model. Additionally, the
model files included with this report can be opened in USEPA SWMMS5 (free download) which
allows elements to be inspected and summary reports to be viewed.
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Table 2.6. Approximate Inventory of 1D Model Elements

Summary Statistics of Model Elements Total
Total Area (ac) 368.3
Initial Impervious Cover (%) 45.7
# of Subcatchments 619

# of Junctions 1,221
# of Inlets 57

# of Conduits 1,355
Conduit Length (ft) — Pipe/Culvert 9,090
Conduit Length (ft) — Curb/Gutter 106,231
Conduit Length (ft) — Channel 5,934
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Figure 2.3. Example Curb and Gutter and Channel Cross Sections used in 1D Elements
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3 MODEL CALIBRATION AND VALIDATION

3.1 Approach

At the time of model calibration and validation, measured flow rate and rainfall records were
available from March 2012 to December 2014 at two locations in the watershed: gage BW1,
located in a concrete channel near the outlet of the watershed; and gage BW2, located in a grass
ditch near the midpoint of the watershed. Calibration efforts involved a combination of:

» evaluating sensitivity and acceptable ranges of input parameters,
e use of advanced calibration algorithms in PCSWMM,

» evaluation of resulting calibration statistics compared to targets established in the Project
Approach Technical Memorandum,

e evaluation of individual storm response (i.e., hydrograph shape and timing) in modeled
versus observed data, and

e iterative adjustment of parameters.

These efforts resulted in a preferred suite of calibration parameters that balanced relative
uncertainties in gage measurements with available information to define an acceptable range of
input parameters.

PCSWMM provides a “Sensitivity-based Radio Tuning Calibration” (SRTC) tool for changing
the selected input calibration parameters and viewing the impact of those changes on the model
results. The SRTC tool was used to decrease the difference between the modeled and measured
rainfall events for both peak flow rates and total runoff volumes over the calibration period.

The monitored data from July 2013 to December 2014 were used for calibration analysis with a
total of 38 rainfall events. The remaining monitored data from March 2012 to July 2013 were
used for validation of the model with a total of 25 rainfall events. Rainfall data at the two
monitoring gages were applied to the up gradient subcatchments draining to each gage. Figure
3.1 and Figure 3.2 below show the total rainfall depth for each storm event for the calibration
period and the validation period, respectively. In general, this comparison shows that rainfall is
fairly homogenous across the watershed when summarized by total event depths. In some
instances, there were significant differences in total rainfall depth for a defined rainfall event.
Additionally, intra-event rainfall variability across the study area that is not captured by just two
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rainfall gages is a potential source of error within the model, but is not considered to be a major
factor for a watershed of this size.
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3.2 Results

Calibration was tested based on measured versus simulated event statistics (event peak flow rates
and event runoff volumes). Adequacy of results for the existing drainage system facilities and
conditions were evaluated using the Nash-Sutcliffe efficiency (NSE), percent bias (PBIAS), and
ratio of the root mean square error to the standard deviation of measured data (RSR). The flow

simulation was considered adequate if NSE > 0.50, PBIAS within £25%, and RSR <= 0.7
(Moriasi et al., 2007).

Table 3.1 provides a summary of the calibration statistics that were achieved for the watershed
together with the statistics for the validation period. Figure 3.3 and Figure 3.4 provide scatter
plots of modeled versus observed peak flow rates and runoff volumes for each event at the two
monitoring locations. The calibration statistic target levels were achieved at both locations for
the calibration period, the validation period, and the combined overall monitoring period.
Hydrographs for select rainfall events comparing the measured data with the modeled data at the
BW1 monitoring location for both the calibration period and validation period are presented in
Appendix A.

Table 3.1. 1D Model Calibration and Validation Statistics

o ) L ) Combined
Calibration Statistic Target Calibration Period | Validation Period Period

BW1 BW2 BW1 BW2 BW1 | BW2
NSE for Peak Flows >0.5 0.88 0.81 0.97 0.79 0.90 0.80

NSE for Total Runoff >0.5 0.89 091 0.83 0.75 0.88 0.90
RSR for Peak Flows <=0.7 0.35 0.45 0.18 0.46 0.32 0.44
RSR for Total Runoff <=0.7 0.33 0.30 0.41 0.50 0.35 031

PBIAS for Peak Flows +- 25 1.22 11.65 6.10 15.42 2.95 13.02
PBIAS for Total Runoff +- 25 -7.10 9.44 7.36 -1343 | -2.21 3.49
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The calibration statistics presented above suggest an acceptable level of model agreement. The
final calibrated input parameter values are presented in Table 3.2. The initial parameter
assumption for each input parameter and the range of values on which the calibration was
conducted are provided together with the final selection of the calibrated value. The
subcatchment width and impervious cover were initially calculated using GIS tools for flow path
lengths calculated from the digital elevation model and impervious cover shapefiles,
respectively. The values estimated from GIS were applied to each subcatchment and allowed to
vary proportionally to each catchment specific parameter during the calibration process. Input
parameter uncertainty also varied based on whether or not the subcatchment represented the
right-of-way (ROW). The initial estimates of subcatchment width and impervious cover for
ROW subcatchments were assumed to be more accurate than for non-ROW subcatchments.
Therefore, the range of values was narrower for the ROW subcatchments. Section 3.3 discusses
some of the factors that likely required the changes from initial values to calibrated values and
ramifications for modeling as well as future stormwater management in the basin.

Table 3.2. Summary of Subcatchment Parameters Analyzed for Calibration

Parameter Initial Value Range Calibrated Value
. . . -62% for non-ROW!
Subcatchment Width (ft) Varies Varies -44% for ROW
. . . -11% for non-ROW?2
0,
Impervious Cover (%) Varies Varies 59 for ROW?2
N for Impervious Cover 0.016 0.008 to 0.032 0.029
N for Pervious Cover 0.2 0.1t00.4 0.35
Depression Storagg for Impervious 0.05 0.025 t0 0.1 0.09
Cover (in.)
Depression Storag_e for Pervious 0.07 0.035 t0 0.14 0.123
Cover (in.)
Percent Imperwoug Cover with 917 12710 36.8 939
Zero Depression (%)
40 for non-ROW 28.6 for non-ROW
0,
Percent Routed (%) 0 for ROW 20 to 80 0 for ROW
Suction Head (in.) 8 41016 10.8
Saturated Hyd.raullc Conductivity 04 0.133 10 1.20 0.27
(in/hr)
Initial Moisture Deficit 0.2 0.1t00.4 0.37

1 _ see discussion in Section 3.3 regarding significant changes in subcatchment width.
2 _ percent difference reported is as a percentage of the originally assumed value; not as an
absolute increase in the impervious cover percentage.
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For calibration, the seasonal (monthly) pattern of soil moisture recovery was adjusted to better
approximate the effects of seasonal differences in ET on soil moisture recovery. For the
calibrated saturated hydraulic conductivity value of 0.27 in/hr, the default soil moisture recovery
time is approximately nine hours. Based on model results and field observations after rainfall
events, a longer soil moisture recovery time is expected. Therefore, a seasonal multiplier was
applied in proportion to the average monthly evapotranspiration values. Table 3.3 reports the
seasonal soil moisture recovery multipliers that were found to provide an acceptable calibration.

Table 3.3. Seasonal Pattern of Soil Moisture Recovery

Month Average l\./Ion.tth. Multiplier Approximate Time to Re§tpre Soil
Evapotranspiration (in.) Moisture to Baseline Condition (days)

January 2.27 0.027 14.0
February 2.72 0.032 11.9
March 4.34 0.049 7.8
April 5.27 0.059 6.5
May 6.39 0.071 5.4
June 7.15 0.079 4.8
July 7.22 0.080 4.8
August 7.25 0.080 4.8
September 5.57 0.062 6.2
October 4.38 0.050 7.7
November 2.74 0.032 11.9
December 2.21 0.027 14.4

3.3 Discussion of Calibration Observations and Limitations

Overall, the calibration and validation statistics passed the acceptance criteria by a substantial
margin. Additionally, the inspection of timing and shapes of hydrographs for individual storms
showed generally good agreement. This suggests that the calibrated model provides a fairly
strong approximation of observed events and is expected to produce reliable and repeatable
results. The same underlying calibration was used for the existing conditions, maximum Gl
scenario, and hybrid green/grey scenario; therefore, it is expected that even with errors in the
model they should have less of an effect on relative differences in model results between these
scenarios.
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The following list includes notable findings from the calibration process that have meaningful
implications for evaluating GI features:

e While our informal survey of the watershed suggested that more than 50 percent of
impervious area on residential lots was “disconnected” (i.e., routed over pervious areas),
the model showed a stronger calibration at a significantly lower degree of disconnection.
We believe this may be a function of rooftops being only partially disconnected. For
example, rooftop drainage may follow more concentrated flow paths across yards
(established over years) and not spread as fully across the yard as the idealized
representation used in the model. This suggests that an “enhanced disconnection”
program could have a net benefit, even for roofs that were previously thought to be
disconnected.

e The flow paths in residential catchments (represented as subcatchment width in SWMM)
appear to be more circuitous than originally estimated. This is likely because runoff is
traveling around obstructions rather than following an idealized flow path. What this
suggests is that significant increases in peak flows could be seen from catchments if
localized drainage efficiency measures (i.e., drains, pipes, ditches) were installed on
residential lots on a widespread scale to alleviate flooding. Rights-of-way also exhibited a
longer characteristic path length than was initially estimated using an idealized
rectangular construct. This suggests a less efficient drainage system from streets than the
initial parameterization, potentially due to irregularities in flow paths (i.e., obstructions,
puddles, etc.).

» Surficial soil hydraulic conductivity appeared to be lower than what was measured by the
borehole percolation tests that were conducted. This is not unexpected, as surficial soils
are subject to compaction. Also, while the model conceptualizes infiltration as a uniform
process that occurs on a thin uniform plane of water, the actual distribution of water over
the ground surface may be non-uniform and may tend to follow established flow patterns,
which may also be more subject to siltation and compaction than the areal average.

e Applying a seasonal pattern for soil moisture recovery (Table 3.3) was important to
achieve a good calibration and reduce seasonal bias. In the absence of these adjustments,
SWMM uses simplified defaults for soil moisture recovery that are not sensitive to
seasonal differences. Applying seasonal (monthly) soil moisture recovery values should
be used in all continuous simulation SWMM models when feasible.

e A channel loss between BW2 and BW1 was applied based on the following lines of
evidence: (1) observed differences in runoff coefficients at the two monitoring locations,
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(2) percolation testing in the watershed indicating that channel losses may occur, (3)
streamflow responses for small rainfall events, and (4) data collected on a water line
break within the study area. A memorandum submitted to the City on April 24, 2015
describes the basis for quantifying the expected amount of runoff volume lost along the
roughly 3,000 ft length of the channel which was modeled as a 10 cfs loss rate. There is
relatively high uncertainty remaining in this number and it was used as a calibration
parameter. However, this process is unimportant for simulation of flooding events
(approximately 500 cfs and higher) where flow in the channel greatly exceeds this loss
rate.

The SWMM model assumes normal flow depth at the BW1 monitoring station and does
not account for transient tailwater conditions that may occur as a result of water surface
levels in the Hancock Branch. A case study was conducted to evaluate the reliability of
this assumption and is described in detail in a memorandum submitted to the City on May
4, 2015. The effects of the variation in assumed tailwater are negligible upstream from
Woodrow Avenue, approximately 700 feet upstream from BW1. In the residential areas
that are of primary concern for this project, there is no sensitivity to the assumed tailwater
conditions.

The other final calibrated values were well within the expected range of uncertainty from
the initial estimates.

As with any environmental monitoring and modeling effort, there are inherent errors and
limitations. Potential sources of discrepancies between modeled and measured results are
summarized below.

The precipitation applied to each subcatchment was measured at the two monitoring
stations. However, variability can be seen in the precipitation rates and total depths for
each event. Therefore, the modeled precipitation is not expected to precisely represent the
spatial distribution of rainfall over the watershed at any given time.

Another potential source of discrepancy between the modeled results and the observed
data is the potential for bypass of runoff around the monitoring station to occur during
peak events, particularly at the BW2 monitoring station.

The rating curves developed by the City to convert stage to flow at the BW1 and BW?2
monitoring stations are based on literature values, survey information, and Manning’s
equation calculations. These calculations are very sensitive to minor adjustments to slope
and roughness within the ranges supported by literature and measurements. These rating
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curves were not confirmed with direct velocity measurements. Additionally, original
rating curves did not account for changes in roughness with depth (likely important at
BW?2) and potential downstream backwater effects in very large storms (as may occur at
BW1). These rating curves were the subject of significant investigation as summarized in
the Geosyntec memorandum dated April 24, 2015 and some improvements were made.
However, the absolute magnitude of flows remains a significant uncertainty. This
uncertainty is mitigated/offset in part by virtue of the same calibration being used to
evaluate the existing conditions, maximum Gl scenario, and hybrid green/grey scenario.

The EPA SWMM model version 5.0.022 was used for calibration purposes. More recent
versions of SWMM (currently up to version 5.1.010) include modifications to the model
engine and calculations. One such modification is the application of the Green-Ampt
infiltration component. Since the calibration was conducted on a version of SWMM that
has been superseded, the model results may be slightly different if conducted on updated
versions of the SWMM model.

There are various other sources of error related to quality of input parameters,
simplifications associated with approximating systems and processes with numeric
algorithms.

Known limitations of the model calibration include:

The model is calibrated to flow rates measured at two discrete locations. Within the
watershed, there are likely a range of other calibration parameters that would have
provided similar levels of agreement with these measurements, within the bounds of
uncertainty that are inherent in these measurements. As such, there is higher uncertainty
in model results at discrete intermediate points in the watershed than at the monitoring
locations. For example, the model is not as reliable for predicting the runoff from a
discrete parcel within the watershed as it is for predicting the overall average runoff
properties from a category of similar parcels.

No data were collected to calibrate the hydraulics of the system outside of the direct
vicinity of the BW1 and BW2 monitoring stations (i.e., hydraulic grade lines, etc.). We
relied on the best information available about the drainage system as well as engineering
references and previous studies (e.g., RCA, 2010 HEC-RAS) to parameterize the
hydraulic network. Based on the discharge comparison at BW1 and BW2, the overall lag
and attenuation in the hydraulic system appears to be reliably approximated. However,
the hydraulic grade line at each point in the model is not calibrated or validated. The
incorporation of 2D elements is considered to improve the representation of flow

Page 41 of 178



Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

pathways; however, the 2D elements are subject to the same limitations of not having
hydraulic data for a comprehensive calibration and validation. Future studies should
consider instrumentation with water level sensors at interim points in the drainage
network, particularly in locations where flooding is known to be an issue.

e The calibrated 1D model did not explicitly represent all potential drainage patterns.
However, as stated above, the overall lag and attenuation in the hydraulic system appears
to be reliably approximated. The incorporation of 2D elements is considered to improve
the representation of localized flow paths.

e While many meaningful storms were encountered in the calibration period, the
calibration period did not include storms beyond approximately a 10 year event. As such,
the response of the system in larger events could not be confirmed with calibration and
validation.

Despite these limitations, the model appears to be reliable for characterizing existing conditions
and providing a framework for evaluating the hydrologic effects of Gl and estimating the
implications of changes in hydrology on changes in the hydraulics (i.e., water surface elevations)
of the watershed. The availability of a relatively long period of high resolution monitoring data,
and rigor applied to model development, calibration efforts, and results interpretation exceed
those applied in most all stormwater master planning efforts. This additional care was given so
that the model provided reasonable accuracy in the origin of runoff so that the effects of
decentralized controls could be reliability interpreted. As with all environmental modeling, the
comparison of relative differences is considered more reliable than absolute magnitudes.
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4 INCORPORATION OF 2D ELEMENTS INTO SWMM MODEL

4.1 Approach

To adapt the existing condition 1D SWMM model to represent 2D overland flow processes, 2D
gridding and connections between 1D and 2D elements were added to the 1D model for the
domain where overland flood flows and areas were believed to be important. Additionally,
certain 1D element properties were adjusted (e.g., truncating 1D cross sections) to avoid double-
counting flow capacities. The 2D modeling domain was delineated based on the extent and
location of drainage complaints (caused either by Grover Channel capacity restrictions or by
runoff from more localized up gradient sources), the location of accumulated flows observed in
the 1D model, areas that appear to have the potential to experience creek or localized flooding
based on their physical location and existing topography (but may not have had reported
complaints), and a previous 2D floodplain analysis conducted by Halff Associates. The extent of
the 2D domain for this analysis includes the 2D domain defined by Halff Associates within the
study area and additional areas. The 2D domain generally includes areas within the vicinity of
Grover Channel, downstream of the Lions Club Field, and areas west of the Lamar commercial
district. Figure 4.1 shows the Halff Associates floodplain boundary together with the 2D domain
used for this analysis. A more precise delineation is shown in Figure 4.2.

Overall, the approach used was substantially more complex than would typically be required for
a floodplain evaluation using a 2D model. The reason for this complexity was the need to
generate runoff, control runoff in decentralized GI features, and route runoff following relatively
precise flow paths, all within the 2D domain. More typically in floodplain modeling a
hydrograph is generated upstream of the 2D domain and then the 2D domain can be configured
simply to route this hydrograph rather than also generating, controlling, and routing runoff
generated within the same domain.
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PCSWMM allows the user to specify either hexagonal or directional (rectangular) gridding
within user-defined spatial domains. Rectangular grid cells were used to model streets because of
the inherently geometries of these features, and hexagonal grid cells were used to model other
areas to provide the ability for water to flow in any direction. Figure 4.2 shows the extent of the
2D domain together with the spatial domains for both hexagonal and directional gridding. Also
included in the figure are the localized drainage complaints which were used to define the 2D
domain limits. The 2D hexagonal grid cells were spaced to have an average resolution of 10 feet
(i.e., the lower limit for PCSWMM). The 2D directional (rectangular) grid cells had typical
dimensions of the open channel width or street right-of-way width at a spacing of 10 feet.

The majority of the 1D elements (i.e., pipes, gutters, channel) were retained and used in the 2D
model. They remained as the primary drainage pathway and were situated “below” the 2D grid
from a relative elevation perspective. Keeping the 1D elements allowed for a more direct
comparison between 1D results and 2D results and allowed for a consistent approach to integrate
explicit Gl features to both the 1D and 2D networks. This approach also potentially avoids
propagation of inaccuracies in the topographic DEM which is not precise enough to accurately
define exact curb alignments, gutter heights, etc.

Due to the combined 1D/2D nature of the model within the 2D domain, several modeling
techniques were required to hydraulically connect the 1D elements to the 2D elements and avoid
“double counting” of flow capacity. Orifices were used to connect the 1D junctions to the nearest
2D junctions and were sized to eliminate hydraulic restrictions. These orifices allow water to
overflow from the 1D network when the capacity of the conduits is exceeded and allows for flow
in the 2D domain to enter the 1D conduit according to the up gradient and down gradient
junction elevations.

To avoid “double counting” of flow capacity, 2D junctions were located outside the width of a
1D conduit. For gutter conduits, the 1D cross sections were truncated at the curbline elevations
to avoid double counting the yard area. Similarly, for channel conduits, the 1D cross sections
were truncated at the overbank elevations to avoid double counting the floodplain area. In some
instances, this overlap could not be avoided, in which case the elevations of the 2D conduits
were raised to the top of the 1D conduit. In general, the 2D junctions were not generated within
the defined building obstructions, or within a minimum of 5-ft from the 1D gutter conduits, or a
maximum of 40-ft from the Grover Channel centerline (except where obstructions encroach on
the channel).

The 1D weir structures described in Section 2.4 were modified in the 2D domain. The weirs that
were used to simulate overtopping of the road in the 1D model were replaced with 2D grid
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elements in the 2D model. This representation in the 2D model also allows water to spread
laterally at these crossings and the spatial extent of flooding to be more explicitly modeled.
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Table 4.1 provides an inventory of the additional major 2D model elements defined within the
2D domain.

Table 4.1. Approximate Inventory of Additional 2D Model Elements

Attribute Total
Total 2D Domain Area (ac) 88.6
2D Domain Area without Structures (i.e.,

) 73.7
obstructions) (ac)
# of 2D Junctions 31,852
# of 2D Conduits 83,960
# of 1D to 2D Orifice Connections 679

4.2 Validation of 2D Modeling

As discussed in Section 3.3, actual calibration data are not available to characterize system
hydraulics and overland flow patterns. Such data would likely be very expensive to collect and
would still be incomplete. As such, more approximate methods were used to validate the 2D
model. Validation of the 2D model included:

e Comparison of resulting flow rates, runoff volumes, and hydrographs to the calibrated 1D
model,

e Comparison of modeled flow patterns to those observed first hand in the April 2, 2013
storm event (approximately a 2 year return frequency for the time of concentration of the
watershed), and

e Comparison of modeled flow patterns to historic drainage complaints.

Upon incorporation of 2D grid cells, Grover Channel hydrographs from this model were
compared to hydrographs in the calibrated 1D model for select rainfall events. Adjustments
between these two versions of the model were made as necessary with the intention of 1)
maintaining similar hydrograph characteristics, 2) eliminating artificial restrictions at 1D/2D
connections, 3) reducing instances of “double counting” channel capacity, and 4) eliminating
anomalous flow paths in the 2D network.

Page 48 of 178



Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

Hydrographs for each of the five design storms at BW1 from the 1D and 2D models are
presented in Appendix B and are described in more detail in Section 6.3 below. Comparison of
the 2D model hydrographs to the 1D model hydrographs indicates similarity in peak flow rates
which generally validates that the 2D model is representing a similar amount of hydrologic
attenuation of flows and volume. Due to long computational run times, the 2D models were
conducted only for a 24-hour duration (corresponding to the rainfall duration of the design
storms), whereas the 1D models were conducted for a 48-hour duration. As a result, computed
runoff volumes from the 1D and 2D models differed slightly since a small fraction of runoff
from the 24-hour storm occurred beyond 24 hours. Furthermore, the additional flow paths
simulated for the 2D model create alternative routes for which runoff can be conveyed. These
additional flow paths affect the timing of flows which can result in differences in peak flow rates
between the 1D and 2D models. This effect is most pronounced in comparison of 10-year
through 100-year peak flow rates when a greater portion of flow occurs out of the designated 1D
flow pathways. These differences are described in more detail in Section 9. Table 4.2 provides
the peak flow rates and total runoff volumes for existing conditions for both the 1D models and
2D models. In addition, the peak flow rates from the HEC-HMS regulatory model are provided
for reference. The calibrated SWMM model results predict significantly smaller flow rates than
the regulatory model; the differences between model frameworks is discussed in more detail in
Section 8.

Table 4.2. Summary of Design Storm Peak Flow Rates and Total Runoff Volumes for
Validation of 2D Model to 1D Results

BW1 Peak Flow Rate (cfs) Total Runoff Volume (CF)
Return Regulatory

Period (yr) | 1D Model | 2D Model Model 1D Model 2D Model
2 318 314 446 1,500,000 1,493,000
5 486 466 699 2,723,000 2,713,000
10 601 556 894 3,662,000 3,646,000
25 677 619 1,151 4,194,000 4,157,000
100 945 819 1,593 6,562,000 6,536,000

The 2D inundated areas for a 2-year design event were compared with photos from the rainfall
event on April 2, 2013. The rainfall event was approximately a 2-year return period. Geosyntec
staff observed flow paths during the event and documented various areas throughout the study
area with photos and videos. Runoff was observed overtopping the southern curb along
Brentwood Street and Payne Avenue. The inundation results from the 2D model for a 2-year
design storm were compared to the observations to verify that the model was producing overland

Page 49 of 178



Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

flow/inundation at these locations. Figure 4.3 and Figure 4.4 depict photographic documentation
of field conditions during the April 2, 2013 rainfall event. The inundation map shown in
Appendix D for a 2-year design storm event verifies overland flow in this area.

Finally, 2D inundation areas and flow patterns in design events were compared to the location
and types of drainage complaints in the City’s drainage complaints database. Figure 4.5 shows
the modeled existing condition inundation patterns overlaid with historic drainage complaints.
The areas of most significant overland flow estimated by the model correlate strongly with the
location of drainage complaints.

"
" . 1.

Figure 4.3. Localized Conveyance Bypass during April 2, 2013 Rainfall Event along Payne
Avenue
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Figure 4.4. Grover Channel Flow during April 2, 2013 Rainfall Event along Payne Avenue
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4.3 Reliability and Limitations of 2D Modeling

The 2D model provides a more rigorous numerical approach for evaluating the local and
watershed effects of decentralized Gl and conveyance improvements on extent of flooding and
downstream hydrologic response. However, the resolution of the model and supporting datasets
introduces some known limitations that should be understood when interpreting results. The
DEM has a vertical precision of approximately 0.3 feet (4 inches). Potential for error in a DEM
is typically higher in areas with significant canopy cover (as exists in many areas of the
watershed). Therefore, the DEM is not suited for defining curb heights or shallow overland flow
paths with precision. Minor errors in topographic inputs can significantly change where water
first enters the 2D grid and how water flows within the grid, particularly when flooding is
relatively shallow. The ability to match existing complaints and observed flow patterns required
adjustments to specific attributes in these areas (e.g., curb height). This tended to improve the
model representation in these areas but also illustrates the sensitivity of parameters for which
reliable data is not available on a watershed wide basis. In the absence of these observations and
reported complaints (which may be the case in other parts of the watershed), the reliability of the
model to predict overland flooding is significantly reduced, particularly in smaller events when
the presence or absence of issues can be controlled by as little as two to three inches of curb
height or ground elevation. Additionally, the model would not be able to predict overland
flooding that occurred due to maintenance conditions (e.g., blocked inlets, obstructed curblines,
and/or obstructed culverts).

As a result of these limitations, there is considerable uncertainty in actual extents of flooding,
particularly in smaller flood events. However, as with other aspects of the model, the comparison
between existing and Gl conditions is considered to be more accurate than absolute values.
Perhaps the most useful application of the 2D model is to explicitly evaluate the effects of Gl
coupled with more “hardened” drainage improvements on the spatial extent and downstream
hydrologic effects. For example, strategically increasing curb height or adding inlets and pipes
that are intended to simply prevent water from getting into yards improves drainage efficiency
but has the unintended effect of increasing flow rates in other areas of the watershed. The 2D
model provides a direct way to evaluate the effects of increased drainage efficiency on
downstream flows, timing of hydrographs, and to what extent GI can offset or balance impacts to
the overall watershed.
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5 INCORPORATION OF GI SCENARIOS INTO SWMM MODELS

The Draft GI Plan (May 30, 2013) identified a menu of Gl features, the potential locations of
these features in the watershed, and the tentative approach for modeling these features. The
“maximum GI scenario” that was developed with City input and approval and modeled as part of
this evaluation was substantially consistent with the Draft GI Plan, however the Draft GI Plan
did not fully specify parameters estimates, assumptions, and modeling approaches. The purpose
of this section is the describe the way in which the Gl features in both the maximum GI scenario
and hybrid green/gray scenario were incorporated into the existing condition SWMM models
(Section 5.1), explain the GI attributes and model parameters for each Gl feature type (Section
5.2), and summarize the overall modeled “maximum GI scenario” (Section 5.3). These Gl
features were also modeled in the hybrid green/grey scenario discussed in Section 7.

5.1 General

Stormwater Gl controls were simulated in SWMM using a range of approaches, which were
developed based on the location of the system within the runoff/routing network and the degree
of control that the City will have over the implementation of the features. Gl features were
represented either via hydrologic parameter adjustments, as SWMM built-in “LID Controls”, as
hydraulic storage and control elements, or as adjustments to the hydraulic conveyance network.
Table 5.1 identifies how each Gl feature (and conveyance improvement) were modeled. Each Gl
modeling approach representation type is introduced in this section.

Hydrologic parameter adjustments include modifications to subcatchment parameters to
simulate GI applications, thereby affecting the hydrograph entering the drainage network. This
modeling approach was used to represent the “Enhanced Disconnection” program for single
family lots (See Section 5.2.6). It was also used to represent the effects of permeable friction
course overlays on streets (See Section 5.2.7). Parameters that were adjusted to represent Gl
include depression storage, roughness, and internal catchment routing (i.e., impervious to
pervious routing). The exact nature of implementation may be beyond the City’s control and
conditions/processes may differ somewhat between lots. Therefore a simplified representation is
consistent with the uncertainty of the implementation for these Gl features.

SWMM “LID Controls™ are built-in algorithms used to represent the effects of GI on the runoff
hydrograph leaving the subcatchment prior to entering the hydraulic network. They are executed
within the subcatchment hydrologic calculation. They are applied to a specific subcatchment and
act on the directly connected impervious area of the subcatchment (as well as any pervious area
runoff or upstream subcatchment runoff that flows to the pervious area of the subcatchment).
Figure 5.1 provides a conceptual illustration of how LID Controls are integrated into the model
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framework. They are applied after the upstream catchment routing and internal subcatchment
routing is applied (shown as dashed lines in Figure 5.1). LID Controls were used to represent the
Green Streets and Green Parking Lots Programs (See Section 5.2.4), and the Cisterns and Blue
Roofs Programs (5.2.5). This type of control is considered to provide accurate representation of
the effects of GI on catchment-scale hydrology, but is not capable of representing the effects of
Gl when it is sited downstream within the hydraulic routing network. As such, it is most suitable
where Gl is installed at approximately the scale where runoff is generated and/or where the
specific location of Gl controls is not defined (i.e., programmatic implementation; for example,
more distributed downspout disconnection, porous pavement, etc.).

Routing Parameters
ls » Percent of Area Routed to LID Control
« Percent of Area Routed Directly Conveyance Network
Upstream
Catchment Overflow
(if present)
antrolled
v Infiltration & Discharge
\
Catchment Parameters LID Control Parameters
* Area : gtortage I\D/ oI;J_lmeF{Area i Conveyance
« Depression Storage ystem Frollle Farameters System
« Slope » Infiltration and Discharge

« Internal Routing (pervious to Properties

impervious, or vice versa)

Figure 5.1. Conceptual LID Control Representation in SWMM

SWMM LID Controls provide a flexible way to represent various site-scale Gl features.
However, the algorithms used for SWMM LID Controls are not as thoroughly documented and
transparent to the modeler as explicit hydraulic representations (next section). To address this
limitation and validate the use of LID Controls, identical case study scenarios were represented
with SWMM’s LID Controls and with explicit hydraulic representations of Gl features. This
comparison showed a very strong match in terms of runoff flow rates, volumes, and long term
flow durations, and provided the basis for utilizing selected SWMM LID Controls to represent a
variety of distributed GI features via adjustment of parameters. Based on this comparison, the
SWMM “Infiltration Trench” LID Control provided the best ability to adjust parameters to
mimic an array of Gl feature types. The “Infiltration Trench” control allows precise definition of
storage volumes (via footprint and depths of storage and discharge locations), infiltration rates
(via direct input), and outlet control of discharge rates (via an orifice or weir equation applied to
the outlet). While the parameters of this control must be carefully assigned to represent different
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types of features, such as green streets bioretention/biodetention and cisterns, it showed the
ability to achieve a very strong match to more explicit modeling of these systems. The advantage
of using SWMM LID Controls is that they can be more efficiently and flexibly applied and
adjusted with the model and incur a lower computational demand than explicit hydraulic
representations of Gl features while still providing robust Gl representation that is commensurate
to the level of detail available at the planning phase.

Hydraulic representations are more explicit representations of Gl features using the SWMM
storage and hydraulic control elements. This type of representation is appropriate for GI facilities
where control is provided at a point significantly downstream of where runoff is generated (e.g.,
within the hydraulic network) and/or where more detailed hydraulic control will be provided.
The level of precision in this representation is also most suitable where design attributes will be
within the City’s control and specific locations have been identified (as opposed to programmatic
application).

Hydraulic representations of Gl features were inserted within the hydraulic conveyance network
based on a standard template configuration of SWMM hydraulic elements. Each Gl feature
consists of:

e Upstream node(s) that represents the path(s) of inflow to the facility.

e Conduit(s) (weir) representing each flow pathway into the facility.

e Storage unit, with custom storage-area relationship defined specifically based on the
conceptual design to account for surfaced ponding, storage in media pores, and gravel
pores, as each is applicable.

e Green-Ampt infiltration parameters applied to the wetted surface/interface with
underlying native soils of the storage unit.

e Evapotranspiration simulated.

e Controlled outflow connecting to a subsurface drainage feature (pipe) via an orifice
specifically defined to provide the design level of flow control.

e Controlled overflow conduit (orifice) connecting the storage unit to the downstream
node.

e Downstream node that represents the path of outflow from the facility.

Figure 5.2 shows an example hydraulic representation of biofiltration with underdrains
connected to a storm drain. Hydraulic representations were used for explicitly-sited Biofiltration
with Connection to Storm Drain (See Section 5.2.1) and Biodetention features (See Section
5.2.2).
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Example Schematic Design

Example Schematic Hydraulic Overflow Riser Detention Storage
“Insertion” into Drainage
Network

Inflow Curb Cut
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Flow Control
Orifice
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Example Schematic Hydraulic Representation
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‘ Upstream
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Legend (orifice)
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I:I Storage Unit Orifice

DG Hydraulic Control Conduit

w 4§ 2-DLinksand Nodes

Figure 5.2. Example Hydraulic Representation of Conceptual GI Design in SWMM

Adjustments to the hydraulic conveyance network were used to represent strategic localized
drainage conveyance improvements that are intended to help direct water away from private
property and to the right of way where it can be controlled and/or safely conveyed. These types

of improvements are simply modeled as an adjustment to the drainage network already defined
in the existing condition.

Based on the considerations discussed above, Table 5.1 provides a summary of the modeling
approach that was used to model each feature within the GI Plan.
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Table 5.1. Summary of Model Representation Used for Gl Features

Gl Feature Model Representation
Biofiltration with Storm Drain Connection (end of " ,
blocks) Explicit Representation

Biodetention with Overflow to Gutter

Explicit Representation

Green Streets Program

LID Controls; custom parameterization of
“Infiltration Trench” control

Green Parking Lots Program

LID Controls; custom parameterization of
“Infiltration Trench” control

Cisterns (same level of control could also be
achieved by Blue Roofs)

LID Controls; custom parameterization of
“Infiltration Trench” control

Enhanced Disconnection Program

SWMM hydrologic parameter adjustment to
depression storage and internal catchment routing

Permeable Friction Course Overlays

SWMM hydrologic parameter adjustment to
impervious manning’s roughness

Permeable Sidewalks/Gutters Program

Not modeled as part of maximum Gl scenario?

Lions Field Biodetention

Explicit Representation

Channel Widening D/S of Koenig Road

Explicit Representation

Conveyance improvements at Wild Street,
Brentwood Street, and Payne Avenue

Adjustment of hydraulic conveyance elements,
including raising the elevation of the top of curb

5.2 Model Representations

This section presents more detailed discussion of the model representation for each type of Gl
and conveyance improvement feature. Summaries of the modeling parameters for each Gl
feature are presented for the maximum GI scenario. The hybrid green/grey scenario was
developed based on the maximum GI scenario as shown in Table 5.2 below. Summaries of the
Gl features for the hybrid scenario are also presented in the subsections below.

! The permeable sidewalks and gutters program would provide similar level of control as the green streets program
and explicit biofiltration features and would be located in same general locations. For the purpose of maximum Gl

scenario, the effects of this program have been subsumed within the overall application of the green streets program

and biofiltration features.
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Table 5.2. Summary of Relative Differences in Gl Representations Between Maximum Gl
and Hybrid Green/Grey Scenarios

Difference in Gl Modeled in Hybrid Green/Grey

Gl Feature Scenario Relative to Maximum GI Scenario
Biofiltration with Storm Drain Connection No change
Biodetention with Overflow to Gutter No change

2% reduction (green streets removed from Planning Areas

Green Streets Program 6 and 8 but added to Planning Area 5)

Green Parking Lots Program No change
o 20% reduction (residential cisterns removed from Planning
Residential Cisterns
Areas 5 and 6)
Non-Residential Cisterns + Blue Roof 45% reduction (non-residential cisterns removed from
Program Planning Area 7)

25% reduction (enhanced disconnects removed from

Enhanced Disconnection Program Planning Areas 5, 6, and 8)

Permeable Friction Course Overlays 100% reduction (all PFC removed)
Lions Field Biodetention No change
Channel Widening D/S of Koenig Road No change

5.2.1 Biofiltration Projects

Biofiltration with connection to storm drains was modeled using explicit hydraulic
representations at specific locations integrated within the hydraulic network of the model. These
features were modeled using this approach because (1) the locations for siting these features are
governed by the location of storm drain inlets and are limited within the watershed, and (2) these
locations are typically at points within the hydraulic network where multiple catchments
contribute flow, and (3) the these systems have complex hydraulic processes that are site-specific
(i.e., multiple inlets, multiple outlets, subject to backwater effects from downstream elements,
etc.). Typical representations include weir(s) to convey water into the features from the existing
curbline, an orifice to represent underdrain outlet control, and an overflow riser to represent
control during surcharge conditions. Hydraulic gradients would result in bypass of systems when
at capacity. Table 5.3 summarizes the model inputs used for biofiltration projects. Figure 5.3
shows the location of the biofiltration projects within the study area.
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Table 5.3. Summary of Biofiltration Projects

Modeled Feature Attribute Value* | Basis/Source

Number of Features 36 Locations identified in Draft GI Plan

Average Footprint Area, sq-f 1,500 Examplg case stqdy measurements of maximum potential
area at inlet locations

Total Footprint Area, sg-ft 54,000 Calculated

. , Located at end of blocks, typically measuring 700+ ft x

Typical Tributary Area, ac 204 ac 200+ ft; changes with size of storm in some cases

Total Storage Volume, cu-f 108,000 Total modeled storage depth of 24 inches before bypass
occurs for the total footprint area

Retention Volume, cu-ft 0 No dedicated retention storage; however infiltration occurs

Total Filtration Volume, cu-ft 27.000 VoI_um_e of water up to 6 |.nche.s of pondmg depth, all of
which is filtered; storage in soil not included

Surcharge Detention Volume, Surcharge from 6 inches to 24 inches of ponding depth;

81,000 .

cu-ft some filtered, some bypassed

Underlying Infiltration Rate, 05 Watershed-wide modeling assumption, based on lower

in/hr ' end of range of measured values

Inlet Width, ft 10 Sized for peak flows to be conveyed before bypass

Typical Riser Diameter, inches 9 Achieves apprpxmately 0.5 cfs/ac controlled release
before bypassing

Typical Underdrain Orifice 2 Achieves approximately 5 in/hr filtration rate

Diameter, inches

* Reported values represent both the maximum Gl scenario and the hybrid green/grey scenario.
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5.2.2 Biodetention Projects

Similar to biofiltration projects, biodetention projects were modeled using explicit hydraulic
representations at specific locations integrated within the hydraulic network of the model.
Biodetention facilities are similar to biofiltration systems except that are specifically designed for
detention of surcharge volumes at release rates that reduce downstream peak flows and overflow
directly to the curb and gutter at sites with adequate grades; they are located in areas that do not
have a connection to the storm drain and therefore do not have an underdrain. While the green
streets and parking lots programs also can include biodetention, these specific biodetention
projects were modeled explicitly because they are at strategic locations within the conveyance
network, where catchment-based LID controls would not adequately represent their performance
for addressing upstream runoff. Table 5.4 summarizes the model inputs used for biodetention
projects. Figure 5.3 shows the location of the biodetention projects within the study area.

Table 5.4. Summary of Explicit Biodetention Projects

Modeled Feature Attribute Value* Basis/Source

Locations identified in Draft Gl Plan; certain features
selected to model explicitly because of strategic

Number of Featur 7 o : : .
umber of Features location in drainage network and relation to drainage
complaints
: Exampl tudy m rements of maximum
Average Footprint Area, sg-ft 750 ample case study measurements of maximu

potential area at locations identified

Total Footprint Area, sg-ft 5,250 Calculated

0.27to5 | Function of location within the drainage network; may

Typical Tributary Area, sq-t (Varies) | change with storm event size

Total Storage Volume, cu-ft 10,500 | Total depth is 24 inches

Retention Volume, cu-ft 2,600 Typical retention depth is 6 inches

Surcharge Detention Volume, cu-ft 7,900 Typical surcharge depth is 18 inches

Underlying Infiltration Rate, in/hr 05 Watershed-wide modeling assumption, based on
lower end of range of measured values

Inlet Width, ft 10 Sized for peak flows to be conveyed before bypass

Target Flow Control before Bypass, 05 Scenario-wide modeling assumption, estimated to be

cfs/ac ' appropriate for control in 2 to 5 year event

Typical Notch Width for Overflow to 0.25 0 0.45 Set to achieve target flow control; with minimum 0.25

Curbline, ft foot notch set for constructability

* Reported values represent both the maximum Gl scenario and the hybrid green/grey scenario.
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5.2.3 Specific Projects

There are two specific projects, including a large biodetention facility and channel widening that
are discussed below.

5231 Lions Field Biodetention

The maximum GI scenario included a large biodetention feature within the Lions Club field that
would intercept the existing storm drain that conveys runoff from the apartment complex located
east of the Lions Club field. This feature was modeled with explicit control elements. The
feature-specific model parameters can be inspected in the SWMM model and are summarized in
Table 5.5. Figure 5.3 shows the location of the Lions Field biodetention project within the study
area.

Table 5.5. Summary of Lions Field Biodetention

Modeled Feature Attribute Value* Basis/Source

Total Footprint Area at Brim Full, 28,000 Rough area calculations; based on lowering an entire
sg-ft ’ soccer field

Total Depth before Overflow, ft 5 Rough elevation calculations

112,000 (not | Custom stage-storage curve based on 1-2 percent

Total Storage Volume at Brim . o ,
otal Storage Volume a entirely filled in | cross slope of soccer field and 5:1 cross slope to

Full, cu-ft ,
Uil cu most events) | upper soccer field.

Retention Storage, cu-f None No dedmat.ed. |nf|I.trat|on storage assumed for

modeling; infiltration losses occur
, I : Watershed-wide modelin mption n

Underlying Infiltration Rate, in/hr 05 atershed-wide modeling assumption, based o
lower end of range of measured values

Outlet Control Diameter, inches 0.75 Set with reference to target level of control; intended

to provide some over-control in small events

* Reported values represent both the maximum GI scenario and the hybrid green/grey scenario.

Converting the Lions Club field to a biodetention facility would result in a dual purpose land use.
During dry conditions and following small rainfall events, the field can be used for current land
use conditions (i.e., soccer activities). However, during larger rainfall events when the field
becomes inundated, the use of the area for recreation would be limited for a period of time. The
area would be slightly sloped to drain water from the fields following a rainfall event. This dual
purpose land use has been employed at other sites and improves stormwater management and
infiltration during rainfall events for an area that would otherwise be largely unutilized during
those events.
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5.2.3.2 Channel Widening Downstream of Koenig Lane

The maximum GI scenario included additional storage provided off-channel, which would be
provided via widening the channel in this location. This feature was modeled with explicit
control elements, including a storage unit and hydraulic connections. The feature-specific model
parameters can be inspected in the SWMM model and are summarized in Table 5.6. Figure 5.3
shows the location of the channel widening project within the study area.

Table 5.6. Summary of Channel Widening Project

Modeled Feature Attribute Value* Basis/Source

Total Footprint Area at Brim Full, sg-ft 8,500 Approximate area calculation

Approximate Depth at Brim Full, ft 4.5 Topography

Total Storage Volume at Brim Full, cu-ft 38,000 Calculation (rounded)

Retention Storage, cu-ft None No de@c.'?lt'edl |nf|I'trat|on storage assumed for
modeling; infiltration losses occur

Underlying Infilration Rate, in/hr 05 Watershed-wide modeling assumption, based
on lower end of range of measured values

inlet and Outlet Control Dimensions NA Set to large dimension to be freely connected

to channel

* Reported values represent both the maximum GI scenario and the hybrid green/grey scenario.

5.2.4 Green Streets and Green Parking Lots Programs

The Green Streets Program includes curb bulb-outs, parking strip bioretention/biodetention
features, permeable pavement strips, and other features that would be implemented
opportunistically in right of ways to achieve similar levels of control. The exact location of these
features is not known, therefore a randomized approach was used to develop the spatial
application of these features within the model, with different sizing factors and spatial
application in different parts of the model. Additionally, different parameters were assigned for
different planning areas depending on the predominant slope of the right of ways. This program
excludes the areas draining to the biofiltration systems with connection to storm drain and
explicitly-modeled biodetention features, as described above. The Green Parking Lots Program
consists of a similar suite of features as the Green Streets Program, but within commercial lots.
Table 5.7 provides a summary of the modeled feature attributes. Table 5.8 and Table 5.9 provide
a summary of the total application of these features for the maximum GI scenario. Figure 5.4
shows the location of the modeled green street programs within the study area together with the
upstream contributing areas. Table 5.10 provides a summary of the application of the green
streets program features for the hybrid green/grey scenario (the green parking lots program did
not change for the hybrid green/grey scenario).
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The “Infiltration Trench” LID Control was used to represent these features. The storage below
the underdrain of the trench was used to represent the retention storage of the green street
feature, which was infiltrated at the saturated infiltration rate. The storage above the underdrain
was used to represent the surcharge storage. The underdrain outlet control equation was used to
represent the flow of water from surcharge storage (i.e., the flow of water back into the curbline
at the downstream curb notch). This modeling construct is based on a linear biodetention system,
where water flows back to the curbline via a notch weir; however other types of features can be
designed to provide similar performance.

Table 5.7. Summary of Green Street and Parking Lot Modeling Parameters

Flatter
Steeper | Steeper Streets/
Modeled Streets | Parking | Parking Lots
Feature (PA3 Lots | (PAL, 2,56,
Attribute and 4) (PA 4) 7,8) Basis/Source
Assumed Elev. Example calculations based on typical
Difference from topography:
Inlet Bypass Elev 18 19 6 Steep: 50 ft length @ 3% slope
to Outlet Return Flatter: 50 ft length @ 1% slope (less
to Curbline, slope/length require if feature extends toward
inches street crown)
Retention Depth, Set conservatively to provide drainage in 12
: 6 6 6 e
inches hours at assumed infiltration rate
Surcharge Depth Based on assumed elevation differences
before Bypass, 18 12 6
: across feature
inches
Peak Controlled . : : .
Scenario-wide modeling assumption, estimated
Flow Rate before 05 05 05 . )
to be appropriate for control in 2 to 5 year event
Bypass, cfs/ac
Infiltration Rate, Watershed-wide modeling assumption, based
: 0.5 05 05
in/hr on lower end of range of measured values
Assumed that these will be sized large enough
Inflow Width NA NA NA (approx. 5 to 10 feet) so that this does not

control the system hydraulics

Page 65 of 178




Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

Table 5.8. Spatial Application of Green Streets Program for Maximum GI Scenario

Modeled Modeled Modeled
Total Modeled | Retention | Surcharge
Planning Gl Tributary | Slope Target Trib. Sizing | Footprint, | Storage, Storage,
Areas Location | Drainage Class | Applict | Area ac | Factor? sq-ft cu-ft cu-ft
SFR ROW +
1,5 Adjacent | Flatter 50% 70 1.5% 45,700 22,900 22,900
ROW
Lot(s)
SED ROW +
4 Adjacent | Steeper 50% 17.5 1.5% 11,500 5,700 17,200
ROW
Lot(s)
SED ROW +
6,8 Adjacent | Flatter 25% 6.8 0.75% 2,200 1,100 1,100
ROW
Lot(s)
ROW +
6.8 | NOVSFD I pacent | Flater | 25% 18 | 075% | 600 300 300
ROW
Lot(s)
Non-sFD | ROW*
3,4 Adjacent | Steeper 25% 12.8 0.75% 4,200 2,100 6,300
ROW
Lot(s)
Sum 108.9 64,200 32,100 47,800

1 - Target application defined as the Gl implementation area expressed as a percentage of the total area within a given Planning

Area.

2 -Sizing factor defined as the total Gl feature footprint area expressed as a percentage of the contributing tributary area.

Table 5.9. Spatial Application of Green Parking Lots Program

Modeled Modeled | Retention | Surcharge
Planning Gl Tributary | Slope Target | Total Trib. | Sizing | Footprint, | Storage, Storage,
Areas | Location | Drainage | Class | Applict | Area ac | Factor? sg-ft cu-ft cu-ft
Institut Specific
1,2 L ' LotOnly | Flatter Lots 24 3% 3,200 1,600 1,600
ots
Targeted
Com and Specific
3 Lot Only | Steeper Lots 115 3% 15,000 7,500 15,000
Ind Lots
Targeted
PA3- F?aeigl Site- Specific
Lot S- U/S Lot | Specific | Targeted 1.9 Lot size 5,300 5,300 10,600
D/S of
1229 Topo Lot
Com Lot
Sum3 15.8 23,500 14,400 27,200

1 - Target application defined as the Gl implementation area expressed as a percentage of the total area within a given Planning

Area.

2 -Sizing factor defined as the total Gl feature footprint area expressed as a percentage of the contributing tributary area.
3 — Reported values represent both the maximum Gl scenario and the hybrid green/grey scenario.
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Table 5.10. Spatial Application of Green Streets Program for Hybrid Green/Grey Scenario

Modeled Modeled Modeled
Total Modeled | Retention | Surcharge
Planning Gl Tributary | Slope Target Trib. Sizing | Footprint, | Storage, Storage,
Areas Location | Drainage Class | Applict | Area ac | Factor? sq-ft cu-ft cu-ft
SFR ROW +
1,5 Adjacent | Flatter 50% 72.3 1.5% 47,200 23,600 23,600
ROW
Lot(s)
SED ROW +
4 Adjacent | Steeper 50% 17.5 1.5% 11,500 5,700 17,200
ROW
Lot(s)
ROW +
3,4 Non-SFD Adjacent | Steeper 25% 12.8 0.75% 4,200 2,100 6,300
ROW
Lot(s)
Sum 102.6 62,900 31,400 47,000

1 - Target application defined as the Gl implementation area expressed as a percentage of the total area within a given Planning

Area.

2 -Sizing factor defined as the total Gl feature footprint area expressed as a percentage of the contributing tributary area.
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5.2.5 Cisterns and Blue Roofs Program

The Cisterns and Blue Roofs Program includes features on both residential and non-residential
(commercial, industrial, institutional) lots. On residential lots, the program includes cisterns with
a portion of the storage reserved for irrigation and a portion of the storage reserved for peak flow
attenuation. On non-residential lots, the program include cisterns entirely reserved for peak flow
attenuation (i.e., flow control outlet at the bottom) or blue roofs with outlet control flow rates
achieving the same level of detention control as cisterns, albeit in a different (flatter)
configuration. The decision of whether cisterns or blue roofs would be used on each specific
non-residential lot was not required for the purpose of modeling. Table 5.11 provides a summary
of the modeled feature attributes. Table 5.12 provides a summary of the total application of these
features for the maximum GI scenario. Figure 5.5 shows the location of the modeled cistern
programs within the study area. Table 5.13 provides a summary of the application of these
features for the hybrid green/grey scenario.

The “Infiltration Trench” LID Control was used to represent these features. The storage below
the underdrain of the trench was used to represent the storage that is reserved for direct on-lot
use in the residential cisterns. The infiltration rate parameter in the LID Control was set to
approximate the drawdown of the retained storage at typical irrigation rates (i.e., this water is not
actually directly infiltrated — this is a modeling abstraction). There was no irrigation or retention
storage assumed in the non-residential cisterns or blue roofs. The storage above the underdrain
was used to represent the surcharge storage. The underdrain outlet control equation was used to
represent the flow of water from the cistern or blue roof to the downstream storm drain (i.e., via
outlet control orifices or equivalent methods).
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Table 5.11. Summary of Cistern and Blue Roof Modeling Parameters

Modeled Feature Attribute Residential | Non-Residential Basis/Source
Portion of Volume Reserved for Modeling assumption; based on providing
. 50% 0% .
Direct Use, % dual use amenity to home owners.
o Assumes only portion of lots will be
EEEZZLOLM%(;”:S%O” 33% NA irrigated and/or irrigation will be applied at
ppiied. 7 less than the average annual rate PET rate
. Based on 61 average inches per year PET
Average Annual PET, in/week 1.2 NA at Austin-Mabry GC.
Average Time to Use Retained Calculated (varies somewhat between
14 NA
Storage, days catchments)
Assumed Outiet Control Orifice Orifice Most likely control configuration
Function
Peak Controlled Flowrate before chnano-mde modellng' assumption, :
05 05 estimated to be appropriate for control in 2
Bypass, cfs/ac
to 5 year event

Table 5.12. Spatial Application of Cistern and Blue Roof Program for Maximum Gl

Scenario
Sizing
Modeled Design | Retention | Surcharge Total
Planning Gl Tributary | Target | Total Trib. | Storm, Storage, Storage, Storage,
Areas | Location | Drainage | Applict | Area, ac inches cu-ft cu-ft cu-ft
1,4,5 SF Lots | Roofs Only 50% 11.3 2 31,000 31,000 62,000
6 SF Lots | Roofs Only 25% 15 2 4,000 4,000 8,000
Com and Specific
1,3,4,7 | Roofs Only lots 14.1 2 0 73,000 73,000
nd Lots
targeted
Sum 24.5 35,000 108,000 143,000

1 - Target application defined as the Gl implementation area expressed as a percentage of the total roof area within a given

Planning Area.
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Table 5.13. Spatial Application of Cistern and Blue Roof Program for Hybrid Green/Grey

Scenario
Sizing
Modeled | Design | Retention | Surcharge Total
Planning Gl Tributary | Target | Total Trib. | Storm, Storage, Storage, Storage,
Areas | Location | Drainage | Applic.t | Area, ac inches cu-ft cu-ft cu-ft
1,4,5 SF Lots | Roofs Only 50% 7.8 2 28,500 28,500 57,000
Com and Specific
1,3,4,7 | Roofs Only lots 5.4 2 0 39,200 39,200
nd Lots
targeted
Sum 13.2 28,500 67,700 96,200

1 - Target application defined as the Gl implementation area expressed as a percentage of the total roof area within a given

Planning Area.
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5.2.6 Enhanced Disconnection Program

The Enhanced Disconnection Program includes practices implemented within single family lots
to improve the capacity of the pervious areas of the lot to reduce the runoff from the lot to the
street. This program could include a range of features, such as tilling/decompaction, soil
amendments, shallow retention grading/contouring (i.e., what sometimes are referred to as rain
gardens), shallow on-lot rain gardens, or other features with similar hydrologic effects. This
control was modeled by adjusting the amount of impervious area that is routed over pervious
area in selected catchments, as well as increasing the average depression storage over the
previous area of the catchment to represent the effects of various enhanced disconnection
practices. The parameter adjustments were based on the concept of tilling and decompaction with
soil amendments coupled with disconnection of downspouts, where connections currently exist.
Table 5.14 provides a summary of the modeling parameters used to represent this program. Table
5.15 provides a summary of the total application of this program for the maximum GI scenario.
Figure 5.6 shows the location of the modeled enhanced disconnection programs within the study
area. Table 5.16 provides a summary of the application of this program for the hybrid green/grey
scenario.

Table 5.14. Summary of Enhanced Disconnection Modeling Parameters

Modeled Feature Attribute Value Basis/Source

Existing Percent Impervious to

. : 29% Calibrated existing condition model parameter
Pervious Routing

Adjusted Percent Impervious to 64 Assumes that 50 percent of the directly connected impervious
Pervious Routing ° area is disconnected 29% + [(100% - 29%) x 50%]

Decompaction assumed to a depth of 12 inches, with a net
Increase in Pervious Depression 0.96 increase in porosity of 0.16 inches/inch over half of the
Storage, inches ' pervious area; normalized a depression storage adjustment
over all pervious area
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Table 5.15. Spatial Application of Enhanced Disconnection Program for Maximum Gl

Scenario
Modeled Total Effective
Planning Tributary Imperv. Trib. | Increase in On-Lot
Areas Gl Location Drainage Target Applic.! Area, ac Storage, cu-ft?
Pervious Land | Imp. Surfaces 0
145 within SF Lots on Lots 50% 34 67,000
Pervious Land | Imp. Surfaces 0
6,8 within SF Lots on Lots 25% 06 10,000
Sum 4.0 77,000

1 - Target application defined as the Gl implementation area expressed as a percentage of the total area within a given Planning

Area.

2 —Value is approximate; based on the increase in depression storage provided.

Table 5.16. Spatial Application of Enhanced Disconnection Program for Hybrid

Green/Grey Scenario

Modeled Total Effective
Planning Tributary Imperv. Trib. Increase in On-Lot
Areas Gl Location Drainage Target Applic.! Area, ac Storage, cu-ft?
Pervious Land | Imp. Surfaces 0
145 within SF Lots on Lots S0% 2.9 58,100
Sum 2.9 58,100

1 - Target application defined as the Gl implementation area expressed as a percentage of the total area within a given Planning

Area.

2 —Value is approximate; based on the increase in depression storage provided.
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5.2.7 Permeable Friction Course Overlays

Permeable friction course (PFC) overlay program would include repaving select streets with a
permeable friction course. Water flowing through the PFC would runoff at a slower rate than
water flowing over traditional asphalt. The effect of PFC was modeled as an adjustment to the
Manning’s roughness of the impervious area of the catchment. The adjusted value was derived
by attempting to calibrate SWMM model results to PFC monitoring results (obtained from the
University of Texas) with the same rainfall inputs and catchment areas. The modeling exercise
revealed that PFC exhibited more significant dampening in smaller events and diminishing
effects in larger events. The calibrated Manning’s roughness ranged from 0.3 for smaller storms
to 0.06 for the largest monitored storm. Because SWMM can only represent a single roughness
value for the entire simulation period (all events), the adjustment to roughness was
conservatively based on the best fit between modeling and monitoring data for the largest storm
that was monitored as shown in Table 5.17. Table 5.18 provides a summary of the total
application of this program for the maximum GI scenario (this program was removed for the
hybrid green/grey scenario). Figure 5.6 shows the location of the modeled PFC overlays within
the study area.

Table 5.17. Summary of PFC Overlay Modeling Parameters

Modeled Feature Attribute Value Basis/Source
Ei(rlsg?sg Manning’s Roughness of 0.024 Calibrated existing condition model parameter
Adjusted Manning’s Roughness of 0.06 Best fit to large storms from PFC monitoring
Streets ' data

Table 5.18. Spatial Application of PFC Overlay Program for Maximum GI Scenario

Modeled PFC
Planning Areas Gl Location Tributary Drainage Target Applic.! Area, ac?
Imp. Surfaces . 0
1,45 within ROWs ROW + adjacent Lots 50% 13.9
Imp. Surfaces . 0
6,8 within ROWSs ROW + adjacent Lots 25% 2.2
Sum 16.1

1 — Target application defined as the Gl implementation area expressed as a percentage of the ROW catchment area within a
given Planning Area.
2 — PFC overlays were completely removed from the hybrid green/grey scenario.
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5.2.8 Targeted Conveyance Improvements

Three targeted conveyance improvements were simulated by raising the curb height to allow
more water to be contained and conveyed within the right of way. Improvements were simulated
in the following locations:

e Along Wild Street north of Brentwood Street (increase curb height from 6 inches to 10
inches)

e Along Brentwood Street, west of Wild Street and east of Grover Channel (increase curb
height from 6 inches to 10 inches)

e Along Payne Avenue, west of Wild Street and east of Grover Channel (increase curb
height from 3 inches to 6 inches)

This is reflected in the 2D model only, and also includes raising the elevation of the 2D grid cell
elements. Figure 5.3 shows the locations of these targeted conveyance improvements. The
proposed curb adjustments would not impact any intersections or sidewalk connections. Further
evaluations such as detailed survey information of the existing roadway parameters (such as
actual curb heights, crown heights, longitudinal and transverse slopes, etc.) would be required
prior to implementing this strategy to ensure compliance with the City of Austin Drainage
Criteria Manual and Transportation Criteria Manual. This evaluation should be conducted if this
strategy is selected for final design.

5.3 Summary of Modeled Maximum GI Plan

Table 5.19 and Table 5.20 provide a brief summary of the features and their overall application
within both the modeled maximum GI scenario and hybrid green/grey scenario, respectively.
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Table 5.19. Summary of Modeled GI Features for Maximum GI Scenario

Approx. Approx.
Footprint, | Volume, cu-
Feature Summary sg-ft ft
36 new biofiltration features located at existing storm drain
Explicit Biofiltration | inlets with a total footprint area of 54,000 sg-ft addressing 54,000 108,000
over 150 acres
Exolicit 7 new biodetention features with a total footprint area of
X . over 5,000 sg-ft in strategic locations addressing 5,000 10,500
Biodetention .
approximately 18 acres
Lions Field 112,000 cu-ft of multi-stage storage and flow control
. . addressing runoff from 8 acre apartment complex; currently 28,000 112,000
Biodetention :
not assumed to detain flow from Grover Channel
Channel Widening iggg sg-ft of new off-channel floodplain D/S of Koenig 8500 38,000
64,000 sg-ft of new green streets features addressing 109
ROW Green . L A
total tributary acres, primarily in residential areas (approx. 64,000 80,000
Streets o
60 individual features)
Green Parking Lots | 24,000 sq-ft gf greep parking lot features addressing 11 24,000 42,000
(Non-Res Lots) commercial/ industrial lots
Residential 70,000 cu-ft of new “shared use” cistern capacity (i.e.,
. water conservation + peak shaving) addressing 13 acres of 12,000t 70,000
Cisterns
roofs (approx. 370 homes)
Non-Residential . .
Cisterns + Blue 73,000 gu-ft of new dete.ntlc.)n-only. cistern storage 12.000! 73.000
addressing 16 commercial/industrial/MF lots
Roof Program
Residential . L
Enhanced 11 acres of decompactlon and amendments receiving flow 480,000 77.000
. from 4.0 acres of impervious (approx. 120 lots)
Disconnects
Permeable Friction Overlay of 18 acres of street NA NA
Course
Total 687,500 610,500

1 - Assumes cisterns with average depth of 6 feet (actual designs will vary)
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Table 5.20. Summary of Modeled GI Features for Hybrid Green/Grey Scenario

Approx. Approx.
Footprint, | Volume, cu-
Feature Difference from Maximum GI Scenario sq-ft ft
Explicit Biofiltration | No change 54,000 108,000
Explicit
Biodetention No change 5,000 10,500
Lions Field
Biodetention No change 28,000 112,000
Channel Widening | No change 8,500 38,000
ROW Green All green streets removed from Planning Areas 6 and 8; 63.000 28.000
Streets two green streets features added to Planning Area 5 ' ’
Green Parking Lots
(Non-Res Lots) No change 24,000 42,000
Residential All residential cisterns removed from Planning Area 6; 9500 57000
Cisterns selected residential cisterns removed from Planning Area 5 ’ ’
Non-Residential o .
Cisterns + Blue Selected non-residential cisterns removed from Planning 6.500! 39,000
Area7

Roof Program
Residential All enhanced disconnects removed from Planning Areas 6
Enhanced and 8; selected enhanced disconnects removed from 363,000 58,000
Disconnects Planning Area 5
Permeable Friction All permeable friction course removed 0 0
Course

Total 561,500 542,500

1 - Assumes cisterns with average depth of 6 feet (actual designs will vary)

5.4 Reliability and Limitations of Gl Model Representations

Various Gl model representations were used to represent different elements of the maximum Gl
scenario. The representations selected are considered to be an appropriate balance of detail and
computational effort relative to the information that is known about how each Gl feature will be
designed and implemented. The rationales for selecting each type of representation are discussed
above. Overall, the representations used to model the effects of Gl are considered to provide a
reliable estimate of the overall effects of Gl within the watershed for the given maximum Gl
scenario that has been defined. However, the following limitations should be understood in

interpreting results:
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e The assumed sizing factors for Gl features are within reason for the watershed on average
and were established based on planning level case studies (example shown in Figure 5.7).
However, these sizing assumptions were not vetted everywhere. Additionally, sizing
assumptions and extent of application are consistent with a “maximum GI scenario” and
are not necessarily practical or optimal; although the scenario does not assume complete
application of Gl features everywhere.

Summary: Total feasible footprint approximately 2.5%; effective BMP area
approximately 1.5 to 2% after accounting for side slopes and miscellaneous
crossings, walkways, etc.

&

150,000 sf to green streets &=

Geen streets: 5 @ 50 x 15': .
3,750 sf = 2.5% sizing factor
» .- % _.. ¥l : __

[ Linear green street features
"1 End of block biofiltration features

Figure 5.7. Example Case Study to Establish Maximum GI Sizing Factors

» Site-specific engineering constraints have not been considered. There may be locations
identified for GI features that cannot receive flow due to grade constraints, are underlain
by utilities, or have other constraints that have not been considered. In part this is
mitigated by less than 100 percent implementation assumed for modeling and recognition
that this is a “maximum GI scenario.”
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SWMM LID Controls used to represent some Gl features include approximations in
actual routing. However, generally the level of control represented is consistent with what
could be achieved in a more explicit representation.

Infiltration rates at each GI feature location are a major unknown. Additionally, the
model has not attempted to account for potential cumulative groundwater mounding
effects that could potentially occur where Gl features are clustered. This translates into
significant uncertainty in GI performance. However, the modeled infiltration rates are
considered to be on the low end of the limited measurements that were taken within the
study area. Additionally, GI design templates for this watershed have been developed to
reduce the reliance on infiltration compared to traditional Gl installations. The flow
control functions of Gl features is expected to be maintained to a large degree even if
infiltration rates are lower than expected or decline seasonally or over time.

The model assumes static maintenance conditions. It does not account for decline in
function over time, such as via clogging of infiltration or filtration surfaces, obstruction
of flow control elements in Gl features, decommissioning of cisterns, etc. The
assumption of a relatively low infiltration rate partially addresses this concern. Average
long term level of service may be lower. That said, some features are subject to
maintenance issues in the existing condition (i.e., clogging of inlets), and the use of Gl
could have a net improvement on these issues in the GI condition, for example, by
providing an area for debris to settle and be captured so that it does not clog an inlet.
Designs of discrete modeled features have not been optimized for their site-specific
conditions. More general watershed-wide parameters have been used to establish
parameters such as riser diameters, weir widths, etc. It is expected that individual units
would likely be able to perform better than those modeled with site-specific investigation
and design studies conducted.
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6 EVALUATION OF MAXIMUM GI SCENARIO

This section presents the results of model runs conducted to evaluate the maximum GI scenario.
In these analyses both 1D and 2D models were utilized. Due to the computational considerations
of 2D modeling, it was limited to the City of Austin design storms. However, utilizing
relationships between design storm results for the 2D existing conditions and max Gl scenarios,
an assessment of inundation areas is included. Extrapolating the 1D continuous simulation
results with the 2D relationships to evaluate inundation areas for the design storms, a long-term
assessment of inundation areas is approximated. This section compares model results for the
existing conditions and maximum Gl scenario only; the hybrid green/grey scenario results are
presented separately in Section 7.

6.1 Summary of Modeling Scenarios Analyzed

A total of 34 model scenarios were conducted for a variety of design storms and long-term
simulations in both the 1D and 2D models for existing conditions, the maximum GI scenario,
and the hybrid green/grey scenario (discussed in Section 7.1). Table 6.1 below summarizes each
of the existing conditions and maximum GI model scenarios and includes the model filenames.
The filenames presented below are referenced throughout this section.

Table 6.1. Summary of Model Scenarios Analyzed

Model Description 1bor Scenario | Filename
Scenario ID# P 2D?
Monitoring period from - 001_Brentwood_1D_Existing_
001 3/8/2012 10 12/31/2014 | P EXISING | \1onitoring_rev.inp
003 | 1/919871012/31/2014 | 1D | Existing | 20°-Drentwood_1D_Existing 28-
yr_Record_revl.inp
004 1/9/1987 t0 12/31/2014 | 1D Maxg | 004Brentwood_1D_maxGl 28-
yr_Record_revl.inp
005 2-year, 24-hour design 1D Existing 005_Br§ntwood_1D_EX|st|ng_2-
storm yr_revl.inp
006 2-year, 24-hour design D Existing OOG_Brgntwood_ZD_EX|st|ng_2-
storm yr_revl.inp
007 2-year, 24-hour design 1D Max Gl OO7_Brgntwood_1D_maxG|_2-
storm yr_revl.inp
008 2-year, 24-hour design D Max Gl 008_Br§ntwood_2D_maxGI_2-
storm yr_revl.inp
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Model Description 1bor Scenario | Filename
Scenario ID# P 2D?

009 5-year, 24-hour design 1D Existing 009_Brgntwood_1D_EX|st|ng_5-
storm yr_revl.inp

010 5-year, 24-hour design D Existing 010_Brgntwood_2D_EX|st|ng_5-
storm yr_revl.inp

011 5-year, 24-hour design 1D Max Gl 011_Brgntwood_1D_maxG|_5-
storm yr_revl.inp

012 5-year, 24-hour design D Max Gl 012_Brgntwood_2D_maxG|_5-
storm yr_revl.inp

013 10-year, 24-hour 1D Existing 013_Brgntwood_1D_EX|st|ng_lO-
design storm yr_revl.inp

014 10-year, 24-hour 0 Existing 014_Brgntwood_2D_EX|st|ng_lO-
design storm yr_revl.inp

015 10-year, 24-hour 1D Max Gl 015_Br§ntwood_1D_maxGI_10-
design storm yr_revl.inp

016 10-year, 24-hour D Max Gl 016_Brgntwood_2D_maxG|_10-
design storm yr_revl.inp

017 25-year, 24-hour 1D Existing 017_Brgntwood_1D_EX|st|ng_25-
design storm yr_revl.inp

018 25-year, 24-hour D Existing 018_Brgntwood_2D_EX|st|ng_25-
design storm yr_revl.inp

019 25-¥ear, 24-hour 1D Max Gl 019_Br§ntwood_1D_maxGI_25-
design storm yr_revl.inp

020 25-year, 24-hour D Max Gl 020_Brgntwood_2D_maxG|_25-
design storm yr_revl.inp

021 100.-year, 24-hour 1D Existing 021_Br§ntwood_1D_EX|st|ng_lOO-
design storm yr_revl.inp

02 100l-year, 24-hour D Existing 022_Br§ntwood_2D_EX|st|ng_lOO-
design storm yr_revl.inp

023 100l-year, 24-hour 1D Max Gl 023_Brgntwood_1D_maxG|_100-
design storm yr_revl.inp

024 100.-year, 24-hour D Max Gl 024_Brgntwood_2D_maxGI_100-
design storm yr_revl.inp
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6.2 1D Model Results

A series of 1D model runs was conducted for both the calibrated existing conditions and the
maximum GI scenario including the 28-year continuous simulation (CS) record (1987-2014) and
24-hour design storms (DS) (2-year, 5-year, 10-year, 25-year, and 100-year return periods; run
for an additional 24 hours following the end of the rainfall). Design storms were run with dry
antecedent conditions. See Section 6.2.5 for evaluation of the sensitivity of antecedent
conditions. The following sections present the results of these model scenarios. Results are
reported at Analysis Points which were selected for comparing scenarios. Analysis Points along
Grover Channel and curblines are shown in Figure 6.1.
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6.2.1 Long-Term Continuous Simulation Results

Long-term continuous simulation (CS) runs were conducted in the 1D model for both existing
conditions and the maximum GI scenario. The rainfall dataset and daily evapotranspiration
dataset were available in a consistent format from January 1987 to December 2014. The CS
model runs provided a 28-year continuous hydrograph (at 2 minute reporting intervals) for
selected analysis points and conduits. These results were summarized to produce results that are
meaningful for understanding the frequency and duration of flows in Grover Channel as well as
flooding and long term runoff volumes. The CS results can also be used to evaluate the influence
of storm size on GI performance.

Table 6.2 to Table 6.6 present flow-frequency and volume-frequency statistics calculated from
the continuous flow record for each of the five channel analysis points. These results are based
on statistical analysis of 599 independent flow events from the 28-year record. The occurrence of
each of the 599 events was tabulated and ranked to estimate a return period for the event for both
peak flow rates and total runoff volumes. The return period was calculated using the Gringorten
formula as described in Appendix E. This method is based on plotting position and length of
record. This type of method is most reliable for return intervals approximately half of the period
of record (i.e., 10 to 15 years). There is more uncertainty in the true return period for events that
occurred less frequently. However, review of City IDF curves indicates that rainfall events in the
20- to 30-year return interval occurred within the period of record.

The remaining CS model results are presented in Appendix C for the five analysis points within
Grover Channel. Figure 6.2 shows the graphical flow-frequency plot estimated from CS results
at BW1, with example graphical interpretations from this plot. Figure 6.3 shows the graphical
total runoff volume-frequency plot estimated from CS results at BW1. Figure 6.4 shows the
graphical flow-duration plot estimated from CS results at BW1. The flow-duration plot indicates
the cumulative number of hours a given flow rate is exceeded during the entire 28-year record.
Additional results from the CS modeling are presented in Appendix C.
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Table 6.2. Continuous Simulation Results at Analysis Point BW1 (near study area outfall)

for Max GI Scenario

CS Calc’d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing Max Gl % diff Existing Max Gl % diff
1 348 188 -45.9 1,582,000 | 1,208,000 -23.6
2 394 304 -23.0 1,960,000 | 1,534,000 -21.7
5 922 396 -24.1 2,733,000 | 2,358,000 -13.7
10 597 512 -14.3 3,978,000 | 3,469,000 -12.8
800 |
—— Existing Conditions ‘
T MaxGlscenario |
——VlaXx cenario
& 600 Approx. 2.4x //’:
5 reduction in /
@ 500 frequency gl
@
3 400 Qﬁb i
[s)
s /
% 300 /
2 500 ) 23% reduction i
// . in 2-yr flow rate
100
/
0 4/
0.01 0.1 1 10 100

Return Period (yr)

Figure 6.2. Flow Frequency Plot at BW1 with Example Graphical Interpretation
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Figure 6.3. Runoff Volume Frequency Plot at BW1
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Figure 6.4. Flow Duration Plot at BW1
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Table 6.3. Continuous Simulation Results at Analysis Point J-1829 (Upstream of Koenig
Lane) for Maximum GI Scenario

CS Calc’d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing Max Gl % diff Existing Max Gl % diff
1 253 132 -47.7 1,159,000 [ 941,000 -18.8
2 290 212 -27.0 1,552,000 | 1,302,000 -16.1
5 380 286 -24.6 2,028,000 | 1,710,000 -15.7
10 435 369 -15.1 2,980,000 | 2,746,000 -7.9

Table 6.4. Continuous Simulation Results at Analysis Point J-1846 (Upstream of Arcadia
Avenue) for Maximum GI Scenario

CS Calc’d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing Max Gl % diff Existing Max Gl % diff
1 199 105 -47.1 860,000 707,000 -17.8
2 235 165 -30.1 1,148,000 963,000 -16.1
5 304 225 -25.7 1,504,000 | 1,283,000 -14.7
10 340 291 -14.4 2,225,000 | 2,066,000 -7.2

Table 6.5. Continuous Simulation Results at Analysis Point J-1858 (Upstream of Karen
Avenue) for Maximum GI Scenario

CS CS Calc’d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing Max Gl % diff Existing Max Gl % diff
1 170 89 -47.8 691,000 574,000 -17.0
2 203 138 -32.2 916,000 780,000 -14.8
5 247 192 -22.2 1,202,000 | 1,032,000 -14.1
10 273 239 -12.3 1,745,000 | 1,636,000 -6.2
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Table 6.6. Continuous Simulation Results at Analysis Point BW2 (adjacent to Lions Field)
for Maximum GI Scenario

CS Calc’'d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing Max Gl % diff Existing Max Gl % diff
1 103 54 -48.2 398,000 317,000 -20.4
2 130 86 -34.2 515,000 410,000 -20.5
5 160 124 -22.3 696,000 580,000 -16.7
10 181 164 -9.1 1,054,000 | 919,000 -12.9

These results (and the more extensive results provided in Appendix C) demonstrate substantial
reductions in peak flow rates and volumes with Gl, particularly in the range of the 1- to 5-year
return intervals. In general, peak flows were reduced by approximately 30 percent for the 2-year
return interval, with volumes reduced by closer to 15 percent. At each analysis point, the 5-year
flow rates for the maximum GI condition are less than or equal to the 2-year flow rates from the
existing condition, suggesting that the average return interval of this flow rate reduced from once
every 2 years on average to less than once every 5 years on average. This trend is further
supported by interpretation of flow-frequency graphs in Appendix C. Additionally, it is
interesting to note that the impact of GI is more prominent on peak flow rates (Figure 6.2) than
runoff volumes (Figure 6.3). This is likely because the Gl features were conceptually designed
with an emphasis on peak flow control rather than runoff volume reduction. The GI features
were generally sized with a relatively shallow retention depth and an assumed infiltration rate of
0.5 inches per hour. If more volume control was desired, the Gl features could be evaluated with
deeper retention depths. Additional infiltration testing may indicate that higher infiltration rates
may be possible.

From the flow-duration plot shown in Figure 6.4, model results indicate the existing conditions
2-year flow rate of approximately 394 cfs (see Table 6.2) was exceeded roughly 8 hours during
the 28-year period. With the implementation of Gl, this duration is decreased to roughly 2 hours.
Furthermore, the flow rate that is exceeded for 8 hours in the existing conditions record is
reduced by approximately 24% with GI. The frequency of events is decreased under this Gl
scenario, as well as the duration for which each event is exceeded.

Results shown in Appendix C include head-frequency plots (i.e., the calculated return period of a
given water surface level). Figure 6.5 shows a head-frequency plot for analysis point J-1829
(upstream of Koenig Lane) with corresponding key elevations to provide context for this graph.
In this example, model results indicate the minor overbank events corresponding to overtopping
of Koenig Lane are reduced (on average) from once every 6 years to once every 12 to 13 years,
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while major overbank events are reduced from once every 12 to 13 years to beyond the simulated
return period.
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Figure 6.5. Example Head-Frequency Plot and Interpretation (Node J-1829)

In addition to characterizing performance of Gl at discrete points, CS results were also used as

part of:

Extrapolating 2D DS results to long-term inundation estimates (See Section 6.3.2),
Estimating pollutant load reductions (See Section 6.4),
Evaluating erosion impacts (See Section 6.5), and
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« Estimating volume reduction, groundwater recharge, and water conservation implications
(See Section 6.6).

6.2.2 Design Storm Results

Five design storms, the 2-year to 100-year 24-hour duration storms, were analyzed using the
calibrated 1D model to compare peak flow rates and total runoff volumes between the existing
conditions and maximum Gl scenario. Figure 6.6 through Figure 6.9 present the peak flow rates
and total runoff volumes for each scenario together with the percent decrease in values as a result
of the maximum GI scenario at both the BW1 and BW2 monitoring stations. Each point on these
plots represents the results from a discrete DS run.
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Figure 6.6. Impact of GI on Design Storm Peak Flow Rates at BW1
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Figure 6.8. Impact of GI on Design Storm Total Runoff Volume at BW1
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Figure 6.9. Impact of GI on Design Storm Total Runoff Volume at BW2

Similar to the results of the CS analysis and as expected, DS model results indicate that Gl
reductions in peak flows and total runoff volumes are greater for the smaller, more frequent
events and diminish with larger events.

Inspection of trends for peak flow rates and runoff volumes versus return period showed a
discontinuity between the 10-year and 25-year events (most prominently apparent in the runoff
volume at BW2); this was investigated further. We found that the SWMM Green-Ampt
formulation for surface infiltration undergoes a change in infiltration paradigm between these
two design storms. For different combinations of precipitation intensity and depth of sheet flow,
SWMM imposes different limitations on infiltration rate. This change in infiltration paradigm is
employed in SWMM version 5.0.022 and earlier. We consider this to be a modelling artifact.
While it does introduce discontinuities in trends, we believe it does not limit the ability of the
model to evaluate relative impacts of Gl features. Further, the model was calibrated with this
framework and the associated paradigm shift included and still achieved a very strong calibration
result. It should be noted that if the model is run using a more recent version of the SWMM
engine, results for the largest storm events may differ slightly.

Page 94 of 178



Impact of Decentralized Green Stormwater Controls

Modeling Results Summary

6.2.3 Selected Historical Event Results

Five historical events were selected from the 28-year continuous simulation record for additional
analysis. Table 6.7 below provides statistics for each of the selected storms in terms of rainfall
statistics and model results at BW1. Rainfall intensity return periods were approximated from
intensity-duration-frequency (IDF) curves from the City of Austin Drainage Criteria Manual.

Table 6.7. Summary of Selected Historical Events

Historical Event Date 5/17/1999 | 8/26/2001 | 11/15/2001 | 11/21/2004 | 9/4/2009
Duration (h) 18.58 59.42 20.25 31.17 18.92
Total Rainfall (in) 2.89 6.68 5.22 3.44 2.54
Max 15-min Intensity (in/hr) 5.50 4,54 4.48 3.53 4.26
Approx. 15-min Return Period (yr) 7.4 3.3 3.1 <2 2.6
Max 30-min Intensity (in/hr) 4.87 4.24 4.22 2.58 2.94
Approx. 30-min Return Period (yr) 30 14 14 <2 2.8
Max 60-min Intensity (in/hr) 2.82 3.05 3.13 1.87 2.40
Approx. 60-min Return Period (yr) 13 18 20 2.5 6.2
Existing Peak Flow at BW1 (cfs) 648 604 674 451 510
Maximum Gl Peak Flow at BW1 (cfs) 520 500 618 314 398
Percent Difference in Peak Flow (%) -19.8 -17.1 -8.4 -30.2 -21.9
(Eﬁ’S)S““g Event Runoff Volume atBWL | 514 000 | 3,959,000 | 4,509,000 | 2,289,000 | 1,815,000
g”;‘vxl"'gfg; GI Event Runoff Volume at | 1 954 000 | 3,261,000 | 4,152,000 | 1,856,000 | 1,517,000
oreen g/'of;erence nEventRunoft | 143 | 76 7.9 189 | -164

Hydrographs for each of the selected historical events are provided in Appendix B for
comparison of existing conditions to the maximum GI scenario results. The calculated return
periods on rainfall intensity show that these events exhibit a wide range of frequencies from less
than a 2-year return period to over 20-year return period depending on the duration selected.
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These five historical events were selected based on a range of rainfall depths, peak rainfall
intensities for a variety of durations, and drainage complaints. Each of these events resulted in at
least one drainage complaint. The impact of GI on peak flow and volume reduction together with
the estimated return period calculations provides a method for comparing these specific events to
the design storm and continuous simulation results presented previously. In general, similar
levels of control are provided in these storms as indicated in the summary of CS and DS events
for similar size and intensity of storms. The historical storms selected for analysis indicate the
ability of Gl to provide substantial reductions in peak flow rate and volume at BW1.

6.2.4 Supplemental 1D Analysis — Contributions of Gl Feature Types to Reduction in
Peak Flow and Volume

A step-wise modeling approach was taken to approximate the contribution of each Gl feature
type to the overall reduction in peak flow and runoff volume. The existing conditions model was
used for this analysis prior to the recalibration effort. Although absolute contributions of each Gl
feature may be altered due to the recalibration, the relative contributions are expected to be
similar. The impact of each GI feature type was evaluated by incrementally adding each feature
type into the 1D model for a 2-year design storm event. The explicit biofiltration and
biodetention GI features were added to the existing conditions model first. Results were
tabulated for the explicit Gl features. Then the Lions Field biodetention was added to the new
model with the explicit GI features and new results were tabulated. This process was continued
for each of the GI features in the following sequence:

explicit biofiltration and biodetention Gl features,
Lions Field biodetention,

residential green streets,

non-residential green streets and parking lots,
residential cisterns,

non-residential cisterns,

enhanced disconnection, and

permeable friction course.

N O~ LDdDE

Figure 6.10 and Figure 6.11 present the percent contribution of each Gl feature type to the total
reduction in peak flow and total runoff volume, respectively. Each pie chart adds to 100 percent.
For example, a value of 18 percent for residential green street program features means that 18
percent of the total estimated reduction in peak flow due to the max Gl scenario is attributable to
the features in this program. Figure 6.12 plots the cumulative reduction in peak flow versus the
incremental storage volume (in watershed inches) attributable to each Gl feature type, in
aggregate. In addition to the quantity of features in each category, the results of this analysis are
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expected to be sensitive to the design storm chosen as well as the order in which the GI features
are added. However, this analysis provides a relative indication as to which Gl features have the
greatest contribution on peak flow reduction and volume reduction.

Enhanced

. PFC, 1%
Disconnect, 9%

) M Explicit Gl except Lion's Field
Cisterns-

MNon-res,
11%

H Lion's Field

H Green Street-Res

M Green Street and Parking-Non-res
m Cisterns-Res

m Cisterns-Non-res

= Enhanced Disconnect

" PFC

Lion's Field, 6%
Green Street and 1on's Field, b7

Parking-Non-res, 2%

Figure 6.10. Approximate Contribution of GI Features to Reduction in Peak Flow Rates
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Figure 6.11. Approximate Contribution of Gl Features to Reduction in Total Runoff
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Figure 6.12. Approximate Cumulative Reduction in Peak Flow with Incremental Addition
of Storage Volume Attributable to each GI Feature Type
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The results of this step-wise approach to analyzing the influence of each Gl feature type on total
peak flow reduction and runoff volume reduction indicate that the explicit biofiltration and
biodetention facilities have the largest impact. These feature types are important because of their
relatively broad spatial application, as well as their strategic locations at confluence points. The
residential green streets program and residential cisterns program also contributes significantly to
peak flow and volume reduction. These programs were assumed to achieve relatively broad
spatial application. Smaller contributions from other features are typically a function of their
smaller spatial application within the watershed. Figure 6.12 shows that each incremental amount
of storage volume added had a fairly consistent positive slope, indicating similar contribution per
unit volume provided. The one exception for the 2-year event was the Lions Club Field
biodetention, which was oversized for the 2-year event and therefore its full volume was not
utilized. When correcting for the volume actually utilized in the 2-year event, the line is
straighter.

6.2.5 Supplemental 1D Analysis — Sensitivity of Antecedent Condition and Comparison of
DS and CS Results

Design storm runs reported above were executed with dry antecedent conditions. However,
actual antecedent conditions may be different. To evaluate the sensitivity of antecedent
conditions, an additional set of runs for the 2-year DS event was conducted by first saturating
with the watershed with a 2-year DS event, waiting 24 hours, and then simulating the 2-year DS
runoff. This simulation was conducted for both the existing conditions and maximum Gl
scenario (using model results prior to the recalibration effort). Additionally, the results of this
analysis were compared to the peak flow rate and volume with an average return interval of 2-
years from the CS record. The CS record is based on actual conditions that occur between storm
events (not assumed antecedent conditions). Table 6.8 reports the results of this comparison.

Table 6.8. Comparison of 2-year DS and CS Response at BW1

2-year, 24 Dry Antecedent Wet Antecedent From _CS Analysis (stat
hour analysis of hydrographs)
Hydrologi m . » . . .
YAOIE | Existing | Max GI | %Diff | Existing | Max GI | % Diff | Existing | Max Gl | % Diff
Response

Peak Flow 34 | 228 | -36% | 396 | 279 | -30% | 526 | 399 | -24%
Rate*, cfs

Total Runoff 41 34 | -17% 49 42 | 13% 63 57 | -10%

Volume?*, ac-ft

* Peak flow rate and total runoff volumes were estimated from results of a previous calibration and the absolute
magnitudes do not reflect the results of the final calibration. It is expected that the percent difference will produce
comparable results to the final calibration.
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As shown in Table 6.8, antecedent conditions do have a significant effect on absolute magnitudes
of runoff peaks and volumes, as expected. Additionally GI performance tends to decline as
events increase in size (such as when antecedent conditions are saturated). However, it also
shows that GI controls continue to have an appreciable effect even for saturated antecedent
conditions. The comparison to compute CS return flows indicates that for this watershed, the
application of real rainfall to estimate return intervals may be more conservative than applying
designs storms intended to approximate the same return interval. The peak 30-minute intensity
from the 2-year, 24-hour design storm is 1.98 inches per hour. In comparison, this 30-minute
intensity was observed during 37 unique events in the 28-year CS record, indicating that this 30-
minute intensity is actually observed greater than once per year, on average. As such, the CS
model results appear to present a more realistic assessment of the current level of service (i.e.,
frequency and severity of flooding) for this watershed and the effectiveness of Gl features. The
design storm model results presented above were simulated based on dry antecedent conditions
and potentially predict increased performance of Gl features as discussed. Therefore, the CS
results are expected to provide a more reliable estimate of Gl performance. Wet antecedent
conditions were not selected due to the excessive computational run times that would be required
to conduct the 2D models.

6.3 2D Model Results

The five DS events were simulated using the 2D model for both existing conditions and the
maximum GI scenario. The five design storms were simulated for a 24-hour duration and results
from these storm events were reported. Additionally, the continuous simulation results from the
1D model were extrapolated to 2D metrics using relationships between 1D and 2D metrics. The
following sections present the results of these model scenarios. Model results are presented in a
number of figures and tables in this section and in associated appendices. Additionally, videos of
the model predicted flooding animations are being provided with this report.

6.3.1 Design Storm Results

Each of the five design storms was modeled for both existing conditions and the maximum Gl
scenario in the 2D model. A 24-hour duration was used in the 2D model as opposed to the 48-
hour duration simulated in the 1D model. 2D model run times were very long which made 48-
hour duration simulations impractical. As a result, computed runoff volumes from the 1D and 2D
models differed slightly since a small fraction of runoff from the 24-hour storm occurred beyond
24 hours. This modeling artifact does not influence peak flow rates or inundation patterns (i.e.,
the primary metrics desired from the 2D modeling effort). Furthermore, the additional flow paths
simulated for the 2D model create alternative routes for which runoff can be conveyed. These
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additional flow paths affect the timing of flows which can result in differences in peak flow rates
between the 1D and 2D models. These differences are described in more detail in Section 9.

The total inundated area was analyzed according to maximum water depths within the 2D grid
cells for each design storm. The depth values were classified into a range of values or bin sizes to
facilitate analysis. The area of each 2D grid cell with a depth greater than the bin threshold was
summed to calculate the total inundated area within the 2D domain. Appendix D includes figures
that show the location of the inundated areas for each of the design storms under both existing
and maximum GI scenarios. Figure 6.13 below compares the calculated total inundated areas for
each of the design storms. The implementation of the maximum GI scenario results in a decrease
to the calculated inundated area for each of the inundated depth thresholds.
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Figure 6.13. Inundation Areas by Depth and Design Storm

The calculated number of residential and commercial structures inundated was tabulated for each
design storm. Structure inundation was defined as a commercial or residential structure (filtered
to include only structures exceeding 800 sg-ft and selected as a primary residential structure or
commercial building) with one or more 2D grid cells with a maximum depth greater than or
equal to six inches immediately adjacent to the structure. If multiple structures on a single lot
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were inundated, only a single structure was counted towards the total. Using this definition of
structure inundation, Figure 6.14 reports the number of structures inundated for each of the five
design storms and a comparison between existing conditions and the maximum GI scenario. An
inundation depth of six inches was used for this analysis based on the assumption that the
finished floor elevation of the structure is typically at least six inches above existing ground
elevation.
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Figure 6.14. Number of Assumed Foundation Elevations Located Six Inches or More Below
Conceptual Water Surface Elevation for Maximum GI Scenario

The results presented in Figure 6.14 above provide an estimate for the calculated number of
structures that will potentially avoid inundation of a depth of six inches or greater due to the
implementation of the maximum GI scenario. For each design storm, the maximum GI scenario
results in a reduction in the number of inundated structures compared to existing conditions. At
the 25-year, 24-hour event, the calculated number of inundated structures decreases by 9
structures (a 82% reduction). At the 100-year, 24-hour event, the calculated number of inundated
structures decreases by 16 structures (a 29% reduction).

Page 102 of 178



Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

6.3.2 Extrapolation to Long-Term Performance

The 2D model simulation was not conducted for the long-term CS runs due to current
computational limitations. A 28 year simulation is estimated to take approximately 4 years to run
and result in file sizes of approximately 14 TB. Therefore, the 1D CS results were used along
with 1D to 2D relationships developed in the 2D model to extrapolate model results to long-term
spatial inundation statistics. The approach used to extrapolate long-term 1D results to 2D
performance is described in Appendix E. Table 6.9 below summarizes the return period for
inundated areas of various depths and the impact of Gl on reducing the inundated area for a
given return period. These results are shown graphically in Figure 6.15.

Table 6.9 Estimated Inundated Area Return Period Calculations

CS Calculated Total Inundated Area >2” (ac) Total Inundated Area >6” (ac)
Return Period (yr) | Existing Max Gl % Diff | Existing Max Gl | % Diff

1 1.62 0.83 -49 0.13 0.05 -61

2 2.26 1.02 -55 0.23 0.10 -58

5 3.61 1.50 -58 0.43 0.15 -65

10 5.18 2.81 -46 0.77 0.40 -48
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Figure 6.15. Estimated Inundated Area Return Periods from Continuous Simulations

Similar to the findings of the long term CS analysis and DS analyses of flow rates, these results
show that the total area inundated every 2 years in the existing condition is approximately equal
to the total area inundated every 6 years in the maximum GI condition. Additionally, while peak
flow rates were reduced by approximately 30 percent for the 2-year event and declined in percent
reduction in larger storm events, it appears that a more substantial increase in level of service
(i.e., 50 to 60 percent reduction in inundated area) may be possible across a broader range of
storm events when evaluating level of service based on area of inundation. This is believed to be
in part due to the strategic simulation of conveyance improvements (i.e., raised curb lines)
coupled with Gl features.

Model results show that the calculated inundated area for a given return period differed for CS
and DS rainfall inputs. CS model-calculated inundated areas were generally higher than DS
model-calculated inundated areas. For example, for the existing conditions model with CS
rainfall, the calculated 10-year greater than 2 inch inundated area is 5.2 acres; similarly, the
inundated area from the analogous DS results is 4.6 acres. This finding is similar (and a direct
extension of) the results for peak flows presented in Section 6.2.5. Since the resolution of the 5-
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minute historic rainfall record better matches the scale of typical times of concentration, the CS
model is believed to represent a more realistic assessment of the level of service and the
effectiveness of Gl features for this watershed.

6.4 Pollutant Load Reduction

A simple analysis of pollutant load reductions was conducted by post-processing the results from
continuous simulation models, applying planning level estimates regarding land use/percent
impervious based pollutant sources and concentrations, and incorporating planning level
information about expected effluent quality from GI features. A summary of the analysis
methodology and results for the maximum Gl scenario are discussed in the following sections.

6.4.1 Existing Conditions

Pollutant loads in the existing condition were estimated at a planning area scale based on runoff
volumes and characteristic long-term pollutant concentrations.

Runoff volumes. The long-term continuous simulation modeling results for the existing
(baseline) condition were cross tabulated to estimate the average annual runoff volume
discharged from each planning area.

Characteristic concentrations. Planning areas have roughly homogenous land uses and
imperviousness. A characteristic set of pollutant concentrations was developed for each
subcatchment using relationships developed by the City (City of Austin, 2009) which are based
on analysis of monitoring data from over 30 small watersheds in the City. These relationships
describe average runoff concentrations as a function of impervious cover for general urban
developed land. The simplified methods described in Table 4.8 of that report were used as shown
in Table 6.10 below. Land use specific methods may be warranted at later phases of the project.
However, at this phase, the use of general urban runoff concentrations, with adjustments for
impervious cover, was considered to be reliable and commensurate to the level of detail specified
in the GI Plan with respect to exactly what Gl features would be used and where they would be
located.
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Table 6.10. Average Urban Developed Land Runoff Concentrations (City of Austin, 2009)

Indicator Pollutants Developed Concentration
Total Suspended Solids, mg/L 166
Total Phosphorus, mg/L 0.396
Total Nitrogen, mg/L 2.22
Biological Oxygen Demand, mg/L 4.83 + 11.9xTIC
Fecal Coliform, cfu/100 mL 57,055
Zn, ug/L 23.565exp(2.179xTIC)

TIC = total impervious cover (0 to 1)
6.4.2 Maximum Green Infrastructure Scenario

To provide a preliminary estimate of the effects of the maximum GI scenario on pollutant loads,
the volume reductions estimated for each planning area (via a combination of infiltration, ET,
direct use) were applied to the characteristic concentration of runoff for each planning area.
Table 6.11 shows the planning area characteristics and model results extracted from the
continuous simulation models.

Table 6.12 shows the characteristic concentrations for each planning area, estimated per City of
Austin (2009; Table 4.8). Table 6.13 shows the resulting pollutant load reduction estimated to be
achieved via volume reduction processes (e.g., infiltration, ET, direct use). Volume reduction
estimates are dependent on actual infiltration rates and direct use rates, which may be different
than modeled, as well as site-specific design decisions. Therefore, an uncertainty bound of
plus/minus 50 percent is appropriate to apply at this phase of planning.

Page 106 of 178



Impact of Decentralized Green Stormwater Controls

Modeling Results Summary

Table 6.11. Summary Outputs from H&H Model for Maximum GI Scenario Pollutant

Load Analysis
) Planning Area
H&H Modeling Output 1 5 3 4 z 5 7 3 Total
Area, ac 80.1 17.6 29.4 52.5 67.2 48.2 49.6 23.7 368.3
Imperviousness 31% 45% 71% 30% | 33% | 33% | 41% 59% 38%
Existing Condition
Runoff Volume, AFY 51.9 14.7 40.2 27.6 47.2 34.0 319 26.9 274.3
Max Gl Scenario | a5 | 140 | 319 | 112 | 306 | 308 | 253 | 262 | 200.7
Runoff Volume, AFY ' ' ' ' ' ' ' ' '
Percent Volume 41% | 43% | 21% | 59% | 35% | 9.4% | 21% | 2.6% | 2%
Reduction

Table 6.12. Calculated Characteristic Concentrations (Per City of Austin, 2009, Table 4.8)

Planning Area

Characteristic Runoff

Concentrations 1 2 3 4 5 6 7 8
Total Suspended Solids, mg/L 166 166 166 166 166 166 166 166
Total Phosphorus, mg/L 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Total Nitrogen, mg/L 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
ﬂg}fgica' Oxygen Demand, 85 | 102 | 133 | 84 | 87 | 87 | 97 | 119
Fecal Coliform, cfu/100 mL 57,000 | 57,000 | 57,000 | 57,000 | 57,000 | 57,000 | 57,000 | 57,000
Total Zinc*, ug/L 46 63 111 45 48 48 57 86

* Dependent on total impervious cover; varies by planning area
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Table 6.13. Calculated Pollutant Load Reduction from Only Volume Reduction Processes
for Maximum GI Scenario

Percent Load Reduction
Pollutant Load via Volume Reduction
Existing | Maximum Gl Reduction Via (approx. uncertainty
Indicator Pollutant Condition Scenario | Volume Reduction bound)
. 27%
Total Suspended Solids, Ibs 124,000 91,000 33,000 (13% to 40%)
Total Phosphorus, Ibs 300 220 80 21%
’ (13% to 40%)
Total Nitrogen, Ibs 1,700 1,200 400 21%
’ ' ' (13% to 40%)
L 25%
Biological Oxygen Demand, lbs 7,300 5,500 1,800 (13% to 38%)
: 27%
* TAY
Fecal Coliform, cfu*10"12 190 140 50 (13% to 40%)
. 24%
Total Zinc, Ibs 46 35 11 (12% to 36%)

The analysis above does not account for potential load reductions that may result from treatment
processes (settling, filtration). Of the remaining volume and pollutant load, a portion would be
treated via settling and/or filtration (e.g., through stone reservoirs of permeable pavement or
through amended soil media). The treatment performance will be a function of the types and
design of facilities that will be used. The range of potential treatment provided via settling and
filtration mechanisms was used to estimate a potential range of effluent quality from the
International BMP Database (Table 6.14).
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Table 6.14. Mean Effluent Concentrations (95% Conf. Int.) from the International
Stormwater BMP Database

TSS Total P TN BOD Fecal Coliform Total Zn
Land Use (mgll) (mgll) (mgll) (mgll) (#/200ml) (mg/l)

. o 17.7 0.47 1.74 21.7
Bioretention with UDs! (134, 22.2) (0.26,0.72) (14, 2.8) NA NA (209, 34.8)
Media Filters 22.4 0.14 1.52 4.80 5,900 40.7

(18.5, 26.4) (0.13, 0.16) (1.2, 1.86) (3.83,5.86) | (4,100, 7,500) | (32.5, 49.5)
Bioretention with Nutrient 17.7 0.14 1.52 4.80 5,900 21.7
Sensitive Media Design? (13.4,22.2 (0.13,0.16) (1.2, 1.86) (3.83,5.86) | (4,100, 7,500) (20.9,34.8
Permeable Pavement 294 0.16 1.76 NA NA 62.0
with UDs (23.7,35.9) (0.13,0.21) (1.53,1.99) (28.7,103)
ED Basins 42.3 0.37 2.44 8.45 10,000 60.7

(32.9,53.2) (0.30, 0.46) (2.01,2.78 (6.79,10.2) | (6,910, 13,300) | (47.2,74.2)
Range of Effluent
Quality for Preliminary 20 to 40 0.15t0 0.40 15t024 5t09 6,000 to 13,000 30to 60
Estimate?

Data summarized from Geosyntec and WWE (2012).

1 — Simulation of bioretention-type treatment processes will be based on the better concentration of “Bioretention with UDs” and
“Media Filters” from the International BMP Database. This is believed to be representative of nutrient-sensitive media design, as
required in the City of Austin, and will be used to represent bioretention/biofiltration treatment provided in Gl features.
Bioretention and Media Filter data summaries are provided, but only the “Bioretention with Nutrient Sensitive Media Design”
values will be used for modeling.

2 — Range was selected to span approximate effluent quality from the highest and lowest performing Gl features. Detention
generally represented the lower. The low end of this range is considered to be fairly conservative to represent watershed-wide
average effluent quality of treated water.

While exact configurations will vary, it was estimated that, at a minimum, an additional 30 to 60
AFY of runoff would be treated in some combination of settling, stone filtration, or media
filtration (in addition to the volume estimated to be lost to infiltrate, ET, or direct use). Table
6.15 summarizes the breakdown of volume reduction and capture efficiency estimates used for
pollutant load calculations. The assumed amount of volume treated was relatively conservative.
These conservative assumptions were made because of the flexibility that the GI Plan allows for
systems that have less treatment effectiveness (i.e., peak flow shaving systems), as well as the
primary emphasis on design of Gl systems for flood control rather than water quality treatment.
This range of additional treated volumes was applied to the range of potential effluent qualities
in Table 6.14 to yield conservative estimates of potential pollutant load reduction via treatment
mechanisms (see Table 6.16). This is a fairly conservative case in which biodetention with
limited residence time is used extensively. Where BMP effluent concentrations from the
International BMP Database are greater than the characteristic influent concentration, no
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treatment was assumed, but pollutants were not assumed to be added. This is supported by a
commitment to effective maintenance of Gl features.

Table 6.15. Summary of Volume Reduction and Capture Efficiency

Row Volume Breakdown Value Source/Rationale
1 |Total Baseline Runoff Volume without Gl 275 AFY Existing condition CS model
Comparison of Existing condition to maximum
0
2 |Total Volume Reduction with Maximum Gl 74 AFY (.27 o of Gl CS models; somewhat conservative
Baseline) L _ _
infiltration rate and Gl design assumptions
Maximum Additional Runoff Volume Potentially Assumes that approximately two-thirds of
3 |Managed by Gl Features (not all necessarily 109 AFY (40%) watershed flows to some type of Gl feature
treated) (not precisely quantified).
Conservanvg Estlmate of Volume Treated and 30 t0 60 AFY (11% to Conservatively Qevelopgd baged on worst
4 |Released (via various treatment processes) case where biodetention with limited
22%) . —— ;
(subset of Row 3) residence time is used extensively
Remaining Volume (includes volume not flowing
5 to Gl feature, bypgssmg C_%I feature, or being 140 t0 170 AFY Row 1 [Row 2 + Row 4]
managed at a residence time that does not allow
treatment)

Table 6.16. Approximate Additional Pollutant Load Reduction Via Treatment Processes (in
addition to Load Reduction from Volume Reduction) — Conservative Case

Percent Additional Load
Potential Range of Additional Load Reduction via Treatment
Indicator Pollutant Reduction via Treatment (Conservatively Estimated)

Total Suspended Solids, Ibs 10,000 to 24,000 8% - 19%
Total Phosphorus, Ibs 0to40 0% - 14%
Total Nitrogen, Ibs 0to 120 0% - 7%
Biological Oxygen Demand, Ibs 30to 720 0% - 10%
Fecal Coliform, 10*12 CFU 16 to 38 8% - 20%
Total Zinc, Ibs 0to 4.0 0% - 9%

Overall, the maximum GI scenario appears to contribute substantially to pollutant load reduction
from the watershed for each of the indicator pollutants considered. Because pollutant load
reductions are most heavily influenced by volume reduction, similar levels of pollutant load
reduction would be expected for all pollutants. These results are dependent on the actual
infiltration rates and cistern use rates encountered in implementation, as well as the type and
design of systems relative to their volume reduction processes. Additional pollutant load
reductions from treatment mechanisms may be substantial, depending on the types of controls
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installed and their design. Pollutant reduction via treatment mechanisms is expected to be more
variable by pollutant. The relatively low estimates of pollutant removal via treatment shown in
Table 6.16 are the result of conservative assumptions made in this analysis. Actual pollutant load
reductions may be considerably higher.

6.5 Grover Channel Erosion Reduction

To evaluate the approximate influence of the maximum GI scenario on channel erosion, an
“erosion potential” analysis was conducted at a representative cross section within Grover
Channel using continuous flow rate estimates from existing condition and maximum GI scenario
models. Erosion potential is calculated as the ratio of long term effective excess work on the
channel in one condition compared to another?. This ratio can be used as an indicator of the
relative reduction in total long-term erosion between these two conditions.

Erosion potential was calculated via following general steps:

1) Select and parameterize a representative cross section. A representative cross section
was developed based on average channel geometry and grades in the vicinity of Payne
Avenue (near Node J-1846). This reach is representative of the general stream geometry
of much of the central part of the channel (between Brentwood Street and Koenig Lane)
where current levels of erosion appear to be most significant.

The representative cross section was generalized as a compound trapezoidal cross
section, including a primary channel and a floodplain. The primary channel had a bottom
width of 2 feet, with side slopes of 2:1 (H:V) up to a depth of 5 feet, with a floodplain
above that at a cross slope of 10:1 (H:V). The active channel had a Manning’s roughness
of 0.05 and the floodplain had a roughness of 0.07; consistent with HEC-RAS
information and SWMM modeling assumptions. A longitudinal slope of 0.01 ft/ft was
assumed based on the average in this reach.

2) Develop a rating curve for the cross section. A rating curve was developed for the
cross section that relates the flow rate in the channel to the depth, hydraulic radius, and
average cross section velocity. This calculation was done for 48 contiguous “flow bins”
using Manning’s approximation of open channel flow and the inputs above. For
reference, the bankfull flow was computed to be about 325 cfs at a velocity of about 5

2 Because the approach for this analysis has not been previously described in earlier project submittals, a more
detailed description of this analysis is provided compared to other analyses.

Page 111 of 178



Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

3)

4)

5)

ft/sec, which corresponds to a computed average return period of about seven years in the
existing condition from continuous simulation modeling results.

Compute the shear stress on the channel associated with each flow bin. Using the
relationships between flow rate and hydraulic radius calculated in Step 2, the shear stress
for each flow bin was calculated as (Chow, 1959):

T = RXSXy
Where:

T = shear stress (Ib/sg-ft)

R = hydraulic radius (ft)

S = longitudinal slope (0.10 ft/ft)

v = unit weight of water (62.4 Ib/cu-ft)

Estimate the critical shear stress of the bed and/or bank materials. The critical shear
stress, tc, is the hypothetical shear stress (also known as tractive force) beyond which
erosion of the material occurs. This value is a function of channel materials and is
typically taken to be the weaker of the bed or the bank materials. Channel materials in
Grover Channel have not been well characterized as part of this effort but appear to be of
a silty/clayey nature with some degree of cohesiveness. A critical shear of 0.15 Ib/sg-ft
was selected as the midpoint for analysis, based on an alluvial silt material (Chow, 1959).
This parameter was varied over a range from 0.05 Ib/sg-ft (representative of a fine sand)
to 0.45 Ib/sg-ft (represent of a stiff cohesive clay) to evaluate the sensitivity of this
assumption.

Compute the rate of work index for each incremental flow rate for each unit of time
at which that flow rate occurs. The rate of work index represents the total effective
work done on the channel boundary integrated over time per square foot of bed or bank.
A simplified effective work equation was used to estimate the rate of work index:

W = (t-1¢ ) V
Where:

W = Rate of Work Index (Ib'>ft>%/sec);
t = Effective Shear Stress (Ib/sg-ft);

1c = Critical Shear Stress (Ib/sg-ft); and
V = Flow Velocity (ft/s).
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Figure 6.16 shows the resulting rate of work index curve for each assumed critical shear

stress.
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Figure 6.16. Rate of Work Index Rating Curve

6) Summarize flow durations for existing and maximum GI conditions. The continuous
simulation flow time series from the existing condition and maximum GI models were
analyzed and tabulated in terms of total hours per year, on average, of flow within each
flow bin (as defined above). Figure 6.17 shows the flow duration histogram for the
existing conditions and maximum Gl scenario, extracted from modeled flow records at
node J-1846.
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Figure 6.17. Flow Duration Histogram

7) Compute total effective work index. The flow durations were multiplied by the rate of
work index for each flow bin to yield the average effective work index per year occurring
as a result of flows within each flow bin (Figure 6.18). The Ep ratio was calculated by
summing the effective work index over bins for both the existing conditions and
maximum Gl scenario and dividing the effective work in the maximum GI scenario by
the effective work in the existing conditions (Table 6.17).
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Table 6.17. Results of Erosion Potential Analysis

Existing Maximum Gl
" : Percent
Sensitivity Scenario e Scenario Ep Ratio | Reduction in
y Effective Work | Effective Work P .
Effective Work
Index Index
Low critical shear stress (fine sand) 65 44 0.67 33%
Mid critical shear stress (silt) 43 26 0.61 39%
High critical shear stress (clay) 12 6 0.52 48%
3.0
M Existing
2.5
B Max Gl

2.0
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Effective Work Index
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Figure 6.18. Effective Work Index Histogram for Mid Critical Shear Stress

Based on this analysis, it appears that erosive effort on a representative reach of channel would
be reduced by about 30 to 50 percent in the maximum GI scenario compared to the existing
condition.
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6.6 Runoff Volume, Groundwater Recharge, and Water Conservation Implications

Runoff volumes and GI performance estimates were extracted from the long term continuous
simulations for each of the 599 flow events as well as aggregated over the entire period of
record. These results were used to make interpretations about the effect of the maximum Gl
scenario on runoff volumes, groundwater recharge, and water conservation metrics. Figure 6.19
and Figure 6.20 show existing conditions versus maximum GI scenario runoff volume results at
BW!1 for each discrete event. These plots suggest that on average a similar absolute magnitude of
volume reduction is achieved in each event. The total volume reduction between existing
conditions and maximum GI scenario was estimated to be 59 acre-feet per year (AFY),
corresponding to a 33 percent reduction in the watershed total existing condition runoff volume
at BWL1. (Note: The average annual runoff volume reduction at BW1 of 59 AFY differs from the
74 AFY difference presented in Table 6.11 based on GI reduction. The reason for this
discrepancy is that the channel losses simulated along the length of the channel are
approximately 15 AFY greater for the existing conditions than the maximum GI scenario due to
additional flows within the channel under existing conditions, particularly in smaller events
where in-stream losses are believed to be more significant.) In comparison, the long term volume
reduction at BW2 was approximately 40 percent, indicative of the more aggressive
implementation of GI upstream of BW2 than for the watershed as a whole.
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Figure 6.19. Existing Conditions and Max Gl Runoff VVolumes for All CS Events
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Figure 6.20. Existing Conditions and Max Gl Runoff Volumes for More Frequent CS
Events

The estimated incremental effects of the maximum GI scenario on groundwater recharge and
water conservation were evaluated by summarizing and post-processing continuous simulation
model output. Model estimates of long-term volume reduction were apportioned into the

Max Gl Scenario CS Event Total Runoff Volume (CF)

1,000,000

800,000

600,000

400,000

200,000

following categories:

The methods to apportion model results are very rough and are subject to refinement. A

Rf =0.9864

.8469x- 63644

200,000

400,000

summary of results is presented in Table 6.18.
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Portion percolating below the root zone to potentially become groundwater recharge.

Portion potentially offsetting potable water demand. Most of this water will ultimately be
lost to ET as irrigation; however, it has the potential to offset potable water demand prior
to its end fate.
Portion to ET only, without first having a water conservation benefit via direct use.
Category also includes additional amount of irrigation that would be done because water
is available in the cistern, that would not have been done if potable water were the only
source available (e.g., because of irrigation restrictions).
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Table 6.18. Summary of Maximum GI Scenario Estimated Potential Increase in
Groundwater Recharge and Water Conservation

Estimated Fate of Volume Reduction
Portion to
Components of Offset Portion to ET .
System-wide Volume V-(E?J?TIIG Portionto | Potable | Only (without Eatlontgle for
Reduction Reduction | Potential Water net water S
AFY " | Recharge Demand conservation
(ultimately to benefit)
ET)
Approximate estimate;
Direct Use via 0 0 cistern use may not always
Residential Cisterns 136 5% 25% offset water that would
have been otherwise used.
Infiltration does not entirely
Infiltration in Green 0 0 go to recharge; still
Features 315 0% 10% potential for ET losses after
it leaves the Gl feature.
ET in Green Features 0.7 100% D'rE?Ct model estimate of
ET in Gl features.
Approximate estimate; may
Enhanced vary significantly based on
Disconnection (mix of 7.8 50% 25% 25% site-specific implementation
ET and infiltration) of enhanced disconnection
program.
Infiltration + ET in Infiltration does not entirely
Biofilter, Biodetention, 0 0 go to recharge; still
and Channel Widening 201 0% 10% potential for ET losses after
Projects it leaves the Gl feature.
Total (AFY) 73.6 50.3 12.1 11.2

Of the nearly 75 AFY of volume reduction estimated, approximately two-thirds was estimated to
contribute to recharge. This estimate could be higher or lower depending on actual infiltration
rates as well as connectivity between the soil surface and groundwater. Approximately 15
percent was estimated to be potentially available to offset potable water demand. The actual
amount that potable water demand can be offset is a function of physical parameters, which were
modeled (e.g., irrigation demand), as well as operational and behavioral parameters, which were
not modeled (e.g., how much irrigation is actually applied; whether this applied irrigation would
have been applied if cistern water was not available). Therefore, this represents an estimate of
potential potable water offset rather than an estimate of what will actually occur.
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Finally, an approximate analysis was done to estimate the effects of the maximum GI scenario on
the overall water balance of the watershed. For this analysis, the results of Table 6.18 were used.
Additionally, the current watershed losses in the existing condition were apportioned between
losses to ET and groundwater recharge according to approximate estimates. Calculations and
results are shown in Table 6.19 and results are reported in Figure 6.21. Note that this analysis
only considers the precipitation-derived water balance. It does not consider imported water (e.g.,
imported irrigation water applied outdoors).

Table 6.19. Summary of Maximum GI Scenario Water Balance Calculations

Existing Maximum Gl
Water Balance | Condition, Scenario,
Component watershed- watershed-
incheslyr incheslyr Rationale/Calculation
Precipitation 30.9 30.9 Average over 28 years of record at FEWS 2410 gage
Runoff 8.9 6.5 CS model estimate
Losses 21.9 24.3 CS model estimate: [precipitation] - [runoff]
Existing condition: [losses] x 0.75*
ET 16.5 17.2 Max Gl condition: [existing ET] + [cistern irrigation]** + [ET from GI]**
Recharge (incl. 55 71 Existing condition: [losses] - [ET]
baseflow) ' ' Max Gl condition: [existing recharge] + [recharge from GIJ**

* Approximate estimate of portion of losses to ET based on Sanford and Selnick, 2013
** See Table 6.18 for calculations of losses and loss pathways in Gl features.

Existing Conditions Maximum GI Scenario

Figure 6.21. Estimated Maximum GI Scenario Water Balance (excluding imported water)

The results show that the maximum GI scenario would have a modest impact on the overall
watershed water balance. Somewhat less runoff would translate into increases in both ET and
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recharge. If infiltration rates are higher than assumed for modeling, a greater reduction in runoff
and a greater increase in recharge would be expected compared to this analysis.

Appendix F includes a mathematical modeling of potential localized mounding in the vicinity of
stormwater infiltration features. Analytic solutions were conducted for a variety of Gl sizes,
infiltration rates and durations, hydraulic conductivities, and spacing of Gl features. The analysis
suggests that it would be possible for localized mounding and interaction between adjacent
mounds, particularly for larger facilities and/or facilities that are more closely spaced. Given the
lack of evidence of a shallow groundwater table in the area, the upper limit of potential
mounding estimates is considered unlikely. However, further evaluation of the fate of infiltrated
water is recommended as part of implementation efforts should widespread implementation of
Gl be considered.

6.7 Impacts on Shoal Creek Base Water Surface Elevation

Implementation of Gl features and/or other drainage improvements would potentially create a
downstream impact within Shoal Creek if these improvements increased the peak flows, volumes
of discharge, and/or the timing of the peak of the hydrograph. Based on the results at BW1 (see
Figure 6.22), it appears that Gl would have a relatively minor impact on peak flows and volumes
(see Table 6.20). Results show slight potential for reduced peak flows and volumes and therefore
slightly improved downstream conditions in Shoal Creek. The timing of the peak of the
hydrograph did not appear to change significantly. This is consistently shown for other return
periods as well (see Appendix B). Note that the absolute magnitudes of these results are likely
biased by the simplification of not accounting for downstream conditions in Shoal Creek.
However, the relative comparison between existing conditions and maximum GI scenario is not
believed to be biased by this simplification. Geosyntec evaluated the model sensitivity to
assumed tailwater conditions in a memorandum submitted to the City on May 4, 2015.
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Figure 6.22. Existing and Maximum GI Condition 100-yr 2D Results at BW1

Table 6.20. Existing and Maximum GI Scenario 1D Results for Peak Flow Rates and
Runoff Volumes at BW1

Return Period Peak Flow Rate (cfs) Total Runoff Volume (CF)
Existing Max Gl Existing Max Gl

2-Year 318.4 209.3 1,500,000 1,303,000

5-Year 486.4 404.3 2,723,000 2,534,000

10-Year 601.0 522.2 3,662,000 3,433,000

25-Year 677.2 622.0 4,194,000 3,925,000

100-Year 945.2 880.6 6,562,000 6,266,000

6.8 Summary of Findings from Maximum GI Scenario

Existing Level of Service. The existing condition model results show fairly good agreement
with complaints and anecdotal information about the watershed. Localized flooding due to
informal drainage patterns and localized capacity issues appear to occur in events at a 2-year

Page 121 of 178



Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

average return interval. Capacity issues in Grover Channel appear to begin at approximately a 2-
year average return interval in localized areas and are more extensive between the 5- to 10-year
average return intervals. Inundated areas (estimated from CS and DS results) rise sharply
between about the 5-year and 25-year return interval. Extensive structure flooding does not
appear to begin until between a 10-year and 25-year return interval and rises sharply up to the
100-year return interval. Overall, conditions at the 2-year and 5-year return intervals can be
considered to be mostly nuisance flooding, with potential for damage as a result of cumulative
effects of these more frequent events (or health and safety issues via automobile use, for
example), while events beyond the 10-year return interval appear to pose greater concern for
significant property damage and risk to public safety.

Based on inspection of rainfall versus flow calibration data it appears that the watershed has a
time of concentration of approximately 30 to 60 minutes. This appears to be confirmed in model
results — historic events that caused the highest peak flows and had the most associated
complaints tended to be those with the most significant 30 to 60 minute peak intensities. Total
event volume or peak intensities over longer durations tended to be less important, but can have
an important effect on antecedent moisture conditions at the time when the highest intensities
occur. Findings suggest that the typical 24-hour duration of design storms used in typical
hydrologic studies may not scale down reliably to this size of watershed (i.e., 30-minute versus
24-hour) and may under estimate actual runoff flow rates at short intervals.

Effect of Maximum GI Scenario on Hydrologic and Hydraulic Conditions. Design storm and
continuous simulation results provide fairly consistent interpretation of the increase in level of
service that can be accomplished with GI. The maximum GI scenario shows substantial ability to
reduce peak flow rates and associated hydraulic conditions for smaller return periods,
particularly in the 1- to 5-year return intervals. Reductions in flow rate on the order of 30 percent
in 2-year storms decline to reductions of approximately 10 percent in 10-year storms. In terms of
frequency, the types of hydrologic and hydraulic conditions that are encountered at a 2-year
average return interval in the existing condition can be reduced to approximately a 5- to 6-year
return interval through the maximum Gl scenario. This suggests that this type of nuisance
flooding could be reduced in frequency by a factor of three, with significant potential for
reduction in cumulative damage and complaints. Similarly, the duration of these conditions is
reduced by approximately a factor of three. Importantly, these findings do not rely solely on
volume reduction processes, which are uncertain and may not be able to be significantly
modified through design.

Effect of Maximum GI Scenario on Inundation Patterns. In comparison to reductions in peak
flow, which tend to decline with larger storms, the maximum GI scenario appears to result in
reductions in inundated areas and inundated structures that are more substantial over a broader
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range of event sizes. For example, the areas inundated at depth greater than 2 inches and 6 inches
at a 10-year return interval are reduced by approximately 45 to 50 percent; in contrast, the
reduction in peak flow for this return interval is closer to 15 percent. This can be explained by
the combined effect of reductions in hydrologic loading and localized drainage improvements
(i.e., increase in curb height) in strategic locations associated with the maximum GI scenario.
Additionally, inundated area does not scale linearly with flow rate; rather more of a threshold
effect is observed where inundation increases rapidly above a given threshold flow rate (which
varies by location in the watershed). This can amplify the effect of smaller reductions in peak
flow on reducing inundated area. Furthermore, the frequency of overtopping of Koenig Lane
(which has been documented to occur in the past) are expected to be reduced from a roughly 6-
year return interval for existing conditions to a 20-year return interval for the maximum Gl
scenario. With regard to assumed foundation elevations of structures located 6 inches or more
below conceptual water surface elevations for inundated areas, a roughly 90% reduction in
inundated structures is predicted for the 25-year return interval and 30% reduction for the 100-
year return interval.

Implications for Broader Application of Hybrid Decentralized Approaches. The maximum
GI modeling included limited hybrid approaches consisting of localized drainage improvements
in combination with decentralized GI implementation. Individually, these approaches would be
less effective or not permissible: reliance on hydrologic control alone would not be as effective
at reducing inundation, while increasing drainage efficiency alone would potentially cause issues
with downstream impacts in Shoal Creek. However, as a combined approach, it appears that a
greater increase in level of service can be achieved through a hybrid decentralized approach
without having downstream impacts. This observation resulted in the development and modeling
of the hybrid green/grey scenario discussed in detail in Section 7.
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7 EVALUATION OF HYBRID GREEN/GREY SCENARIO

This section presents the results of model runs conducted to evaluate the hybrid green/grey
scenario. Execution and interpretation of model runs followed the same structure as described in
Section 6. This section presents results from both the maximum GI and hybrid green/grey
scenarios to facilitate comparison between these scenarios.

7.1 Description of Hybrid Green/Grey Scenario

Based on findings from the maximum GI scenario, a hybrid green/grey scenario was developed.
The overarching goals in developing the hybrid green/grey scenario were:

e Increase the drainage level of service in the watershed for larger storms by strategically
locating “grey” conveyance infrastructure (e.g., new storm drains, inlets, and a bypass
line) in areas with known drainage issues;

e Hold planning level costs similar to the maximum GI scenario by reducing the level of Gl
implementation to compensate for the addition of new conveyance elements; and

e Avoid increases in peak flow or volume at the outlet from the Grover Channel watershed.

A number of candidate hybrid green/grey scenarios were tested iteratively to evaluate if they met
the goals above. From this process, a preferred hybrid scenario was selected. This hybrid
green/grey scenario is shown in Figure 7.1. The location of the proposed grey infrastructure was
selected based known drainage complaints and modeled inundation areas. Pipe sizes were
selected to convey the 100-year flow based on model results from the contributing drainage areas
while taking into account the impact of upstream Gl features. Key features of this scenario are
summarized below:

e Localized conveyance capacity was added via new pipes and inlets in areas below the
Lamar commercial district (along Brentwood Street, Wild Street, and Payne Avenue)
to address localized flooding that has been documented in drainage complaints and
has been observed in modeling results.

e A bypass line was added beneath Grover Avenue between approximately Brentwood
Street and Romeria Drive to alleviate documented and modeled capacity issues in
Grover Channel along this reach. A portion of flow from the channel is diverted into
this line near Brentwood Street and returns to the channel near Romeria Drive. New
inlets are not proposed for the bypass line, but existing inlets will be routed into the
bypass line. The upstream elevation of the bypass line is higher than the bottom
elevation within Grover Channel. Therefore, low flows will remain within the
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channel and bypass will occur only once the channel depth exceeds approximately
one foot.

Additional culvert capacity was added beneath Koenig Lane to alleviate known
overtopping of Koenig Lane which is an arterial road. The additional culvert was
sized based on survey information on the existing culvert with a 4.8 ft height. The
culvert width was selected based on available width within the channel that appeared
to be feasible for construction and did not result in a modeled increase to peak flows
at the watershed outlet.

Gl features were removed from Planning Areas 6, 7, and 8 in the lower portion of the
watershed; these areas are down gradient of the most acute flooding issues.

Permeable friction course (PFC) overlays were eliminated from the entire study area
because it was found to be among the least effective Gl feature for peak flow
reduction.

In addition to aiding in selection of the hybrid alternative, the process of iteratively analyzing
various hybrid scenarios yielded several findings that are noteworthy:

1) It is possible to add too much drainage capacity such that the peak flow rates at the

2)

3)

watershed outlet would be increased. In other words, there is a limit to the ability of Gl to
offset the increase in drainage efficiency provided by the new drainage features. This
“breakeven” point needed to be approached, but not exceeded to meet study goals.

When adding the bypass line, it was possible to transfer flooding issues elsewhere in the
local watershed. This also needed to be avoided.

There are clearly many degrees of freedom in developing both the grey and green
portions of this solution, and a truly optimized solution was not sought or reached in this
effort. If a solution such as this is taken to detailed design, a formal optimization could be
considered.

Overall, we believe the hybrid green/grey scenario that was selected and analyzed provides a
meaningful example of how this approach could improve the level of service for the watershed.

A total of 11 additional model scenarios were conducted for the hybrid green/grey scenario for
select design storms and long-term simulations in both the 1D and 2D models. Table 7.1 below
summarizes each of the hybrid green/grey model scenarios and includes the model filenames.
The filenames presented below are referenced throughout this section.

Page 125 of 178



Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

Table 7.1. Summary of Model Scenarios Analyzed for Hybrid Green/Grey Scenario

Model Description 1bor Scenario | Filename
Scenario ID# P 207
025 | 1/9/19871t012/31/2014 | 1D Hybrig | 02>-Brentwood_1D_Hybrid_28-
yr_Record_revl.inp

026 2-year, 24-hour design 1D Hybrid 026_Brentwood_1D_Hybrld_2-
storm yr_revl.inp

027 2-year, 24-hour design D Hybrid 027_Brgntwood_2D_Hybrld_2-
storm yr_revl.inp

028 5-year, 24-hour design 1D Hybrid 028_Brgntwood_1D_Hybrld_5-
storm yr_revl.inp

029 5-year, 24-hour design D Hybrid 029_Brgntwood_2D_Hybrld_5-
storm yr_revl.inp

030 10-year, 24-hour 1D Hybrid 030_Brgntwood_lD_Hybnd_lO-
design storm yr_revl.inp

031 10-year, 24-hour D Hybrid 031_Brgntwood_ZD_Hybnd_lO-
design storm yr_revl.inp

032 25-year, 24-hour 1D Hybrid 032_Brgntwood_lD_Hybrld_ZS-
design storm yr_revl.inp

033 25-year, 24-hour D Hybrid 033_Brgntwood_ZD_Hybnd_ZS-
design storm yr_revl.inp

034 100.-year, 24-hour 1D Hybrid 034_Brentwood_1D_Hybnd_lOO-
design storm yr_revl.inp

035 100l-year, 24-hour D Hybrid 035_Brgntwood_2D_Hybrld_100-
design storm yr_revl.inp
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7.2 1D Model Results

This section presents the results of 1D models of the hybrid scenario. These models were
executed and interpreted identically to the maximum GI models described in Section 6.2. These
explanations are not repeated here.

7.2.1 Long-Term Continuous Simulation Results

Table 7.2 to Table 7.6 present flow-frequency and volume-frequency statistics calculated from
the continuous flow record for each of the five channel analysis points. The remaining CS model
results are presented in Appendix C for the five analysis points within Grover Channel. Figure
7.2 shows the graphical flow-frequency plot estimated from CS results at BW1. Figure 7.3 shows
the graphical total runoff volume-frequency plot estimated from CS results at BW1. Figure 7.4
shows the graphical flow-duration plot estimated from CS results at BW1. Additional results
from the CS modeling are presented in Appendix C.

Table 7.2. Continuous Simulation Results at Analysis Point BW1 (near study area outfall)

CS Calc’d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing | Max Gl | Hybrid | % diff | Existing | Max Gl Hybrid | % diff
1 348 188 207 | -40.6 | 1,582,000 | 1,208,000 | 1,260,000 | -20.4
2 394 304 327 -17.1 ] 1,960,000 | 1,534,000 | 1,577,000 | -19.5
5 522 396 435 | -16.6 | 2,733,000 | 2,358,000 | 2,413,000 | -11.7
10 597 512 566 -5.1 ] 3,978,000 | 3,469,000 | 3,546,000 | -10.9
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Figure 7.3. Runoff Volume Frequency Plot at BW1
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Figure 7.4. Flow Duration Plot at BW1

Table 7.3. Continuous Simulation Results at Analysis Point J-1829 (Upstream of Koenig

Lane)
CS Calc’d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing | Max Gl | Hybrid | % diff | Existing | Max Gl Hybrid | % diff
1 253 132 137 | -45.6 | 1,159,000 | 941,000 | 950,000 [ -18.0
2 290 212 217 -25.0 | 1,552,000 | 1,302,000 | 1,311,000 | -15.6
5 380 286 292 | -23.1 | 2,028,000 | 1,710,000 | 1,721,000 | -15.1
10 435 369 393 -9.6 | 2,980,000 | 2,746,000 | 2,750,000 | -7.7
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Table 7.4. Continuous Simulation Results at Analysis Point J-1846 (Upstream of Arcadia

Avenue)
CS Calc’d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing | Max Gl | Hybrid | % diff | Existing | Max Gl Hybrid | % diff
1 199 105 63 -68.3 | 860,000 | 707,000 | 480,000 | -44.1
2 235 165 96 -59.1 | 1,148,000 | 963,000 | 673,000 | -41.4
5 304 225 152 | -50.1 | 1,504,000 | 1,283,000 | 867,000 [ -42.3
10 340 291 227 | -33.3 | 2,225,000 | 2,066,000 | 1,355,000 | -39.1

Table 7.5. Continuous Simulation Results at Analysis Point J-1858 (Upstream of Karen

Avenue)
CS Calc’d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing | Max Gl | Hybrid | % diff | Existing | Max Gl Hybrid | % diff
1 170 89 50 -70.6 | 691,000 | 574,000 | 372,000 | -46.3
2 203 138 76 -62.6 | 916,000 | 780,000 | 529,000 | -42.3
5 247 192 127 | -48.6 | 1,202,000 | 1,032,000 | 684,000 | -43.1
10 273 239 188 -31.2 | 1,745,000 | 1,636,000 | 1,036,000 | -40.6

Table 7.6. Continuous Simulation Results at Analysis Point BW2 (adjacent to Lions Field)

CS Calc’d Return Peak Flow (cfs) Total Runoff (CF)
Period (yr) Existing | Max Gl | Hybrid | % diff | Existing | Max Gl Hybrid | % diff
1 103 54 53 -48.6 | 398,000 | 317,000 | 318,000 | -20.2
2 130 86 86 -34.4 | 515,000 | 410,000 | 410,000 | -20.5
5 160 124 128 | -20.3 | 696,000 | 580,000 | 583,000 [ -16.3
10 181 164 165 -8.6 | 1,054,000 | 919,000 919,000 | -12.8

These results (and the more extensive results provided in Appendix C) demonstrate that the
hybrid scenario had the intended effects, specifically:

e Peak flow rates and volumes at BW1 remained reduced compared to existing conditions,
but not to the extent predicted for the maximum GI scenario. This was an expected
tradeoff due to focusing more of the planning level budget on conveyance improvements

and less on GlI, but indicates a net benefit downstream of the watershed.
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At the intermediate analysis points within the residential areas with the most drainage
complaints, reductions in flow rate were substantially better for the hybrid scenario than
the maximum Gl scenario. For example, the 10-year flow rates for the hybrid green/grey
scenario are approximately equal to or less than the 2-year flow rates from the existing
condition, suggesting that the average return interval of this flow rate reduced from once
every 2 years on average to less than once every 10 years on average. This trend is further
supported by interpretation of flow-frequency graphs in Appendix C.

Improvements in level of service were also seen at Koenig Lane as a result of capacity
improvements and upstream flow reduction. The degree of overtopping expected every 6
to 7 years in the existing condition was not observed in the 28 year CS analysis for the
hybrid scenario.
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Figure 7.5. Example Head-Frequency Plot and Interpretation (Node J-1829)

CS results were also used as part of:

e Extrapolating 2D DS results to long-term inundation estimates (See Section 7.3.2),

e Estimating pollutant load reductions (See Section 7.4),

» Evaluating erosion impacts (See Section 7.5), and

« Estimating volume reduction, groundwater recharge, and water conservation implications
(See Section 7.6).
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7.2.2 Design Storm Results

Figure 7.6 through Figure 7.9 present the peak flow rates and total runoff volumes for each of the
three scenarios at both the BW1 and BW2 monitoring stations. Each point on these plots
represents the results from a discrete DS run.
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Figure 7.6. Impact of Hybrid Green/Grey on Design Storm Peak Flow Rates at BW1

Page 134 of 178



Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

300
250 /
)
£ 200
Q
)
[1:}
o0
% 150 —o— Existing
T
< / —8—Max Gl
o 100 r o —A— Hybrid
50

1 10 100
Return Period (yr)
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Figure 7.8. Impact of Hybrid Green/Grey on Design Storm Total Runoff Volume at BW1
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Figure 7.9. Impact of Hybrid Green/Grey on Design Storm Total Runoff Volume at BW2

Similar to the results of the CS analysis and as expected, DS model results indicate that Gl
reductions in peak flows and total runoff volumes are greater for the smaller, more frequent
events and diminish with larger events. Furthermore, the hybrid green/grey scenario predicts
nearly identical results to the maximum GI scenario at the BW?2 location; only minor
modifications up gradient of BW2 were proposed for the hybrid scenario. The peak flow rates
and runoff volumes at BW1 increase for the hybrid scenario when compared to the maximum Gl
scenario; however, the results remain less than the existing conditions model results.

Similar to the CS analysis, the greatest impact of the hybrid green/grey scenario is predicted
within the residential areas with known drainage complaints. Figure 7.10 and Figure 7.11 below
show the peak flow rates and runoff volumes, respectively, at analysis point J-1846 (upstream of
Arcadia Avenue). The significant decrease in peak flows and runoff volumes due to the hybrid
scenario beyond the reduction provided by the maximum GI scenario suggest the strategic grey
infrastructure options can further improve drainage conditions in areas with known issues.
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Figure 7.10. Impact of Hybrid Green/Grey on Design Storm Peak Flow Rates at J-1846
(Upstream of Arcadia Avenue)
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7.2.3 Selected Historical Event Results

The same five historical events as analyzed for the maximum GI scenario were also analyzed for
the hybrid green/grey scenario. Table 7.7 below provides statistics for each of the selected storms
in terms of rainfall statistics and model results at BW1 as well as an interior location within
Grover Channel upstream of Arcadia Avenue (J-1846) where the bypass line provides additional
capacity in the channel. Rainfall intensity return periods were approximated from intensity-
duration-frequency (IDF) curves from the City of Austin Drainage Criteria Manual. Values from
the maximum GI scenario are shown in grey for reference.

Table 7.7. Summary of Selected Historical Events

Historical Event Date 5/17/1999 | 8/26/2001 | 11/15/2001 | 11/21/2004 | 9/4/2009
Duration (h) 18.58 59.42 20.25 31.17 18.92
Total Rainfall (in) 2.89 6.68 5.22 3.44 2.54
Max 15-min Intensity (in/hr) 5.50 4.54 4.48 3.53 4.26
Approx. 15-min Return Period (yr) 7.4 3.3 3.1 <2 2.6
Max 30-min Intensity (in/hr) 4.87 4.24 4.22 2.58 2.94
Approx. 30-min Return Period (yr) 30 14 14 <2 2.8
Max 60-min Intensity (in/hr) 2.82 3.05 3.13 1.87 2.40
Approx. 60-min Return Period (yr) 13 18 20 2.5 6.2
Existing Peak Flow at BW1 (cfs) 648 604 674 451 510
Maximum GI Peak Flow at BW1 (cfs) 520 500 618 314 398
Hybrid Peak Flow at BW1 (cfs) 597 549 665 347 437
Hybrid Scenario Percent Difference
in Peak Flow (%) -7.9 9.1 -1.3 -22.9 -14.3
(Eﬁﬁ')st'”g Event Runoff Volume at BWL | » 514 000 | 3,958,000 | 4,509,000 | 2,289,000 | 1,815,000
I\B/l\{;\l/xlm(]fttgr)n Gl Event Runoff Volume at | 954 600 | 3,261,000 | 4,152,000 | 1,856,000 | 1,517,000
Hybrid Event Runoff Volume at 11 479 500 | 3363,000 | 4,210,000 | 1,013,000 | 1,563,000
BW1 (ft3)

Hybrid Scenario Percent Difference 118 151 6.6 16.4 13.9

in Event Runoff Volume (%)
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Historical Event Date 5/17/1999 | 8/26/2001 | 11/15/2001 | 11/21/2004 | 9/4/2009
Existing Peak Flow at J-1846 (cfs) 393 338 402 258 297
Maximum G| Peak Flow at J-1846 308 281 353 181 296
(cfs)

Hybrid Peak Flow at J-1846 (cfs) 239 219 275 110 152
Hybrid Scenario Percent Difference

in Peak Flow (%) :39.1 354 316 572 48.8
Existing Event Runoff Volume atJ- | ) 149 000 | 2077.000 | 2,322,000 | 1.291.000 | 941,600
1846 (ft)

Maximum GI Event Runoff Volume at | 4 1,3 409 | 1785000 | 2.166.000 | 1.069.000 | 814,100
1-1846 (f6)

Hybrid Event Runoff Volume at J- | ¢q0 300 | 1206000 | 1.424.000 | 717.300 | 532800
1846 (fd)

Hybrid Scenario Percent Difference | 49, 419 38.7 444 434

in Event Runoff Volume (%)

Hydrographs for each of the selected historical events are provided in Appendix B for
comparison of existing conditions to the maximum GI scenario and hybrid green/grey scenario

results.

7.3 2D Model Results

The 2D models of the hybrid scenario were run and interpreted in the same manner described in
Section 6.3. This section presents the hybrid scenario results, as well as the maximum Gl results

for reference.

7.3.1 Design Storm Results

Appendix D includes figures that show the location of the inundated areas for each of the design
storms under the hybrid green/grey scenario. Figure 7.12 below compares the calculated total
inundated areas for each of the design storms for all three scenarios.
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Figure 7.12. Inundation Areas by Depth and Design Storm

The implementation of the hybrid green/grey scenario results in a decrease to the calculated
inundated area for each of the inundated depth thresholds beyond what the maximum GI scenario
can provide.

Figure 7.13 reports the number of structures inundated for each of the five design storms and a
comparison between existing conditions, maximum GI scenario, and hybrid green/grey scenario.
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Figure 7.13. Number of Assumed Foundation Elevations Located Six Inches or More Below
Conceptual Water Surface Elevation

For each design storm, the hybrid green/grey scenario results in a reduction in the number of
inundated structures compared to existing conditions and the maximum GI scenario. At the 25-
year, 24-hour event, no structures were estimated to be inundated. At the 100-year, 24-hour
event, the calculated number of inundated structures decreases by 37 structures (a 67%
reduction).

7.3.2 Extrapolation to Long-Term Performance

Table 7.8 below summarizes the return period for inundated areas of various depths and the
impact of the hybrid green/grey scenario on reducing the inundated area for a given return
period. These results are shown graphically in Figure 7.14.
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Table 7.8 Estimated Inundated Area Return Period Calculations

CS Calcula.ted Total Inundated Area >2" (ac) Total Inundated Area >6" (ac)
Return Period

(yr) Existing | Max Gl | Hybrid | % Diff | Existing | Max G| | Hybrid | % Diff
1 1.62 0.83 0.48 -70% 0.13 0.05 0.03 -T7%
2 2.26 1.02 0.64 -12% 0.23 0.10 0.08 -68%
5 3.61 1.50 0.80 -78% 0.43 0.15 0.12 -713%
10 5.18 2.81 1.42 -12% 0.77 0.40 0.19 -715%
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Figure 7.14. Estimated Inundated Area Return Periods from Continuous Simulations

These results show that the total area inundated every 2 years in the existing condition is
approximately equal to the total area inundated every 20 years in the hybrid green/grey scenario.
Additionally, while peak flow rates were reduced by approximately 30 percent for the 2-year
event and declined in percent reduction in larger storm events, it appears that a more substantial
increase in level of service (i.e., 60 to 80 percent reduction in inundated area) may be possible

Page 142 of 178




Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

across a broader range of storm events when evaluating level of service based on area of
inundation. This is believed to be due primarily to the strategic simulation of conveyance
improvements (i.e., raised curb lines, channel bypass pipe, and additional storm drain laterals)
coupled with Gl features.

7.4 Pollutant Load Reduction

The pollutant load reduction analysis described in Section 6.4 was updated for the hybrid
green/grey scenario.

Table 7.9 shows the planning area characteristics and model results extracted from the
continuous simulation models. Table 6.12 above shows the characteristic concentrations for each
planning area, estimated per City of Austin (2009; Table 4.8). Table 7.10 shows the resulting
pollutant load reduction estimated to be achieved via volume reduction processes (e.g.,
infiltration, ET, direct use). Table 7.11 summarizes the breakdown of volume reduction and
capture efficiency estimates used for pollutant load calculations.

Table 7.9. Summary Outputs from H&H Model for Hybrid Scenario Pollutant Load
Analysis

Planning Area

H&H Modeling Output 1 > 3 4 5 5 . 3 Total
Area, ac 80.1 17.6 29.4 52.5 67.3 | 482 | 494 | 238 | 3683
Imperviousness 31% 45% 71% 30% | 33% | 33% | 41% | 59% | 38%

Existing Condition Runoff

Volume, AFY 51.9 14.7 40.2 27.6 47.2 34.0 319 | 269 | 2743

Maximum GI Scenario

Runoff Volume, AFY 30.7 14.0 31.9 11.2 30.6 30.8 253 | 26.2 | 200.7

Hybrid Green/Grey
Scenario Runoff Volume, 30.7 14.0 319 12.6 32.2 34.0 265 | 269 | 208.8
AFY
Percent Volume Reduction | 41o | 4905 | 2105 | 54% | 30% | 0.0% | 17% | 0.0% | 24%
for Hybrid Scenario
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Table 7.10. Calculated Pollutant Load Reduction from Only Volume Reduction Processes
for Hybrid Scenario

Pollutant Percent Load
Hybrid Load Reduction via
Existing | Maximum | Green/Grey | Reduction | Volume Reduction
Condition | Gl Scenario | Scenario | Via Volume (approx.
Indicator Pollutant Load Load Load Reduction | uncertainty bound)
. 24%
Total Suspended Solids, Ibs 124,000 91,000 94,000 30,000 (12% to 36%)
Total Phosphorus, Ibs 300 220 230 70 24%
' (12% to 36%)
Total Nitrogen, Ibs 1,700 1,200 1,300 400 24%
' ’ ’ ' (12% to 36%)
L 23%
Biological Oxygen Demand, Ibs 7,300 5,500 5,700 1,600 (1% to 34%)
. 24%
* TAY
Fecal Coliform, cfu*10"12 190 140 150 50 (12% to 36%)
. 21%
Total Zinc, Ibs 46 35 36 10 (1% to 32%)

Table 7.11. Summary of Volume Reduction and Capture Efficiency

Row Volume Breakdown Value Source/Rationale
1 |Total Baseline Runoff Volume without GI 275 AFY Existing condition CS model
o . . 66 AFY (24% of Comparison of Ex.|st|ng condition to maximum
2 |Total Volume Reduction with Hybrid Scenario . GI CS models; somewhat conservative
Baseline) S Y i _
infiltration rate and Gl design assumptions
Maximum Additional Runoff Volume Potentially Assumes that approximately two thirds of
3 |Managed by Gl Features (not all necessarily 117 AFY (43%) watershed flows to some type of Gl feature
treated) (not precisely quantified).
Conservanvg Estlmate of Volume Treated and 30 t0 60 AFY (11% to Conservatively Qevelopgd baged on worst
4 |Released (via various treatment processes) case where biodetention with limited
22%) . C .
(subset of Row 3) residence time is used extensively
Remaining Volume (includes volume not flowing
5 to Gl feature, bypgssmg G_I feature, or being 150 to 180 AFY Row 1 [Row 2 + Row 4]
managed at a residence time that does not allow
treatment)

The hybrid green/grey scenario provides somewhat less pollutant load reduction than the
maximum GI scenario, approximately proportional to the reduction in implementation of Gl in
this scenario. However, pollutant load reduction benefits are still substantial.
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7.5 Grover Channel Erosion Reduction

Reductions in erosion in Grover Channel were updated to include the hybrid scenario per the
methods described in Section 6.5. Figure 7.15 shows the flow duration histogram for the existing
conditions, maximum GI scenario, and hybrid green/grey scenario, extracted from modeled flow
records at node J-1846.
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Figure 7.15. Flow Duration Histogram

The flow durations were multiplied by the rate of work index for each flow bin to yield the
average effective work index per year occurring as a result of flows within each flow bin (Figure
7.16). The Ep ratio was calculated by summing the effective work index over bins for both the
existing and Gl and dividing the effective work index in the GI condition by the effective work
index in the existing condition (Table 7.12).
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Figure 7.16. Effective Work Index Histogram for Mid Critical Shear Stress

Table 7.12. Results of Erosion Potential Analysis

Existing Maximum Gl Hybrid Percent
- . Green/Grey .
e . Condition Scenario . .| Reduction
Sensitivity Scenario . . Scenario EP Ratio | . .
Effective Effective Effective Work in Effective
Work Index Work Index Work
Index
Low crltl_cal shear 65 a4 36 0.56 44%
stress (fine sand)
Mid critical §hear 23 2% 20 0.46 54%
stress (silt)
High critical shear 12 6 3 0.21 6%
stress (clay)
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Based on this analysis, it appears that erosive effort on a representative reach of channel would
be reduced by about 40 to 75 percent in the hybrid green/grey scenario compared to the existing
condition. This reduction in erosion potential is somewhat greater than the expected erosion
reduction predicted for the maximum GI scenario. The addition of the channel bypass pipe
diverts larger flows from the channel into a proposed pipe. However, the bypass pipe, as
currently simulated, has less effect on smaller, more frequent flows, because it was modeled to
be elevated one foot above the invert of the channel. If the pipe was designed to divert a greater
portion of smaller flows from the channel, the erosion potential would be expected to decrease
even further. This option could be considered in implementation.

7.6 Runoff Volume, Groundwater Recharge, and Water Conservation Implications

Analyses of runoff volumes, groundwater recharge, and water conservation metrics were updated
for the hybrid scenario using the methods described in Section 6.6. A summary of results is
presented in Table 7.13. The hybrid green/grey scenario results showed somewhat less recharge
and water conservation, proportional to the reduction in Gl implementation in this scenario.
General implications for recharge, water conservation, and water balance are not notably
different.
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Table 7.13. Summary of Hybrid Scenario Estimated Potential Increase in Groundwater
Recharge and Water Conservation

Estimated Fate of Volume Reduction
Portion to
Components of Offset Portion to ET .
System-wide Volume ezl Portionto | Potable | Only (without Rationale for
. Volume | 5o o W Apportioning
Reduction Reduction otential ater net water
AFY " | Recharge Demand conservation
(ultimately to benefit)
ET)
Approximate estimate;
Direct Use via 0 0 cistern use may not always
Residential Cisterns 107 5% 25% offset water that would
have been otherwise used.
Infiltration does not entirely
Infiltration in Green 0 0 go to recharge; still
Features 303 0% 10% potential for ET losses after
it leaves the Gl feature.
ET in Green Features 0.6 100% D'@Ct model estimate of
ET in Gl features.
Approximate estimate; may
Enhanced vary significantly based on
Disconnection (mix of 5.7 50% 25% 25% site-specific implementation
ET and infiltration) of enhanced disconnection
program.
Infiltration + ET in Infiltration does not entirely
Biofilter, Biodetention, 0 0 go to recharge; still
and Channel Widening 182 0% 10% potential for ET losses after
Projects it leaves the Gl feature.
Total (AFY) - Hybrid 65.5 46.5 9.5 9.6
Total (AFY) - 73.6 50.3 12.1 112
Maximum Gl
7.7 Impacts on Shoal Creek Base Water Surface Elevation

Flow rates and volumes for the 100-year storm event at the watershed outlet were summarized to
assess if this scenario could have an adverse impact on base flood elevations in Shoal Creek. The
model results presented mixed findings:
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e Results of the 2D model for the 100-year event show slight potential for increased peak
flows from 2D model results (Figure 7.17) (3.9%), with slight reduction in volume

(2.4%).

e The 1D model results suggest a slight decrease in peak flows (1.0%) and volumes (4.1%)
(see Table 7.14) and therefore slightly improved downstream conditions in Shoal Creek.

It is not clear that one of these models is necessarily more reliable than the other. Ultimately, this
finding suggests that this scenario comes very close to the “break-even” point where increased
drainage efficiency is no longer balanced through GI implementation. This does not invalidate
the general findings of this scenario but does indicate the caution that will be needed in

implementation of a scenario such as this.
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Table 7.14. Existing and Hybrid Scenario 1D Results for Peak Flow Rates and Runoff
Volumes at BW1

Return Period Peak Flow Rate (cfs) Total Runoff Volume (CF)
Existing Max Gl Hybrid Existing Max Gl Hybrid
2-Year 318.4 209.3 222.4 1,500,000 | 1,303,000 | 1,336,000
5-Year 486.4 404.3 426.1 2,723,000 2,534,000 2,546,000
10-Year 601.0 522.2 571.8 3,662,000 | 3,433,000 | 3,485,000
25-Year 677.2 622.0 655.4 4,194,000 | 3,925,000 | 3,971,000
100-Year 945.2 880.6 935.6 6,562,000 | 6,266,000 | 6,293,000

7.8 Summary of Findings from Hybrid Green/Grey Scenario

Effect of Hybrid Green/Grey Scenario on Hydrologic and Hydraulic Conditions. The model
results suggest a similar interpretation of the impacts of the hybrid green/grey scenario on
hydrologic and hydraulic conditions as was seen for the maximum GI scenario. However, the
hybrid scenario showed significant improvements in level of service within the interior of the
study area where the majority of the drainage complaints are observed. This was not achieved
through additional reduction of runoff volumes or peaks. Rather, the strategically located grey
infrastructure improvements provided additional drainage efficiency within Grover Channel
throughout the main residential area currently experiencing localized flooding issues.

Design storm and continuous simulation results provide fairly consistent interpretation of the
increase in level of service that can be accomplished with distributed GI and strategically located
grey infrastructure.

The greatest impact of the hybrid green/grey scenario is predicted within the residential areas
with known drainage complaints. At this interior location, which is affected by the grey
infrastructure bypass storm drain pipe, significant reductions in peak flows and runoff volumes
are expected for all design storms. Reductions in flow rate on the order of 60 percent in 2-year
storms decline to reductions of approximately 35 percent in 10-year storms. In terms of
frequency, the types of hydrologic conditions that are encountered at a 2-year average return
interval in the existing condition can be reduced to approximately a 10-year return interval
through the hybrid green/grey scenario. This suggests that this type of nuisance flooding could
be reduced in frequency by a factor of five in the residential areas with known drainage
complaints.
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As a result of focusing on improvements within the central portion of the watershed, the hybrid
scenario showed less improvement than the maximum GI scenario at the watershed outlet.
However, this scenario still achieved a positive or “net zero” effect on runoff volumes and peak
flow rates at the watershed outlet.

Effect of Hybrid Green/Grey Scenario on Inundation Patterns. In comparison to reductions
in peak flow, the hybrid green/grey scenario appears to result in further reductions in inundated
areas and inundated structures that are more substantial than predicted for the maximum Gl
scenario. For example, the areas inundated at depths greater than 2 inches and 6 inches at a 10-
year return interval are reduced by approximately 70 to 75 percent, respectively. This can be
explained by the combined effect of reductions in hydrologic loading and localized drainage
improvements in strategic locations associated with the hybrid green/grey scenario. Furthermore,
drainage improvements near Koenig Lane are expected to reduce the frequency of overtopping
(which has been documented to occur in the past) from a roughly 6-year return interval for
existing conditions to avoid overtopping entirely during the 28-year continuous simulation for
the hybrid scenario. With regard to assumed foundation elevations of structures located 6 inches
or more below conceptual water surface elevations for inundated areas, all the structures are
expected to be removed from the inundated areas for the 25-year return interval and a 67%
reduction of inundated structures is expected for the 100-year return interval.

Implications for Implementation of Hybrid Scenario. As mentioned in the analysis above, the
increased drainage efficiency associated with the strategically located grey infrastructure can
result in increased flows and adverse impacts to Shoal Creek. Therefore, the hydrologic controls
achieved through GI features are required to offset the adverse impacts of grey infrastructure.
The scenario presented here comes very close to the “breakeven” point where increased drainage
efficiency is no longer balanced through GI implementation. Implementation of the grey
infrastructure components should only be done after or concurrently with GI implementation in
order to offset the potential adverse impacts.
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8 DEVELOPMENT AND EVALUATION OF HEC-HMS MODEL

8.1 Purpose and Overview of HEC-HMS Model

Models for the existing conditions and maximum GI scenario were developed in HEC-HMS in
addition to SWMM to address specific questions related to the impacts of Gl features at a
watershed and regional context, specifically in the context of base flood elevations downstream
in Shoal Creek that are established using a similar modeling framework. More generally, the
HEC-HMS model framework was investigated to determine if Gl can be accurately represented
in HEC-HMS in a reliable way, and what limitations the HEC-HMS framework has at
representing Gl.

In line with these purposes, the existing conditions HEC-HMS model was developed following
typical methods and criteria for HEC-HMS modeling in the City of Austin. Using this model,
runoff hydrographs were developed within HEC-HMS for each of the five design storms
discussed above. Representations of decentralized GI were translated to the HEC-HMS modeling
framework, including a combination of curve number (CN) adjustments, impervious cover
adjustments, and the addition of controlled reservoirs and diversions. Results were summarized
in terms of absolute estimates of flow rate and volume as well as relative reductions in flows and
volumes resulting from incorporation of Gl features.

This section provides a summary of the HEC-HMS model development for existing conditions, a
description of our approach for incorporating decentralized Gl within the HEC-HMS model
framework based on the maximum Gl scenario, HEC-HMS model results for both the existing
conditions and maximum GI scenario, and a discussion of findings and model limitations.

8.2 Summary of Existing Conditions HEC-HMS Model Development

Runoff hydrographs from the study area for the existing conditions and maximum GI scenario
were modeled using the U.S. Army Corps of Engineer’s Hydrologic Engineering Center
Hydrologic Modeling System (HEC-HMS) Version 4.0 to estimate the peak discharge and flow
rates from the study area for multiple design storms. The HEC-HMS model was developed
using the SCS Curve Number (CN) and transform methods. The existing conditions HEC-HMS
model was developed by Chan and Partners Engineering (CPE) using typical modeling guidance
for the SCS Curve Number and transform methods applicable for hydrologic studies in the City
of Austin. A memorandum describing the HEC-HMS methodology as well as model inputs is
provided in Appendix G.

The study area was divided into 29 subbasins as shown in Figure 8.1. Subbasins were defined
based on local drainage patterns, defined planning areas for Gl deployment, SWMM
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subcatchment delineations, natural and manmade drainage pathways, and other factors. It should
be noted, as discussed in the original scope of work, these study-specific delineations did not
attempt to maintain consistency with the City of Austin Effective Shoal Creek Model in order to
allow a finer spatial resolution. However, certain inputs were held consistent with the Effective
Shoal Creek Model.

Design storms used in the HEC-HMS model were based on the SCS Type 11 24-hour duration
events for return periods of 2-, 5-, 10-, 25-, and 100-year frequencies which coincide with the
design storms used in the SWMM model. Soil types and land use were investigated and a
hydrologic soil group D was selected to represent the soil type in each subbasin. The 2010 land
use map was used in the Curve Number calculations using Antecedent Moisture Condition Il
(AMC II). These base Curve Number values applied to pervious areas were consistent with the
COA Effective Shoal Creek model which were based on the assumption of “pasture or rangeland
in fair conditions” and excluded consideration for impervious cover. Impervious cover was
calculated using a shapefile provided by the City of Austin (i.e., the impervious cover from the
COA Effective Shoal Creek model was not used). The reason to use the existing impervious
cover instead of the Effective Shoal Creek Model was to improve comparability to the SWMM
model by reflecting existing conditions rather than ultimate build-out conditions. Impervious
cover was not adjusted for the impervious cover modifications conducted during the SWMM
calibration analysis. This approach was used to maintain consistency with typical DCM methods
and guidance, and reflect the fact that a SWMM model calibrated to flow monitoring data is not
often available in typical hydrologic studies.

The time of concentration for each subbasin was calculated using guidance provided by the City
of Austin Drainage Criteria Manual as well as the NRCS Technical Release 55 (TR-55) and the
COA Effective Shoal Creek model. A minimum time of concentration of 5 minutes was selected,
and a lag time of 0.6 times the time of concentration was applied to the transform method for
each subbasin. Channel routing was modeled using the Muskingum-Cunge method in reaches
with definable channels or pipes. For channel flow, cross-sections were modeled as trapezoidal
based on approximations to the contour data whereas pipe or culvert flow was defined based on
record pipe sizes. Figure 8.1 also presents the flow paths used for each subbasin in calculating
the time of concentration.

Figure 8.2 presents a schematic of the HEC-HMS modeling nodal network with all subbasins,
junctions, and reaches for the existing conditions. The existing conditions HEC-HMS model was
developed without consideration of the magnitude of peak flows and runoff volumes predicted
by the calibrated SWMM model. Input parameter adjustments were not made in order to attempt
to match the HEC-HMS model to the calibrated SWMM model results. Therefore, the existing
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conditions HEC-HMS model represents a model developed for current impervious cover
conditions using guidance provided by the COA Drainage Criteria Manual.
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Figure 8.2. HEC-HMS Existing Conditions Nodal Network

8.3 Incorporation of Maximum GI Scenario into HEC-HMS Model

The maximum GI scenario was incorporated into the HEC-HMS model using one of two
approaches. Volume-based GI features (i.e., everything besides enhanced disconnection) were
modeled in HEC-HMS by adding reservoir elements for each HEC-HMS subbasin with volume
and discharge rating curves based on aggregate Gl features in that subbasin. A diversion element
was also added downstream of each reservoir element to account for infiltration losses in Gl
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features. Enhanced disconnection was modeled by adjusting the effective impervious area and
adjusting the CN applied to pervious land.

Figure 8.3 presents a schematic of the Gl incorporation for an individual HEC-HMS subbasin to
illustrate the modifications proposed to account for the impact of Gl features. A description of
how each GI feature is approximated for the HEC-HMS model is presented in the subsections
below.

Channel

Volume and discharge
CN and IC modified to represent: functions represent:
e Enhanced Disconnection e Explicit BMPs Glinfiltration
* Green Streets and
Green Parking Lots
e Cisterns and Blue Roofs

rate removed
from system

Figure 8.3. Schematic of Modeled GI Features in HEC-HMS

8.3.1 Volume-Based GI Features via Aggregated Reservoir Routing

The volume-based GI features include explicit Gl features (i.e., biofiltration, biodetention, and
specific projects) and elements associated with the green streets, green parking lots, and cisterns
and blue roofs programs. This category of features was aggregated together at the subbasin level
and modeled in a reservoir node down gradient from each subbasin. The reservoir was divided
into four volumetric zones representing retention volume (Zone 1) at the lowest level; followed
by slow-release detention volume (Zone 2) with discharge via underdrains; fast-release detention
volume (Zone 3) with discharge via weirs, curb-cuts, or overflow risers; and surcharge or
overflow volume (Zone 4) at the highest elevation. The reservoir outlet flow rate was modeled
based on the cumulative discharge flow rates associated with each storage zone. All types of
discharge (i.e., infiltration, underdrains, weirs, risers, overflows) were routed to the same
downstream node where the infiltration losses were then separated using a diversion element. A
schematic of the modeled reservoir used to represent aggregated Gl features is provided in
Figure 8.4 and depicts the associated volume in each Zone of the reservoir.
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Figure 8.4. Schematic of HEC-HMS Aggregated Reservoir Routing Approach to Account
for Volume-Based Gl Features

The proposed volume-based Gl features each contribute volume and/or flow rates to multiple
proposed reservoir zones discussed above depending on the preliminary design elements of each
feature. Table 8.1 summarizes whether each GI feature contributes volume or a discharge flow
rate used to develop the reservoir characteristic curves (i.e., storage-elevation or discharge-

storage curves).
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Table 8.1. Summary of Volume-Based GI Features and Contribution to Aggregated

Reservoir
Volume-Based Gl Zone 1 Zone 2 (Slow- Zone 3 (Fast- Zone 4 (Overflow
Features (Retention) Release Detention) | Release Detention) | or Surcharge)
o Flow Rate only Volume and Volume and
Biofilration (No Volume) Flow Rate Flow Rate NIA
Biodetention Volume and N/A Volume and Volume and
Flow Rate Flow Rate Flow Rate
o : Flow Rate only Volume and Volume and
Specific Projects (No Volume) N/A Flow Rate Flow Rate
Green Streets and Volume and N/A Volume and N/A
Green Parking Lots Flow Rate Flow Rate
Cisterns and Blue Volume and Volume and
Roofs Flow Rate N/A Flow Rate NIA

Table 8.2 and Table 8.3 present the cumulative volumes and cumulative discharge flow rates,
respectively, for each zone of the aggregated reservoirs assigned to every HEC-HMS subbasin.
These tables were used to develop the storage-elevation and discharge-storage characteristic
curves for each reservoir.

The outflow from the reservoir representing the aggregate impact of Gl includes flow rates
expected to infiltrate. These flow rates were removed from the model and not conveyed into the
hydraulic drainage network. Therefore, a flow diversion was proposed down gradient from the
reservoir which includes a constant flow diversion equal to the expected infiltration rates due to
the addition of GI features. The expected infiltration rate is equal to the flow rates associated
with Zone 1 of the reservoir plus infiltration rates from Gl features that do not have Zone 1
storage volumes. Table 8.3 also contains the diversion discharge flow rate representing the
impact of infiltration. The Zone 1 flows are diverted to a “dummy” junction within HEC-HMS to
remove these flows and volumes from the model.
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Table 8.2. Summary of Subbasin Reservoir Aggregated Cumulative Volumes

HEC-HMS Subbasin Zone 1 Zone 2 Zone 3 Zone 4
Designation Volume (ac-ft) | Volume (ac-ft) | Volume (ac-ft) | Volume (ac-ft)
BWO01 0.1338 0.1854 0.4522 0.4522
BWO02 0.1046 0.2078 0.5188 0.5188
BWO03 0.1322 0.1665 0.3674 0.3674
BWO04 0.0701 0.1045 0.2434 0.2434
BWO05 0.0585 0.0585 0.1276 0.1276
BWO06 0.1357 0.1701 0.3745 0.3745
BWO07 0.0532 0.0703 0.1751 0.1790
BWO08 0.0105 0.0105 2.5919 5.8059
BW09 0.1015 0.1358 0.3061 0.3061
BW10 0.0422 0.0422 0.2431 0.2431
BW11 0.0931 0.1274 0.3530 0.3530
BW12 0.0238 0.0410 0.0991 0.0991
BW13 0.0907 0.1251 0.4149 0.4861
BW14 0.1210 0.1553 0.3451 0.3451
BW15 0.0374 0.0374 0.2877 0.2997
BW16 0.2206 0.2893 0.8578 0.9057
BW17 0.0627 0.0798 0.1769 0.1769
BW18 0.0337 0.0337 0.0672 0.0672
BW19 0.0500 0.0500 0.0998 0.0998
BW20 0.0875 0.0875 0.4354 0.4354
BW21 0.0162 0.0505 0.1527 0.1572
BW22 0.0052 0.0396 0.1136 0.1136
BW23 0.1117 0.1460 0.6041 0.6041
BW24 0.0002 0.0002 0.6809 0.6809
BW25 0.0002 0.0002 0.3038 0.3038
BW26 0.1011 0.1011 0.2787 0.2787
BW27 0.0290 0.0290 0.0579 0.0579

BW28 N/A N/A N/A N/A
BW29 0.0129 0.0129 0.2265 0.2265
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Table 8.3. Summary of Subbasin Reservoir Aggregated Cumulative Discharge Flow Rates

Designation | Discharge (cfs) Discharge (cfs) | Discharge (cfs) | Discharge (cfs) | Discharge (cfs)
BWO1 0.1348 0.0827 0.3772 12.2589 12.2589
BWO02 0.1872 0.0831 0.6720 19.9317 19.9317
BWO03 0.0976 0.0629 0.2592 8.8976 8.8976
BWO04 0.1053 0.0706 0.2669 9.5448 9.5448
BWO05 0.0269 0.0269 0.0269 1.7983 1.7984
BWO06 0.1195 0.0848 0.2811 10.3340 10.3340
BWO7 0.0709 0.0536 0.1517 6.3269 9.4861
BWO08 0.0105 0.0105 0.0105 5.5092 340.9194
BWO09 0.0641 0.0294 0.2257 6.7086 6.7086
BW10 0.0424 0.0424 0.0424 2.8233 2.8233
BW11 0.0779 0.0432 0.2395 7.3389 7.3389
BW12 0.0413 0.0239 0.1221 4.0096 4.0096
BW13 0.1038 0.0691 0.2654 8.5064 196.9760
BW14 0.0850 0.0503 0.2466 7.9274 7.9274
BW15 0.0376 0.0376 0.0376 5.0916 22.4735
BW16 0.1809 0.1115 0.5041 15.7102 131.4942
BW17 0.0635 0.0462 0.1443 5.4559 5.4559
BW18 0.0093 0.0093 0.0093 0.9308 0.9308
BW19 0.0116 0.0116 0.0116 1.1112 1.1112
BW20 0.0882 0.0882 0.0882 4.4580 4.4580
BW21 0.0440 0.0093 0.2056 7.3386 11.5241
BW22 0.0399 0.0052 0.2015 5.1531 5.1531
BW23 0.1137 0.0790 0.2753 8.9556 8.9556
BW24 0.0 0.0 0.0 2.0426 2.0426
BW25 0.0 0.0 0.0 0.9113 0.9113
BW26 0.0244 0.0244 0.0244 2.3429 2.3429
BW27 0.0099 0.0099 0.0099 1.1387 1.1387
BW28 0.0000 N/A N/A N/A N/A
BW29 0.0129 0.0129 0.0129 4.0558 4.0558
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8.3.2 Enhanced Disconnection Program via Hydrologic Adjustments

The enhanced disconnection program was represented in the HEC-HMS model through a
modification to each subbasin Curve Number in order to account for the additional depression
storage proposed, as well as a modification to the impervious cover in order to account for the
amount of disconnected impervious cover proposed. The process to approximate each of these
modifications are described in detail below. This process was conducted for every SWMM
subcatchment and then a weighted average for all the subcatchments that make up each HEC-
HMS subbasin was applied to the subbasin to account for the enhanced disconnection program.

The enhanced disconnection program was modeled in SWMM as an increase in the pervious
depression storage of 0.96 inches combined with an increase in disconnected impervious cover
by approximately 35% of the impervious area (see Table 5.14). The modification to the HEC-
HMS subbasin impervious cover was decreased to account for the amount of disconnected
impervious cover at the SWMM subcatchment level using the following procedure:

1) The amount of impervious area disconnected for those SWMM subcatchments with
proposed enhanced disconnection programs is calculated by multiplying the percent of
disconnected impervious cover of 35% times the calibrated SWMM impervious cover.

2) The remaining directly connected impervious area is calculated by subtracting the
disconnected impervious area from the calibrated SWMM impervious area.

3) The directly connected impervious area for each SWMM subcatchment which makes up
the HEC-HMS subbasin is summed to give a cumulative directly connected impervious
area for the subbasin and a corresponding impervious cover. In the event that a HEC-
HMS subbasin did not contain any SWMM subcatchments with enhanced disconnection
programs, the impervious cover was not altered from the value provided in the existing
conditions HMS model.

The increase in pervious depression storage provided by the enhanced disconnection program
was converted to a modification to the Curve Number using the following procedure:

1) Assign the Curve Number (CN) for each HMS subbasin to every SWMM subcatchment
associated with the subbasin.

2) Calculate the initial abstraction for the assigned Curve Number as I, = 0.2x(1000/CN -
10).

3) The increase in pervious depression storage of 0.96 inches applies only to the pervious
area of the SWMM subcatchment; therefore, this value is converted to apply to the entire
subcatchment area through the following equation:
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x A

_ DS increase perv

DS all — A +
perv Adisconnect

Where:
DSai = increased pervious depression storage applied to the entire subcatchment (in.);

DSincrease = increase in previous depression storage provided by enhanced
disconnection program (0.96 in.);

Aperv = pervious area for the calibrated SWMM subcatchment (ac); and
Adisconnect = iImpervious area disconnected for the enhanced disconnection program (ac).

4) The increased pervious depression storage applied to the entire SWMM subcatchment is
combined with the calculated initial abstraction from Step 2 above to give a new initial
abstraction for the subcatchment accounting for the enhanced disconnection program.

5) A modified CN is calculated based on the new initial abstraction value as CN =
1000/(1/0.2 + 10).

6) A composite CN is calculated for the HEC-HMS subbasin based on a weighted average
of all the CN values for each SWMM subcatchment included in the subbasin.

The results of the impervious cover modifications and Curve Number modifications to account
for the enhanced disconnection program are presented in Table 8.4 for each HEC-HMS subbasin
together with the original input parameter values.
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Table 8.4. HEC-HMS Input Parameter Adjustments for Enhanced Disconnection Program

HEC-HMS Subbasin | Original | Adjusted | Original Impervious| Adjusted Impervious
Designation CN Value | CN Value Cover (%) Cover (%)
BWO01 85 80.62 33 29.48
BWO02 84 82.78 30 28.32
BWO06 84 82.88 33 31.27
BWO7 85 77.96 39 32.60
BWO09 84 79.57 35 3111
BW12 84 80.83 31 28.60
BW13 84 77.03 32 27.33
BW14 84 81.66 33 30.21
BW16 84 79.22 33 29.35
BW17 84 81.56 36 33.29
BW18 84 79.67 33 29.66
BW21 84 78.67 31 27.95
BW22 84 80.82 33 29.76
BW23 84 83.33 65 58.77
BW27 84 82.71 32 30.20
BW29 84 83.42 62 55.23

8.4 HEC-HMS Design Storm Results

A series of model runs were conducted for both the existing conditions and the maximum Gl
scenario for five 24-hour design storms (DS) (2-year, 5-year, 10-year, 25-year, and 100-year
return periods; run for an additional 24 hours following the end of the rainfall). Design storms
were run with normal moisture conditions (AMC II).

Figure 8.5 through Figure 8.8 present the peak flow rates and total runoff volumes for existing
conditions and maximum Gl scenario at both the BW1 and BW2 monitoring stations,
respectively. Each point on these plots represents the results from a discrete DS run.
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Figure 8.5. HEC-HMS Impact of Maximum GI Scenario on Design Storm Peak Flow Rates
at BW1
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Figure 8.6. HEC-HMS Impact of Maximum GI Scenario on Design Storm Peak Flow Rates
at BW2
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8.5 Evaluation of HEC-HMS Results

The HEC-HMS model was developed using typical DCM methods and guidance but used
smaller drainage area delineations than typical regional watershed models and did not attempt to
maintain consistency with the City of Austin Effective Shoal Creek Model. The HEC-HMS
model developed for this analysis predicts larger peak flow rates when compared to the
regulatory model (results shown in Table 4.2). The smaller drainage areas result in decreased
times of concentration which tend to produce an overall increase in peak flow rates. The
proposed GI representation discussed above was incorporated into the HEC-HMS model
framework to investigate the impacts of Gl features at a watershed and regional context. The
HEC-HMS model results suggest that distributed Gl is effective at reducing peak flow rates and
runoff volumes primarily for smaller design storm events. The effectiveness of Gl decreases as
the return period increases.

The HEC-HMS model predicts a reduction in peak flows at BW1 ranging from roughly 18% to
5% for the maximum GI scenario. The calibrated SWMM model predicts an improved Gl
performance with respect to peak flow reductions ranging from 35% to 7% for the maximum Gl
scenario. Similarly, the HEC-HMS model predicts a reduction in total runoff volumes at BW1
ranging from nearly 12% to 4%, whereas the calibrated SWMM model predicts a similar
reduction ranging from roughly 13% to 4% for the maximum GI scenario. Therefore, the HEC-
HMS model has similar percent reductions in terms of runoff volumes, but significantly under
predicts the performance of Gl at peak flow reductions, primarily for smaller design events.

Further investigation into the differences between the SWMM and HEC-HMS model predictions
shows that the absolute magnitude of runoff flow rates and volumes are not consistent between
the two models. Figure 8.9 and Figure 8.10 present the peak flow rates and runoff volumes,
respectively, for both the HEC-HMS and SWMM design storm results for existing conditions.
The flow rates and volumes are shown based on cumulative results at the subbasin or
subcatchment level, as well as at the watershed outlet at BW1. At the subbasin level, peak flow
rates are combined without taking into account the timing of the peak flows or any attenuation
achieved via the hydraulic network.
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The peak flows predicted by each model at the subbasin or subcatchment level appear to be very
comparable between the two models. However, there are significant differences in peak flows
predicted at BW1. Both models predict attenuation of the peak flows due to the modeled
hydraulic network, but the increased spatial resolution and additional flow paths represented with
the SWMM model result in further flow attenuation between runoff generated at the
subcatchment and runoff at the watershed outlet. The peak flow rates predicted with HEC-HMS
suggest increased hydraulic efficiency and represent a conservative estimate of flows which is
more appropriate for base flood analysis. The SWMM flow rates were calibrated based on
observations and are more representative of flow rates observed during the monitoring period.
The decreased impact of Gl predicted by the HEC-HMS model is partially due to the differences
in flow attenuation predicted in the modeled hydraulic network.

An investigation of the runoff volumes shows that the HEC-HMS model predicts significantly
larger runoff volumes. This is based on the difference between rainfall-runoff methods employed
by the models. Furthermore, the HEC-HMS model does not account for any reduction in runoff
volume for existing conditions. The increased spatial resolution of the SWMM model allows for
distributed ponding of water within the hydraulic network which is observed as a reduction in
volume between the subcatchment runoff to the BW1 prediction. In addition, the channel losses
simulated in the SWMM model reduce the runoff volumes along the length of the unlined
portion of the channel. Despite these differences, the performance of Gl is relatively similar
between the two models on a percent reduction basis.

8.6 Summary of HEC-HMS Modeling and Limitations

The HEC-HMS models were developed and design storms were executed with the specific intent
of evaluating the existing level of service and maximum Gl scenario with a modeling framework
commonly used for flood and drainage studies. The HEC-HMS model produces a hydrograph
using the SCS transform method as described in the City of Austin Drainage Criteria Manual.
The HEC-HMS models were developed with a finer spatial resolution than typical regional
models but was less detailed than the existing conditions SWMM model. To model the
maximum Gl scenario, a method for incorporating distributed Gl features within the HEC-HMS
model framework was developed. Gl features are not commonly accounted for in typical
flooding and drainage studies in the City. Within the HEC-HMS framework, the impact of Gl
features was similar to SWMM with respect to percent reductions in runoff volumes but HEC-
HMS underestimated the reduction to peak flow rates when contrasted with the SWMM model
results.
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The absolute magnitudes of peak flow rates and runoff volumes vary between the two models
due to different methodologies and spatial resolutions. In general, the HEC-HMS model predicts
larger peak flow rates and volumes. This is believed to be a function of two primary factors:

e The SCS curve number methods and assumed antecedent moisture conditions tend to be
more conservative than SWMM, which can be appropriate when conducting analyses
conducted for base flood elevations.

e The HEC-HMS framework includes simplified conveyance routing, which results in
substantially less peak flow attenuation within the drainage network when compared to
SWMM.

The SWMM model is calibrated to observed runoff and is believed to be more representative of
the expected performance and impact of distributed Gl features at reducing peak flows, volumes,
and inundated areas.

General limitations of simulating the impact of GI features within HEC-HMS include the
following:

e The HEC-HMS model framework is not optimal for modeling stormwater controls at fine
spatial resolutions. Representing small scale drainage flow paths and distributed Gl
features is not possible or would be prohibitively time consuming in this model
framework.

e The SCS transform method predicts significantly larger runoff volumes when compared
to the calibrated SWMM results and observed data. This additional runoff volume
reduces the estimated impact of Gl features.

e The HEC-HMS model is less effective at representing heterogeneity of the watershed and
attenuation in the conveyance network when compared to the SWMM model.

e HEC-HMS is primarily a hydrologic modeling framework and would need to be coupled
with a hydraulic model to estimate the effect of GI on inundation areas and provide a
more realistic representation of attenuation in the conveyance network.

Although HEC-HMS can be used to approximate the impact of distributed GI controls
through aggregated GI volumes, controlled flow rates, adjustments to the Curve Number and
impervious cover, and diversions to account for infiltration, we believe the model does not
produce reliable estimates of peak flows and runoff volumes and may underestimate the
effect of GI on peak flow reduction. In general, this means that the use of HEC-HMS would
be conservative for evaluating Gl and/or hybrid approaches. With appropriate additional
consideration, it may be possible to develop guidance for how to use HEC-HMS as part of a

Page 170 of 178



Impact of Decentralized Green Stormwater Controls
Modeling Results Summary

GI and/or hybrid flood control approach in a way that would not result in as much over-
design. For cases when localized drainage conditions are of highest interest and/or long term
frequency and duration metrics are important, a model such as SWMM run in continuous
simulation mode offers major advantages.
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9 SUMMARY OF OVERALL FINDINGS AND NEXT STEPS

9.1 Summary of Observations and Findings

This section presents a summary of findings as they relate to overall study objectives. For
specific results, interpretations, and intermediate findings, see Sections 6 and 7. As previously
mentioned, the objectives of the project are to demonstrate the extent to which GI can meet the
following goals:

1. Reduce the frequency, magnitude, and duration of peak flows to reduce the frequency of
flooding;

2. Reduce the volume of runoff and increase the volume of infiltration;

3. Reduce or eliminate the anticipated life cycle costs of system-wide stormwater
conveyance upgrades;

4. Reduce pollutant loads and erosion potential to receiving waters;

5. Reduce the use of potable water for landscape irrigation; and

6. Awvoid adverse impacts to the base flood elevations of Shoal Creek.

Objective 1: Reduce Frequency, Magnitude, and Duration of Peak Flows to Reduce
Frequency of Flooding. Both the maximum GI and the hybrid green/grey model scenarios
showed that implementation of distributed Gl throughout the study area can significantly reduce
the frequency, duration, and extent of nuisance flooding, primarily for more frequent events (2-
to 5-year storms) and to a lesser extent for more extreme events (10- to 25-year storms). For
example, flood stages and extents that were observed to occur on a 2-year average return interval
in the existing conditions were generally shifted to a 7-year average return interval in the
maximum GI scenario. As another example, a 55 percent reduction in inundation area (>2
inches) and 80 percent reduction in structure flooding was estimated in the 25-year event. The
use of GI only, within the range of feature sizes feasible in the watershed, has a clear and
expected limitation in its ability to address runoff from larger storm events.

The hybrid green/grey scenario provided much greater reduction in frequency, duration, and
extent of flooding for larger storm events, primarily by adding localized conveyance
improvements to the Gl strategy. For example, in this scenario, structure flooding was eliminated
for the 25-year return interval (reduction from 11 structures to zero). Additionally, flood stages
and extents that were observed to occur on a 2-year average return interval in the existing
conditions were generally shifted to a 20-year average return interval in the hybrid scenario. This
approach focused on improving level of service in the residential area of the watershed with
known drainage complaints while having a “net zero” effect at the watershed outlet. The addition
of drainage capacity within the watershed can increase drainage efficiency resulting in a net
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increase to peak flows and flooding at the study area outfall; therefore, the green infrastructure
must be implemented at a level sufficient to offset these impacts, as discussed below with respect
to base flood elevations in Shoal Creek. Additional detail is provided in Sections 6.3 and 7.3.

Objective 2: Reduce Volume of Runoff and Increase Infiltration. Both the maximum GI and
the hybrid green/grey model scenarios show that distributed GI throughout the study area can
significantly reduce runoff volumes and increase infiltration. Continuous simulation modeling
suggests that approximately 25% of the existing conditions runoff volume can be reduced each
year due to increased infiltration and direct use for both the maximum GI and hybrid green/grey
scenarios. An increase in recharge of 50 to 45 acre-feet per year on average (16 to 15 MG/yr)
was estimated for the maximum GI and hybrid scenarios, respectively. The hybrid scenario
showed somewhat less recharge and water conservation, proportional to the reduction in Gl
implementation in this scenario. Additional detail is provided in Sections 6.6 and 7.6.

Objective 3: Reduce Anticipated Life-Cycle Costs of Stormwater Conveyance Upgrades.
The use of GI within the study watershed to help avoid increases in base flood elevation in Shoal
Creek (as discussed below) has the potential to significantly reduce life-cycle costs compared to
an alternative that requires system-wide stormwater conveyance upgrades. Rough estimates
suggest that the maximum GI and hybrid green/grey modeling scenarios would have a
construction cost on the order of $20M. The system-wide stormwater conveyance upgrades were
estimated on the order of $200M in a previous study (RCA, 2010). A detailed analysis and
discussion of life-cycle costs will be included in the updated Green Infrastructure Plan as a future
task of this project.

Objective 4: Reduce Pollutant Loads and Erosion Potential. Pollutant load reduction was
estimated to be on the order of 30% to 50% for both the maximum GI and hybrid green/grey
scenarios (varying with pollutant of interest). Pollutant load was estimated to be reduced via
runoff volume reduction and treatment processes such as filtration and detention. In general,
pollutant load reduction estimates erred on the low side; actual pollutant load reductions may be
considerably higher. The hybrid scenario showed slightly less pollutant load reduction,
proportional to the reduction in GI implementation in this scenario. Additional detail is provided
in Sections 6.4 and 7.4.

Erosion potential (the ratio of post-project versus pre-project effective stream energy) was
analyzed at a representative interior section of the channel. A reduction in effective work ranging
between 33% and 48% was estimated for the maximum Gl scenario and a reduction in effective
work of 44% to 76% was estimated for the hybrid scenario due to the flow diversion within the
bypass pipe which drastically reduces flows through portions of the channel. Additional detail is
provided in Sections 6.5 and 7.5.
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Objective 5: Reduce Use of Potable Water for Irrigation. As previously mentioned the
maximum GI and hybrid green/grey scenarios predict a total volume reduction on the order of
25%, which amounts to roughly 65 to 75 AFY (21 to 24 MG/yr) of volume reduction. Of this
roughly 10 to 12 AFY (3 to 4 MG/yr) is expected to be used to offset potable water demand. The
primary sources for reducing potable water use are via residential cisterns and enhanced
disconnection practices.

Objective 6: Avoid Adverse Shoal Creek Base Flood Impacts. Overall, the maximum Gl
scenario showed potential for minor reduction in downstream issues in Shoal Creek and no
significant potential to exacerbate issues. The reduction in hydrologic loads within the watershed
achieved by GI was more than adequate to offset localized drainage efficiency improvements
(addition of limited inlets and lateral pipes) that were included in the maximum GI scenario.
However, there is a practical limit on how much localized drainage improvements are
permissible without causing downstream issues. For example, the conventional drainage
approach analyzed by Chan and Partners (RCA, 2010) provided widespread drainage
efficiency/capacity improvements which resulted in increased peak flow rates leaving the
watershed.

The hybrid green/grey scenario attempted to balance these effects by providing a greater degree
of drainage efficiency improvements in areas with known localized flooding while implementing
distributed GI to offset potential adverse downstream impacts expected due to the grey
infrastructure improvements. This scenario was found to be very close to the “break-even” point
on downstream impacts. The 1D model results show a slight decrease in peak flow rates for the
hybrid scenario when compared to existing conditions, while the 2D model results for the hybrid
scenario predicted a slight increase in peak flow rates compared to the existing conditions.
Therefore, the hybrid scenario proposed should be considered near the limit of balancing the
increased drainage efficiency with decreases provided by distributed GI. Some “factor of safety”
may be desirable. Additionally, this scenario highlights the importance of phasing when
implementing any type of hybrid scenario. As a general approach, Gl features should be
implemented in advance of or concurrently with grey infrastructure improvements. Simplified
guidance can potentially be developed for how hybrid “packages” can be assembled to avoid net
downstream increases in flow rate as each portion of a watershed is addressed. Should this
project proceed to more detailed design, the detailed design scenarios should be further
investigated and verified to have no adverse impact to Shoal Creek. Additional detail is provided
in Sections 6.7 and 7.7.

Summary. Overall, the maximum GI and hybrid green/grey scenarios showed significant
benefits for flood reduction, particularly the ability to reduce the frequency of flooding in small
events. The hybrid scenario also provided a relatively high level of service for flooding within
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the watershed in larger events (10- to 25-year), eliminating structure flooding at this return
interval, while avoiding downstream impacts in Shoal Creek. This is a result of Gl features
designed for hydrologic control in large events coupled with conveyance improvements in
critical areas. In addition, GI and hybrid approaches are expected to accrue significant benefits in
terms of pollutant load reduction, erosion, volume reduction, groundwater recharge, and
potential for water conservation that would not be realized with a conventional drainage
approach. These benefits are primarily accrued through the cumulative performance of Gl
features in smaller, more frequent events than those that are of interest for flooding. While the
menu of GI features in the maximum GI scenario was developed specifically for flood control
performance, it appears possible to conceptually design these features to provide additional
benefits that complement or do not significantly interfere with flood control performance.

Perhaps the most compelling benefit of a hybrid approach is the ability for localized drainage
improvements to “stand alone” by coupling them with GI features. While localized drainage
improvements can increase drainage efficiency and peak flows, they can be offset by the
hydrologic source control provided by distributed Gl features. By being able to address local
drainage needs on a standalone basis, rather than as part of a system-wide conveyance project,
there is potential for improved flexibility in implementation and cost savings. The planning and
modeling analysis shows that this approach scales up to the neighborhood scale.

9.2 Overall Reliability and Limitations of Modeling Approach

Models were developed and scenarios were executed with the specific intent of meeting the
project objectives and quantify the specific performance metrics in a manner consistent with the
state of the practice; in many ways this approach advances the state of the practice. We believe
the modeling approach supports a wide range of reliable interpretations about watershed level of
service and GI effectiveness. However, reasonable outcomes and limitations of modeling are
influenced by availability of data, authorized level of effort, and inherent uncertainty and
variability in simulation of environmental processes at a landscape scale. In addition to the
specific limitations introduced in each section, general limitations of our approach include:

e The approach does not account for changing drainage maintenance conditions, such as
clogging of inlets or obstruction of drainage features, disrepair of Gl features,
improvement of streets/curbs, and other factors which may result in flow conditions that
are different than simulated. Clogging in media or underlying soil was addressed in part
through the use modeled filtration and infiltration rates accounting for partial clogging.
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e The approach was not intended to forecast future watershed conditions relative to land
use changes, drainage improvements not associated with the GI plan, and other factors
which may change with time.

e The approach was based on simulated response under historic conditions; while this
provides a probabilistic expression of performance, it does not forecast specific future
responses or performance over specific events or specific monitoring periods.

e Certain simplifications in flow generation and routing were made consistent with general
standards of practices and resolution of available data. The storm drain and channel
conveyance network was modeled using the best available information about
infrastructure sizes and elevations and in a manner consistent with or beyond the state of
the practice. Calibration of the models to flow rates and water levels at one point within
the watershed and one point at the watershed outlet helps confirm that overall
representation of conveyance network processes is reasonable. Given lack of calibration
data for infrequent peak storm events and lack of specific hydraulic grade line
measurement flooding observations, model estimates may not accurately reflect actual
peak flows or extents of flooding.

e To balance computational rigor with providing meaningful answers to study questions,
model frameworks were developed specifically to quantify performance metrics at
specified analysis points. Models may be less certain at other points.

Overall, these limitations do not prevent this analysis from yielding specific and meaningful
information about the roles and benefits of GI and hybrid scenarios in addressing the general
objectives. Specific discussions of reliability, uncertainty, and limitations associated with each
aspect of modeling have been introduced in each section, as appropriate. Despite these
limitations, the modeling approach conducted for this analysis provide reliable results in
supporting the findings and project objectives. Furthermore, the models developed allow for a
robust interpretation and analysis of the hydrologic response and impact of Gl for a wide range
of rainfall events allowing for in-depth analysis of the watershed.

9.3 Anticipated Next Steps in Scope of Work

Next steps to be completed as part of the original project scope of work include updating the
Green Infrastructure Plan to include the hybrid green/grey scenario, estimated construction and
total life-cycle costs, an implementation strategy, and recommended maintenance and monitoring
activities. Additional project tasks include development of an Implementation Plan containing
recommendations and procedures for the implementation of the recommended solution. This
plan will include recommendations for designing and constructing the recommended solution to
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prioritize and sequence BMPs and identify economic and policy incentives applicable to the
project.

9.4 Potential Future Efforts

Based on the observations above, as well as more detailed observations noted in Sections 6 and 7
and the results appendices, we believe this approach warrants further consideration. To support
implementation, we recommend considering the following potential activities as future effort:

e Conduct expanded modeled sensitivity analyses to evaluate parameter and design
assumptions (e.g., effect of biofilter clogging or cistern disrepair on performance; effect
of infiltration rate; effect of degree of implementation or sizing factor assumptions).

e Conduct model evaluations of partial implementation scenarios, such as improvements
that could be made in an initial phase of City-led projects prior to more widespread
application of programs and projects.

e Continue flow and rainfall monitoring; potentially add flow depth sensors in additional
locations in critical parts of the drainage system to provide additional data for calibration
of the hydraulic features of the model to improve confidence in inundation estimates.

e Consider a block-scale pilot implementation project(s) and monitoring study(ies) to gain
lessons learned from field-scale implementation, obtain data to verify or adjust model
estimates, and measure soil moisture and groundwater response to widespread
implementation of GI. Additionally, potentially monitor an existing Gl feature similar to
those suggested in this study.

e Potentially develop standardized guidance and policy for using decentralized controls in
combination with local drainage improvements to address flooding issues.

« Consider additional hydrogeological characterization and infiltration testing at key points
and/or at deeper depths to better assess the capacity of the watershed to accept additional
recharge volumes and whether engineered solutions to increase recharge (e.g., dry wells)
could potentially be effective.

e Consider re-evaluating the City’s design storm hyetograph for this catchment and/or
other similar sized and configured catchments so that design storm results better match
CS results in terms of return interval of key flow rates and flooding patterns.

Additional discussion on implementation will be provided in the Implementation Plan, which
will be completed within this scope of work.
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B.3 2D MODEL VALIDATION COMPARISON TO 1D MODEL AT BW1 EXISTING
CONDITIONS, MAX GI, AND HYBRID GREEN/GREY SCENARIOS DESIGN
STORMS
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B4 1D MODEL BW1 EXISTING CONDITIONS, MAX GI, AND HYBRID
GREEN/GREY SCENARIO HISTORICAL EVENTS
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Event of September 4, 2009
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Appendix C

Long-Term Continuous Simulation Results
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C.1 SUMMARY OF CONTINUOUS SIMULATION RESULTS

This appendix presents selected summaries of the results of the 28-year continuous simulations
for the five channel analysis points. Flow-duration and head-duration plots describe the duration
of time within the 28-year record for which a specified value was exceeded. Frequency plots
describe the frequency or return interval within the 28-year record for which a specified value
(flow, volume, or head) is expected. The return period was calculated using the Gringorten
formula as described in Appendix E.

For each analysis point, the following set of plots is presented:

Flow-duration plot
Head-duration plot
Flow-frequency plot
Volume-frequency plot
Head-frequency plot

o s wnh e
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C.3 CONTINUOUS SIMULATION PLOTS AT J-1829 (UPSTREAM OF KOENIG
LANE)
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Appendix G
HEC-HMS Methodology
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