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ABSTRACT

The primary objective of this report is to evaluate stormwater management strategies and
determine their effectiveness for protecting receiving stream channels. This was done by
developing a watershed model of the Benson Branch watershed, in Howard County, Maryland.
The data used for model development were collected in the field between 1996 and 1998, and
reported in MDE, 1999. Results of the stormwater management modeling indicate that the
channel protection volume (Cpy), (MDE, 2000) and the Distributed Runoff Control (DRC)
methods (MacRae, 1993 and Ontario Ministry of the Environment, 1999) provide a similar level
of management for the ponds simulated in this watershed. The highest level of control for both
practices is focused on flows in the mid-bankfull range.

An evaluation of stream channel thresholds is provided to more completely analyze
stormwater management strategies. A release of stormwater runoff below the stable channel
threshold results in minimal impact on the stream channel. Using the stability analysis, the Cp,
and DRC designs could protect the streams monitored in this study for storms less than 2.0” of
rain, generally falling over a 24 hour period. Given that streams are highly variable with respect
to hydrology and morphological stability thresholds, a site specific stream morphology study will
improve efforts in evaluating the effectiveness of management strategies for stream channel
protection.

Guidelines for evaluating stormwater management designs for stream channel protection
are provided herein. The guidelines focus on evaluating receiving stream geomorphology and
identification of stability thresholds. The results and implications found in this study pertain to
the Benson Branch watershed in Howard County, Maryland. Using the guidelines to evaluate
other streams in Maryland will expand the data set so that implications of these results may be
applied on a broader scale.



INTRODUCTION

Maryland’s current stormwater management program was developed during the early
1980’s when flood control was the primary issue concerning urban runoff management.
Prevailing experience had indicated that when flooding, caused by increases in runoff volume
from new development could be controlled then the quality of receiving streams could be
sustained. Consequently, the design criteria for the original Code of Maryland Regulations
(COMAR) regulating stormwater runoff was to manage the release of peak flows for the 2 and 10
year design storms so that pre-development peak flows would not be exceeded.

After many years of experience on stormwater management implementation across
Maryland, MDE has found that management of peak flows for the 2 and 10 year storms does not
provide sufficient stream channel erosion protection from the increased runoff caused by
urbanization. As a result, MDE has proposed revisions to COMAR concerning stormwater to
refocus overall objectives toward controlling more frequent storm events, prevent stream channel
erosion, and create incentives for developers to design projects in an environmentally sensitive
manner. The 2000 Maryland Stormwater Design Manual, Volumes I and II is an integral
component of these revisions. As part of the manual, extended detention of the 1 year 24 hour
storm (Cp,) is the design criteria for protecting stream channels.

This project provides an in-depth analysis of stormwater management strategies to
determine their effectiveness in protecting stream channels. The project’s Phase 1 deliverable
(MDE, 1999) provided an assessment of the Benson Branch watershed in Howard County,
Maryland. Using this assessment, a Hydrology Simulation Program — Fortran (HSPF) model was
developed to simulate different stormwater management strategies to analyze their effectiveness
for protecting the receiving stream channel. An evaluation of stream channel thresholds is
included to more effectively evaluate the various management strategies.

The overall goal for this project is to propose and evaluate stormwater management
strategies to determine their effectiveness at protecting stream channels. To this end, a summary
of required data sets and analytical procedures is presented for development and evaluation of
stormwater designs. These procedures may be applied to other watersheds in Maryland to
evaluate the effectiveness of stormwater management designs for maintaining stream channel
stability.



HSPF MODEL DEVELOPMENT

HSPF simulates hydrology processes that occur in a watershed by using information such
as time, history of rainfall, temperature, evaporation and parameters related to land use and soil
characteristics. The Phase I deliverable (MDE, 1999) information concerning stream
morphology provides the foundation for the development of an HSPF model for the Benson
Branch watershed in Howard County, Maryland. Model output is a time history of runoff flow
rate and water quality constituents in the watershed (Donigian, Jr., et. al, 1995). Development of
this model is a collaborative effort between MDE’s Technical and Regulatory Services
Administration (TARSA), and the Water Management Administration (WMA). TARSA initially
constructed the model by developing user control input (UCI) files, and compiling the necessary
meteorological information. WMA used these files in the U.S. EPA software program, Better
Assessment Science for Integrating Nonpoint Sources (BASINS). BASINS utilizes a geographic
information system (GIS) and a Windows interface for running HSPF. In this way, WMA was
able to make field verified adjustments to the model and analyze stormwater management
scenarios on the watersheds flow regime.

Model Input

The Benson Branch watershed, a 1.22 square mile drainage area, is a tributary to the
Middle Patuxent River located in Howard County, Maryland. To facilitate the HSPF modeling,
this watershed was divided into five subareas shown in Figure 1 below. Subareas 1 and 2 make
up the land area contributing to Ponds 1 and 2 (MDE, 1999), while subarea 5 is the most
downstream study point.

Figure 1: Benson Branch HSPF Subareas
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Land use data calculated for each of the 5 subareas using ArcView 3.0/GIS Software
include: forested, agricultural, pervious urban, impervious urban and stormwater ponds. A
summary of the information is presented in Table 1.

Table 1: Land Use by HSPF Segment for the Benson Branch Watershed
UNITS: Acres

PERVIOUS | IMPERVIOUS [ STORMWATER| TOTAL

SUBAREA |[FOREST|AGRICULTURE| URBAN URBAN PONDS LAND
1 130.63 22.74 78.83 12.36 5.79 250.35

2 38.51 3.71 75.81 10.04 2.00 130.07

3 21.22 0.00 212 0.23 0.00 23.57

4 23.49 7.47 32.42 3.51 0.00 66.89

5 153.11 63.30 76.10 9.02 5.35 306.88
TOTAL | 366.96 97.22 265.28 35.16 13.14 777.76

The HSPF model uses a hydraulic function table, (F-TABLE), to represent the geometric
and hydraulic properties of a stream reach and fully mixed reservoirs (U.S. EPA, 1999a). The F-
TABLE defines a linear relationship between water depth, surface area, volume and outflow, to
establish a stage-discharge relationship within the stream reach. An F-TABLE is developed for
each of the stream reaches located in the five subareas. The stream reaches are then labeled
corresponding to the subarea it is located in (i.e. Reach 1 is located in subarea 1, etc.).

F-TABLES in Reaches 1 and 2 are based on the hydraulic characteristics at the outflow of
Ponds 1 and 2. Reaches 3, 4 and 5 F-TABLES were developed using WINXSPRO, a channel
cross-section analyzer software package (U.S. Forest Service, 1977). WINXSPRO develops a
stage-discharge relationship by synthesizing stream cross-section information, reach slope, and
roughness data. F-TABLES for each reach are summarized in Appendix 1.

Model Calibration

Hydrologic parameters input into the BASINS model generally describe soil processes,
groundwater flow paths and evapotranspiration for each land use. The U.S. EPA BASINS
Technical Note 6 (U.S. EPA, 1999¢) provides guidelines for estimating these parameters based
on watershed conditions. In addition, the U.S. EPA website
(www.epa.gov/ost/basins/support/htm) offers the HSPFParm database (U.S. EPA, 1999d) which
tabulates parameter values under a variety of watershed conditions from previous applications
across North America. These sources aided in the initial determination of appropriate ranges of
input parameters based on watershed conditions. Later they were also used to calibrate the model
with field data. Figure 2 shows the time series of runoff flow rate for the subarea below Pond 1,
called Reach 1, with the observed flow rates indicated where available. Appendix B shows the
time series for the remaining segments in the Benson Branch watershed. Appendix C contains a
sensitivity analysis that indicates the range of variation of model output for those parameters
found to affect the model most significantly.




Figure 2

Reach 1, Below Pond 1
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HSPF AND TR-20 MODELS

This section compares results from the HSPF and Technical Release 20 (TR-20)
hydrology models. TR-20 (Natural Resources Conservation Service, 1982) is a single event
model which computes runoff resulting from a rain storm. Comparing these two models was of
interest because TR-20 is most often used for stormwater management designs, however, the
HSPF model offers a more detailed account of watershed conditions.

The TR-20 model provides a simple rainfall — runoff relationship based on watershed
area, land use, and drainage area characteristics. While TR-20 is relatively simple to use, the
model underestimates runoff from rainfall less than the two-year storm event (which is about 3.2
inches of rainfall over 24 hours in the Baltimore metropolitan region). Another disadvantage of
TR-20 is that a single parameter is used to represent the antecedent moisture condition. As a
result, the accuracy of model output depends on the applicability of this initial assumption over a
wide range of seasonal conditions.

HSPF has a wider range of applications and includes tools for watershed planning,
problem solving, future development and resource protection strategies. HSPF determines initial
conditions more precisely than TR-20 because it uses a continuous account of basin moisture
modeled over an extended period of time. HSPF simulates surface, interflow and groundwater
flows, while TR-20 omits subsurface flows as well as evapotranspiration
(www.hydrocomp.com). A disadvantage of HSPF is that most of the parameters representing
soil moisture conditions cannot be measured in the field, requiring estimates instead. Therefore,
the accuracy of HSPF is dependent upon the accuracy of estimated soil moisture parameters. In
referencing the Sensitivity Analysis in Appendix C, it is clear that a slight change in some of
these parameters will cause a significant change in model output.

When using HSPF to model small watersheds, like the Benson Branch watershed
(drainage area of 1.22 square miles), most of the streamflow observed from the stormflow
hydrograph is a result of surface runoff. This is one possible reason that the HSPF model
indicated low baseflow at the downstream most point in the watershed. Approximately 1.0 cfs of
baseflow was measured or observed during the wet season and greater than 0.5 cfs during the dry
season. Therefore, when using HSPF to model stormwater management practices in small
watersheds, water movement through subsurface zones is generally not accounted for and this
may affect the accuracy of the model.

Because, TR-20 is event based, the best way to compare the two models is to look at
specific storms over the period of simulation. A total of 8 storm events are shown in Figure 3 to
demonstrate trends and compare the results of the two models with observed flow measurements.
The results of this comparison for the most downstream site on Reach 5 (see Figure 3) show the
output hydrographs, precipitation data, and observed flows. The shape of the hydrographs and
trends observed at Reach 5 also apply to other reaches, when comparing the two models at the
upstream locations.



Field flow measurements for the eight storm events in Figure 3 are not continuous, rendering
it difficult to determine which model is more accurate. However, the following trends may be
observed:

1. Peak flows and runoff volumes from HSPF are generally greater than those from TR-20.

2. Larger storms show a wider variation in peak flows.
3. Differences between the two models are not significant for small storms.

4. Observed flow measurements generally lie between the two models but appear to be
closer to HSPF.

Due to the wide variation of duration and total precipitation, it is difficult to identify
consistent trends among the hydrographs. For example, the February 4 — 5, 1998 event occurred
over 40 hours, and because this was a significantly longer duration than other observed events,
some of the trends described above may not apply to this storm. The total runoff volume for the
HSPF model exceeded that of the TR-20 run, however, storm flows toward the end of the
rainstorm were actually higher for TR-20 than for HSPF. In addition, the November 25 — 26,
1996 rainfall was only 1.04 inches, versus the 1.62 inches for the February storm. However, the
peak flows for the November storm were significantly higher than the February storm. It is
believed that these inconsistencies are associated with the wide range of duration of precipitation
events.

Continuous flow measurements would allow better information to evaluate the accuracy of
the models. The models do appear to be relatively close for small storms and field measurements
lie between the two models. In the following section, the HSPF model is used for evaluating
stormwater management scenarios and stream channel erosion control in the Benson Branch
watershed.



Figure 3. Comparison of HSPF and TR-20 at Selected Rainfall Events
Reach 5, Benson Branch
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STORMWATER MANAGEMENT SCENARIOS

Scenario Development

The main objective in developing an HSPF model for the Benson Branch watershed is to
evaluate the effectiveness of various management strategies for protecting stream channels.
Using HSPF, four stormwater management designs are simulated for Pond 1 and Pond 2. The
designs include existing ponds, 2 year peak management, channel protection volume (Cpy), and
the Distributed Runoff Control method (DRC). The designs are evaluated to model the effects of
the duration of runoff on the receiving stream channel and to determine the most effective
protection practice.

The first pond scenario represents existing watershed conditions. Ponds 1 and 2 were
constructed for flood control and irrigation and do not meet current stormwater management
regulatory requirements. Computations do show, however, that both ponds provide management
for the 10 year storm. Stage-storage-discharge relationships (see the F-TABLES in Appendix A)
represent the existing ponds.

The 2 year management design is based on attenuating discharges so that the pre-
development peak flow for the 2 year, 24 hour storm event is not exceeded under post
development conditions. The storage capacity required to maintain peak flows below a specified
discharge is determined using the procedure outlined in Chapter 6 of the Technical Release 55
(TR-55) manual published by the NRCS. This establishes a new storage volume-discharge
relationship. F-TABLES for the HSPF model are modified for the reaches below Ponds 1 and 2
(Reaches 1 and 2 respectively) to represent this new relationship, and are shown in Appendix A.

The Cp, scenario is based on a 24 hour delay between the centroids of the inflow and
outflow hydrographs for the 1 year frequency storm. The design procedure follows the
methodology outlined in MDE’s Design Procedures For Stormwater Management Extended
Detention Structures (MDE, 1987a). A new stage-storage-discharge relationship was established
for Reaches 1 and 2 for the channel protection design and shown in the F-TABLES in Appendix
A.

The State of Maryland is proposing the Cp, design for stream channel protection in the
2000 Maryland Stormwater Design Manual Volume I and II (MDE, 2000). This is significant
because only one percent of all annual events will exceed the 1 year frequency storm (MDE,
2000). The philosophy is to provide attenuation for the more frequent storm events so that these
discharges will be released at a rate that critical erosive velocities will seldom be exceeded.
Using this procedure, peak outflow discharge is based on drainage area characteristics, and time
of concentration in the watershed. The channel protection criteria using this method however,
does not account for channel morphology or the composition of bed materials in the receiving
stream.

The last procedure used for this analysis is called the Distributed Runoff Control (DRC)
method, so named because of the non-uniform distribution of storage by stage (MacRae, 1993).
The intent of the DRC approach is to minimize the potential for instream erosion for a range of
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flows from critical flow exceedance to the bankfull stage. The highest level of control is focused
on flows in the mid-bankfull range. The revised stage-storage-discharge relationship, shown in
the F-TABLEs in Appendix A is developed using the design procedure for the DRC method
outlined in the Ontario Ministry of the Environment’s draft Stormwater Management Planning
and Design Manual (Ontario Ministry of the Environment, 1999).

The DRC method uses an overcontrol approach for flows up to bankfull. The amount of
overcontrol is related to the boundary material composition of the receiving stream channel.
Generally, the overcontrol ranges from 70% to 90% over the 2 year management release rate. In
developing the modified F-TABLES for the DRC method, 80% overcontrol was provided. This
was done by multiplying the allowable discharge for the 2 year storm by 0.2 for flows below the
bankfull discharge. In short, this method incorporates characteristics of the receiving stream
channel to develop an erosion control strategy, however, the data requirements are more
intensive than the Cp, design.

Evaluation of Scenarios

A total of 9 storms are evaluated using HSPF to determine effectiveness of the four
management strategies in protecting the stream channels at Reaches 1 and 2. Results for Reach 2
are shown in Figure 4. In general, trends observed with the scenario results at Reach 2 were
similar to those found for Reach 1. Results for Reach 1 and the downstream most site at Benson
Branch are included in Appendix D. The observed storms range from one to three inches of
rainfall generally within 24 hours, while storm duration varies.

In general, there is little variation among the practices for storms above 2 inches of
precipitation (3.08 inches for the November 8, 1996, 2.73 inches December 13, 1996, and 2.76
inches on November 7, 1997). Two storms were observed with approximately two inches of rain
(August 20, 1997 and January 20, 1998). In both cases, the CP, and DRC practices show longer
response times before flow enters the stream channel and increased levels of peak flow
attenuation below the 2 year management and existing pond designs.

The February 4-5, 1998 storm delivered 1.62 inches of rain, with a resulting peak flow of
only 5 cubic feet per second (cfs). This is much lower than other storms of lesser rainfall, due to
the long duration of rainfall. This storm occurred over a 40 hour period, causing the runoff to
enter the stream channel more slowly than a more intense storm.

Three storms of approximately one inch of rainfall show the most significant differences
among the various scenarios. The first, November 25, 1996, rained 1.04 inches over 9 hours,
with the majority falling in a 2 hour period. This is the most intense of the one inch storms
recorded during this project, and also had the highest streamflows. The peak discharge for the
existing pond was about 12 cfs. However, the Cp, and DRC scenarios did not exceed 4 cfs. The
other two storms showed a release of less than 0.5 cfs for the Cp, and the DRC designs.

Streamflow hydrograph observations for the various stormwater management scenarios may
be summarized as follows:
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1. Hydrographs for the Cp, and DRC designs are not significantly different for the storms
observed. Accordingly, the Cp, and DRC designs offer the same degree of channel
protection for the two ponds observed in this study.

2. The Cp, and DRC methods provide the greatest protection for storms with less than 2
inches of rainfall. For storms greater than 2 inches, the Cp, and DRC hydrographs
resemble the hydrographs for the existing pond and 2 year management scenarios.

This analysis focuses on comparing stormflow hydrographs under various scenarios. The
next section provides an analysis of channel stability thresholds, to determine the effectiveness of
various designs in protecting stream channels. Channel stability thresholds are based on channel
morphology and stream bed composition.
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STORMWATER MANAGEMENT SCENARIOS
Reach 2, Below Pond 2
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cont'd
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CHANNEL STABILITY ANALYSIS

The analysis of stormwater management scenarios shows that the Cp, and DRC designs
provide significantly more attenuation of runoff than the 2-year design for smaller storms. The
analysis also shows that Cp, and DRC provide a comparable level of management for ponds
simulated in this watershed. The analysis, however, does not show the level of management
necessary to protect the stream channel. This section provides an analysis of channel stability
thresholds to further evaluate the effectiveness of stormwater management strategies for channel
protection.

A bankfull elevation was determined for each stream reach during the assessment phase
(MDE, 1999). Streams with poorly defined floodplains and incised channels, however, often
make definition of the bankfull elevation a difficult field determination. The equations used in
this analysis are then based on channel hydraulic geometry and do not require bankfull data.

A stage — discharge — shear stress relationship is established using WINXSPRO channel
cross-section analyzer (U.S. Forest Service, 1997). Data required includes channel geometry and
a Manning’s n value assigned at various stages within the channel cross-section. These cross-
section data were measured in the field and the n values were calculated at low stages, using
observed flow and channel geometry measurements, and by applying the Manning’s equation:

1.486

" OAWRNSH)

where Q equals discharge, A is cross-sectional area, R is the hydraulic radius and S is the channel
slope. Estimates of n values at high flows are based on the characteristics of the channel and
floodplain. Table 2 provides an example of the stage — discharge — shear stress relationship
established using WINXSPRO channel cross-section analyzer.

The shear stress ratio is used as an indicator of stability at various stages (or depth) within
the channel. The shear stress ratio is the ratio of the average boundary shear stress to the critical
shear stress and can be defined by the equation (Johnson, et. al, 1999):

T
-
c

where 7. = the shear stress ratio, T, = the average boundary shear stress, and 7. = the critical shear
stress at which grain movement is initiated. The average boundary shear stress is defined by:
T,=Y RS

where v = the specific weight of water, R = the hydraulic radius, and S = channel slope. In
reference to Table 2, the average boundary shear (7,) is calculated at different depths in the
channel. The WINXSPRO program can calculate hydraulic radius by using the channel cross-
section data, and the cross-sectional area and wetted perimeter are computed at different depths.
The critical shear stress (1) is then calculated using the Shields equation for critical shear stress
(Johnson et. al, 1999):

7. =6(y,—v)D



where 7 is critical shear stress, 8 = Shields parameter, s = specific weight of sediment, y=
specific weight of water, and D is particle size. The Shield’s parameter is a function of particle
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size and the density of particle arrangement. Particle size at each cross-section was collected in
the field according to the procedure in Wolman, 1954 and reported in MDE, 1999. The median

size of bed materials, Ds, is used as the representative diameter (Gordon et. al, 1992).

The shear stress ratio is calculated by dividing the average boundary shear stress at a

given stage by the critical shear stress. This provides a shear stress ratio at various depths within

the channel cross-section. When the shear stress ratio is less than 1.0, grain motion will not
occur and the channel is considered stable. From Table 2, the depth at which the shear stress

ratio is greater than 1.0 can be determined.

Table 2. Stage - Discharge - Shear Stress - Shear Stress Ratio Relationship

Reach 2
STAGE Q SHEAR SS Ratio

() (cf5) (ps)

0.0 0.00 0.01 0.02
0.1 0.05 0.06 0.15
0.2 0.47 0.14 0.34
0.3 1.61 0.25 0.61
0.4 3.61 0.39 0.95
0.5 6.20 0.53 1.29
0.6 9.39 0.66 1.61
0.7 13.10 0.78 1.90
0.8 17.33 0.90 2.20
0.9 22.05 0.82 2.00
1.0 27.43 0.82 2.00
1.1 33.56 0.89 2.17
1.2 40.43 0.96 2.34
1.3 48.10 1.06 2.59
1.4 56.33 1.14 2.78
1.5 63.97 1.23 3.00
1.6 71.84 1.31 3.20
1.7 81.31 1.38 3.37
1.8 91.60 1.45 3.54
1.9 103.01 1.57 3.83
2.0 115.03 1.68 4.10

A channel is considered stable in form when the shear stress is approximately 20%

greater than that required to initiate motion in the center of the channel (Prestegaard et. al, 2000).

This would provide a shear stress ratio (1, / 7c) of less than 1.2. Parker, 1979 supports this
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assertion indicating that stable banks can coexist with low but nonzero rates of gravel transport.
This would maintain channel banks while still transporting sediment within the channel.

By using a shear stress ratio of 1.2 as an indication of a stable channel, a “stable channel
discharge” can be approximated by plotting the shear stress ratio versus discharge (See Figure 5).
When the shear stress ratio exceeds 2.5, most of the bed is in motion, and this is considered
unstable (Johnson et. al, 1999). For this analysis, a shear stress ratio less than 1.2 is the “stable
channel threshold,” and greater than 2.5 is the “unstable channel threshold.” Shear stress ratios
between 1.2 and 2.5 represent transitional phases marked by degradation or aggradation
depending upon the nature and size of the sediment being supplied to the stream channel.

Using this information, the stability of discharges at various depths within the channel
cross-section can be assessed. According to Figure 5, Reach 2 can receive flows up to 7 cfs
while maintaining stability within the channel. Using a stable channel discharge of 7 cfs,
stormwater management practices that release flows below this threshold for various size storms
can be determined. Review of Figure 4 shows that the Cp, and DRC methods release less than 7
cfs for storms of 2 inches and less. While a Cp, design may cause an extended release of runoff
into stream systems compared to 2 year management, as long as the release is below the stable
channel threshold, the discharge will have minimal impact on the stream channel.

Comparing Figures 5 and 7 shows that the variability of stability thresholds within stream
systems is dependent upon site specific channel morphology. According to Figure 7, Reach 1 is
stable for flows up to 22 cfs. Therefore, the Cp, and DRC designs can protect against channel
degradation during storm events greater than 2 inches of rainfall. Figures 6 and 8 show the
relationship between the bankfull and stable channel discharge. Figure 6 shows the bankfull
discharge is greater than the stable channel discharge for Reach 2. Therefore, Reach 2 is subject
to more significant erosion within the main channel than Reach 1 (see Figure 8).

Where the bankfull elevation is lower than the top of bank, flood flows are contained
within the main channel and rarely inundate the floodplain, as is the case for the channel at Reach
2. Prestegaard, 2000 states that as a result of the flood frequency regime in Maryland, high
magnitude events are very probable. Therefore, flows above bankfull have a significant effect on
shear stress values and therefore, channel stability. Many of Maryland’s Piedmont streams are
contained within narrow valleys that focus flood event energy on the main channel (Prestegaard
et. al, 2000). In order to more completely evaluate the effectiveness of best management
practices (BMP’s) on stream channel stability, there is a need to examine flood flow conveyance
within the main channel, especially in incised and confined stream channels.

Despite the shortcomings in our present understanding of BMP performance and flood
conveyance, results of this study are still useful. Results show that the Cp, and DRC methods
provide a comparable level of management for the ponds in this watershed. Both designs will
protect stream channels for frequent storm events of less than 2.0 inches of rainfall over roughly
a 24 hour period. The different stability thresholds calculated for Reaches 1 and 2 indicate that
stream channels are highly variable with respect to hydrologic and morphologic stability
thresholds. A site specific stream morphological study will allow for a more complete evaluation
of the effectiveness of stormwater management designs for stream channel protection. The next
section will summarizes data needs and methods for this level of analysis.



19

Figure 5. Channel Stability Analysis
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Figure 7. Channel Stability Analysis
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GUIDELINES FOR EVALUATING STORMWATER MANAGEMENT DESIGNS FOR

STREAM CHANNEL PROTECTION

This section discusses methods and data needs for evaluating the effectiveness of existing

stormwater management facilities for stream channel protection. The following protocol is
intended as a starting point for analysis, however, as more data becomes available, field
techniques and methodologies may be revised. The major steps that follow include:

1. Assess stream geomorphic conditions and identify stability thresholds.

2. Determine the relationship between stability thresholds, bankfull, top of bank, floodplain
and design storm discharges.

3. Compare stability thresholds with the release rate for the design storm of the facility.

Stream Channel Geomorphic Assessment

Conduct a stream stability analysis (Pfankuch, 1975 or Johnson et. al, 1999) to determine
various factors influencing channel stability.

Measure channel cross-sections, water surface gradients and particle size distribution
(Rosgen, 1996, Harrelson, et. al, 1994 and Wolman, 1954).

Survey several cross-sections along a stream reach to obtain reach — averaged values of
stream width, depth, area, grain size, gradient and shear stress (Harrelson, et. al, 1994). The
bankfull and floodplain elevations are identified with respect to channel geometry.
Establish channel geometry relationships using WINXSPRO or other channel cross-section
analyzer. These relationships must be consistent with observed flow measurements and field
verified channel hydraulic characteristics.

Calculate critical shear stress (Shields equation), and a shear stress ratio at variable depths
along the channel cross-section. Establish a discharge - shear stress ratio relationship.
Determine stability thresholds by determining the flows which exceed a shear stress ratio of
1.2. Determine a “stable channel discharge” and associated channel stage.

Compare the “stable channel discharge” with results from other equations which describe
critical thresholds (Bathurst, 1987 and Olsen et. al, 1997): q. = 0.15g"° (Dso)'> S'2

Stormwater Management Modeling

Calibrate stormwater management models in small watersheds with continuous in-stream
flow measurements. USGS gaging stations may be available for larger watersheds.
Assumptions in the model after calibration should be representative of field conditions. Data
requirements using HSPF are more intensive and require real time precipitation data (hourly)
for the period of model development. TR-20 data requirements are more reasonable for small
watersheds, however, hourly precipitation data is useful for model calibration.

Determine the design storm that produces peak flows that exceed the stable channel
discharge.

Compare design release rates of the stormwater management facility to stable channel
discharge and other channel features.
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CONCLUSION

The overall goal for this project is to propose technical criteria for evaluating stormwater
management designs and determine their effectiveness at protecting stream systems. Guidelines
for evaluating stormwater management designs for stream channel protection are presented in an
effort to promote further research in this area. These guidelines may be applied to other
watersheds in Maryland, so that a more complete understanding of the affects of stormwater
management practices on receiving stream channels may be achieved. Results from this study
show that stability thresholds may be highly variable due to a range of morphologic and
hydrologic conditions. Further data is also needed to evaluate the application of reach - averaged
morphological data for determining channel stability thresholds. In addition research examining
the affect of flood conveyance within incised stream channels is needed. This is particularly a
concern in Maryland’s Piedmont, where stream channels are often confined within narrow
valleys. This will help identify further needs and expand on existing knowledge in the area of
stormwater management for protecting stream channels.
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Appendix A
Hydraulic Function Tables (F-TABLES)

Existing Pond
2 Year, 24 Hour Peak Management
1 Year, 24 Hour Extended Detention

Distributed Runoff Control
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21310.0
39360.0
62630.0

outflow
(ft3/s)
0.0
1.2
60.0
114.9
5523.0
20030.0
40520.0
67820.0

outflow
(ft3/s)
0.0
11.1
512.6
981.9
5961.0
18860.0
53180.0
103300.0



2 year management
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Reach 1, Below Pond 1

depth
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6.2
6.2
6.2
6.2
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6.7
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S 0N AN VOdWN W= O W0 W= O

volume
(acre-ft)
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0.8
1.2
1.6
2.0
2.4
2.9
3.3
3.8
4.2
6.1
8.0
9.7
11.0
12.3
13.6
14.9
16.2
17.5
18.8
20.1
21.4
23.2
25.6
28.0

outflow
(ft3/s)
0.0
1.0
2.1
4.0
6.0
9.1
13.1
17.7
22.9
28.5
34.6
39.7
44 .8
49.8
54.9
60.0
66.0
72.0
78.0
84.0
90.0

outflow
(ft3/s)
0.0
2.4
3.0
4.8
6.6
8.8
11.0
13.8
17.2
20.9
29.4
37.9
42.9
43.1
44.0
53.2
62.4
83.2
99.4
107.5
133.3
159.1
204.4
236.8
253.0

Reach 3
depth
(ft)
0.0
0.2
2.2
2.6
6.3
10.0
12.5
15.0

Reach 4
depth
(ft)
0.0
0.2
2.0
2.8
5.9
9.0
11.5
14.0
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3.5
5.3
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9.5
12.0

area
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0.7
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34.3
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0.3
0.3
0.5
0.6
18.2
25.8
29.3
32.8

area
(acres)
2.0
2.1
2.5
2.8
43.4
57.9
67.5
77.0

volume
(acre-ft)
0.0
0.1
1.1
1.4
57.1
144.4
218.0
299.8

volume
(acre-ft)
0.0
0.1
0.8
1.3
45.7
114.0
182.9
260.6

volume
(acre-ft)
0.0
0.5
5.4
8.4
71.5
160.1
316.9
497.6

A-3

outflow
(ft3/s)
0.0
1.4
69.6
94.7
5788.0
21310.0
39360.0
62630.0

outflow
(ft3/s)
0.0
1.2
60.0
114.9
5523.0
20030.0
40520.0
67820.0

outflow
(ft3/s)
0.0
11.1
512.6
981.9
5961.0
18860.0
53180.0
103300.0



Extended Detention

FTABLES

Reach 1, Below Pond 1
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3.8
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6.1
8.0
9.7
11.0
12.3
13.6
14.9
16.2
17.5
18.8
20.1
21.4
23.2
25.6
28.0

outflow
(ft3/s)
0.0
0.1
0.3
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0.7
1.0
2.8
5.8
9.5
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44.0
53.2
62.4
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91.3
107.5
133.3
159.1
188.2
220.6
253.0

Reach 3
depth
(ft)
0.0
0.2
2.2
2.6
6.3
10.0
12.5
15.0

Reach 4
depth
(ft)
0.0
0.2
2.0
2.8
5.9
9.0
11.5
14.0

Reach 5
depth
(ft)
0.0
0.2
2.4
3.5
5.3
7.0
9.5
12.0

area
(acres)
0.4
0.4
0.6
0.7
19.3
27.8
31.1
34.3

area
(acres)
0.3
0.3
0.5
0.6
18.2
25.8
29.3
32.8

area
(acres)
2.0
2.1
2.5
2.8
43 .4
57.9
67.5
77.0

volume
(acre-ft)
0.0
0.1
1.1
1.4
57.1
144 .4
218.0
299.8

volume
(acre-ft)
0.0
0.1
0.8
1.3
45.7
114.0
182.9
260.6

volume
(acre-ft)
0.0
0.5
5.4
8.4
71.5
160.1
316.9
497.6
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outflow
(ft3/s)
0.0
1.4
69.6
94.7
5788.0
21310.0
39360.0
62630.0

outflow
(ft3/s)
0.0
1.2
60.0
114.9
5523.0
20030.0
40520.0
67820.0

outflow
(ft3/s)
0.0
11.1
512.6
981.9
5961.0
18860.0
53180.0
103300.0



Distributed Runoff Control
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Reach 3
depth
(ft)
0.0
0.2
2.2
2.6
6.3
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Reach 4
depth
(ft)
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0.2
2.0
2.8
5.9
9.0
11.5
14.0

Reach 5
depth
(ft)
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0.2
2.4
3.5
5.3
7.0
9.5
12.0

area volume
(acres) (acre-ft)
0.4 0.0
0.4 0.1
0.6 1.1
0.7 1.4
19.3 57.1
27.8 144.4
31.1 218.0
34.3 299.8
area volume
(acres) (acre-ft)
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0.5 0.8
0.6 1.3
18.2 45.7
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area volume
(acres) (acre-ft)
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57.9 160.1
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outflow
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1.4
69.6
94.7
5788.0
21310.0
39360.0
62630.0

outflow
(ft3/s)
0.0
1.2
60.0
114.9
5523.0
20030.0
40520.0
67820.0

outflow
(ft3/s)
0.0
11.1
512.6
981.9
5961.0
18860.0
53180.0
103300.0
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HSPF Model Calibration

Reach 2, Below Pond 2
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HSPF Model Calibration

Reach 3
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HSPF Model Calibration

Reach 4
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HSPF Model Calibration
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Appendix C

Sensitivity Analysis



C-2

Sensitivity Analysis: This table shows the range of variation of model output for those parameters found
to affect the model most significantly. The significant differences shown within the typical values range,
indicate the importance of obtaining careful estimates in order to accurately represent the conditions
within the watershed.

Parameter Typical Values' Range of changes Percent Difference

From To in model output
INFILT 01-0.25 0.01 to 0.25 10
Soil Infiltration rate 0.01 to 1.00 30
0.01 to 20.0 35
AGWRC 0.92 - 0.99 0.99 to 0.92 60
Groundwater 0.99 t0 0.90 63
recession rate 0.99 t0 0.80 73
0.99 to 0.60 80
0.99 to0 0.30 87
0.99 t0 0.01 91
DEEPFR 0-0.2 0.0 to 0.05 5
Fraction of 0.0 to 0.1 10
infiltrating water lost 0.0 to 0.2 24
to deep aquifers 0.0 to 0.4 63
LZSN 3.0-8.0 3 to 8.00 19
Lower Zone Nominal 3t012.0 30

Soil Moisture
Storage

KVARY 3.0 0.0to 1.0 5
Groundwater 0.0 to 3.0 12
recession flow 0.0t0 6.0 14
BASETP 0-0.05 0 to 0.05 1
Evapotrans by 0t0 0.20 4
riparian vegetation 0to 1.00 9
LZETP 0.2-0.7 0.2 to 0.7 27
Index to lower 02t004 15
zone evapotrans 0.1t00.2 8

1. U.S. Environmental Protection Agency. 1999¢c. BASINS Technical Note 6. Estimating Hydrology
Parameters for NPSM/HSPF. U.S. EPA. Office of Water. EPA-823-R-99-005
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Appendix D

Stormwater Management Scenarios



Discharge (cfs)

Discharge (cfs)

Discharge (cfs)

60

50

40

30

20

181
183

-
2]
]
-

1126 1

1126 2

185

1126 3

187

1126 4

189

1126 5

11 811

11 813

11 815

STORMWATER MANAGEMENT SCENARIOS

REACH 1, Below Pond 1
November 8, 1996 Event
3.08" rain from 11am (11/8) to 6:30am (11/9)

e Fisting pond
«=fll==Extended Detention
el year management
=== Distributed runoff control

11 817
11 819
11 821
11823
1191
193
195
197
199
1 911
11 913
11 915
1 917
11 919
11 921

Time (mo, day, hour, sec)

REACH 1, Below Pond 1
November 25-26, 1996 Event

— Existing pond

«=={i== Extended Detention
i 2 year management
==8=Distributed runoff control

1126 7

1126 8
1126 9
1126 10
112612
1126 13
112615
1126 16
112617
1126 18
1126 19
1126 20
1126 21

Time (mo, day, hour, sec)

11923

1126 22

1110 1

1110 3

1.04" rain from 10:30pm (11/25) to 7:30am (11/26)

1126 23

REACH 1, Below Pond 1
December 13, 1996 Event

2.73" rain

—Existing pond

=== Extended Detention
=2 year management
==8=Distributed runoff control

1110 5

1126 24

11107

1127 1

1110 9

1127 2

1213 3

1213 7

1213 9

1213 11

121313

121315
121317
121319
121321
121323
1214 1
1214 3
1214 5
1214 7
121413
121415

Time (mo, day, hour, sec)

121417

121419

1214 21

1214 23

D-2



Discharge (cfs)

Discharge (cfs)

Discharge (cfs)

STORMWATER MANAGEMENT SCENARIOS

cont'd
REACH 1, Below Pond 1
April 27-28, 1997 Event
25 1.05" rain from 4pm (4/27) to 5am (4/28)
2.0 1
1.5 1 e -isting pond
«={ll==Extended Detention
104 e==dr==72 year management
’ @=@==Distributed runoff control
0.5
0.0 + -
N © ® O o ¥ N S © ©o o o T © ©o O o ¥ «~
- - v - & & & 0 0 0 0T T o= = = & 8 & o
&8 8 8 R R R JF @« @« g g & 3 & 3 & 8 o
+ v + v <+ ¥ T T v v ¥ ¥ ¥ v v ¥ ¥
Time (mo, day, hour, sec)
REACH 1, Below Pond 1
August 20, 1997 Event
2007 2.05" rain
18.0 -
16.0 -
14.0 -
12.0 - e isting pond
) === Extended Detention
10.0 4 et year management
8.0 4 =@ Distributed runoff control
6.0 -
4.0 -
2.0 A
0.0
o N < o~ < © © =) N < © © o IN] < o~ <
Q Y 5 - -~ - = - Y « ]
2 2 2 §8 8 8§ 8 § 8 & 8 & 88 & 8 & &
© @ © o © o © @ © © © © @ © © © o
Time (mo, day, hour, sec)
REACH 1, Below Pond 1
16 - October 17-18, 1997 Event
0.96" rain from 6:30pm (10/17) to 6:30am (10/18)
14 4
124
1.0 q
08 | e Fxisting pond
’ =={ll==Extended Detention
06 1 ede=2 year management
==8==Distributed runoff control
0.4 -
0.2 -
0.0 1 ———

1017 18
1017 20
1017 22
1017 24
1018 6
1018 8
101810
101812
1018 14
101816
101818
1018 22
1019 2
1019 4
1019 6
1019 8

Time (mo, day, hour, sec)

1019 16

101918

8216

1019 20

8218

1019 22

101924

82110
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Discharge (cfs)

Discharge (cfs)

Discharge (cfs)

STORMWATER MANAGEMENT SCENARIOS
cont'd

REACH 1, Below Pond 1
24 - November 7-8, 1997 Event
2.76" rain from 1:00am (11/7) to 7:30am (11/8)

22

20

18 4

e Existing pond

=== Extended Detention
b= 2 year management
=== Djstributed runoff control

L
— [Te}

T
(o)
~
-
-

171
175
199

© ©
— —
- -

11713
11717
1m721
11 817
11 821
1191
195
11 913
11 917
11921
1110 1
1110 5
1110 9
111013
111017
111021
11111
11115
11119

Time (mo, day, hour, sec)

REACH 1, Below Pond 1
January 27-28, 1998 Event
1.98" rain from 7pm (1/28) to 5:30pm (1/29)

24.0
22.0
20.0 -
18.0 -
16.0 -

14.0
12.0 4
10.0 4
8.0 -
6.0 -
4.0
2.0 -
0.0

" xisting pond

=== Extended Detention
emfy===2 year management
«=@==Distributed runoff control

12712
12714
128 2
128 4
128 6
128 8
12810
12812
12816 ]
12818
12820
12824
129 2
129 4
129 6
129 8
12910
12922 ]
12924
130 2

© ©
- -
N~
N N
- -

12720
12722
12724
12814
12822
12912
12914
12916
12918
12920

Time (mo, day, hour, sec)

REACH 1, Below Pond 1
February 4-5, 1998 Event

5.0 4
1.62" rain from 3:30am (2/4) to 6:00pm (2/5)
45
4.0 1
3.5 4
3.0 4 em——Existing pond
e={ll==Extended Detention
251 e==ie==2 year management
20 === Distributed runoff control
1.5
1.0
0.5 4

Time (mo, day, hour, sec)
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Streamflow (cfs)

Discharge (cfs)

Discharge (cfs)

250

200
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30

20

1181

1213 1

112520

1183

112521

185

112522

187

112523

189

112524

11811

1126 1

11 813

1126 2

Stormwater Management Scenarios

REACH 5
November 8, 1996 Event
3.08" rain from 11am (11/8) to 6:30am (11/9)

e xisting pond

—a&——2 year management
—— Extended Detention
—©—Distributed runoff control

11 815

1126 3

11 817
11 819
11 821
11823
1191
193
195
197
199
11911
11913
11 915
11917
11919
1921
11923
1110 1
1110 3
1110 5
1110 7
1110 9

Time (mo, day, hour, sec)

REACH 5
November 25-26, 1996 Event
1.04" rain from 10:30pm (11/25) to 7:30am (11/26)

e xisting pond

e=—p===2 year management
—— Extended Detention
—©—Distributed runoff control

+ L © ~ © ©®© o T o ® T 1w © ~ ®© 9o o T o o ¥ ~ o
o © @ © @ @ T T - 2 <5 ¢ =2 - 2 2 & & & & & 77
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Time (mo, day, hour, sec)

REACH 5
December 13, 1996 Event
2.73" rain

e xisting pond

e=—r==2 year management
——Extended Detention
—©—Distributed runoff control

1213 3

1213 5

1213 7

1213 9

121311

121313

121315
121317
121319
121321
121323
1214 1
1214 3
1214 5
1214 7
1214 9
121411
121413
121415
121417
121419
121421
121423

Time (mo, day, hour, sec)



Discharge (cfs)

Discharge (cfs)

Discharge (cfs)
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20 4
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4.0
3.5
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2.5
2.0
1.5
1.0
0.5

0.0 ~

42712

81920

1017 10

42714

42716

81922

1017 13

Stormwater Management Scenarios

cont'd

REACH 5

April 27-28, 1997 Event

e E xisting pond

e=—ir==72 year management
=== F xtended Detention
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October 17-18, 1997 Event
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Stormwater Management Scenarios
cont'd

REACH 5
November 7-8, 1997 Event

2.76" rain from 1:00am (11/7) to 7:30am (11/8)
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—O—Distributed runoff control

117 91

11 713

1 717

— ~— wn (o) [s2] N~ -~ ~— wn (o) [ N~ -~ Al e} (o] 52 N~ -~ -~ e} [o)]

~N - - o - - o - -

N © ® © o o o @@ O O 5 oo oo 2 2 2 © 2 2 - T ¢

~ h = A ~— ~ ~ h = = ~— ~— ~ ~— ~— ~ ~— ~— ~

- T T YT - - &« T T Y ¢ - - - - - T T T <« < <
Time (mo, day, hour, sec)

REACH 5

January 27-28, 1998 Event
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REACH 5

February 4-5, 1998 Event
1.62" rain from 3:30am (2/4) to 6:00pm (2/5)
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Appendix E

Channel Stability Analysis at Benson Branch, Reach 5



Channel Stability Analysis
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