
 

1 | P a g e  

 

To: The City of Virginia Beach 

From: Lewis White and Rachael Johnson on behalf of WSP 

Date: June 6, 2017 

Subject: Sherwood Lakes Drainage Alternatives Analysis 

This memorandum represents the summary of findings from the three (3) Sherwood Lakes 
memoranda dated November 2016, April 2017, and May 2017. The November 2016 
memorandum represents findings and direction prior to Hurricane Matthew.  The direction of the 
studies changed to address flooding impacts after Hurricane Matthew in October 2016, 
represented in the April 2017 report.  Funding limitations resulted in the May 2017 report.  
 
Sherwood Lakes Subdivision Phase 1 and Phase 1B was developed approximately 5 years 
ago.  The residential subdivision surrounds a sand borrow pit that has been converted to a 90 
acre lake.  The lake handles drainage from the subdivision and from lands adjacent to Princess 
Anne Road north of the subdivision.  The water level within the lake is controlled by 
groundwater.  The only discharge from the lake is an 18 inch pipe with an invert elevation of 6.3 
feet NAVD.  The intent was that the lake would infiltrate into the surrounding sandy area.  The 
design normal water surface elevation in North Sherwood Lake was 3.0 feet NAVD, however, 
the actual water surface elevation varies from about 4.5 feet to 6.0 feet NAVD depending on the 
groundwater elevation in the vicinity. Because the normal water elevation of the lake did not 
meet the approved design, the operation and ownership of the lake was not transferred to the 
residents in the subdivision surrounding the lake, as intended.  The residents have been 
experiencing flooding and would like the normal water surface elevation lowered to the level that 
was originally designed. The initial investigation reviewed methods to lower and maintain the 
normal water level North Lake Sherwood to the design normal water elevation of 3.0 feet NAVD. 
 
Two design options for lowering the lake level were considered after discussions with the staff of 
the Public Works Department City of Virginia Beach.  These options included deepening the 
existing stream from the pump station on Locksley Arch to the culvert crossing Seaboard Road, 
a distance of about 5000 feet, or installing a low capacity pump station, located near the City 
sanitary pump station site, that discharges to the existing 18 inch storm system west of the 
subdivision. The deepening of the existing stream was eliminated from consideration because of 
the wetland impacts and volume of material involved in the stream excavation. The low capacity 
pump station pumping to the existing piped outfall system, in combination with a new ditch 
connection to the existing stream, is the recommended option for lowering the normal water 
surface elevation to the design level. The maximum flow rate accommodated by the existing 
piped outfall system is less than 3.5 cfs. Modifications to this piped outfall system, including pipe 
lining and the addition of a secondary outfall that ties into the existing ditch system, are highly 
recommended. If necessary, initial drawdown can be accomplished with a temporary pump 
while a permanent pump station maintains the long-term water elevation.  
 
The calculated time to reduce the water elevation from 6 feet to 3 feet NAVD with a temporary 
pump at 3.5 cfs during autumn was 64 days, accounting for groundwater base flow and 
evaporation. However, approximately $90,000 can be saved by performing initial drawdown 
using a permanent pump station. A permanent pump running continuously at 2.0 cfs with a 
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second pump operating during dry periods was found to have a drawdown time of 35 days. 
Initial drawdown of the lake is recommended during late spring or summer due to reduced base 
flows and improved evaporation during these seasons.  A permanent pump station project cost 
is estimated at approximately $750,000, including bank stabilization; no wetlands disturbances 
are expected.  
 
The rainfall events of September 19 through September 22, 2017 and of October 8 and 9, 2017 
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 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 feet. 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 feet and top of banks at 6 feet, the lakes 
have a storage capacity 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 
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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 feet 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 feet and 3.0 feet. Flooding 
of the neighborhood roads by Sherwood Lakes is 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 feet. 
 
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 
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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.  
 

Project Funding 

The City of Virginia Beach and WSP | Parsons Brinckerhoff met Monday May 1, 2017 to discuss 
possible solutions for flooding within Sherwood Lakes that can be designed and constructed 
within the current limited funds committed for the project, approximately 3 million dollars. The 
previous memoranda were referenced during the meeting to facilitate a discussion of possible 
options to provide flooding relief to both Sherwood Lake North and Sherwood Lake South. The 
following describes the preferred option from the meeting that provides relief for most major and 
minor storm events. 

Preferred Discussed Option – Place 5 CFS Permanent Pump Station at Each Lake 

The first critical action needed for both lakes is getting the normal water surface elevation down 
to elevation 3 feet NAVD. When normal water surface elevation is down at elevation 3 feet 
NAVD, both lakes have enough storage capacity for greater than the 100-year storm event. 
Once the normal water surfaces are drawn down to elevation 3 feet NAVD, bank stabilization 
will need to be assessed and most likely addressed at each lake. 

In order to maintain that normal water surface elevation, a 5 CFS permanent pump station is 
suggested to be placed at each lake outfall, with one at the sanitary sewer pump station site at 
the western end of Sherwood Lake North and another one at the southwest corner of Sherwood 
Lake South.  Both pump stations would include an intake pipe from their respected lake and a 
discharge pipe into the existing stream, located between Nottoway Lane and Seaboard Road, 
which ultimately discharges to the culverts under Seaboard Road. The locations of both pump 
stations are shown on Exhibit A. To provide some interconnection between the pipes, Exhibit A 
also shows the location of a new storm sewer pipe, under the roadway, from an existing inlet in 
Nottoway Lane to Sherwood Lake North. 

Currently, the Stormwater Operations Division of the Department of Public Works is planning to 
provide a portable pump capable of pumping at a rate of 13 CFS to be located on a concrete 
pad at the sanitary sewer pump station site at the western end of Sherwood Lake North.  This 
portable pump will include an intake pipe from Sherwood Lake North and discharge to the 
northern end of the existing stream located between Nottoway Lane and Seaboard Road which 
ultimately discharges to the culverts under Seaboard Road. This pump should be used to 
expedite initial drawdown of the lake as well as during extreme weather events, like the extreme 
back to back storms experienced in September and October 2016.  

Groundwater inflow to each of the lakes when the lakes are at normal levels is estimated to be 
about 1 CFS based on the City of Virginia Beach CDM Smith groundwater study. The proposed 
pump stations would address the groundwater inflow. During heavy rains, which cause a rise in 
the lake of more than 0.5 feet, there is no groundwater entering the lake as the hydraulic grade 
in the lake will then be higher than the groundwater elevation outside the lake. 
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Sherwood Lake South will rise quicker than Sherwood Lake North due to the ratio of lake area 
to contributing drainage area. Table 1 describes the drainage areas to each lake and Table 2 
provides lake drawdown with the proposed 5 CFS pump stations during storm events. 

 

Table 2 ‐ Drainage Area to Lake Ratios 

Location 

Drainage 
Area 

(Acres) 

Lake 
Area 

(Acres) 

Drainage 
Area to 

Lake Area 
Ratio 

Sherwood Lake 
North 

231 88 2.6:1 

Sherwood Lake 
South 

133 35 3.8:1 

 

Table 3 ‐ Lake Drawdown with 5 CFS Pumps 

Location 
Pump 
Rate 

Time to 
Drawdown 
1 foot of 
Water 
(Days) 

Drawdown 
per 24 hrs 
(Inches) 

Sherwood Lake 
North 

5 CFS 8.9 1.35 

Sherwood Lake 
South 

5 CFS 3.5 3.4 

Table 3 shows the operation of the lakes during a 10- and 100-year rainfall event with the 5 CFS 
pumps as describe above. 

Table 4 ‐ Lake Drawdown for 10‐ and 100‐year rainfall events with 5 CFS pumps 

Location 

6” Rainfall 
(Rise in 

feet) 

Drawdown 
Time @   5 
cfs (days) 

9” Rainfall 
(Rise in 

feet) 

Drawdown 
Time @    5 
cfs (days) 

Sherwood Lake 
North 

1.1 9.8 1.8 15.5 

Sherwood Lake 
South 

1.6 5.5 2.5 8.8 

     Notes: 
1. 100% runoff over the lake areas 
2. 75% runoff over the land areas during the 10-year rain (6”) 
3. 85% runoff over the land areas during the 100-year rain (9”) 
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Table 4 provides lake drawdown with the proposed 13 CFS portable pump during storm events 
should it be used alone in emergency situations. 

Table 5 ‐ Lake Drawdown with Portable 13 CFS Pump Only 

Location 
Pump 
Rate 

Time to 
Drawdown 
1’ of Water 

(Days) 

Drawdown 
per 24 hrs 
(Inches) 

Sherwood Lake 
North 

13 
CFS 

3.4 3.5 

Sherwood Lake 
South 

13 
CFS 

1.4 8.6 

 

Exhibit A – Two Pump Alternative 

 

 


