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Purpose 

This technical memorandum (TM) was prepared in response to suggestions by the Taylor Run Census 

Building Group (CBG) for staff to explore whether the implementation of green infrastructure 

stormwater facility best management practices (BMPs) that provide water quality and runoff reduction 

benefits would improve the portion of the Taylor Run Watershed that drains to the approximate 1,900 

linear feet of stream segment by addressing the a subset of the goals of the restoration project focused 

on addressing ongoing erosion and stabilization of the exposed sanitary sewer infrastructure.  This TM 

analyzes the removal of impervious area in the sub-watershed as a surrogate for the implementation of 

these BMPs, with the results determining if BMPs would illicit a sufficient positive impact to address the 

ongoing erosion of the channel and protect the exposed sanitary sewer infrastructure from potential 

failures, aside for the water quality benefits. This analysis also looks at the effectiveness adding a large 

detention facility before runoff enters Taylor Run. 

 

Background 

The Taylor Run Stream Restoration project was prioritized for implementation based on the City’s Phase 

III Stream Assessment: Stream Restoration and Outfall Stabilization Feasibility Study (February 2019) 

that assessed conditions of five separate streams and three storm sewer outfall locations and prioritized 

these using a multi-decision criteria matrix. The Taylor Run stream was the second priority project out of 

the five locations.  The Phase III Stream Assessment built on stream identification and assessment of 

problem areas in the Phase I Stream Assessment (2004) and Phase II Stream Assessment (2008). The 

project location for the potential stream restoration is approximately 1,900 linear feet that extends from 

the culvert at Chinquapin Recreation Center for approximately 1,000 linear feet where it reaches the 

First Baptist Church of Alexandria property and extends an additional approximate 900 linear feet and 

terminates at the dual culvert downstream.   

Staff commenced outreach on the draft results of the Phase III Stream Assessment and this proposed 

project in September 2018 and with the approval of City Council, applied for a FY 2019 Virginia 

Stormwater Local Assistance Fund (SLAF) grant later that month; with outreach continuing through 

February 2020.  While design slowly progressed during the COVID global pandemic, public engagement 

around the projects was interrupted and restarted in September 2020 and continued through April 
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2021.  A stream restoration work session was held at the April 27, 2021, City Council legislative session 

that included a presentation on the stream restoration progress and a public comment period.  At this 

session, City Council directed staff to pause progress on the stream restoration project and collaborate 

further with the community on alternative methods to the proposed method of Natural Channel Design 

(NCD), an approach used and endorsed by Virginia Department of Environmental Quality (VDEQ) and 

revised in 2021. 

To facilitate the collaboration, City staff engaged the neutral third party – the Institute of Engagement 

and Negotiation (IEN) with the University of Virginia – in July 2021 to begin working with the community 

on these alternatives.  Throughout the engagement, community stakeholders, staff, and consultants 

have discussed the efficacy of BMP implementation to address project goals.  The current phase of this 

collaboration includes working with the Taylor Run Consensus Building Group (CBG) where discussions 

have focused on alternative methods to meet the project goals, to include whether the implementation 

of BMPs can meet those goals to reduce urban runoff and flows into the stream to reduce erosion.  The 

CBG has requested further information about the near and long-term feasibility of these upstream BMPs 

and their efficacy to meet the runoff reduction goals. 

Beginning in the early 1990s, all development and redevelopment must meet state water quality and 

water quantity requirements in the zoning ordinance, in addition to treating the first ½” of stormwater 

runoff over all impervious surfaces.  Because of this, about 51% of the 244-acre upper Taylor Run 

watershed currently drains to BMPs. See more information in Appendix D.  

While the City has shared the existing conditions, the CBG has requested a more in-depth analysis for 

the potential of implementing BMPs to address project goals.  To accomplish this analysis, a hydrologic 

and hydraulic (H&H) model was developed to provide quantitative results to help determine the level of 

substantive changes needed in the sub-watershed to reduce erosion along the project reach.  The 

analysis compares existing conditions for flow and velocity in the Taylor Run stream channel with 

reductions in impervious surface in the watershed as a surrogate for the implementation of BMPs. 

 

General Approach and Assumptions 

The most general question this technical memo attempts to address is that if nothing is done to stabilize 

the stream banks of Taylor Run, how much change can be affected on the flows in the Taylor Run 

channel by only making changes to the upstream watershed? 

The general approach was to choose an accepted model for the hydrologic and hydraulic analysis of 

rainfall, runoff, and channel flow/velocity. Therefore, the US Army Corps of Engineers’ Hydrologic 

Engineering Center’s (HEC) Hydrologic Modeling System (HMS), or HEC-HMS version 4.10 was selected 

to perform this study. This model also provided an opportunity to incorporate as much previously 

studied data and modeling parameters determined by other authorities, such as the FEMA Cameron Run 

Watershed Study (2007), as was appropriate for the purposes of the comparisons developed below. 

FEMA’s previous study is still valid in so far as it is considered the effective regulatory source for the 

flood data shown on the FEMA FIRM maps used by the city to regulate development in the Special Flood 

Hazard Areas (SFHA). 
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It is recognized that since 2007 there are anomalies apparent in the local weather patterns that are not 

yet incorporated in FEMA’s models. However, for the purposes of this study and comparisons of 

qualitative changes in the Taylor Run watershed, it was considered acceptable. In other words, a 

working model with reasonable results for existing conditions should also return reasonable results for 

change scenarios in the watershed. It was also assumed, much like FEMA’s runoff HEC-HMS model, that 

there is no storm sewer in the model and is as such a pure runoff model with routing the travel of runoff 

from the individual sub-watersheds to the outfall. 

Two separate configurations of HEC-HMS were run to determine effectiveness of two methodologies for 

reducing runoff potential in the upper Taylor Run watershed. The first analysis focused on the overall 

runoff reduction by altering the land surface and reducing the percentage of impervious surface from 

the existing conditions found today. The second analysis focused on the reduction of peak erosive 

velocities entering Taylor run by short circuiting the runoff in a detention type storage facility which 

controlled the release of runoff into Taylor Run. 

It should be noted that only the tributary sub-watersheds contributing runoff to the outfall point were 

analyzed. In addition, only a short section of Taylor Run was analyzed for flow/velocity observations. In 

addition, a single cross section was used to calculate the velocity in Taylor Run. It is recognized that the 

velocities produced by this analysis do not represent every point along the reach of Taylor Run in 

question. As in a natural channel, velocity will vary from place to place. However, the cross section 

selected is in the location where the highest known velocities occur. Hence, various scenarios 

considering different land imperviousness conditions were entered into the model to see how flow and 

velocity are affected by BMPs and a large detention facility.  

An additional analysis was added to PART1 using the Virginia Runoff Reduction Method was also 

performed to determine the scope, scale and cost of implementing water quality BMPs for a given area. 

For the purposes of this analysis and comparisons of changes in the land surface, it was assumed that a 

conversion from impervious to pervious areas by a percentage of the whole land surface was an 

acceptable allegory to adding water quality BMPs to the watershed when looking at a reduction to 

runoff potential.  

Based on the US Department of Agriculture’s Natural Resources Conservation Service’s Stream 

Restoration Design National Engineering Handbook, Chapter 8 – Threshold Channel Design, a target 

maximum velocity range in Taylor Run was selected between 4-feet-per-second and 6-feet-per-second. 

This is the target allowable velocity to reduce runoff given the soil material present in the stream banks. 

It was assumed that these maximum allowable velocities, if achieved for storms equal to or greater than 

the 10-yr 24-hr storm, would significantly reduce the erosive potential of the flow in the channel 

effecting the banks of Taylor Run. 

 

Model Setup and Parameters 

The primary model program used for this analysis was the US Army Corps of Engineers Hydrologic 

Engineering Center (HEC) Hydrologic Modeling System (HMS), latest version. For the first look at how 

BMPs effect the runoff potential from the upper Taylor Run watershed, we take the existing conditions 
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and create a baseline for comparison. The first step involved in setting up the HMS model was to define 

and introduce the scope of the problem to the model with required data input that included City’s most 

updated LiDAR imagery data for the upper sub-watershed of Taylor Run. A 1’ x 1’ resolution Digital 

Elevation Model (DEM) for sub-watershed was used to delineate sub-basins tributaries to the sub-

watershed for hydrological analysis. The main components of HMS model consist of a basin model, 

meteorological model, and control section. The precipitation used in the HMS meteorological model was 

taken from FEMA’s “Hydrologic and Hydraulic Analysis for the Cameron Run Watershed in Northern 

Virginia” (2007) study. The precipitation from that study remains the basis of analysis for the effective 

FEMA Flood Insurance Rate Maps (FIRMs) in Alexandria and surrounding municipalities. Using this data 

gives us a direct comparison for existing conditions developed by FEMA for verifying our baseline. 

FEMA’s precipitation, or design storms, were used to create the meteorological model using the storm 

frequency method. The selected storms were the 10-yr, 24-hr and 100-yr, 24-hr storms.  

The runoff computations in the model were performed through using the Soil Conservation Service (SCS) 

TR-55 Curve Number methodology, a widely accepted runoff methodology and is considered an industry 

standard. The SCS curve number method is a simple, widely used and efficient method for determining 

the approximate amount of runoff from a rainfall event in a particular area. The Curve Number is a 

dimensionless parameter indicating the runoff response characteristic of a drainage basin. In the Curve 

Number Method, this parameter is related to land use, land treatment, hydrological condition, 

hydrological soil group, and antecedent soil moisture condition in the drainage basin. More information 

on the SCS TR-55 Curve Number method is included in Appendix BA. The model is a dynamic model that 

computes runoff at defined timesteps to a concentration point for each sub-watershed. The model also 

computes routing of runoff for each sub-watershed as the runoff travels downstream and intersects 

with other sub-watersheds' concentration points before being released into Taylor Run at Chinquapin 

Park. FEMA’s effective HEC-HMS model developed a single drainage area for Taylor Run in the area of 

interest. This was too coarse for the purposes of this study. We separately determined a set of individual 

drainage areas, or sub-watersheds (refer to Table 1), that included parameters for land cover type (SCS 

Curve Number) and impervious surface for each from the city’s Geographic Information System (GIS) 

data. A schematic of the determined drainage areas is shown below in Figure 1. 

 

Figure 1. Upper Taylor Run Watershed 
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All the sub-watersheds drain to a single discharge point, coincidental with the culvert discharge into 

Taylor Run south of the Chinquapin Park. 

Existing Conditions: 

The following Table 1 shows the basic parameters of each sub-watershed in the model. 

Table 1 – Sub-Watershed Details 

Sub-Basin Area (Acre) 
Longest Flow 

Path (FT) 
Basin Slope 

(FT/FT) 

Subbasin-1 10.62 2967.73 0.011 

Subbasin-2 52.78 3529.68 0.021 

Subbasin-3 66.02 5345.47 0.016 

Subbasin-4 40.97 2899.09 0.013 

S1 24.77 2997.46 0.027 

S2 18.62 2146.27 0.010 

S7 22.34 2782.24 0.019 

S11 0.06 90.66 0.027 

S12 0.26 263.58 0.012 

S13 0.19 209.77 0.014 

S16 0.96 1007.53 0.025 

S17 6.91 1623.81 0.028 

 

Figure 2. Model Schematic 
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Storm Events: 

Rainfall data from FEMA's previous flood insurance study (2007) was used to analyze runoff in the 

watershed based on 10-Year, 24-Hour and 100-Year, 24-Hour storm events. Table 2 and Table 3 

represent rainfall depth with respect to its duration for both storm events. 

Table 2: 10-Year, 24-Hour Storm Event 

Rainfall Duration Rainfall Depth (in) 

5 Minutes 0.57 

15 Minutes 1.16 

1 Hour 2.18 

2 Hours 2.57 

3 Hours 2.57 

6 Hours 3.34 

12 Hours 4.09 

24 Hours 4.84 

 

Table 3: 100-Year, 24-Hour Storm Event 

Rainfall Duration Rainfall Depth (in) 

5 Minutes 0.76 

15 Minutes 1.53 

1 Hour 3.23 

2 Hours 3.93 

3 Hours 4.27 

6 Hours 5.34 

12 Hours 6.82 

24 Hours 8.37 

 

Proposed Scenarios: 

PART 1: Water Quality BMPs 

In the first part of this study, six scenarios were introduced to the model to observe how the change in 

impervious surface affects streamflow in the outlet point (located in Chinquapin Park) in the upper 

Taylor Run sub-watershed. Change in impervious surface will be synonymous in this exercise for BMPs 

implementation in the watershed. Table 4 shows all scenarios with respect to reduction in the 

impervious surface. The existing condition as it is known today, shows the sub-watershed as 37% 

impervious of the 244 acres. This existing condition is Scenario 1.  

For Scenario 6, the final configuration of the upper Taylor Run watershed was 100% converted to 

pervious surface, and a Curve Number associated with a natural area was used. This last scenario is to 

show ideal conditions where no development has occurred. 
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Table 4 - A Summary of BMP Scenarios for Taylor Run Sub-Watershed 

Scenario 
Total Sub-

Watershed Area 
(Acre) 

Impervious Surface 
(Acre) 

Impervious 
Surface (%) 

Impervious Surface 
Reduction (%)  

1 244 91 37 0 

2 244 74 30 7 

3 244 67 27 10 

4 244 43 17 20 

5 244 18 7 30 

6 244 0.00 0 37 

 

PART 1: Results 

Based on the different imperviousness scenarios considered for hydrological analysis of the upper Taylor 

Run watershed, following results are summarized below in Table 5. 

Stormwater discharges were simulated for each upper Taylor Run sub-watershed leading to the total 

flow to Taylor Run in Chinquapin Park. Six scenarios (Table 2) were observed for variations in streamflow 

characteristics. Maximum discharge and velocity at the outlet of the upper Taylor Run watershed 

entering Taylor Run were calculated for each scenario. 

Table 5 - Summary of BMP Scenarios Results for 10-Year, 24-Hour Storm Event 

Scenario Hydrologic Element 
Percent 

Impervious 

Peak 

Discharge (cfs) 

Peak Velocity 

(fps) 

1 
Watershed Runoff 

to Taylor Run 37 579.10 7.41 

2 
Watershed Runoff 

to Taylor Run 30 554.80 7.28 

3 
Watershed Runoff 

to Taylor Run 27 544.60 7.24 

4 
Watershed Runoff 

to Taylor Run 17 511.60 7.11 

5 
Watershed Runoff 

to Taylor Run 7 480.40 6.99 

6 
Watershed Runoff 

to Taylor Run 0 238.00 5.71 
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Table 6 - Summary of BMP Scenarios Results for 100-Year, 24-Hour Storm Event 

Scenario 
Hydrologic 

Element 

Percent 

Impervious 

Peak 

Discharge (cfs) 

Peak Velocity 

(fps) 

1 
Watershed Runoff 

to Taylor Run 37 954.10 8.66 

2 
Watershed Runoff 

to Taylor Run 30 932.80 8.55 

3 
Watershed Runoff 

to Taylor Run 27 924.20 8.52 

4 
Watershed Runoff 

to Taylor Run 17 897.40 8.45 

5 
Watershed Runoff 

to Taylor Run 7 871.50 8.37 

6 
Watershed Runoff 

to Taylor Run 0 596.60 7.47 

 

 

Figure 2. Simulated Peak Discharge at Chinquapin Outlet for 10-Year, 24-Hour Storm 
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Figure 3. Simulated Peak Velocity Upstream Chinquapin Outlet for 10-Year, 24-Hour Storm 

 

Figure 4. Simulated Peak Discharge at Chinquapin Outlet for 100-Year, 24-Hour Storm 
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Figure 5. Simulated Peak Velocity Upstream of Chinquapin Outlet for 100-Year, 24-Hour Storm 

 

PART 1: Modeling Conclusions 

The purpose of PART 1 of this study was to develop a HEC-HMS based hydrological model to observe 

streamflow characteristics under different impervious conditions in the Taylor Run upper sub-

watershed. The study focused on how and to what extent water quality BMPs may affect the streamflow 

characteristics in Taylor Run for scouring and erosion prevention purposes in the watershed.  

The results from all six scenarios including existing impervious conditions of the upper Taylor Run 

watershed indicate that even adopting BMPs into an extent of 90.94-acres may not stop scouring and 

erosion along the Taylor Run stream because velocity based on the simulated model is more than still 

outside the range of acceptable velocities in the Taylor Run channel, being between 4-fps and 6-fps. 

1. These results lead to a conclusion that there must be other factors involved that act as 

constraints limiting the overall effects of these drastic changes to the watershed. In fact, there 

are two factors at play in this analysis that do limit the effects of the changes modeled: 

Soils Type. This modeling technique uses factors associated with soils type and the soils’ ability 

to infiltrate rainfall before it becomes runoff. The ability of several differing soil classes to 

infiltrate rainfall is calculated as part of the model’s computations for every timestep. In 

Alexandria, the soils are very resistant to infiltration and lack capacity to infiltrate rainfall for 

medium to large storms. Once that capacity is reached, every following raindrop hits impervious 

surface and runs off. The modeling factor for a specific type of land use, such as Urban 

Residential, has four Curve Numbers based on four soils classes determined by the National Soils 

Conservation Service (NRCS) from A to D. A being highly permeable, to D being highly non-

permeable. It’s easy to imagine that water passes much easier through sand rather than clay. 
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FEMA generously used a Curve Number based on Class B soils in their study and this analysis 

copies those parameters. However, the conversion of concrete or asphalt surfaces to pervious 

still has a limited effect when the permeability of the soils is accounted for in reducing runoff. 

 

2. Channel Cross Section. Velocity in any channel is based on three variables: Flow (cfs), the cross-

sectional area of the cross section and channel slope.  

 

The equation: Q(flow) = V(velocity)*A(area) 

 

In a deep and narrow channel with the same slope as a shallow channel with a wide overbank 

area, the velocities in the deep channel are much higher than the shallow channel with the wide 

overbank, due to the cross-sectional area being much bigger than the wide channel. In the case 

of Taylor Run, the channel is deep and narrow, and the cross-sectional area doesn’t change 

much with a change in flow, leading to small changes in velocity. 

 

The figure below, used only for illustrative purposes, shows an actual surveyed cross section of 

Taylor Run with the cross-sectional area for both the 10-year and 100-year flows. The respective 

velocities were 8.5-fps and 10.1-fps in this HEC-RAS hydraulic model.  

 

 

Figure 6 – Actual surveyed cross section from a recent hydraulics model of Taylor Run 

 

PART 1: BMPs – Using Virginia Runoff Reduction Method (VRRM) 

 

A theoretical reduction in impervious surface is perhaps difficult to imagine in a built-out watershed. To 

gauge the scope and scale of achieving this by implementing BMPs, the VRRM spreadsheet method may 

give us some basis for understanding the feasibility of big changes in the watershed for general 

discussion without consideration of feasibility of siting of these practices.  

 

There are currently 51 BMPs in the upstream Taylor Run watershed due to the requirements in place 

since that early 1990’s that any development or redevelopment must meet requirements to implement 

BMPs. The correlation between the analyzed reduction of impervious surface and the implementation of 

water quality BMPs can be somewhat estimated using the VDEQ Virginia Runoff Reduction Method 

(VRRM) water quality spreadsheet used in the design of water quality BMPs for a lesser design storm.  
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The VRRM also calculates the amount of runoff reduction achieved through green infrastructure BMPs. 

Using the VRRM, the 51 existing BMPs previously installed as a condition of development capture 38.68 

acres of impervious area and reduce 51.09 lbs./year of Total Phosphorus (TP), 307.09 lbs./year of Total 

Nitrogen (TN), and 23,971.43 lbs./year of Total Suspended Sediment (TSS), while reducing the runoff 

volume by 0.8 acre-ft. With a total of 90.94 acres of impervious area in the upstream watershed and 

existing BMPs capturing 38.68 acres leaves 52.26 acres of impervious area uncaptured. Using the above 

model approach, these BMPs effectively reduce the impervious area to 21% for the upstream 

watershed. 

 

Given that about 40 acres of impervious area are currently treated with BMPs and the upstream 

watershed has 90 acres of impervious, it leaves about 50 acres of impervious area untreated.  The VRRM 

was used to analyze the runoff reduction provided by green infrastructure (GI) BMPs.  This general 

discussion uses Bioretention Level 1 (or Urban Bioretention) with ½ acre draining to each BMP for a total 

of 100 BMPs implemented overall to treat the remaining 50 acres of impervious area. The VRRM 

calculates the 50 impervious acres would reduce 59.52 lbs./year of TP, 495.44 lbs./year of TN, and 

27,926.78 lbs./year of TSS in stormwater runoff. The runoff reduction provided by these additional 

BMPs equals 1.58 acre-ft. The cost of the 100 urban bioretention systems using approximately $250,000 

per facility would be about $25 million dollars.   

 

Additional information on this method may be found in Appendix D. 

 

PART 1: BMPs Conclusions 

 

This general consideration of BMPs shows the value of GI to provide water quality benefits.  There are 

also co-benefits such as reduced heat island effect, creation of micro-habitats, and overall greening and 

increase in the City’s tree canopy associated with implementing GI. While there is a great water quality 

and ‘greening’ benefits from implementing these BMPs, the reduction in runoff is minimal compared to 

the detention discussion in Part 2. Based upon the above model, we could consider that existing plus 

additional BMPs effectively reduces impervious area to 0% by implementing BMPs on the total 90 acres 

of impervious and provides a total of 2.38 ac-ft of runoff reduction for the design storm. However, BMPs 

are designed to capture runoff from the first 1” of rainfall that drains to the facility and are not meant to 

mitigate flooding. Any additional runoff generated beyond the first 1” is designed to bypass the BMP 

facility. The first 1” in a 10-year storm and a 100-year storm occurs within about the first 15 minutes of 

those storms (see Tables 2 and 3, respectively). So the reminder of the stormwater runoff from those 

storms are not treated nor reduced by the implementation of BMPs.  Given this information, 

implementing the 100 GI BMPs at a cost of $25M would not address the continued erosion impacting 

critical sanitary sewers and other infrastructure.  

 

PART 2: Detention and Runoff Reduction 

The second part of this study looked at the modeling of storage to detain and control the release of 

runoff into Taylor Run from the watershed. A storage basin was added between the final junction and 

the Taylor Run reach to the existing conditions model discussed above. 
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The storage basin was sized to accommodate a large range of runoff between the 10yr and 100yr storm 

model runs and configured to allow overflow from the storage given a reasonable depth constraint of 

12-feet maximum storage and would begin to overflow at a depth of 8-feet. The following table was 

used in the model controlling the discharge out of the detention facility. A 2-acre initial footprint of the 

storage pond was selected. However, there only appears to be approximately 1.5-acre footprint 

currently available at the Chinquapin Park. See Figure 7, below. 

 

 
Figure 7 – Map of Chinquapin Park Available Area 

 

Table 5 – Storage Outlet Rating Table 

Headwater 
Elevation (ft) 

Total Discharge 
(cfs) 

48” Outlet 
Discharge (cfs) 

Spillway Discharge (cfs) 

132.50 0.00 0.00 0.00 

137.21 90.00 90.00 0.00 

140.95 180.00 152.29 27.71 

141.50 250.00 159.19 90.81 

142.15 360.00 167.03 192.96 

142.60 450.00 172.28 277.71 

143.01 540.00 176.89 363.11 

143.39 630.00 181.08 448.92 

143.74 720.00 184.81 535.19 

144.08 810.00 188.33 621.66 

144.39 900.00 191.64 708.35 

140.50 146.30 146.30 0.00 - Overflow Point 
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The table above was used to create the second table used is the relationship between depth, storage 

volume and discharge and input into the HEC-HMS model, shown below in Table 6. 

Table 6 – Storage Rating Table 

DEPTH 
Storage 
(acre-ft) 

Outlet 
Q (cfs) 

0 0 0 

4 8 90 

8 16 180 

9 18 250 

10 20 450 

11 22 720 

12 24 900 

 

Details of the storage calculations may be found in Appendix B. 

 

PART 2: Results 

The two points of interest in this part of the analysis are the velocities in Taylor Run and the amount of 

storage needed. The following table shows the resulting changes in Taylor Run vs the existing conditions 

for both the 10-yr and 100-yr storms.  

The target maximum velocities to reduce erosive forces in the channel at Taylor Run is between 4-fps 

and 6-fps.  

Table 7 – Storage Results 

DETENTION STORAGE 

10-YR 
Storage (acre-ft) 

Peak Flow 
into Storage 
(cfs) 

Peak Flow 
to Taylor 
(cfs) 

Velocity in TR 
(fps) 

Existing V 
(fps) 

19 562 315 6.1 7.2 
      

100-YR Storage (acre-ft) 

Peak Flow 
into Storage 
(cfs) 

Peak Flow 
to Taylor 
(cfs) 

Velocity in TR 
(fps) 

Existing V 
(fps) 

23 925 799 8.1 8.5 

 

Part 2: Conclusions 

These results show some improvement in the Taylor Run channel where significant storage is provided 

in the watershed before the runoff reaches Taylor Run. The nearly 23-acre-ft analyzed for the 100-yr 

storm may not be feasible or have a favorable benefit/cost ratio. As modeled the 23-acre-ft facility is 

approximately 11-ft deep and would have a footprint of 2-acres, yet only reduces the peak velocity 
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about 12% for the 10-year and about 8% for the 100-year storm and only reaches the target maximum 

velocity in Taylor Run for the 10-year storm. Under this scenario, any storm event larger than the 10-

year storm would bring erosive velocities to the channel and may continue to erode the banks of Taylor 

Run. 

This analysis shows that a reduction in peak velocities is possible in theory, without considering any 

practical applications or cost. For example, Arlington County completed installation of 12-acre-ft of 

stormwater storage at Cardinal School in 2022 at a cost of $18M. Using that project as a baseline cost of 

$1.5M per acre-ft, the 19-acre-ft storage to control the 10-year is estimated to cost $28.5M and the 23-

acre-ft storage, as a single facility, has an overall estimated cost of approximately $34.5M, nearly an 

order of magnitude greater than the total cost of any of the proposed work to stabilize the stream banks 

of Taylor Run.  

 

According to the VRRM, the existing BMPs provide about 0.8-acre-feet of stormwater runoff reduction.  

Also, according to the VRRM, additional BMPs to treat the remaining 90 acres of impervious would 

provide an additional 1.58-acre-feet of runoff reduction, for a total of 2.38-acre-feet of runoff reduction.  

are calculated. the implementation of numerous water quality BMPs may not be the right tool to 

achieve the goal as stated, which is to reduce erosive velocities in Taylor Run for the storm events that 

deliver those erosive velocities. Given this information, implementing the 100 GI BMPs at a cost of $25M 

would not address the continued erosion impacting critical sanitary sewers and other infrastructure.  

 

However, it is clear that the major benefit for water quality BMPs is nutrient and sediment pollution, 

along with the co-benefits in an urban setting of reducing heat island effects, creating micro-habitats, 

and increasing canopy coverage.  Because of this, staff will continue to pursue opportunities to 

implement BMPs in the Taylor Run Watershed to enhance water quality in the stream and downstream.   
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APPENDIX A – SCS CURVE NUMBER METHOD AND RAINFALL 

 

USACE Developed Parameters for Cameron Run Watershed (Includes Taylor Run) 

 



  

 





 



 

 



 

 



 

 



 

 

 



RAINFALL – Excerpt from the USACE Cameron Run Study (2007) 

 

The City elected to use the 24-hour duration storms for this analysis. 

 



APPENDIX B – DETENTION POND 

Outlet pipe and spillway: 

From FHWA HY-8 https://www.fhwa.dot.gov/engineering/hydraulics/software/hy8/  

Version 7.80.0.2 

 

 

https://www.fhwa.dot.gov/engineering/hydraulics/software/hy8/


 

 

 

Culvert Crossing: Pond Outlet 48 

Crossing Summary Table 

Headwater 
Elevation (ft) 

Total Discharge 
(cfs) 

LowFlow48 
Discharge (cfs) 

Roadway 
Discharge (cfs) 

Iterations 

132.50 0.00 0.00 0.00 1 
137.21 90.00 90.00 0.00 1 
140.95 180.00 152.29 27.71 9 
141.50 250.00 159.19 90.81 5 
142.15 360.00 167.03 192.96 4 
142.60 450.00 172.28 277.71 4 
143.01 540.00 176.89 363.11 5 
143.39 630.00 181.08 448.92 5 
143.74 720.00 184.81 535.19 4 
144.08 810.00 188.33 621.66 4 
144.39 900.00 191.64 708.35 4 
140.50 146.30 146.30 0.00 Overtopping 

 

 

 



  

Rating Curve for Storage vs Discharge in HEC-HMS – 2-ACRE Footprint 

 

 

 

DEPTH 
Storage 
(acre-ft) 

Q OUT 
(cfs) 

0 0 0 

4 8 90 

8 16 180 

9 18 250 

10 20 450 

11 22 720 

12 24 900 



APPENDIX C – MODEL OUTPUT 

HEC-HMS MODEL OUTPUT 

 

An Overview of the Model Setup: 

The methodology can be divided into three major tasks: (1) obtaining geographic location of the studied 

watershed using a 1’ x 1’ high resolution LiDAR 2018 imagery data and crafting its DEM in GIS for further 

analysis in the HEC-HMS model; (2) importing watershed’s DEM to HEC-HMS in order to delineate 

watershed and streams characteristics, terrain processing, and basin processing; (3) importing observed 

storm events and streams cross sectional data with the processed DEM for model simulations. 

The HEC-HMS components included a basin model, a meteorological model, and control specifications 

model components. The basin model and basin features were created in the shape of a background map 

file imported to HMS from the data derived from GIS (Figure 1). NOAA Atlas 14 rainfall data for 10-Year 

and 100-Year, 24-Hour storm events was used for creating the meteorological model using the storm 

frequency method. Afterwards, determining the time pattern for the simulation, a 24-Hour control 

model with one minute interval was setup. Figure x is a representation of all the three models’ setup on 

HEC-HMS platform. 

The Soil Conservation Service (SCS) TR-55 Curve Number method was used to model the transformation 

of precipitation excess into direct surface runoff. For routing analysis, the Muskingum-Cunge method 

was employed to model the reaches. 

 

Figure 1. Model Setup and Schematic 



 

 

Figure 2. Taylor Run Subbasins Characteristics 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure 3. A view of the 10-Year, 24-Hour Storm Meteorological Model 

 

 

 

 

 

 

 

 

 

 

 

Scenario 1. 10-Year, 24-Hour Storm Event:  

 



 

 

  

  



  

 



 

 

 

 

 

 

 

 

 



Scenario 1. 100-Year, 24-Hour Storm Event: 

 

 

 

 

 

 

 

 



 

  



  

 

  

  

  

  

 

 

  



Scenario 2. 10-Year, 24-Hour Storm Event: 

 

  

  

 

 

 

 



 

  



 

 

  

  

  

 

  

  

 

  



Scenario 2. 100-Year, 24-Hour Storm Event: 

 

  

 

 

 

 

 

 



 

  



 

 

  

  

  

 

  

 

  

 



Scenario 3. 10-Year, 24-Hour Storm Event: 

 

  

  

  

  

  

 

  



 

  



 

 

 

  

  

  

  

  

  

 



 

Scenario 3. 100-Year, 24-Hour Storm Event: 

 

  

  

  

  

  

  



 

  



 

 

  

  

  

  

  

  

 

  



 Scenario 4. 10-Year, 24-Hour Storm Event: 

 

  

  

 

 

 

 

 



 

  



  

 

  

  

 

  

 

  

 

 



Scenario 4. 100-Year, 24-Hour Storm Event: 

 

 

  

  

  

  

  



  

 

 



  

 

  

  

  

  

  

  

  

  



 

Scenario 5. 10-Year, 24-Hour Storm Event: 

 

 

  

  

  

  

  



 

 

 



 

 

 

 

  

  

  

  

  

  



  

Scenario 5. 100-Year, 24-Hour Storm Event: 

 

 

  

 

  

  

  



  

 

  



 

 

  

 

  

  

  

  

  

  



  

Scenario 6. 10-Year, 24-Hour Storm Event: 

 

  

  

  

  

  

  



 

 

 



  

 

  

 

  

  

  

  

  

  



  

Scenario 6. 100-Year, 24-Hour Storm Event: 

 

  

  

  

  

 

 



 

 

  



 

  

  

  

 

 

 

 

 



APPENDIX D 
 

 

Figure D-1. Percent of BMP capture in Upper Taylor Run Drainage Area 

 

Table D-1. Existing BMPs in the Upper Taylor Run Watershed 

 

BMP Type Total Impervious Area 
(acres) 

Total Drainage Area 
(acres) 

Bioretention Filter 0.096 0.125 

Bioretention Filter 0.070 0.141 

Bioretention Filter 0.060 0.200 

Bioretention Filter 0.213 0.277 

Bioretention Filter 0.100 0.399 

Bioretention Filter 0.172 0.517 

Bioretention Filter 0.439 0.643 

Bioretention Filter 0.200 0.800 

Bioretention Filter 0.270 0.870 

Bioretention Filter 0.010 2.790 

Bioretention Filter 1.489 3.190 

Cistern 5.892 5.892 

D.C. Sand Filter 0.820 0.828 

Area captured 
by a BMP

51%
125 acres

Area not captured 
by a BMP

49%
119 acres

UPPER TAYLOR RUN DRAINAGE AREA



D.C. Sand Filter 0.820 0.828 

D.C. Sand Filter 0.940 1.410 

D.C. Sand Filter 1.590 2.240 

Delaware Sand Filter 0.198 0.211 

Delaware Sand Filter 0.280 0.350 

Delaware Sand Filter 0.364 0.364 

Detention 0.490 0.900 

Downstream Defender® Stormwater Treatment 
Vortex * 

0.503 0.755 

Downstream Defender® Stormwater Treatment 
Vortex * 

0.573 1.000 

Downstream Defender® Stormwater Treatment 
Vortex * 

0.889 1.190 

Downstream Defender® Stormwater Treatment 
Vortex * 

0.862 1.220 

Dry Detention Pond 4.400 30.300 

Grass Swale 0.090 0.200 

Green Roof 0.182 0.182 

Infiltration System 0.302 0.370 

Infiltration System 0.000 2.100 

Infiltration System 0.000 4.086 

Permeable Pavement 0.009 0.009 

Permeable Pavement 0.009 0.009 

Permeable Pavement 0.050 0.050 

Permeable Pavement 0.050 0.050 

Rain Barrel 0.024 0.024 

Stormceptor® Stormwater Treatment System 0.534 0.550 

StormFilter™ Stormwater Treatment System 2.512 2.898 

Stormwater Storage Tank 0.320 0.770 

Tree Box Filter 0.120 0.200 

Trench Sand Filter 0.039 0.039 

Vegetated Filter Strip 0.005 0.005 

Vegetated Filter Strip 0.024 0.024 

Vegetated Filter Strip 0.048 0.048 

Vegetated Filter Strip 0.060 0.300 

Vegetated Filter Strip 0.160 0.360 

Vegetated Filter Strip 0.420 0.480 

Vegetated Filter Strip 0.100 0.500 

Vegetated Filter Strip 0.520 1.020 

Vegetated Filter Strip 0.110 1.650 

Wet Pond 0.090 0.090 

Wet Pond 11.160 51.800 

Total 38.678 125.253 

 



 

Figure D-2. VRRM Water Quality Compliance Spreadsheet for Existing BMPs 

 

 

Figure D-3. VRRM Water Quality Compliance Spreadsheet for Additional 50 Impervious Acres  

 



 Appendix D:  VRRM Existing BMPs 



 Appendix D:  VRRM Additional 50 Acre with BMPs 
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