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Subject:	 Sherwood	Lakes	Drainage	Alternatives	

Executive	Summary	

The Sherwood Lakes area, developed approximately 5 years ago, is two borrow pits converted into large
stormwater management lakes surrounded by residential subdivisions. The contributing drainage area
to the lakes includes lands adjacent to Princess Anne Road, north of the subdivision. The total drainage
area of the two lakes is 364 acres, including the 123 acre surface area of the lakes.  The intent of the
development’s original design was that the lake water would infiltrate into the surrounding sandy soils
to maintain a normal water surface elevation (NWSE) of 3 ft1.  However, based on recorded gauge
reading at the lakes, the actual water surface elevation varies from about 4.5 ft to 6.0 ft depending on
the surrounding groundwater level. Because the NWSE of the lakes does not meet the approved design,
the operation and ownership of the lake has not been transferred to the Sherwood Lakes residents as
intended.  Prior to the storms of September and October, 2016, the Home Owners Associations
collectively requested that the City of Virginia Beach take measures to lower the lakes to the intended
NWSE from the original design.  The rainfall events of September 19th through September 22nd and of
October 8th and 9th caused severe property and roadway flooding that encroached into residents’ yards
adjacent to both lakes, shown in Figure 1. These events amplified the need for improvements to both
North Sherwood Lake and South Sherwood Lake.  The September and October 2016 events were
extreme events, with the September event exceeding the 200 year, 48-hour storm and the October
event exceeding the 1,000 year, 24-hour storm according to NOAA Atlas 14 for the Sherwood Lakes area
of Virginia Beach.

WSP | Parsons Brinckerhoff was tasked by the City of Virginia Beach to review the hydrology and
hydraulics of the two lakes and their contributing drainage area to present alternative methods to lower
the NWSE to 3 ft. Proposed improvements are based on PCSWMM models during the 10-year and the
100-year rainfall events.  The models also analyzed the extreme rainfall events that occurred during the
period of September 15th through October 13th, 2016.

The proposed improvements include connecting the north lake with the south lake such that,
hydraulically, the lakes would effectively act as one lake. With both lakes connected, the ratio of
drainage area to lake surface area is 3:1.  In effect, the lakes will rise 3 inches for every 1 inch of runoff
from the drainage area.  With a NWSE of 3 ft and top of banks at 6 ft, the lakes have a storage capacity

1 All elevations in this report refer to the NAVD, unless stated otherwise
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of 36 inches above the NWSE.  Thus, the lakes will be able to store 12 watershed inches of runoff from
the entire drainage area within the lake banks. Using an outflow of 5 cfs, the lakes would draw down 1
inch every 24 hours.  This information is summarized in Table 1 below.

Table 1. Summary of lake size, drainage area size, and available lake storage.

Lake drainage area (DA) 364 ac
Lake surface area (SA) 123 ac

DA:SA ratio 3:1
Lake storage depth 3 ft

Storage in Watershed inches 12 in
Drawdown per 24-hours at 5 cfs 1 in

Figure 1. Flooding around North Sherwood Lake on October 10, 2016.

Two alternatives were evaluated to lower the NWSE in the combined lakes.  The first alternative involves
a 36-inch equivalent arch pipe to convey gravity flow from the southern end of South Sherwood Lake to
the culvert under Seaboard Road.  The proposed conveyance pipe would be placed 6-10 ft below the
normal land surface with the existing agricultural ditches replaced above the pipe. The second
alternative includes a stormwater pump (lift) station to be located near the southwestern end of South
Sherwood Lake.  The discharge from the lift station follows the path of existing ditches and natural
water courses to Seaboard Road.  The alternative requires reshaping the existing ditches without
lowering them, which will result in minimal impacts on wetlands.

Each alternative was modeled in PCSWMM and examined for drawdown time, maximum lake level, and
freeboard at the Seaboard Road crossing during dry periods, the 10- year, 25-year, and 100-year design
storms, and the September and October 2016 rain events.  These simulations were repeated for sea
level rise (SLR) conditions of 1.5 ft and 3.0 ft. Flooding of the neighborhood roads by Sherwood Lakes is
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not expected for either alternative during any modeled storm. Dewatering the lake by gravity will take 3
to 4 times longer than using a pump. Water levels at Seaboard Road maintained adequate freeboard for
the 10-year and fall 2016 events for both alternatives.

Both design alternatives for Sherwood Lakes were examined with flows of 50 cfs from Ashville Park
added to the existing channels downstream of South Sherwood Lake for extended periods.  The
maximum lake elevation and drawdown times for the gravity alternative are slightly increased by
additional flow in the system. The additional flow will not impact drawdown time or lake elevation for
the pump alternative. The additional flow is expected to raise flooding conditions at Seaboard Road by
0.5 ft.

Connecting the lakes is estimated at $1.2 million.  The piped gravity flow alternative is estimated at $2.9
million, or $5.5 million if the 50 cfs of additional flow from Ashville Park is included in the system.  These
costs do not include land acquisition or costs to construct an emergency spillway or failsafe condition.
The pump alternative is estimated at $7.1 million, or $8.7 million with the additional flow from Ashville
Park.  Land acquisition is not included in the estimate, but the pump station costs do include a backup
pump in case of emergency or failure.
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Project	Description	

North and South Sherwood Lakes are converted borrow pits with a combined water surface area of
approximately 123 acres. The Sherwood Lakes residential community surrounds each lake.  The lakes
provide stormwater management for a total contributing drainage area of 364 acres.  At the time of the
original design, the groundwater elevation in the vicinity of the lake was assumed to be approximately 3
ft.  Based on the groundwater elevation and sandy soils, the original design engineer proposed that the
runoff from the subdivision would infiltrate, within the lake, back to the NWSE at approximately 3 ft
without a principal spillway. Using 3 ft as the NWSE, the design engineer routed the Type II, 24 hour 10-
year and 100-year rainfall events through the lakes, providing the inflow hydrograph but holding the
outflow hydrograph at zero. No calculations were provided for the lakes to show the amount of time it
would take to drawdown to the NWSE of 3 ft.

Based on recorded gauge readings, the actual NWSE of the lakes varies from 4.5 to 6.0 ft depending on
the time of year and recent rainfall. There is no outfall system to maintain the designed NWSE.  Almost
15 inches of rainfall occurred over a 3 day period between September 19th and 22nd, 2016, raising the
North Lake elevation from approximately 4.5 ft to 6.9 ft. This storm was greater than the 200-year, 48-
hour event.  Just 16 days later, almost 14 inches of rain fell between October 8th and 9th, 2016.  The
October 2016 event was greater than the 1000-year, 24-hour storm.  The lakes failed to contain the
water from the storm and residents experienced significant flooding. The Home Owners Association
collectively are requesting that the City of Virginia Beach take the measures needed to lower the NWSE
to the original design (3.0 ft).

The planned improvements to lower the NWSE of each lake involves connecting the lakes with pipes
sized to allow flow between the lakes to simulate one lake and to provide a new outfall system to be
constructed at the southwest corner of the South Lake.  Two outfall system alternatives were
investigated to lower and maintain lake NWSE:

1. A gravity outfall system with NWSE controlled by a weir or other discharge structure
(Alternative A) and

2.  A pump/lift station (Alternative B).

Additionally, an Alternative C investigates the addition of 50 cfs pumped flow from a nearby subdivision,
Ashville Park, to the proposed outfall systems in Alternatives A and B to help alleviate flooding in
Ashville Park.

WSP | Parsons Brinckerhoff’s (PB) scope of work for this project includes the following:
· For each alternative, determine depth and size of the outfall system from the southwest corner

of South Sherwood Lake to Seaboard Road.
· For each alternative, check performance during dry weather, the 10-year design storm, the 100-

year design storm, and the 2016 events, noting the time to draw lake levels down to the NWSE.
· For each alternative, check flooding impacts downstream during the 10-year design storm, the

100-year design storm, and the 2016 events.
· Determine the environmental impacts of each alternative.
· Optimize pump flow rate for Alternative B.
· Determine impacts of the combination of flows from Sherwood Lakes and Ashville Park.
· Develop preliminary project cost estimates for each alternative.
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Existing	Conditions	

Sherwood Lakes is located in the City of Virginia Beach’s watershed 10, the Upper West Neck Creek
watershed, which is in the Southern Rivers Watershed. Table 2 summarizes the breakdown of drainage
areas for each lake and Figure 2 shows the site layout. Surrounding soils are sandy and the average land
slope is 0 – 3%.

Table 2. Area and land cover information for Sherwood Lakes contributing drainage areas.

Water Body Drainage Area Acreage Impervious (%)

N
or

th
La

ke

N. Residential 55.2 25%
Offsite 86.3 52%
Wooded 16.2 5%
N. Lake Surface 86.5 100%
Additional 25.6 4%

Total 269.8 44%

So
ut

h
La

ke

S. Residential 58.6 37%
S. Lake Surface 36.0 100%

Total 94.6 61%

Figure 2. The Sherwood Lakes contributing drainage area.
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Currently, the north and south lakes are not connected and neither lake has an outfall system to restore
the designed NWSE (3.0 ft) after storm events.  The NWSE in both lakes remains significantly high for
long periods of time after storm events due to no outfall and the surrounding groundwater elevation.
NWSE varies from 4.5 to 6.0 ft with the seasonal influence of groundwater.  After storm events, water
level is slowly reduced through evaporation and seepage.  Both lake overflow systems connect to an
existing channel that runs south between Nottoway Lane and Seaboard Road.  The lakes only discharge
through the overflow systems when the water level is above flood stage (6.3 ft north and 6.5 ft south).
The existing channel flows to the south and crosses Seaboard Road through culverts.  Seaboard Road
has an edge of pavement at elevation 6.4 ft.  The Seaboard Road culverts consist of two reinforced
concrete pipes at different inverts, a 36-inch and a 48-inch, shown in Figure 3.  Stream baseflow in late
autumn nearly submerges the 48-inch pipe.  The culverts are assumed to be in poor condition.  After
crossing Seaboard Road, the channel continues south, eventually discharging into West Neck Creek. The
existing channel south of Seaboard Road is shown in plan view in Figure 4, labeled with survey station
numbers. There are two low points on the east bank of the channel, one near Station 12+30 (880 ft
south of Seaboard Road) where another channel enters the system from the east, and one near Station
17+00 (420 ft south of Seaboard Road).

Figure 3. The road crossing at Seaboard Road, 36” pipe on the left and 48” pipe on the right.
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Figure 4. Plan view of the existing channel south of Seaboard Road.



Page 8

Over a Century of
Engineering Excellence

There are a series of ditches and channels between the wooded area upstream of Seaboard Road and
the agricultural field south of the active Baillio borrow pit. The ditches and channels are potentially
jurisdictional for much of their length, especially the portion in the forested area.  Figure 5 is a
photograph taken from the southwest corner of the Baillio borrow pit facing south.  The ditch is 3 to 5 ft
deep and moves water downstream toward Seaboard Road.  Slope instability was observed at the top of
the banks and a mound of sand can be seen in the foreground at the bottom of the ditch.  This ditch
converges perpendicularly with an agricultural ditch where flow from both ditches is conveyed to the
west, through approximately 30 ft of a 60-inch concrete culvert, and back into an open channel.  The
convergence of the two ditches is shown in Figure 6.  Figure 6 was photographed facing north, towards
the borrow pit. The channel is 4-5 ft deep at the intersection.  Bank instability was also observed in this
section of the system.

Figure 5. Existing ditch along west property line of Baillio borrow pit, facing south toward Seaboard Road.
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Figure 6. The end of the ditch adjacent to the borrow pit, facing north.  An agricultural drainage ditch connects from the right
side of the image and water flows through the culvert to an open channel to the west.

The downstream side of the culvert is shown in Figure 7.  The photograph was taken from the top of the
culvert, facing west.  The channel is 5 ft deep here and has continuous water flowing through it.  The
banks are unstable and eroding.  From here, water flows west into the main channel, then flows south
toward Seaboard Road.

Figure 7. The west side of the culvert, facing west into the wetland area.

The aerial imagery used throughout this document is from 2013 and does not accurately show the
southern boundary of the active borrow pit.  The most current (2015) aerial imagery shows that the
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active borrow pit has been expanded southward, to a distance approximately 100 ft north of the
agricultural drainage ditch referenced in Figure 6.  The 2015 boundary of the sand pit is approximately
the limit allowed under the Conditional Use Permit granted in 2005.  The difference in the sand pit
boundary between 2013 and 2015 has no impact on the results of this analysis. The old and new
boundaries are shown in Figure 8.

Figure 8.  The 2013 borrow pit boundary shown throughout this report (top) and the 2015 borrow pit boundary (bottom).
Imagery was obtained from Google Earth.

Original	Design	of	Lakes		

The original Sherwood Lakes design does not meet the minimum design standards in the Virginia
Stormwater Management Handbook for retention ponds. Both Sherwood Lakes were designed to
function as stormwater management retention ponds that rely on infiltration to maintain a permanent
pool elevation of 3.0 ft instead of using an outlet control structure. The permanent pool elevation
should be placed at the seasonal high ground water elevation. Retention ponds that provide flood
control should be designed with “dry” storage above the permanent pool. Since the actual measured
permanent pool elevation of the lakes is much higher than the original design’s estimated permanent
pool elevation of 3.0 ft, the lakes provide less dry storage. The overflow systems provided on the lakes
were not placed at low enough elevations to relieve flood conditions and provide one foot of freeboard
to the top bank of the lakes during a 100-year rainfall event.
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Connecting	the	Lakes	

To drawdown and maintain the NWSE in both lakes with one outfall system, the lakes would be
connected so they effectively function as a single lake.  The plan view of the proposed connection
locations is shown in Figure 9.  Both lake connections would need to be installed and be 36-inch
equivalent pipes.  Other location options for connecting the lakes must be hydraulically equivalent to
these proposed connections.

Figure 9. Proposed lake connection locations.
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Figure 10. Existing storm sewer inlet in Nottoway Lane at proposed lake connection location.

Figure 11. Existing paved path at proposed lake connection location.

Modeling	the	Alternatives	

PCSWMM 2016 was used to model the gravity, pump, and Ashville pumping alternatives for three sea
level rise (SLR) scenarios: current conditions, 1.5 ft of SLR, and 3.0 ft of SLR.  Each model was run using
dry conditions, the 10-year and 100-year design storms, and rainfall data from mid-September to mid-
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October, 2016.  Design storm rainfall depths were obtained from National Oceanic and Atmospheric
Administration (NOAA) Atlas 14 and converted to an SCS Type II rainfall distribution (City standard) with
6-minute intervals.  The City of Virginia Beach provided 5-minute rainfall data from September 15, 2016
through October 13, 2016 to model the alternatives during the recent flooding events.  Evaporation was
not included in the model. Groundwater baseflows given in Table 3 were added to both lakes and all
ditch nodes with an invert lower than 3.0 ft.  These baseflows originate from a City of Virginia Beach
groundwater study, performed by CDM Smith.

Table 3. The contributing baseflows to each node with an invert less than 3.0 ft.

Drainage Area within Development or
Project to Each Outfall (acres)

Seasonal High
Baseflow (cfs)

<50 0.2
≥ 50 and < 100 0.5
≥ 100 and  < 250 1.2
≥ 250 and  < 500 2.3
≥ 500 and  < 1000 4.7

The model was analyzed to a point about 1500 ft south of Seaboard Road, at Station 10+00 (Figure 4).
Survey information of the existing channel was provided by the City of Virginia Beach and used to
construct cross sections for use in the model.  Contributing drainage areas to the conveyance and outfall
system were estimated based on an available raster elevation dataset and stormwater infrastructure
shapefiles obtained from the City of Virginia Beach’s GIS website. The downstream drainage area
boundaries are given in Figure 12 and summarized in Table 4.

Table 4. Drainage area characteristics influencing the downstream system.

Drainage Area Area (ac) Impervious (%)
Ag Field N. 4.9 11%
Ag Field S. 32.3 0%
Wetland N. 32.5 3%
Wetland S. 18.5 4%

Seaboard N. 56.4 8%
County Pl. 12.3 16%
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Figure 12. Downstream drainage areas. The aerial imagery does not accurately reflect the current shape or size of the active
borrow pit.  The Ag Field N. drainage area represents the current condition, not the condition shown in the imagery.

Station 10+00 was used as the end of analysis for each simulation. With the end of analysis at Station
10+00, the stream reached its normal depth at Seaboard Road. Analysis further downstream would not
improve results in the lake. Tailwater conditions were applied at Station 10+00.

Tailwater elevations for the design storms were based on the 2015 Federal Emergency Management
Agency Flood Insurance Study (FEMA FIS) for West Neck Creek. Tailwater elevations for design storm
events were maintained at the level given in Table 5 for a period of 72 hours and then fell to the “Dry”
elevation.  For the September and October 2016 events, tide elevations at two United States Geological
Survey (USGS) gaging stations—USGS 02043155 West Neck Creek at Dam Neck Road and USGS
02043269 North Landing River at Marina—were averaged together.  Data was given in 6-minute
intervals.  The tailwater data covered the period of September 15, 2016 through October 13, 2016 to
match the rainfall data.  To simulate SLR, 1.5 ft or 3.0 ft were added to the “Current Condition”
tailwaters.
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Table 5. Tailwater conditions for the model simulations.

Rainfall Tailwater Elevation
Current Condition SLR, +1.5 ft SLR, +3.0 ft

Dry 1.0 ft 2.5 ft 4.0 ft
10-year design storm 3.0 ft* 4.5 ft 6.0 ft

100-year design storm 4.0 ft* 5.5 ft 7.0 ft
Fall 2016 Varies by time Value + 1.5 ft Value + 3.0 ft

        * Storm surge elevations in West Neck Creek

Though the culverts at Seaboard Road are assumed to be in poor condition, they were modeled as fully
functional for all simulations, with no impediments to flow such as silted-in inverts. The starting water
surface of each lake was 3.0 ft for all simulations.  All nodes in the model were set with a surcharge
depth of 10 ft.  Without setting a surcharge depth, nodes would flood and that water would be lost from
the model, resulting in unreliable hydraulic grade lines and flows throughout the system.

North Sherwood Lake’s drainage area was calibrated using staff gauge readings from before and after
the September 2016 storm event.  Because the October 2016 event caused the water level to exceed
the banks, an accurate assessment of volume was not possible and the event could not be used for
calibration.  Runoff from the drainage areas was calibrated using the corresponding rise in lake level
with no lake outfall present. Runoff characteristics of the remaining drainage areas were based on the
calibrated catchments.

Alternative	A,	Gravity	Flow	

The gravity flow alternative proposes a weir in the southwest corner of the South Lake that discharges
into a proposed 36” equivalent arched pipe along the west edge of the active borrow pit.  The pipe will
empty into the existing open channel upstream of Seaboard Road.  The proposed layout is shown in
Figure 13.

To maintain a NSWE of 3.0 ft, the weir invert will be 2.8 ft.  The upstream invert of the pipe will be 2.0 ft
and the pipe will tie into Seaboard Road at approximately 0.0 ft. The low head condition forces the use
of arched pipe to maintain head in the system.
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Figure 13. Gravity flow proposed layout. The pipe is located 6-8 ft below the surface. The existing channel intersects agricultural
ditches on the surface.

The maximum lake elevation using gravity flow is displayed graphically in Figure 14.  For the current and
moderate SLR (+1.5 ft) conditions, all storms would be contained within the banks of the lake.  With
severe SLR (+3.0 ft), the Fall 2016 storms would have resulted in overtopping the lake banks at 6 ft, but
would not have resulted in street flooding at 7 ft.  Figure 14 also shows that the higher tailwaters
increase maximum lake elevation. The gravity system allows change downstream to propagate
upstream, making the gravity system sensitive to changes in tailwater conditions.  This effect is
especially evident during the severe SLR condition (+3.0 ft), where the NWSE is increased by 1 ft.
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Figure 14. Maximum lake elevation results for all gravity flow simulations.

The time required for the lake to return to a surface elevation of 3.0 ft is charted in Figure 15.  The
speed of drawdown is affected by available head in the system.  Once head is diminished, drawdown
time will be drawn out.  For example, it will take approximately 21 days to bring the lake from 3.95 ft to
3.0 ft.  Of that time, 15 days are spent lowering the lake from 3.5 ft to 3.0 ft, while the first 0.45 ft drains
in 6 days. Gravity flow was unable to bring the water level fully back to the NWSE during the fall 2016
simulations.  Before the October 2016 event began, the water surface was able to reach 3.2 ft.

Moderate SLR does not significantly affect drawdown time with the gravity flow alternative, differing by
less than a week for all storms.  However, severe SLR increases the NWSE by 1 ft.  The lake will only be
able to return to the new NWSE of 4.0 ft, not the original design of 3.0 ft, when 3.0 ft of SLR affects
tailwater conditions.

Figure 16 shows the proximity of water in the existing channel to the Seaboard Road edge of pavement.
The minimum 1 ft of freeboard will be encroached upon at current conditions during the 100-year
storm, but not the fall 2016 or 10-year storms.  This is due to the higher tailwaters during the 100-year
storm.  With moderate SLR, the fall 2016 storm will cause water to encroach upon the freeboard and the
100-year storm will overtop the edge of pavement.  With severe SLR, both the fall 2016 and 100-year
storms will cause water to overtop the pavement and the 10-year storm will rise above the minimum
freeboard. For current sea level conditions during the 10-year storm, the channel south of Seaboard
Road would overtop its banks by a maximum of 0.3 ft at Station 17+00, 420 ft south of Seaboard Road.
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Figure 15. The number of days needed to reduce the lake elevation to 3.0 ft for all gravity flow simulations.  The NWSE of the
lake is increased by 1 ft during the 3.0 ft SLR condition, so the lake will never lower to the desired level. *NWSE = 4.0 ft

Figure 16. Water surface proximity to Seaboard Road at the road crossing for all gravity flow simulations.
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Alternative B utilizes a pump to lower the water level in Sherwood Lakes.  To maintain the necessary
head to run the pump at high lake water elevations, the pump will first lift lake water into a stilling
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basin.  Then, the water will flow into a trapezoidal open channel along the west edge of the active
borrow pit.  The channel will continue to where it turns and crosses under an existing culvert and into an
existing channel in the wetland area. No new channels will be constructed in this alternative; instead,
existing channels will be improved and stabilized. The proposed layout is shown in Figure 17.

Figure 17. Pump flow proposed layout. The 60-inch culvert is located at point C.

To maintain a NWSE of 3.0 ft, the pump will turn on at 3.5 ft and turn off at 3.0 ft.  The modeled
pumping rate averaged 15 to 17 cfs.  The water will be raised into the stilling basin and exit via a
trapezoidal channel with a 3 ft bottom and 2:1 side slopes.  The open channel will flow south along the
western edge of the active borrow pit.  The channel will maintain a 0.2% slope and 3-5 ft depths until it
crosses through the 60-inch culvert at point C in Figure 17.  The channel section will be stabilized from
point C to the point where it intersects another existing channel, as shown in Figure 17.

The pump flow model results for maximum lake elevation, drawdown time, and freeboard at Seaboard
Road are shown in Figure 18, Figure 19, and Figure 20, respectively. The lake will not overtop its banks
for any of the simulated storms if the pumping alternative is used.  Using a pump that averages between
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15 and 17 cfs, drawdown time is less than 12 days for all storms.  The lakes would have achieved the
NWSE between the September and October 2016 rainfall events had the pump been in place.  Minimum
freeboard at Seaboard Road is met during current conditions for all storms except the 100-year storm,
but not for moderate or severe SLR.

Unlike the gravity system, the pump alternative does not allow downstream changes to impact
upstream conditions. The lake surface elevation is independent of downstream conditions. This is
reflected in Figure 18 and Figure 19; lake elevation and drawdown time are the same regardless of SLR
conditions. The NWSE remains at 3.0 ft even with severe SLR. Because the pump alternative is resilient
against SLR, it will allow Sherwood Lakes’ elevation to be stable and predictable well into the future.

Figure 18. Maximum lake elevation results for all pump flow simulations.

Impacts on Seaboard Road are greater for the pumped alternative than the gravity alternative due to
higher average flows, but follow the same pattern.  At current conditions, the 100-year storm would
cause the channel to rise above the minimum 1 ft of freeboard from the edge of pavement.  The 100-
year design storm would cause the channel to rise above the edge of pavement with moderate SLR,
while the fall 2016 storms would raise water into the freeboard with moderate SLR.  During the 100-year
and fall 2016 events with severe SLR, the channel would overtop the edge of pavement. The 10-year
storm would rise into the minimum freeboard with severe SLR.

In the channel south of Seaboard Road for current conditions and the 10-year storm, the water will
overtop its banks by no more than 0.5 ft at the Station 17+00 low point.
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Figure 19. The number of days needed to reduce the lake elevation to a 3.0 ft for all pump flow simulations.

Figure 20. Water surface proximity to Seaboard Road at the road crossing for all pump flow simulations.
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Figure 21. Drawdown time comparison of the gravity and pump alternatives using a curve. The time needed to drain 0.5 ft
intervals is given for the gravity alternative. These results are for current SLR conditions.

During the 100-year event, the maximum water level within the lakes is approximately 4.7 ft for
both alternatives.  The time to reduce the water level from 4.7 to 3.0 ft is about 22 days with
gravity flow and 7 days with the pump.  Note that, during the gravity option, it takes 15 days for
the lake to drawdown from 3.5 to 3.0 ft.

Ashville	Park	Drainage		

Pumping at a maximum rate of 50 cfs from the nearby Ashville Park development was proposed to
alleviate flooding in that area.  To model this flow, a direct inflow time series was added to the models
at point C in Figure 13 and Figure 17, upstream of the 60-inch culvert. The Ashville Park flow moves west
through the existing channel system for both alternatives. The flows were modeled with no additional
flows directly added to the gravity flow pipe.

The Ashville Park pump schedule, showing the flow rate over time for the 10- and 100-year storms, was
provided by the City of Virginia Beach.  The pump schedule for the fall 2016 simulation was estimated by
calculating the number of cubic feet pumped per inch of rainfall during the 10-year and 100-year storms.
The highest ratio was used to determine an approximate volume for the September 2016 storm, and the
50 cfs flow rate was used to determine the time of pumping. The model results including the additional
flow are explored in the next two sections.

Alternative	C-A,	Gravity	Flow	with	50	cfs	Pumped	from	Ashville	Park		

The maximum flow rate of 50 cfs was active during the most severe part of each storm.  As previously
discussed, the gravity flow alternative will make the lakes vulnerable to changes in downstream
conditions.  Though the 50 cfs was not directly added to the lake outfall pipe, the additional flow still
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resulted in increased lake elevation for each storm by reducing the head available to drain the lake and
by causing backflow to the lake. Figure 22 shows that the fall 2016 storm would result in overtopping the
lake banks for current, moderate, and severe SLR conditions.  With severe SLR, the lake waters would
also begin to flood the streets.  As before, severe SLR would cause the NWSE to increase by 1 ft.

The additional flow will increase the tailwater elevation at Seaboard Road, reducing the available head
to drain the lake. The additional, flows from Ashville Park will not significantly affect drawdown time
with the gravity alternative, shown in Figure 23. Drawdown time will be increased by 1-2 days at current
conditions, but the lakes would only draw down to 3.6 ft between the fall 2016 storm events, rather
than the 3.2 ft without the Ashville Park flow. Moderate SLR would increase drawdown time by less than
a week over current conditions.  The lake would not be able to reach 3.0 ft with severe SLR because the
tailwater would back up into the lake, raising the NWSE to 4.0 ft.

Figure 22. Maximum lake elevation results for all simulations using piped gravity flow with the additional 50 cfs flowing through
the existing channels.

2.5

3

3.5

4

4.5

5

5.5

6

6.5

7

7.5

Current 1.5 ft SLR 3.0 ft SLR

M
ax

im
um

La
ke

El
ev

at
io

n
(ft

)

Sea Level Rise (SLR) Condition

Maximum Lake Elevation with Piped Gravity Flow
and 50 cfs from Ashville Park

Fall 2016

100-year

10-year

Dry

Lowest Edge of Lake

Street Flooding Begins

NWSE



Page 24

Over a Century of
Engineering Excellence

Figure 23. The number of days needed to reduce the lake elevation to 3.0 ft for all simulations using piped gravity flow with the
additional 50 cfs flowing through the existing channels. With severe SLR (+3.0 ft), the NWSE of the lake is increased by 1 ft, so

the lake will never lower to the desired level.

Figure 24 shows the available freeboard at Seaboard Road.  The fall 2016 and 100-year storm events at
current conditions will cause the channel to rise above the minimum freeboard.  These storms with both
moderate and severe SLR conditions will cause the channel to overtop the edge of pavement at
Seaboard Road.  With moderate SLR, the channel will miss the 1 ft freeboard requirement during the 10-
year storm by, but will reach above the edge of pavement with severe SLR.

The additional flow will cause the maximum 10-year velocity in the existing channel north of Seaboard
Road to reach 8.74 fps.  The existing channel will need to be improved and stabilized to accommodate
the additional flow.  For current sea level conditions, the channel south of Seaboard Road will overtop
its banks by a maximum of 0.8 ft at the Station 17+00 low point.
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Figure 24. Drawdown time comparison of the gravity and pump alternatives using a curve.  The time needed to drain 0.5 ft
intervals is given for the gravity alternative.

Alternative	C-B,	Pump	Flow	with	50	cfs	Pumped	from	Ashville	Park	

Despite the 50 cfs of additional flow coinciding with the most severe portion of the storms, the lakes are
not vulnerable to downstream conditions using the pump alternative.  Downstream conditions will not
impact the maximum lake elevation and drawdown times for the pump alternative. Figure 25 and Figure
26 show no change between the SLR conditions, as expected.

The additional 50 cfs does, however, significantly impact conditions at the Seaboard Road crossing.
Figure 27 shows the expected freeboard at Seaboard Road. At current conditions, the 10-year and fall
2016 storms cause water to encroach upon the minimum 1 ft of freeboard from the edge of pavement.
Water will overtop the edge of pavement for the fall 2016 and 100-year storms with moderate and
severe SLR.  South of Seaboard Road, maximum flooding will be 1 ft over the top of the bank at Station
17+00.
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Figure 25. Maximum lake elevation results for all simulations using pump flow with the additional 50 cfs flowing through the
existing channels.

Figure 26. The number of days needed to reduce the lake elevation to 3.0 ft for all simulations using pump flow with the
additional 50 cfs flowing through the existing channels.
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Figure 27. Water surface proximity to Seaboard Road at the road crossing for all simulations using pump flow with the
additional 50 cfs flowing through the existing channels.

Model	Results	with	the	25-Year	Storm	

The amount of drainage area to the Seaboard Road culverts requires that the crossing be evaluated
using a 25-year standard design storm.  Seaboard Road results were evaluated for all alternatives using
the 25-year storm.  Tailwater elevations for the 25-year storm were based on FEMA FIS data and were
3.1 ft, 4.6 ft, and 6.1 ft for current, moderate SLR, and severe SLR conditions, respectively.  Precipitation
depth was obtained from NOAA Atlas 14 and distributed into an SCS Type II curve with 6 minute
intervals.  For the alternatives with flow from Ashville Park, the 10-year pump schedule was used.
Tabular results are found in Appendix D.

Figure 28 plots the results at Seaboard Road for the 25-year event.  At current conditions, both gravity
and pump alternatives maintain the freeboard at Seaboard Road, but the additional 50 cfs does not.
With moderate SLR, only the gravity alternative maintains freeboard. With severe SLR, water reaches
over the edge of pavement for all alternatives.
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Figure 28. Water surface proximity to Seaboard Road at the road crossing for all alternatives and SLR conditions.

Comparison	of	Alternatives	without	Flow	from	Ashville	

The pump alternative effectively isolates Sherwood Lakes from the downstream system such
that the lakes are not affected by flow or the hydraulic grade line downstream at the
conveyance between South Sherwood Lake and Seaboard Road, the Seaboard Road culverts, or
West Neck Creek. The pump alternative allows the lake elevations and drawdown time to
remain predictable and stable despite changing conditions downstream due to SLR or additional
flow to the system.  The real estate/easement acquisition, and the construction and operation
and maintenance costs are more than twice the cost of the gravity alternative.

In contrast, the gravity flow alternative will make the lake elevation and drawdown time
susceptible to changes in downstream conditions, potentially increasing the NWSE and
prolonging the time needed to drain the lake.  Drawdown times with the gravity alternative are
3 to 4 times slower than the pumped alternative.  The real estate/easement acquisition, and the
construction and operation and maintenance costs, are approximately 2.5 times less the cost of
the pump alternative. The pros and cons of each alternative are summarized in Table 6.

Comparison	of	Alternatives	with	Flow	from	Ashville	

The additional 50 cfs added to the gravity flow alternative increases the maximum lake elevation during
all storms.  With the gravity alternative, lake elevation will continue to increase after the storm event is
completed while flow from Ashville Park is entering the system.  Drawdown time will increase by 1-2
days for current conditions and moderate SLR when the 50 cfs from Ashville Park is added to the system.
With pumping from Ashville Park, the lake would only drain to 3.6 ft between the fall 2016 storms,
rather than the 3.2 ft expected for the gravity alternative without the additional flow. The NWSE will
increase by 1 ft during severe SLR with and without the additional flow from Ashville Park.  The
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additional flow will exacerbate the flooding situation at Seaboard Road and in the channel downstream
of Seaboard Road.  The additional flow will also necessitate channel improvements in the existing
channels to prevent erosion.  The additional flow is expected to raise 10-year floodwaters south of
Seaboard Road by 0.5 ft at current conditions.

The 50 cfs pumping for extended periods of time from Ashville Park will not impact lake elevation or
drawdown time when the pump alternative is in place.  The additional 50 cfs will, however, exacerbate
the flooding situation at Seaboard Road and increase the 10-year floodwaters by 0.5 ft in the channel
south of Seaboard Road.  Severe SLR will not affect NWSE for the pump alternative, with or without the
additional 50 cfs. Because the pump alternative includes channel improvements, no additional work will
be necessary to prevent erosion in the existing channels due to the additional flow from Ashville Park.
The pros and cons of each alternative are summarized in Table 6.
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Table 6. Comparison of alternatives.

PRO CON

Gravity

· Lowest cost
· Minimal environmental impacts

· Long drawdown time
· Sensitive to downstream conditions
· Design life limited by SLR
· Safe failure option not included in

cost

Pump

· Short drawdown time
· Fixed drawdown time
· Minimal environmental impacts
· Resilient against SLR and other

downstream changes
· Can be modified with change in

pumps
· Long-term solution
· Safe failure option included in

cost

· Higher cost than gravity

Gravity
w/ 50 cfs

· Relieves flooding in Ashville Park · Culvert improvements required
· Major channel improvements

required
· Sensitive to downstream conditions
· Negatively impacts drawdown time
· Design life limited by SLR
· Safe failure option not included in

cost

Pump w/
50 cfs

· Relieves flooding in Ashville Park · Culvert improvements required
· Minor channel improvements

required
· Highest cost

Wetland	Impacts	

Kerr Environmental Services reviewed permitting requirements for the pumping alternative.  Wetland
delineation will be necessary to determine the extent of jurisdictional wetlands and waters, but
improvements should qualify for Nationwide Permits (NWPs) from the Army Corps of Engineers.
Potential permits include NWP 14 for Reshaping Existing Drainage Ditches, which does not include work
that increases the drainage capacity or drainage area of the ditch as originally constructed.  If the Corps
decides NWP 14 is not applicable, NWP 13 for Banks Stabilization or NWP 3 for Maintenance may be
possible.  Use of these NWPs would not require a DEQ permit.  In the opinion of Kerr Environmental
Services, permit authorization from the Corps should be highly feasible and significant problems are not
anticipated, especially considering that only existing ditches will be impacted.
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Wetland delineation will be necessary to determine the extent of jurisdictional wetlands and waters in
the project area for both alternatives.  Because Sherwood Lakes has received a violation in the past, all
impacts to permanent wetlands will require compensatory mitigation.  The extent of mitigation depends
on final design and the extent of jurisdictional wetlands.  Kerr Environmental Services indicated that, in
their opinion, some emergent wetlands will be permanently impacted and may require mitigation at a
1:1 ratio.  Some minor impacts to forested wetlands may occur for either design and will require 2:1
mitigation.  Regulatory agencies will need to be convinced that the proposed project will be the least
damaging practicable alternative.

Seaboard	Road	Crossing	

Flooding impacts at and south of Seaboard Road are largely a result of the high tailwater conditions.
Prior to development, the borrow pits were pumped regularly and the land surrounding the borrow pits
drained freely through the existing channels onsite and south of Seaboard Road.  In this way, the site
with gravity or pump flow draining the lakes will be more similar to the pre-development hydrologic
condition than the current developed condition that retains 100% of runoff from the development.  This
similarity inspires confidence in the adequacy of the downstream channel and Seaboard Road crossing
to handle flows from the gravity or pumped condition with lower tailwater elevations.  However, flows
significantly above the pre-development condition, such as 50 cfs from Ashville Park, will not be as easily
accommodated.  Seaboard Road will be threatened by SLR due to rising tailwater conditions.  Major
improvements may be needed to accommodate additional flow from Ashville Park and SLR.

Future	Development	Conditions	

Future development conditions downstream of Sherwood Lakes were not included in the model results
given in the previous sections.  Future development is expected to meet Virginia Stormwater
Management Regulations and MS-19 requirements, where “properties and waterways downstream
from development sites shall be protected from sediment deposition, erosion, and damage due to
increase in volume, velocity, and peak rate of stormwater runoff ...” Because future development is
expected to maintain or reduce current peak flows, development is not expected to exacerbate flooding
downstream of Sherwood Lakes during small storm events.  Future development will provide some
attenuation of the 10- and 100-year storms depending on how the retention ponds are designed.
Current regulations require that a pond contain the 100-year storm with 1.0 ft freeboard using an
emergency spillway, or 2.0 ft without one.  The 100-year outflow is therefore limited by the capacity of
the pond outlet structure(s).  Pond outflow is also affected by pond size and the outlet elevations set for
the outlet structure(s).

The impact of future development on lake elevation depends heavily upon the development and
associated drainage design.  Assuming Sherwood Lakes will be connected to the old Baillio sand pit lake,
lake elevations are not expected to be negatively impacted.  Connecting the three lakes maintains the
3:1 land to lake area ratio described previously, limiting effects of future development on lake water
levels.  However, drawdown times will increase if the three lakes are connected.
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Sequencing	of	Proposed	Improvements	

The gravity outfall option is a practical solution to maintaining the NWSE in Sherwood Lakes for the
current sea level conditions without adding in the flow from Ashville Park.  Once SLR reaches a level
greater than 1.5 ft, the pump station improvements will need to be implemented to protect the
Sherwood Lakes area from flooding. If the gravity system is in place prior to the pump station, the City
could use the gravity system for the pump discharge.  However, there is very little to no financial benefit
of placing the gravity system now and the pump station later. The pump station alternative will cost the
same to construct now or in the future with the exception of inflation.

Safe	Failure	Conditions	

A safe failure condition for the pumping alternative includes a backup pump that will allow the pump
station to continue functioning in the event of a pump failure.  The backup pump is included in the
pump station design.  Because the pump’s primary purpose is to empty the lake prior to a storm event, a
backup generator would not be needed to create a safe failure condition.  Pumping could resume after
power is restored.

Safe failure for the gravity alternative includes numerous emergency spillway options.  A true failsafe
condition will likely require construction of a parallel system.  The parallel system will need to have a
sluice gate or similar device to block flow when the primary pipe system is functioning.  Without a flow-
blocking device, there will be greater flooding impacts downstream.  Because the pipe discharge point
north of Seaboard Road represents a potential failure point, the pipe could be routed beneath Seaboard
Road before discharging into the channel.

Property	Acquisition	

The existing property boundaries pose a challenge for project access and construction, and should be
noted.  Parcel information was obtained from the City of Virginia Beach’s GIS website and plotted in
Figure 28.  Property owners are named inside each relevant parcel. Most of the land is owned by Robert
W. White Jr. or the R.W. White Sr. Family Trust. The weir or pump station must be constructed inside
property currently owned by the Baillio Sand Company and the conveyance system will ultimately bisect
the Robert W. White Jr. property.  These challenges should be considered when choosing and moving
forward with an alternative.
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Figure 29. Property boundaries in the project area, labeled with property owner.

Project	Costs	

The lake connection is expected to have the same project cost regardless of the drainage alternative
chosen for Sherwood Lakes.  The estimated costs for connecting the lakes are given in Table 7.  The costs
represent a design that does not require dewatering for pipe installation.  Connecting the lakes is
estimated to total nearly $1.2 million.

The estimated costs for Alternatives A and C-A are given in Table 8 and Table 9, respectively.  Electric
access was included for gravity flow to provide a sensor that monitors weir status.  Piped gravity flow is
estimated at over $2.9 million.  Accommodating the Ashville Park flow will add another $2.6 million for a
total of $5.5 million.  These costs do not include creation of a safe failure condition.

The estimated costs for Alternatives B and C-B are given in Table 10 and Table 11, respectively.   The
pump alternative is estimated to cost $7.1 million, including the backup pump and generator for the
safe failure condition. Accommodating Ashville Park flow is estimated to add an additional $1.6 million
for a total of $8.7 million for the pump alternative.
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Table 7. Estimated costs of connecting North and South Sherwood Lakes.

PIPE CONNECTING LAKES
QUANTITY UNIT UNIT TOTAL

ITEM NO. UNITS MEASURE COST COST

Demolition of pavement 610 SY $24.00 $14,640.00
Remove existing curb & gutter 80 LF $15.00 $1,200.00
Aggregate base material 350 Ton $35.00 $12,250.00
Asphalt concrete 300 Ton $95.00 $28,500.00
Curb and gutter (match existing) 80 LF $30.00 $2,400.00
Manhole, including frame & cover 4 Each $8,000.00 $32,000.00
36" ductile iron mechanical joint pipe 144 LF $400.00 $57,600.00
36" concrete pipe 740 LF $200.00 $148,000.00
Junction Box 4 Each $25,000.00 $100,000.00
8" ductile iron pipe 200 LF $90.00 $18,000.00
Sanitary manholes 2 Each $5,000.00 $10,000.00
Conflict manhole 2 Each $12,000.00 $24,000.00

Subtotal $448,590.00

Design Cost 10% $44,859.00

Markup for subcontractors 10% $44,859.00
Construction Contingency 25% $123,362.25

Subtotal $661,670.25
Real estate/easement acqusition $500,000.00

Total (Rounded up to nearest $100K) $1,200,000.00
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Table 8. Estimated costs for draining Sherwood Lakes by gravity flow.

ALTERNATIVE A - GRAVITY FLOW - 36 INCH EQUIVALENT
Source 2016 R. S. Means

QUANTITY UNIT UNIT TOTAL
ITEM NO. UNITS MEASURE COST COST

Mobilization 1 LS $75,000 $75,000
36 " Equiv Arch RCP 2500 LF $264 $660,000
Drainage Structures 8 Each $9,000.00 $72,000.00
Pipe Bedding 1650 Tons $25.00 $41,250.00
Dewatering- Well Points 1300 LF $200.00 $260,000.00
Weir - Junction Box 1 Each $15,000.00 $15,000.00
Site access 1 LS $90,000.00 $90,000.00
Electric access 1 LS $40,000.00 $40,000.00
Wetland delineation 1 Each $2,500.00 $2,500.00
Wetland permitting 1 Each $6,700.00 $6,700.00

Subtotal $1,262,450.00

Design Cost 10% $126,245.00

Markup for subcontractors 10% $126,245.00
Contingency 25% $347,173.75

Subtotal $1,862,113.75
Real estate/easement acqusition $1,000,000.00

Total (Rounded up to nearest $100K) $2,900,000.00
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Table 9. Estimated costs for the piped gravity flow alternative with additional 50 cfs from Ashville Park added to the
downstream system.

ALTERNATIVE A - GRAVITY FLOW - 36 INCH EQUIVALENT  w/ 50 CFS FROM ASHVILLE
Source 2016 R. S. Means

QUANTITY UNIT UNIT TOTAL
ITEM NO. UNITS MEASURE COST COST

Mobilization 1 LS $75,000 $75,000
36 " Equiv Arch RCP 2500 LF $264 $660,000
Drainage Structures 8 Each $9,000.00 $72,000.00
Pipe Bedding 1650 Tons $25.00 $41,250.00
Dewatering- Well Points 1300 LF $200.00 $260,000.00
Weir - Junction Box 1 Each $15,000.00 $15,000.00
Site access 1 LS $90,000.00 $90,000.00
Electric access 1 LS $40,000.00 $40,000.00
Wetland delineation 1 Each $2,500.00 $2,500.00
Wetland permitting 1 Each $6,700.00 $6,700.00
Seaboard Road Culvert Replacement 1 LS $250,000.00 $250,000.00
Channel Lining (Pg5) 400 SY $300.00 $120,000.00
Slope Sablization 400 Sy $10.00 $4,000.00

Subtotal $1,636,450.00

Design Cost 10% $163,645.00

Markup for subcontractors 10% $163,645.00
Construciton Contingency 25% $450,023.75

Subtotal $2,413,763.75
Real estate/easement acqusition $3,000,000.00

Total (Rounded up to nearest $100K) $5,500,000.00
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Table 10. Estimated costs for the pump station alternative.

ALTERNATIVE B - PUMP STATION
Source 2016 R. S. Means

QUANTITY UNIT UNIT TOTAL
ITEM NO. UNITS MEASURE COST COST

Clearing & grubbing 1.5 Acre $15,000 $22,500
Channel reshaping 1400 LF $50 $70,000
Bank stabilization 2500 SY $10 $25,000
Pump station (including site and electric
access) 1 LS $2,600,000 $2,600,000
Wetland delineation 1 Each $2,500 $2,500
Wetland mitigation 0.2 Acre $13,000 $2,600
Wetland permitting 1 Each $5,000 $5,000

Subtotal $2,727,600.00

Design Cost 10% $272,760.00

Markup for subcontractors 10% $272,760.00
Construction Contingency 25% $750,090.00

Subtotal $4,023,210.00
Real estate/easement acqusition $3,000,000.00

Total (Rounded up to nearest $100K) $7,100,000.00
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Table 11. Estimated costs for the pump flow alternative with additional 50 cfs from Ashville Park added to the downstream
system.

ALTERNATIVE B - PUMP STATION W/ 50 CFS FROM ASHVILLE
Source 2016 R. S. Means

QUANTITY UNIT UNIT TOTAL
ITEM NO. UNITS MEASURE COST COST

Clearing & grubbing 1.5 Acre $15,000 $22,500
Channel reshaping 3490 CY $25 $87,250
Bank stabilization 4190 SY $10 $41,900
Pump station (including site and electric
access) 1 LS $2,600,000 $2,600,000
Wetland delineation 1 Each $2,500 $2,500
Wetland mitigation 0.2 Acre $13,000 $2,600
Wetland permitting 1 Each $5,000 $5,000
Seaboard Road Culvert Replacement 1 LS $250,000 $250,000.00
Channel Lining (Pg5) 400 SY $300.00 $120,000.00
Slope Sablization 400 Sy $10.00 $4,000.00

Subtotal $3,135,750.00

Design Cost 10% $313,575.00

Markup for subcontractors 10% $313,575.00
Contingency 25% $862,331.25

Subtotal $4,625,231.25
Real estate/easement acqusition $4,000,000.00

Total (Rounded up to nearest $100K) $8,700,000.00


