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Woodiand Drive Drainage: Improwernent Study
City of Harmisonburg, Virginia
Project Mumber: 47305002

1.0 Project Summary

1.1 Background

This project included services o prepare a drainage improvement study for potential
upgrades to a portion of the existing drainage system in the City of Hamsonburg, VA
The watershed draining to the existing conveyance channel along Woodland Drive was
analyzed to evaluate feasible drainage improvement aliematives. A site map has been
provided in Figure 1 below.

STUDY CHAMMEL
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The completed study summarzes the analysis process, findings, and sugogestions for
potential design improvements to the site, including channel improvements and the
configuration of proposed detention basins. The hydrologic and hydraulic analyses
descnbed below were performed using PCSWMM (vi 4. 3202) utilizing the SWMM
5.1.015 calculation engine.

1.2 Description of Project Limits

The Woodland Drive Drainage Improvement study area sits west of Reservoir Street
and north of White Oak Circle, primarily along Woodland Drive in a residential
neighborhood in the City of Hamsonburg, VA
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Woodiand Drive Drainage: Improwernent Study
City of Harmisonburg, Virginia
Project Mumber: 47305002

The primary stormwater conveyance system is a riprap-lined channel that extends from
east to west, north of Woodland Drive. The channel outfalls to a 10°%6" concrete box
culvert under the Sunchase parking lot. The study area is the headwaters of Tributary
No. 3 to Blacks Run. Muliiple drainage pipes outfall to this channel, as does surface
drainage from the Woodland neighborhood and Sunchase Apartment complex.

The conveyance channel is approximately 560 linear feet and is fed by four piped
systems, ranging from 24" to 607 in diameter. There are two stormwater detention
basins located directly upstream of the channel, southwest and southeast of the
Resenvoir Street intersection. For reporting purposes, porfions of the existing drainage
network have been labeled as indicated in Appendix A, EXBT-1, and are described
below. EXBT-2 displays the contributing drainage areas that feed each trunkline.

Surface runoff from the Woodland neighborhood is served by curb and gutter, which
feeds Trunklines B and C. Drainage discharges into the riprap channel via 367
reinforced concrete pipe (RCP). There is a grass-lined, v-shaped ditch that drains into
the Woodland system through a grate inlet at 652 White Oak Circle.

Drainage from the northem development of Sunchase Apartments discharges to the
channel via Trunkline D (24" RCP). This trunkline also collects runoff from the area
bounded by Neff Avenue, Reservoir Street, and Chase Court.

Surface drainage from Reservoir Street is routed to BMP 1 (southwest of the
intersection of Reservoir Street and Lucy Drive) and enters the channel via a 36" steel
pipe (Trunkline E). A 60" RCP also discharges to the channel (Trunkline F), which
collects drainage from two piped systems. Trunkline F serves as the junction for both a
54" system that runs south to north along Reservoir Street (Trunkline G) and a 367
system that runs east to west along Lucy Drive (Trunkline H). A second BMP (BMP 2)
located southeast of the intersection drains into the Lucy Drive system. It should be
noted that two additional BMPs exist upstream of Trunkline H, outside of the study limits
and were therefore excluded from the analysis.

1.3 Site Visit and Survey

Timmons Group conducted a site visit on March 170 2021 to collect site photos and
analyze existing conditions in the field. These photos are included in Appendix A
Cwerall, the existing natural channel was found to be in good operating condition,
though woody vegetation was well-established within the channel and portions of the
banks displayed signs of scour near the downstream outfall (see Figures 1-14,
Appendix A). The grate inlet between 652 and 654 White Oak Circle has been observed
to become inundated, causing flooding to occur in this area (Figures 15-18). This
information was used to help develop existing hydrologic and hydraulic conditions,
summarized below.

e
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Woodiand Drive Drainage: Improwernent Study
City of Harmisonburg, Virginia
Project Mumber: 47305002

2.0 Hydrologic Study Summary

Frequency discharges for the 2-, 10-, 25- and 100-year storm events along the study
reach were independently calculated. For this study, hydrology was developed using the
SCS Curve Number method. The drainage areas developed for this study were
delineated based on 1-ft topography generated from a composite Digital Elevation
Model (DEM). The DEM was developed by combining 1-ft contour data from James
Madison University and 2-ft contour data from the City of Hamisonburg. Aenal
photography streamed from VGIN was also referenced as part of the drainage area
delineation. Refer to Appendix B for a map illustrating the drainage areas used to
develop the hydrological model evaluated in this study.

2.1 SCS Methodology

Land cover information taken from the VGIN data server was usaed as the basis for
establishing land use classifications within each drainage area. VGIN land cover data
was franslated into SCS TR-55 land cover types. Soils data defining Hydrologic Soils
Groups (HSG) within each drainage area was downloaded from the NRCS Soils Survey
website. Based on the Runoff Curve Number tables provided in the NRCS TR-55, a
curve number shapefile was generated using each land cover and soils classification,
as summarized in Table 1 below. it was assumed that all ground cover types were in
“good” hydrologic condition when using the TR-55 tables o estimate curve numbers.
Time of concentration was developed for each drainage area using the NRCS
methodology for sheet flow, shallow concentrated flow, and channel/pipe reaches, see
Section 2.2.1.

Table 1. Runoff Curve Numbers (from NRC.S TR-33 Table 2-2)

Hydrologic Soil Group
Urban
Open Space - Good 39 61 T4 80
Impervious Area - Paved parking 98 98 55 98

Cultivated Agricultural B

Row crops - SR - Good [67 [78 [85 [&9
Other Agricultural
Pasture - Good 39 61 T4 80
Woods - Good 30 55 70 ir
Arid/Semianid
Desert shrub - Good [49 [68 [79 [&4
g
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2.2

SWMM Model Parameter Inputs

2.2.1 ARM Subcarchmenis

Hydrologic data was input into PCSWMM using altemative runoff method (ARM)
subcatchments. GIS data and fools were used to develop many of the hydrologic
input parameters for the SWMM model. Drainage areas were delineated and
directty imported into the model from the supporting GIS layer. Area calculations
were performed in ArcMap. As mentioned in Section 2.1, a curve number
shapefile was generated in GIS based on land cover and soils classification. This
file was imported into PCSWMM and a curve number was calculated for each
subcatchment using the Spatial Weighting tool. A slope file was generated from
the DEM using the Slope from DEM tool in PCSWMM, which was used to
calculate average percent slope for each subcatchment. The percent impervious
parameter was set to zero for all subcatchments because SCS methodology
accounts for imperviousness in the curve number calculation.

Flow lengths and time of concentrations were calculated outside of PCSWMM.
These were developed based on the TR-55 spreadsheet, see Appendix C.
Topography data and aeral photography were used to evaluate the longest flow
path from the most remote point to the ultimate discharge point for each
subcatchment. Time of conceniration was taken as the sum of sheet flow,
shallow concentrated flow, and pipe and channel flow travel times. For smaller,
majornty impernvious areas with small time of concentrations, an assumed time of
5 minutes was used to provide a more conservative runoff estimate.

2.2.2 Rainfall Distribution

Rain gages were created for each design storm in PCSWMM using the Design
Storm Creator fool. The hydrographs for each of the design storms were
calculated using an SCS Type |l, 24-hr storm. Cumulative rainfall depths wene
determined in accordance with the NOAA Atlas 14 Precipitation Frequency Data
Server for Harrisonburg, Virginia and can be found in Table 2.

Tabfe 2 Frequency and Depth of Ana Storm Events

24-Hour
Storm .
Rainfall Depth

Frequency]  (Gn)
2-Year 263
10-Year 3.87
25-Year 4 69
100-Year 6.13

e
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Woodiand Drive Drainage: Improwernent Study
City of Harmisonburg, Virginia
Project Mumber: 47305002

2.3 Hydrologic Summary

The site has a contributing drainage area of 371.5 acres. Timmons Group developed
flows for subcatchments in accordance with SCS methodology. A drainage area map
and hydrology characteristics are presented in EXBT-1, Appendix B. A summary table
of the hydrology model has also been included in the exhibit. The channel may
experience peak flows of approximately 898 cfs during a 100~y event and up to 413 cfs
during a 10-yr event. Subcatchment 1E was the largest contnbuting area to the site, and
it yielded the largest peak flows for all four design storms.

In Table 3 below, model peak flows are compared to USGS StreamStats flows
generated at the influent invert the 10°x6° box culvert, as well as FEMA FIS data. Model
flows were similar to USGS data, but greater than FEMA data for the area. Each of the
three sources derives flow values using different hydrologic methods, contributing to
some of the difference in values.

Table 3: Summary of Hydrologic Parameters and Peak Discharge Rates

Source Area (Ac.) | 100-Yr Peak Flow (cfs)
Model 715 308
FEMA E1S (downsiream) 540 561
UGS StreamStats
(47 52% Developed, 2006 NLcD) | 2048 680
UGS StreamStats
(72.5% Developed, 2011 NLCD) | 2248 1090

The flow values reported in the FIS were derived from a larger drainage area. The
FEMA model profiles do not account for changes to the floodway immediately
downstream of the study area, including the removal of a pond and the installation of
the box culvert under the Sunchase Apartments parking lot. These changes may also
contribute to the difference in reported peak flows. It should be noted that two FEMA
Letter of Map Revisions (LOMRSs) exist for Tributary No. 3 to Blacks Run. LOMRs 20-
03-1670F and 09-03-0277F for panel 510076 were referenced in this analysis.

3.0 Existing Conditions SWMM Model

31 SWMM Model Development

A one-dimensional (10) unsteady flow hydraulic analysis was completed for the study
area in SWMM. In a 1D model, piped system and surface flows interact together and
are routed to the outfall. The system consists of nodes representing pipe inlets, outlets,
and manholes, and conduits representing pipes, drainage ditches, conveyance
channels, and overland flows. Elevation data on the existing drainage infrastructure was

e
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Woodiand Drive Drainage: Improwernent Study
City of Harmisonburg, Virginia
Project Mumber: 47305002

obtained from city GIS data and plan sets. To supplement this, city contour data was
processed to obtain approximate ground surface elevations for unknown rim elevations.

Entrance and exit loss coefficients were developed to account for bends, pipe diameter
changes, pipe confluences, etc. The following table generally details how entrance and
exit losses were developed for the model.

Table 4: Enfrance and Exit | 055 Coefficients Used for Pipe Conduits

ENTRANCE LO55 LOSS
DESCRIFTION COEFFICIENT
SINGLE INFLOW JUNCTIONS | Keyynames
Straight thorough maniole 0.25
junclicn -
EXIT LOSS DESCRIPTION LSS
COEFFICIENT
Junctions KEe
Mo bends 035
Bend Angle [degrees) Ke
15 010
20 016
25 022
an 028
40 0.3&
&0 047
a0 0.55
o 0.a1
8D 0.84
a0 0.7
Kewn = Ke + Ka
] End 1.0

Manning's n roughness coefficients were based on pipe material and channel
characteristics. The following values wene used for the various conduit materials:

Table 3. Summary Manning's n-Values Used for Conduits

Material Manning's n
Concrete 0.013
HDPE 0.011
Steel Casing 0.011
_ C Metal 0.024
C‘hﬂnnel with Stones and Weeds 0.0 04 0. 0.045
Surface Fluw over Impervious Areas 0.020 020
Surface FIOW over Grassy Areas 0.03 - D.035
Surface Flow over Heavily Vegetated! Forested Areas 0.06 —0.09

The hydraulic mode! incorporates open channel reaches and surface flows caused by
flooding drainage structures. The DEM developed for this model (see Section 2.0) was
used to digitize surface flow paths and cross sections at key locations along the flow

TIH_H_'DHS_GHEI'I.IF 6| www. timmons.com
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City of Harmisonburg, Virginia
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path alignment. Cross sections were cut from the DEM in PCSWMM using the Transect
Creafor tool. Manning's n-values for surface flow and open channel flow were
established based on land cover conditions depicted in aenial photography, site photos,
and StreetView in Google Maps. For roadway sections not modeled by irmeguilar
conduits, rectangular open channels with widths ranging 10 to 20 ft were used to
convey surface flow surcharging from drainage structures.

The presence of two existing BMPs within the study area issued the need to include
storage nodes in the model. Stage-storage curves were estimated based on existing
topographic data. Plans provided by the City were referenced to obtain information on
the outiet structures for the BMPs. For each BMP, a series of onfices was used to
model the outlets in PCSWMM. Two weirs also were used for each BMP. One weir
simulated an emergency spillway, with an assumed elevation two feet below the BMP
crest. A second weir was used to simulate flows overtopping the crest of the BMP berm.
Existing topographic data was used to approximate weir lengths and heights.

According to existing plans, both BMPs were designed to contain the 100-yr storm
without overtopping. However, the model indicates that BMP 1 overtops in the 100-yr
event, and that BMP 2 overtops in the 2-yr event. This ermor may be partially attributed
to the use of SCS methodology to produce more conservative peak flows, as well as the
omission of two BMPs upstream of Trunkline H. As mentioned in Section 1.2, these
BMPs were located outside of the initial study limits and were therefore not included as
storage nodes in the model. Plans were not available for these facilities at the time of
model development, but some storage volume was accounted for in this area by
modeling an imegular conduit with a transect pulled across the basin footprint.

The model's outfall node was set downstream of the system, west of Neff Avenue, to
ensure that backwater effects from the 10°x6" box culvert were modeled. The outfall
condition was set to normal depth. A 24-hour simulation was created using the Dynamic
Wave routing method. The Curve Number method was selected for the infiltration
model. A three second routing time step was used, and the reporting time step was set
to one minute.

3.2 Findings / Summary of Existing Conditions

The model described above established base flooding along the studied area for
existing conditions. Inundation maps and profiles of the exsting system were generated
for each storm event in PCSWMM. These results are included in Appendix D. This
information was used to identify critical flood locations and determine which
components of the system would provide the most benefit from upgrades. See
Appendix F for detailed SWMM output data for the existing 10-y1 model.

As summarized in Section 2.3, the channel outfall north of Woodland Drive collects
371.51 acres of drainage. Model results indicate that the channel passes a peak flow of
413.04 cfs in the 10-yr storm event. Subcatchment 1E contributes most of this drainage,

e
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City of Harmisonburg, Virginia
Project Mumber: 47305002

which is collected by Trunkline G along Reservoir Street. In the modeled 10-yr storm
event, this subcatchment yields a peak flow of 265.35 cfs. Trunkline G collects a total of
198.05 acres of drainage from five subcatchments. These subcatchments represent
drainage east and west of Reservoir Street, as well as the intersection of Reservoir
Street and Foley Road (See Appendix A, EXBT-2). Surface runoff from Reservoir Street
is primarily collected by Trunkline E and routed to BMP 1.

As seen in the Existing Conditions inundation map in Appendix D_2, roadway flooding
occurs in the study area for all events, including the 2-yr storm. This flood mapping,
along with a hydraulic grade line (HGL) analysis of the studied trunklines (see
Appendices D2 and D.3), indicates that the existing riprap channel is not the pimary
source of roadway flooding in the Woodland neighborhood. The inundation exhibit
highlights two flood-prone areas: 1) the ditch between 652 and 654 White Oak Circle,
and 2) the inlets associated with Trunklines H, F, and BMP 2 at the intersection of
Resenvoir Street and Lucy Drive.

As seen in the storm profiles in Appendix D_3, in Trunkline F, the HGL spikes in
Conduits 78214 and 34066 under all storm events, indicating that these pipes are
undersized. This causes Trunkline H to surcharge and flood at the intersection of
Resenvoir Street and Lucy Drive. As flow backs up Trunkline G, the system
demonstrates capacity for the 2-yr event until Structure 3170, at which point surcharging
occurs. |t should be noted that routed drainage from subcatchments 10_1 and 1D _3
merge at this structure before entering Trunkline G via Conduit 29039. Figure 2 below
displays the configuration of existing drainage infrastructure at Ridgeville Lane and
Resenvoir Sireet.

Figure 2: Structure 3170 at Ridgewville Lane and Reservoir Street

et
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Project Mumber: 47305002

Cwerflow from Structure 3170 then flows north towards Foley Rd, through three city-
owned parcels and two residential lots. At 2210 Resenvoir Street, a swale runs through
the yard that likely conveys this flow (Figure 25, Appendix A.). Drainage is then routed
under Foley Road via a concrete pipe and enters a paved channel east of 709 Foley
Road. This channel was inaccessible at the time of the site visit due to overgrown
vegetation (Figure 26, Appendix A). Channel flow then drains to the Woodland
neighborhood through a private, undeveloped parcel before entering the v-ditch on 652
White Oak Circle (Figure 16, Appendix A).

Trunkline E exhibits adequate capacity for the Z2-yr event, but portions of Resenoir
Street east of the BMP begin to surcharge in the 10-yr event. This was initially causing
flood loss in the model because flows were exiting the drainage system and were not
accounted for at the end of the simulation. For this reason, the model directs overflow
from Reservoir Street to escape the roadway via a driveway entrance, as displayed in
Figure 3 below. This flow then merges with surface flows from Foley Road on an
undeveloped private parcel and drains to 652 White Oak Circle.

& STR51639 P

Figure 3: Structure 51639 Surchange g

Findings were presented to city staff on April 28" and June 215 2021 and were
validated based on prior storm events and complaints received by residents. Potential
aftemative solutions were discussed and are presented in Section 4.0 below.

As described in Section 3.1, flow simulations indicate BMP1 overtopping during the 100-
y1 event and BMP2 overtopping in the 2-y1 event, which indirectly routes additional flow
to the v-ditch and grate inlet via surcharging inlets along Resenvoir Street. Thisis a
noted inaccuracy in the model, likely due to the omission of upstream detention facilities
along Lucy Drive. Results of the Existing Conditions model may be considered more
conservative because the arrival time and volume of peak flows would be dampened by
modeling this additional detention.

et
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Woodiand Drive Drainage: Improwernent Study
City of Harmisonburg, Virginia
Project Mumber: 47305002

4.0 Alternatives Analysis

The Existing Conditions model serves as the basis of analysis for each of the proposed
aftematives. Five aliermatives were analyzed to determine the effectiveness of various
flood improvements strategies. Effectiveness was determined by reduction in the
existing floodplain and reported peak flow at the outfall for various storm events. Flood
improvement strategies considered in this study include:

Construction of a BMP on city-owned property.

Construction of a BMP on an undeveloped private parcel.
Combination of public property and private property BMP footprints in
Sernes.

Drainage channel improvements.

Construction of a BMP on an undeveloped private parcel in addition to
channel improvements.

mo ompE

Conceptual layouts of Altematives A, B, C, and E are presented in Appendix E.1.

4.1 Alternative A: BMP on City-Owned Property

The Existing Conditions hydraulic analysis indicates that flooding in the Woodland
neighborhood is caused by flows bypassing the existing drainage infrastructure along
Reservoir Street. Flows from two major components of the study basin merge in
Trunkline F, creating a spike in the HGL that backs up through Trunkline G and prohibits
additional flows from entering the system.

Altemative A seeks to slow down the timing and volume of flows traveling through
Trunkline G by redirecting all drainage from subcatchment 1D to a BMP located on city
property between Ridgeville Lane and Foley Road. The BMP footprint encompasses a
0.4 ac area and has approximately a 60,000 ft? volume. Subcatchment 1D runoff is
redirected to the BMP by removal of an existing 27 RCP (Pipe ID 29039 in city GIS
database) and replacement with a 27 pipe that routes drainage to the BMP. All
drainage from subcatchment 1E is still routed through Trunkline G. Drainage from the
BMP is primanly routed into Trunkline E via 24" RCP. Overflow from the BMP in langer
events still bypasses the Reservoir Street trunklines and travels north towards Foley
Road.

4.2 Alternative B: BMP on Undeveloped Private Parcel

A large BMP is proposed in Altemative B on a privately-owned parcel located between
Reservoir Sireet and the Woodland neighborhood. This BMP footprint encompasses
approximately 1.53 ac and has a 495,000 ft? volume. Implementation of this altemative
may be cost-prohibitive because it requires the City to purchase this parcel prior to BMP
construction. Only surface flow from the Foley Road channel (see Section 3.2) and

e
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overflow from the Reservoir Street trunklines feed the BMP; there is no piped
component to reroute flows from the existing trunklines as presented in Altemative A.

The placement of this BMP impacts the feasibility of rerouting Trunkline G. To redirect
the most impactful subcatchments (DA 1D_1, 1D_2, 1D_3), an additional trunkline
would need to be installed from the intersection of Ridgeville Lane and Reservoir Street,
and outfall at the mouth of the BMP footprint. This would require either: 1) spanning
multiple private residential properties, or 2) placing the proposed system within the
existing right-of-way and managing spatial conflicts with the two existing trunklines
below Resenvoir Street. Additionally, the HGL through existing infrastructure along
Trunkline E indicates adequate capacity and is already routed to an existing BMP. It is
for this reason that Trunklines E and G are not rerouted in this altemative.

The Existing Conditions analysis indicates that excess flows draining to the v-ditch at
652 White Oak Circle are a primary area of flood concem. The BMP placement in this
alternative analyzes the effect of detaining flow immediately upstream of this flood-
prone area. Though only drainage from the Foley Road channel and overflow from
Reservoir Street is detained in this BMP, the model shows that this footprint detains up
to the 25-yr event and improves the corresponding floodplains for these storms.

4.3 Alternative C: Combination of City Property BMP and Private Property
BMP in Series

The effect of incorporating two BMPs into the drainage system is modeled in Altemative
C. Descriptions of the city-owned parcel and private-owned parcel footprints are
descnbed in Sections 4.1 and 4.2 above, respectively. The method of flow routing to
these BMPs varies slightly from those presented in Altematives A and B. In this
alternative, only drainage from Subcatchment 1D _2 is routed to the city parcel BMP.
Subcatchments 1D_1 and 1D _3 are routed to the private parcel BMP via a 24° piped
trunkline. Multiple routing combinations were analyzed to direct flow from these
subcatchments to the BMPs, and the presented configuration displayed the most
effective floodplain reduction. As noted in Altemative B, directing flow to the private
parcel footprint through a closed system presents potential design conflicts. Additionally,
the feasibility of this afternative is limited because it requires acquisition of a large parcel
Foned for future development, in addition to potential easements for a proposed
trunkline that directs the most influential flows to the large BMP.

4.4 Alternative D: Drainage channel improvements

Altemative D focuses drainage improvement efforts on the existing conveyance channel
only. This altemative represents maintenance of and/or minor upgrades to the existing
channel by clearing existing trees and established vegetation. Maintenance would limit
disturbance solely to the headwaters of Tributary No. 3 to Blacks Run. Three
subaltematives were analyzed for this concept, including clearing only the channel,

e
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City of Harmisonburg, Virginia
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clearing the channel and overbank areas, and upgrading the channel to a concrete-lined
drainage ditch.

The model indicated that channel and overbank clearing does little to improve flooding
in the area. Inundation maps for these two subaltematives exhibited negligible
differences between the existing and proposed floodplains. However, upgrading the
channel to a concrete-lined system and re-grading the channel to establish a more
uniform slope produces noticeable effects on the floodplain. For this reason, only this
subaltemative was pursued and reported upon in the analysis herein.

In this altermative, the channel is regraded to achieve a more uniform longitudinal slope.
Ditch geometry is widened to achieve 21 side slopes, a 5-ft bottom width, and 6-ft
depth. The channel roughness coefficient is changed from 0.045 to 0.013 to simulate a
concrete lining. As seen in Figure 4 below, when compared to Existing Conditions, this
aftemnative produces a floodplain increase in the 10-yr storm. Additionally, Altemative
D3 increases peak flow at the outfall in the 2-yr event, see Table 7. For these reasons,
this altemative was not considered for further evaluation.

ALTERMATIVE I Ex 10-YEAR FLODDPLAIM (RE-STUDY)

Figure 4: Afternative D vs. Existing Conditions, 10-Year Floodpiain

4.5 Alternative E: Construction of a BMP on an undeveloped private
parcel and channel improvements

This altemative was included in the analysis to evaluate the effect of combined
maintenance and mitigation measures on the floodplain. As was observed in the
Altemative D results, this altermative also produces a floodplain rise in the 100-y1 event.
Figure 4 displays an inset of the 100-yr hydrograph for a section of the conveyance
channel. Even though overall peak flow is reduced, the timing of the peak is affected,
and portions of storm event show a larger volume flowing through the system than
under the Existing Conditions model (approximately 30 cfs in some places). As seen in
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EXBT-T and EXBT-8 (Appendix E.2-2), there is no significant floodplain improvement in
this alternative over Altemative B in the 10-yr event. In fact, the 25-yr floodplain is
slightly higher in Altemative E than in B, and 100-yr floodplain is higher than the Existing
Conditions model.
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Figure 3: Affternative E Hydrograph

5.0 Summary and Recommendations

51 Summary

The 10~yr floodplain was mapped for each altemative and compared to the Existing
Conditions results. Of the five presented altematives, three were selected for detailed
analysis. Alternative D exacerbates flooding along Woodland Drive in the 10-yr event
and was therefore omitted from further analysis. Altemative C was also removed from
the analysis despite providing significant peak flow and floodplain reduction. This
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alternative provides little benefit over Altemative B for flood attenuation and requires the

construction of two basins instead of one. Altematives A, B, and E have been analyzed
under the 2-, 10-, 25-, and 100-yr events. Detailed results and SWMM outputs are
presented Appendices E and F. Table 7 below summarizes peak flow reductions by

alternative.
Table 7: of Peak Hows at Outfall by Alternative
2-YR 10-YR 25-YR 100-YR
Q2 (cis) i} 2 (cfs) fi} Q2 (cis) f Q2 (cfa) fu
Ex. Cond. 183 34 = 41304 = 603 24 = B98 58 =
A -2.85 A7 .09 21189 -16.70
B -4.95 -90.13 -238.74 -58.94
C .96 -90.70 -237 56 -59.00
D +1.46 -33.49 1227 -39.96
E -3.08 -96.94 -254 03 1369

No structures are removed from the 100-yr floodplain under the presented altermatives
(see Table 8 below). Altemative E exacerbates flooding and adds an additional

structure to the 100-yr floodplain. Both Akematives B and E remove five structures from
the 25-yr floodplain. Alternative A provides relief for three structures in smaller storm

events but offers no removal in the 25-y1 stom.

Table 8 Comparison of Peak Flows at Outfall by Alternative
Storm Event "?ﬁ ”F‘mﬁg.}'pﬂ‘hm Number of Structures Removed
Existing A B E
YR 0 3 * *
10-YR 15 3 3 3
25 YR 19 0 5 5
100-YR?* 26 0 0 TS

*  2-yr inundation was mapped only for Altemative A to determine if the proposed BMP
demonstrated capacity for small storm evenis.

** Altemative E 100-yr floodplain inundates an additional structure rather than remaoval.

Altemative B demonsirates that even large detention volumes are unable to fully relieve
the Woodland neighborhood of flooding issues in large storm events. Further,
comparison of Alternatives A, B, and E underscore a key finding of the Existing
Conditions analysis: the main conveyance channel is not the primary cause of flooding
in this area. Drainage issues first anse further upstream in the existing drainage network
and can be attributed to insufficient pipe capacity at key junctions, as well as peak flow
augmentation caused by hydrograph overlap.
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The consfruction of a BMP on city-owned property (Altermative A) exhibits the most
potential for design, despite its limited effectiveness at flood attenuation. This altemative
does not require additional land acquisition by the City. The size of the BMP footprint is
much less than that of the private parcel BMP proposed in Altemative B, meaning a
smaller footprint of disturbance and few associated construction material quantities.

This analysis demonstrates that the installation of a BMP on the city-owned parcel
slightly improves flooding conditions in the Woodland neighborhood. Under this
scenario, flows entering the vegetated v-ditch at 652 White Oak Circle are contained
within the channel and less flow is allowed o bypass the existing drainage network at
the intersection. Though this BMP design only achieves a 2-yr level of service for water
guantity benefits in the model, it has the potential to eam credit as water quality BMP as
well.

Hydrologic inputs were processed in the Virginia Runoff Reduction Method (WVERM) Re-
Development Spreadsheet to determine the feasibility of implementing a constructed
wetland per VA BMP Clearinghouse Specifications. The VRRM spreadsheet indicated
that a volume of 111,120 ft* would be required to treat the contributing drainage area.
Though the proposed footprint under Altemative A attempted to maximize treatment
volume based on existing spatial constraints, it was only able to achieve a volume of
60,000 ft*. For this reason, the Chesapeake Bay Program refrofit curves and loading
rates were used to calculate estimated load reductions for Total Nitrogen (TH),
Phosphorus (TP), and Suspended Solids (TSS). Using Table 3b from the Chesapeake
Bay TMDL Special Condition Guidance Memo, loading rates were calculated for each
pollutant, see Appendix G. Reduction percentages were calculated using the retrofit
equations and load reductions are presented in Table 9 below.

Table 9: Estimated Reduction by Pollutant

Pollutant Load {lbfyr) % Reduction Est. Reduction (lbfyr)
TN 720 29 210
P a0 45 23
155 37,000 28 22,000

It should be noted that the studied reach is sensitive to fluctuations in the amival times of
peak flows from different subcatchments within the study basin. As seen in Altemative
E, upgrading the channel from riprap to concrete causes an increase in the 100-yr
floodplain due to compounding hydrographs. Drainage design for future developments
in the area should ensure that flooding is not exacerbated by allowing the hydrograph of
post-developed peak flows to coincide with major peaks in the existing system.

5.2 Recommendations
The altermmatives presented in this report analyze designs that seek to mitigate
residential flooding impacts in the Woodland neighborhood. Flood inundation maps,

e
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hydrographs, and system hydraulics were analyzed using PCSWMM for each
alternative.

It is recommended that further studies be conducted upstream of the study area to
better inform the design of a stormwater detention system between Ridgeville Lane and
Foley Road. Existing infrastructure that outfalls to the conveyance channel should also
be further analyzed to demonsirate adequate capacity under small storm events, such
as the 2-yr and 10-yr storms.

Future work may include improving and validating the Existing Conditions model
developed for this study. Extending the model further south to encompass more of the
drainage infrastructure along Reservoir Street would provide a more realistic simulation
of true drainage network conditions. Additionally, subdividing the larger subcatchments
and routing them through the expanded drainage network would better inform the
hydraulic model on the timing of peak flows through the system. Extension of the model
eastward along Lucy Drive to encompass upstream BMPs would also improve the
model results by accounting for the detention provided by these facilities, especially for
smaller storm events.

Inundation mapping may also be improved through the use of a higher resolution DEM,
in which curb elevations, inlet sumps, and updated road and channel geometries are
included. Mapping may also be improved by utilizing irmegular conduits in place of open
rectangular conduits to simulate sheet flow on roadways.

Further design and analysis of the proposed BMFP outlet control structures would
improve the proposed scenarios. The Altematives Analysis models these siructures as
pipes with the same geometry as the downstream system. The purpose of this analysis
was to provide proof of concept for multiple storm scenarios for these altematives,
rather than fully designed basins. However, detailed information on the outliet control
devices in these BMPs would enhance model results, especially for smaller storm
events which the small BMP would be capable of detaining.

It is important to note that future changes within the studied area as a result of
development, redevelopment, or infrastructure changes may cause or contribute to
flooding not represented in this report. Hydrologic discharge rates and corresponding
base flood elevations may be impacted by further urbanization of the study area.
Because of sensitivity to peak flow timing in the existing channel, it is recommended
that drainage design for future developments in the area ensure that flooding is not
exacerbated by allowing post-developed peak flows to coincide with major peaks in the
existing system.

e
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FIG 3: Upstream Terminus
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Hydrologic Support Data
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APPENDIX D

Modeled Existing Conditions



APPENDIX D.1

Flood Inundation Maps — Existing Storm Events
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APPENDIX D.2

Plan View - Trunklines
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APPENDIX D.3

Profiles — Existing Storm Events
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APPENDIX E

Modeled SWMM Alternatives



APPENDIX E.1

Conceptual Exhibits — Modeled Storm Drainage
System
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APPENDIX E.2

Flood Inundation Maps — Modeled Storm Drainage
System



APPENDIX E.2-1

2-Year Flood Inundation Map
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APPENDIX E.2-2

10-Year Flood Inundation Maps
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APPENDIX E.2-3

25-Year Flood Inundation Maps
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APPENDIX E.2-4

100-Year Flood Inundation Map
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APPENDIX E.3

Profiles — Modeled Storm Drainage System



APPENDIX E.3-1

SWMM 2 Year Storm Profiles
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Figure 4: TRUNKLINE A
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Figure 5: TRUNKLINE B
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Figure 6: TRUNKLINE C
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Figure 7: TRUNKLINE D
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Figure 8: TRUNKLINE E1
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Figure 9: TRUNKLINE E2
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Figure 11: TRUNKLINE G
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Figure 12: TRUNKLINE H




