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EXECUTIVE SUMMARY 
 

Shore Drive is one of three major east west traffic corridors connecting the ocean front beaches to the 
business and population centers in Virginia Beach and other Hampton Roads communities.  Residential 
areas along Shore Drive east of the Lynnhaven Inlet to First Landing State Park were originally 
developed between 1955 and 1960 and prior to the incorporation of this area into the City of Virginia 
Beach.  These areas include Lynnhaven Colony, Cape Story by the Sea, and Cape Henry.  These 
developments predate all zoning and flood plain ordinances adopted by the City of Virginia Beach.   
 
Recent tidal events in November and December of 2009 caused flooding of low lying areas of Virginia 
Beach.  On the east side of Lesner Bridge, the impacted areas include the Cape Henry, Cape Story by the 
Sea, and Lynnhaven Colony subdivisions.  The flooding was the result of strong sustained northeast 
winds in combination with heavy rains.  The resultant floods approached the level of March 1962 
northeaster and the August 1933 hurricane.    
 
Gaged tide records from the NOAA Chesapeake Bay Bridge Tunnel tide gage are presented in this 
report to display the magnitude and timing of the recent tidal flooding events.  Elevations shown on the 
graphs should not be used to estimate the peak tidal flooding elevations or times in the subdivisions.  
Actual peak elevations were established from photographs and high water marks in the subdivisions.  
These peak elevations vary from one subdivision to another and are substantially different from the 
levels recorded at the NOAA gage. 
 
Beginning November 11, 2009, the strong northeast winds continued for most of the four day period 
causing the tide level to remain three or more feet above normal over six tide cycles.   This extended 
tidal flood prevented rainfall runoff from draining to the Lynnhaven River.  Virginia Beach (Oceana 
Naval Air Station) experienced approximately 9.7 inches of rain for the two day period of 11 to 12 
November ‘09.    The highest surface water elevation in the interiors of Lynnhaven Colony and Cape 
Henry which were influenced by tide and rain were about 5.0 feet NAVD88 and 4.5 feet NAVD88 
respectively.   
  
On December 19, 2009, about one month after the November northeaster, another northeaster produced 
tide levels that caused flooding in the low lying areas along the Shore Drive corridor.  The peak tide 
elevation on December 19th was about one foot lower than the November northeaster. Approximately 
one inch of rain fell on that morning.  
 
Most residents remember Tropical Depression Ernesto of September 1, 2006 as the largest along the 
Shore Drive corridor in recent memory.  Like the November ‘09 northeaster, Ernesto produced strong 
northeast winds, elevated tides, and over 8 inches of rain in 24 hours with periods of high intensities.   
 
Lynnhaven Colony, Cape Story and Cape Henry were developed beside the old Norfolk Southern 
Railroad which is now Cape Henry Drive.  The railroad was the low area with higher ridge lines to the 
north and south.  Drainage for the area was provided by the railroad ditch system which flowed to Long 
Creek by a natural channel.   As development continued in the region improved drainage features were 
added to provide for stormwater runoff.  The drainage systems provided no protection from tidal 
flooding and in most cases provided a conduit for tidal waters to flow to the low areas.  The Poinciana 



Tidal and Rainfall Flooding Evaluation for Cape Henry, Cape Story by the Sea, and Lynnhaven Colony 
 

September 7, 2010 Page 2 
 

Stormwater Pump Station in Cape Story by the Sea constructed in 1974 was the first facility to provide 
for stormwater relief without allowing high tides to backflow into the drainage system. 
 
Methods for providing relief from tidal flooding while providing for adequate stormwater drainage have 
been considered over the past two decades.  In the recent tidal flooding study for Lynnhaven Colony, 
tide gates with stormwater pumping have been proposed. 
 
This study investigates interim measures to provide relief from tidal flooding while not impairing the 
stormwater water runoff system.  The measures described below provide some degree of tidal flooding 
relief, but may adversely affect stormwater runoff or may provide only marginal relief.  Each measure 
must be considered comparing its positive benefits as well as the negative impacts and cost. 
 
Lynnhaven Colony   
 
Interior drainage improvements were constructed in 2002 along the Cape Henry Drive from Ebb Tide 
Road to Kleen Street.  The outfall serving Lynnhaven Colony is a tidal channel running south from Cape 
Henry Drive to Lynnhaven Drive between North Great Neck Road and West Great Neck Road.  The 
tidal channel is connected to Long Creek by a large box culvert.  The only effective measure to prevent 
tidal flooding in Lynnhaven Colony adjacent to Cape Henry Drive is the installation of a tide gate that 
would be closed when the tide level in Long Creek reached a certain elevation. Once the tide gate is 
closed, drainage is blocked from its discharge point and would be stored in the upstream low areas 
including Cape Henry Drive.  A tide gate is one of the options considered for Lynnhaven Colony. 
 
The tidal flooding events of November and December 2009 were accompanied by heavy rains.  The 
proposed tide gate would not allow for the discharge of storm waters which could cause flooding to a 
level as severe as the tidal flooding.  A tide gate in combination with stormwater pumping is the second 
option considered for Lynnhaven Colony.  Each option would require the installation of a drainage 
divide in the Cape Henry ditch east of North Great Neck Road to prevent tidal waters from entering the 
area from the east. The combination of stormwater pumping and the tide gate would provide protection 
from tidal flooding to a level greater than the twenty-five (25) year tidal event including the low lying 
sections of Shore Drive near West Great Neck Road.       
 
Cape Henry  
 
Methods considered for providing relief from tidal flooding include isolating the drainage area from 
tidal flows from the Cape Story area, reducing the drainage area size by diverting flows away from the 
First Landing Lane outfall, Tideflex check valves, self regulating tide valves, and sluice gate with 
stormwater pumping.  Isolating the drainage area would be necessary with any option chosen, and would 
involve creating a drainage divide to the highest elevation possible to minimize tidal flooding from 
entering the area from the Cape Story area.  The Tideflex gate valves would provide relief from tidal 
flooding but will restrict the stormwater flows during a rain event to a level as severe as the tidal 
flooding.  The self regulating tide valve would reduce the impacts of tidal flooding, but would block 
stormwater runoff during the tidal cycle.   The combination of isolating the drainage area as described 
above, installation of a tide gate, and providing for stormwater pumping for the area draining to the 
Cape Henry ditch could provide protection from tidal flooding up to the five year tidal flood while 
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providing for stormwater runoff.  There is limited space in the area for the size of the stormwater 
pumping facility needed to serve this area.  
 
Cape Story by the Sea 
 
Little can be done to reduce the tidal flooding entering the area from Long Creek via overland flow 
without the purchase of home sites to construct a higher divide or levee.  Isolating the area from Cape 
Henry would prevent tidal flows from entering from the east and from Lynnhaven Colony to the west.  
Drainage within the area can be improved by the installation of additional storm drainage along 
Poinciana from Oak Street to Sandalwood Street. 
 
Regional Stormwater Pumping Facility – Cape Henry and Cape Story by the Sea 

 
The installation of a regional stormwater pump station would serve a much larger area than the 
stormwater pump station needed to serve Cape Henry only.  The service area of this pump station would 
include the area along Cape Henry Drive from Beech Street to First Landing State Park, areas to the 
north of Shore Drive, and to the natural ridge line approximately 400 feet south of Cape Henry Drive. 
No gravity outfall would be included with this option, thus no conduit for tidal flooding would be a part 
of this plan.  All drainage would be handled by the proposed pump station. The pump discharge would 
probably be routed into Long Creek with an energy dissipater to limit the adverse impacts of the currents 
in Long Creek.  The installation of a regional stormwater pumping facility would protect the Cape 
Henry Drive area to the ten (10) year tide level or greater.  
 
Low Lying Areas Adjacent to Waterways 
 
Areas adjacent to Long Creek or constructed boating canals connected to Long Creek and portions of 
Cape Story by the Sea south of Poinciana Drive are not separated from tidal flooding by higher ground 
and are subject to direct tidal flooding.  Protection of these areas from tidal flooding would require 
regulating the tide level in Long Creek.  Methods of protecting those areas affected by direct overland 
flow of tidal waters from Long Creek were not considered in this report.  

 
Tidal Flood Warnings 
 
The normal high tide in Long Creek is about one foot NAVD88.   Higher than normal high tide levels 
are wind influenced tides.  Levels above 2 feet NAVD88 will cause flooding in Cape Henry Drive in 
Lynnhaven Colony and above 3 feet NAVD88 in Cape Story and Cape Henry.  Residents in these areas 
can expect flooding at the time of high tide when the weather stations are predicting tide levels to be 2 
feet or more above normal.   
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Introduction 
 
Shore Drive is one of three major east west traffic corridors connecting the ocean front beaches to the 
business and population centers in Virginia Beach and other Hampton Roads communities, and served 
as a military corridor during World War II.  Residential areas along Shore Drive east of the Lynnhaven 
Inlet to First Landing State Park was originally developed between 1955 and 1960 and prior to the 
incorporation of this area into the City of Virginia Beach.  These areas include Lynnhaven Colony, Cape 
Story by the Sea, and Cape Henry.  These developments predate all zoning and development ordinances 
adopted by the City of Virginia Beach.  The first flood plain ordinance was adopted after the Flood Plain 
Information Report prepared by the Norfolk District Corps of Engineers in 1969.  The map below is a 
section of the USGS map titled “Cape Henry”. Roads and structures shown in red or black were in place 
at the time the original map was produced in 1964.  Roads and structures shown purple were built 
between 1964 and 1986 which is when the map was revised.  Note that Lynnhaven Colony and Cape 
Story by the Sea predate the map and therefore were in place before the City of Virginia Beach 
incorporated the region in 1963. 
 
  
 

 
 

Figure 1. 
Shore Drive Corridor 

 
Major tidal flooding has occurred along the Chesapeake Bay beaches and in the Lynnhaven River during 
the August 1933 hurricane, the March 1962 northeaster, and several other tropical storms to a lesser 
degree.  Prior to 2009 the most recent tidal flood was associated with Hurricane Isabel.     
 
Recent tidal events in November and December of 2009 caused flooding of low lying area of Virginia 
Beach.  On the east side of Lesner Bridge, the impacted areas include the Cape Henry, Cape Story by the 
Sea, and Lynnhaven Colony subdivisions.  On the west side of Lesner Bridge, the areas impacted by the 
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recent floods were along Shore Drive and Ocean Park subdivision.  The flooding situation was 
exacerbated by heavy rains during the tidal flooding events. 
 
As a result, Virginia Beach directed Parsons Brinckerhoff to evaluate the level of flooding during the 
northeasters to identify the primary factors causing the level and duration of the flooding.  In addition to 
the evaluation of the recent storms, the study includes the quantification of risks of tidal flooding in 
combinations of rainfall for the 10 year, 5 year, 2 year and lesser flood events.   
 
Cautionary Note:  Tidal levels from the graphs in Figures 2, 3, 6 and 7 below show the relative 
magnitude and timing of the tidal event but cannot be directly converted to an elevation in any 
one of the subdivisions within the study area.  With the exception of the tide levels shown in 
Figures 2, 3, 6 and 7, all elevations are based on the North American Vertical Datum of 1988 
(NAVD88).  For a description and explanation of datums, elevations, and tides, please see 
Appendix B. 
 

November 11th through 14th Northeaster 
 
Strong northeasterly winds began in the early morning hours of November 11th and continued though 
November 14th.  By 3 PM of the 11th, the tides were running three feet above normal. The tidal flooding 
peaked on the evening of November 12th at an elevation of about 6 feet above mean sea level or about 
elevation 5.2 feet NAVD88.  (See Appendix B for an explanation of datum and tidal elevations) Above 
normal tides continued through November 14th.  Figure 2 below show the normal tide level and the 
gauged tide level for the November 11th through 14th period. Heavy rains accompanied the strong winds 
on November 11th and 12th.  Virginia Beach (Oceana Naval Air Station) experienced approximately 9.7 
inches of rain for the two day period and an intensity of over 3 inches/hour for a 10 minute period on 
November 12.    The combination of wind driven tides and heavy rains produced significant flooding the 
Lynnhaven Colony, Cape Story by the Sea, and Cape Henry subdivisions.  The strong northeast winds 
continued for most of the four day period causing the tide level to remain three or more feet above 
normal over six tide cycles.   This extended tidal flood prevented rainfall runoff from draining to the 
Lynnhaven River. 
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Figure 2. 

Chesapeake Bay Bridge Tunnel NOAA Tide Gauge November 11 through 14, 2009.  (Note:  This chart is not 
intended to illustrate the tides that were actually experienced in Long Creek, but to compare a normal tide to 

the storm tide during the Northeaster.) 
 
 
Figure 3 below shows the recorded rainfall at the Norfolk Airport and the Oceana Naval Air Station 
weather stations compared to the gauged flood level at the Chesapeake Bay Bridge Tunnel.  One can see 
that the heaviest rain occurred when the gauged tide level was four feet above normal. 
 

 
Figure 3. 

Rainfall Distribution and Tide Levels  Nov. 12th.  (Note:  Tides are relative to Mean Sea Level (MSL) and cannot 
be converted to tidal flood elevations within the study area.    For a detailed description of MSL and how it 

relates to ground elevation, see Appendix B) 
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The peak flood levels in areas along the Shore Drive Corridor were estimated at various locations based 
on photographs and videos.  The highest level in Lynnhaven Colony was about 5.0 feet NAVD88 and in 
Cape Henry about 4.5 feet NAVD88.  The lower level in the Cape Henry area is primary due to the flow 
attenuation through Long Creek.  Based on the peak flood elevations, the November 12th tide stage was 
somewhat greater that a 10 year event but less than a 25 year event.   
 

 
 

Figure 4. 
Flooding on First Landing Lane along bike path next to pump station (left) and on Calvert St. (right). 

 

 
 

Figure 5. 
Flooding on corner of Starfish and Cape Henry (left) and corner of Starfish and Cape Henry (right) 
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Recent Tidal Floods 
 
In December 2009, about one month after the November northeaster, another northeaster produced tide 
levels that caused flooding in the low lying areas along the Shore Drive corridor.  The peak tide 
elevation on December 19th was about 4.2 feet or about one foot lower than the November northeaster. 
Approximately one inch of rain fell on that morning which was significant because of the ground 
saturation at the time.  Figure 4 charts the tide levels on December 19, 2009.    
 
 

 
 

Figure 6. 
Chesapeake Bay Bridge Tunnel NOAA Tide Gage December 19, 2009.  (Note:  This chart is not intended to 

illustrate the tides that were actually experienced in Long Creek, but to compare a normal tide to the storm 
tide during the December 2009 Northeaster. ) 

 
 
Tropical Storm Ernesto made landfall on September1, in 2006.  Like the November northeaster, Ernesto 
produced strong northeast winds, elevated tides, and produced over 8 inches of rain in 24 hours with 
periods of high intensities.  Figure 7 charts the tide levels associated with Tropical Depression Ernesto.  
The peak tide elevation was about 2.5 feet above normal around 2 PM.    Although the tidal flooding 
was not nearly as severe as other storms, the combination of heavy rainfall and elevated tides produced 
severe flooding of low lying areas.  It is important to note some differences between this storm and the 
November northeaster: 
 

• Most of the rain fell prior to noon on September 1st, which was during the rise of the high tide 
but before the peak of the high tide. 

 
• The winds associated with Ernesto were easterly, while the winds associated with the northeaster 

were north to northeast.  Northeasterly winds tend to “push” the tide into the Lynnhaven and 
Broad Bays which not only creates “higher” high tides, but keeps the tides from receding. 
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• Tropical Depression Ernesto occurred on September 1,2006 following general dry antecedent 

conditions.  Thus, evaporation and dry soil conditions allowed the excess runoff to infiltrate into 
the soil, and evaporate more readily than during the November 2009 northeaster. 

 
 
Thus, while Tropical Storm Ernesto was a large storm with rainfall amounts almost as much as the 
northeaster of November 2009, the resulting flooding was not as severe. 
 
 
 
 

 
 

 Figure 7. 
Chesapeake Bay Bridge Tunnel NOAA Tide Gage September 1, 2006.  (Note:  This chart is not intended to 

illustrate the tides that were actually experienced in Long Creek, but to compare a normal tide to the storm 
tide during Ernesto.) 
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Previous Tidal Floods 
 
The following is a list of the highest tidal floods recorded at the NOAA Sewells Point Tide Gage.  The 
tidal floods are listed in order of magnitude at Sewells Point.  Actual levels in the Lynnhaven River may 
differ. 
 
 

August 23, 1933, Hurricane 
September 18, 2003, Hurricane Isabel 

November 12, 2009, Northeaster 
March 7, 1962, Ash Wednesday Northeaster 

September 18, 1936, Hurricane 
November 22, 2006, Thanksgiving Northeaster 

February 5, 1998, Twin Northeaster  
October 7, 2006, Columbus Day Northeaster 

April 11, 1956, Northeaster 
January 28, 1998, Twin Northeaster  

September 16, 1999, Hurricane Floyd 
September 26, 1956, Hurricane Flossy 
September 12, 1960, Hurricane Donna 

 
Based on the information listed above, no significant tidal flooding occurred during the thirty-five year 
period following the Ash Wednesday Northeaster of 1962.  
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Tidal Flood Frequencies 
 
The FEMA Flood Insurance Study for the City of Virginia Beach was revised effective May 4, 2009.  
Part of the revision included listing the tidal flood events in the NAVD 88 datum which is the vertical 
datum currently used by the City of Virginia Beach.   The tidal flood frequency curve shown in Figure 8 
below shows the flood stage at return periods from 1 year to 500 years.  The plotted points were taken 
from the FEMA Flood Insurance Study revision.  The flood levels in the Lynnhaven River are less than 
those in the Chesapeake Bay and the levels in Broad Bay are less than those in the Lynnhaven River. 
 

 
 

Figure 8. 
Tidal Flood Frequency Curve based on FEMA Flood Insurance Study City of Virginia Beach 

(Revised May 4, 2009) 
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Lynnhaven Colony 
 
Lynnhaven Colony is the development between Shore Drive and Long Creek west of West Great Neck 
Road.   Natural ridge lines separate the area adjacent to Cape Henry Drive (formerly the Norfolk 
Southern Railroad) from Long Creek and areas to the north.  The southern ridge line is generally north 
of Lynnhaven Drive from West Great Neck Road running westerly to Vista Circle and provides a natural 
barrier from water of Long Creek up to an elevation of 6 feet NAVD 88 or above the 25 year tidal event.  
The northern ridge is along Shore Drive from West Great Neck Road to Vista Circle.   

 
This portion of Lynnhaven Colony drains to an open channel on the west side of Arbors at Cape Henry 
and running from Cape Henry Dive to Lynnhaven Drive.  Approximately 850 feet of 6 foot by 10 foot 
box culvert was recently installed from Lynnhaven Drive to Long Creek. The total area draining to the 
entrance of the 6 foot by 10 foot box culvert on the north side of Lynnhaven Drive is approximately 135 
acres including the Arbors of Cape Henry and the Marina Shores Apartments.   This open channel and 
box culvert allows elevated tidal waters to flow back into the low lying areas that they are intended to 
drain.   
 
Shore Drive from Jade Street East to North Great Neck Road drains to the Cape Henry Ditch in 
Lynnhaven Colony and the section of Cape Henry Ditch between North Great Neck Road and West 
Great Neck Road.  The section of Shore Drive between Starfish Road and West Great Neck are below 
the ten (10) year tidal flood elevation and is subject to flooding from tidal water from the Cape Henry 
Ditch System. 
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Figure 9.  

Open Channel looking north from Lynnhaven Drive.  (Note:  tidal streams and salt bushes on the west side 
indicate jurisdictional waters) 

 
The backbone of the drainage systems is the open channel located and running along Cape Henry Drive 
from Beech Street to the area west of Kleen Street.  Most of this open channel is affected by normal tidal 
flows and is below the mean high water level.  Portions of the open channel contain relatively flat 
sections of jurisdictional tidal wetlands. Under contract with the City of Virginia Beach MMM Design 
Group provided a design to improve the existing runoff and to create larger areas of tidal wetlands.  This 
project covered the area from Jade Street to an area east of Ebb Tide Road.  

 
Roadway elevations along Cape Henry Drive and the cross streets are as low as 2.4 to 4.0 feet NAVD88. 
Sections of Shore Drive are as low as 4.8 feet in this area.  The one year tidal flood for this area is 3.0 
feet and the ten year event is 4.9 feet.  These elevations are still water elevations and do not include the 
hydraulic gradient required to pass stormwater runoff through the drainage system.  It is evident that 
these areas flood and even become impassable on a frequent basis.  The estimated surface water 
elevation that was influence by tide and rain in the interior of Lynnhaven Colony during the November, 
2009 northeaster was 5.0 feet or in some cases 2.5 feet above the street elevations. 
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Figure 10.  
Open Channel along Cape Henry Drive at Seashell Road. 

 
Tidal valves were considered as means to prevent the tidal portion of the flooding but were rejected 
because the valves would not allow the normal fluctuation of the tides necessary to support the tidal 
wetlands and attendant marine life.  In a previous study by MMM Design Group, a stormwater pump 
station with tidal sluice gates was proposed between West Great Neck Road and Ebb Tide Road.  The 
drainage area of the proposed pump station was approximately 75 acres.  The sluice gate would remain 
open during normal tidal fluctuations and close during higher than normal tides.  If a rainfall occurred 
during a higher than normal tidal event, the stormwater would have to be pumped.   The previous study 
provided three alternatives for the installation of the pump station. 
 
Since the 6 foot by 10 foot culvert outfall is located fairly close to the Lynnhaven Inlet, the high tide 
range experienced by the Cape Henry ditches may be somewhat higher than 1.0 foot.  The tide ranges 
are taken from tide tables published by NOAA.  Under normal conditions, the level of a high tide is 
approximately 1.0 feet (NAVD88), and under the influence of winds the high tide can get as high as 2.0 
feet (NAVD88).  A sluice gate which closes when the tide reaches 2 feet would protect the Lynnhaven 
Colony area from tidal flooding without interfering with normal tidal fluctuations. 
 
The drainage system within the Lynnhaven Colony area is adequate during normal tide levels with the 
exception of the culvert under West Great Neck Road at Cape Henry Drive. 
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Installation of a check or tide flex valve were considered to protect low lying areas along Lynnhaven 
Drive between West Great Neck Road and Newbern Lane.  Because of the minimal elevation of these 
areas, this option was found not to be practical as it would provide very limited protection.  Even with 
the installation of these valves, the water from rising tides would simply flow onto the surrounding low 
lying land area directly. 
 
 

 
 

Figure 11. 
Lynnhaven Colony, Cape Story by the Sea and Cape Henry 
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Cape Henry and Cape Story by the Sea 
 
Cape Henry, originally platted in 1926, is located west of First Landing State Park of Kendal St, east of 
Wake Forest Road., and north of Cape Henry Drive and Cape Henry Shores.  Cape Story by the Sea 
established in the 1950’s includes the area from Beech Street to Wake Forest Street along the Shore 
Drive Corridor.  The areas impacted by the recent tidal floods were south of Shore Drive.    
 
Both Cape Henry and Cape Story by the Sea were established prior to 1960 and were primarily on septic 
systems.  However, after sewers were installed, more homes were able to be built in the area.  Since the 
1970’s to the present time, there has been a dramatic increase in the number of homes in the area.  In 
addition, the home sizes have increased while the lot sizes have decreased.  As a result of the sharp 
reduction in permeable areas capable of infiltrating rainwater, there has been a dramatic increase in 
rainwater runoff.  To make matters worse, the addition of Cape Henry Shores in 1972 created two 
additional problems for Cape Henry:  it replaced the low lying marshes that provided a natural drainage 
area for Cape Henry, and since the lots were built up to prevent flooding, it created a sort of bowl effect 
for Cape Henry making Cape Henry susceptible to flooding at tide levels as low as 4 feet. 
 
The entire drainage area of Cape Henry and Cape Story by the Sea is approximately 80 acres which is 
primarily residential.   The ditch along Cape Henry Drive serves as the primary drainage feature 
collecting storm waters from the basin created by a ridge line at Shore Drive and an east west ridge 
south of Cape Henry Drive.  The Cape Henry ditch, which varies in flow direction and size, runs the 
entire length from Jade Street in Lynnhaven Colony to First landing State Park.  In Cape Story by the 
Sea, the ditch generally flows east and is directed through a piped drainage system and eventually 
pumped to Long Creek,   In Cape Henry, the ditch flows both east and west and converges at First 
Landing Lane in a junction box manhole. 

Lynnhaven Colony is only hydraulically connected to Cape Story by the Sea during extremely high rain 
events where high flows can change the direction of the ditch at the drainage divide. At normal flows the 
drainage divide is between Great Neck Road and Beech Street. 
 
Though the three neighborhoods are physically connected by the Cape Henry Ditch, they are three 
separate basins which converge at three separate points.  The Cape Henry basin, which is approximately 
27 acres, drains to the Cape Henry ditch via underground pipes, and converges on First Landing Lane.  
Ultimately it drains into to an outfall on Long Creek.  The ditch and the outfall are shown in figure 12 
below.  
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Figure 12. 

Drainage area of Cape Henry 
 

 

 
 

Figure 13. 
The outfall at Cape Henry with tide between 1 and 1.5 MSL on January 28, 2010 (left) and the ditch that runs 

just south of the Cape Henry running trail (Cape Henry Ditch). 
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Cape Story by the Sea drainage area is also along the Cape Henry ditch, but it is not hydraulically 
connected to the Cape Henry drainage area with the exception of extreme events.  The drainage divide is 
midway between Bayberry and Wake Forest St.   The northern end of Wake Forest is routed through the 
ditch to the Long Creek outfall, and the southern end of Wake Forest is routed west to the pipe system 
that feeds the Poincaina St. pump station.  The drainage divide is approximately located at about 250 
feet south on Wake Forest St. 
 
The Poinciana Street pump station serves most of the Cape Story by the Sea drainage area, including a 
portion of Beech St which has its own smaller pump station.  Water discharging from the pumps on 
Beech Street is routed through the Cape Henry ditch and then through the piping system that feeds the 
Poinciana St. pumping station. 
 
. 

 
Figure 14. 

Drainage system of Cape Story by the Sea (which includes the Beech St. Pump station and drainage area) and 
the Poinciana Pump station 
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According to the 2009 FEMA Flood Insurance Study for the City of Virginia Beach, the ten year tidal 
event elevation for the Lynnhaven Bay is 4.9 ft, and is 4.3 ft. in Broad Bay (NAVD88).  The outfall for 
Cape Story by the Sea is on a small inlet canal along Long Creek which connects the Lynnhaven Bay to 
Broad Bay.  Though there are no gauges in this particular area, normal high tide in the area is 
approximately 0.5 to 1.0 feet (NAVD88).  
 
Much of Cape Story by the Sea and Cape Henry has elevations below 4.3 feet and some areas are below 
the one year tidal flood of 3.4 feet (NAVD88).  The lowest area is the southern portion of First Landing 
Ave as shown in the figure above with elevations as low as 2.1 ft (NAVD88).   Thus these areas are 
subject to frequent tidal flooding. 
 
Peak runoff flows for each drainage basin is tabulated below in tables 1 through 3.  These flows are 
based on dry soil conditions and time of duration equal to time of concentration.  It is important to note 
that listed runoff rates do not reflect those during the November 12 or December 19, 2009 northeasters, 
Topical Storm Ernesto, or any extreme rain event which creates saturated soil conditions, which 
dramatically increase runoff rates as discussed in the previous section. 
 
 
 

Table 1 Peak runoff rates for Cape Henry ( Tc = 15 min,   Drainage Area = 27 acres) 

Storm Event (YR) Peak Q (rational method(CFS) 
2 47 
5 56 

10 62 
 

Table 2 Peak runoff rates for Cape Story by the Sea (Tc = 30 min, Drainage area = 51 acres) 

Storm Event (YR) Peak Q (rational method(CFS)  

2 62 
5 76 

10 85 
 

Table 3 Peak runoff rates for Beech St. Pump Area (Tc = 15 min, Drainage Area = 5 acres) 

Storm Event (YR) Peak Q (rational method(CFS) 
2 6 
5 7 
10 8 

 
 
The interior drainage systems were evaluated for the two and ten year rainfalls. In some cases the 
interior piping was undersized.  Analysis of the interior drainage systems is included in the appendices. 
For the most part, the existing stormwater infrastructure at Cape Henry and Cape Story by the Sea 
provides protection for a 10-year rain event with a normal tide level. 
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The drainage system in Cape Story by the Sea is approximately 51 acres and consists of the Beech St. 
pump which serves Beech St., the Cape Henry ditch, a piped system which carries flows from the ditch 
to the stormwater pump station on Poinciana Drive.  
 

Poinciana Pump Station 
 
The Poinciana St. Pump station consists of two constant speed soft starting Fairbanks Morse K3X2-
071631 pumps and a smaller sump pump with a wet well with a depth of 20.5 and a bottom elevation of 
-12.8 (datum NAVD 88).   The infiltration of groundwater coming into the wetwell was observed to be 
approximately .67 CFS during highly saturated conditions and an elevated groundwater level. 
 
The pump curve for these pumps (see Appendix C) indicates that the maximum efficiency for the pumps 
is when these pumps are pumping at 20 cfs each at a head of 13 feet.   
 
The total volume of the wet well is approximately 6000 cubic feet, and the combined flow rate of the 
two pumps at peak efficiency at a head of 5 ft is 50 cfs.  The 10-year critical storm produces a peak flow 
of about 85 cfs.  With peak pumping capacity of about 55 cfs, there is enough storage in the wetwell, 
pipes and ditch to accommodate the 19,000 ft3 of required peak storage.  The 36” and 42” pipes that feed 
directly into the wetwell of the pump station are large enough to carry peak flows from 2, 5, and 10 year 
critical design storms.     
 
Though the system can accommodate the 10 year critical rain storm, the wet well is too small which 
results in increased wear on the pump and lowered efficiency due to cycling.  Currently, the plans call 
for the pump to turn on at an elevation below the intake pipe. The pumps will operate more efficiently if 
the pump-on elevation is higher than the upper invert of the intake pipe to take advantage of the storage 
capacity of the pipe system 
 
Thus the system can accommodate the 10-year design storm event, but because of the low lying areas 
along Poinciana Drive and the southern end of Wake Forest, flooding will occur at tide elevations above 
3.9 ft.  However, pipe capacities in the area serving Poinciana Dr. and Maple St. are undersized, and 
subsequently that area may experience flooding in a 2-year storm event. 
 
The Beech St pump station consists of two submersible pumps inside 5 foot circular wet well with a 
total volume of 240 ft3. 
 
Direct observation on a dry day shows infiltration rate of approximately .05 cfs or about 25 gpm with a 
pump rate of one pump of about .6 cfs or 270 gpm per pump.  The original plans call for a Barnes Model 
Series 4SE-L pump with a maximum flow rate of 500 GPM and 13 foot total dynamic head (TDH) and 
an impeller size of 8.75 inches.   The required maximum pumping rate for a 2 year storm is 
approximately 2.5 cfs or 1125 gpm with a maximum head of 8.8 feet with a storage volume of 1240 
cubic feet.   
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Lynnhaven Colony Stormwater System Improvement Options 
 
In Lynnhaven Colony, the Cape Henry ditch is considered a jurisdictional tidal wetland.  The ditch is 
designed so that it can receive water and discharge water as the tide ebbs and flows along Long Creek.  
The land area along the ditch has elevations as low as 2.5 feet.  If the tide rises above 2.5 ft, the tide 
overflows into the street.  
 
In 2005, KCI Technologies submitted a report entitled The Lynnhaven Colony Stormwater Pumping 
Feasibility Study.  It concluded that: 
 

• The existing 6 foot X 10 foot box culvert can adequately carry the drainage requirements from 
Lynnhaven colony and the Arbors at Cape Henry, and any proposed pump station. 

 
• The two 30” culverts on the west side of W. Great Neck Rd. increases the head loss of the 

channel system by 2.4 feet, and impacts upstream flooding. 
 

• Installation of a stormwater pump station and sluice gate on the upstream side of Lynnhaven 
Drive is a workable solution that will reduce flooding for a 2-year rainfall in combination with 
the 25 year high tide. 

 
• A pump station that would only be used during high tides over 2 feet, and would only operate 

when the upstream water levels reach 2 feet is possible, and the channel itself would serve as the 
pump wet well. 
 

The installation of the sluice gate and stormwater pumps could protect the area from tidal flooding to a 
level greater than the 25 year tide with concurrent 5 year rain event.  This protection includes the low 
areas of Shore Drive from Starfish Road to West Great Neck Road.  In order to provide that level of 
protection, flows from the Cape Story area, except the Beech St. pump discharge, would have to be 
blocked from entering the Lynnhaven Colony system by inserting a dividing dam or berm in the Cape 
Henry Ditch behind the Bloom Grocery Store.  The 6” discharge pipe from the Beech St. pump would 
then be lengthened beyond the divide so that the flows coming from the pump are directed to Lynnhaven 
Colony. 
 
Tidal gates were considered to provide relief from tidal flooding only.  Most types of tidal gates were 
eliminated from consideration because they would prevent the normal flow of tidal waters needed to 
support the upstream wetland areas and marine life.  As an interim measure, self regulating or buoyant 
tide gates were considered because they allow the normal tide flows.  These tide gates could be set to 
close when the tide reached a certain level.  However, once the gates are closed, stormwater would not 
be able to pass through the culvert.  These gates would have to be protected and maintained and kept 
clean of debris that would prevent the proper functioning of the hinges and float mechanism.  The self 
regulating tide gates have been successfully used in the Pacific Northwest where the tidal fluctuation is 
much greater than in Hampton Roads.  See Figure 15.    
 
The estimated cost for the stormwater pumps and sluice gates is about $2.1 million.  As an interim 
measure the motorized sluice gates associated with the stormwater pump station could be installed in 
advance of the pump station and would be actuated by a tide level of approximate 2.0 feet NAVD88. 
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The cost of the sluice gates only is about $250,000.  Cost breakdowns for these options are included in 
the Appendix. 

Cape Henry Improvement Options 
 
Methods considered for providing relief from tidal flooding include Tideflex check valves, self 
regulating tide valves, isolating the drainage area from tidal flows from the Cape Story area and 
reducing the drainage area size by diverting flows away from the First Landing Lane outfall and sluice 
gate and stormwater pumping.  Cost estimations for each option are shown in parenthesis at the end of 
each paragraph describing the option.  Detailed item estimates are in Appendix A. 
 
 CH1 Isolating the Drainage Area 

 
Tidal water can enter the Cape Henry area through the Cape Henry Ditch once the tide level 
reaches 2.5 feet in elevation.  The existing divide between Wake Forest and Bayberry in the 
Cape Henry ditch could be built up to an elevation 4.0 ft.  This would prevent tidal flows up to 
the 5 year tidal flood. ($5,000) 
 

 CH2 Reduce Drainage Area 
 

If tide gates or stormwater pumping are to be considered, it is important to reduce the drainage 
area affected by the gate and/or pump.  Flows coming from Wake Forest and/or west section of 
Hatton can be redirected to the Poinciana pump station to reduce pumping requirements in the 
Cape Henry area. (35,000) 
 

 CH3 Tideflex Check Valve 
 
The tideflex valve in this case is not considered a reasonable option because of the pressure loss 
to open the flex gate during normal stormwater flows and the maintenance required to assure the 
device is operational at the time of storm surge.  The back pressure needed to allow the discharge 
of a 2 year rainfall is over 1.5 feet. (See figure below)  This added restriction combined with the 
normal pipe losses would cause significant flooding of the lower lying areas in Cape Henry 
comparable to the flood level of the November 12, 2009 northeaster. ($50,000) 
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Figure 15. 

Pressure loss curve for the Tideflex tide gate. 
 
 

CH1. Self Regulating or Buoyant Tide Gate –  
 
This tide gate is designed to allow normal tidal flow to upstream areas, which is not necessarily a 
concern for Cape Henry.  Once the tide reaches the above-normal level the gate locks in the 
closed position, and does not reopen until the incoming tide of the next tidal cycle.  Thus, once 
this gate is secured in the locked position, stormwater from rain events cannot pass through the 
gate and the upstream pipe unless the gates are manually unlocked.  This added restriction, 
combined with pipe losses will result in flooding of more of the low-lying areas in Cape Henry.   
In addition, since the gates need to have a structure to protect them from boat traffic, it will 
decrease the width of the inlet.  Since this may interfere with local navigation, obtaining a permit 
may not be possible. ($125,000) 
 

CH2. Reroute Kendal Drive 
 
The drainage from Kendal and Cape Henry Drive could be redirected to drain to the Canal east 
of Kendal Drive in Cape Henry Shores.  This would be an expensive option requiring about 500 
feet of 18” pipe, acquisition of easement, reconstruction of curb and gutter and roadway and 
providing an outfall through the existing bulkhead. ($145,000) 
 
 

 2.1 ft 
10 year flow  

2 year flow  

 
     1.6 ft 
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CH3. Stormwater Pumping 
 
The combination of isolating the drainage area as described above, installation of a tide gate and 
providing for stormwater pumping for the area draining to the Cape Henry ditch could provide 
protection from tidal flooding up to the five year tidal flood while providing for stormwater 
runoff.  There is limited space in the area for the size of the stormwater pumping facility needed 
to serve this area. ($1,400,000 plus acquisition) 

 
For a comprehensive view of options for Cape Henry and Cape Story by the Sea, see Table 4. 
 
 

 
Figure 16. 

This Cape Henry improvement combined option includes installing a large regional pump station.   Increasing 
the pipe capacity on Poinciana Drive will reduce flooding in this area. 

 
Combined Option:     Regional Stormwater Pump Station –  
 

This option would involve a pump station large enough to discharge the ten year rainfall 
event from a larger drainage area which includes Cape Henry and the portion to Cape Story 
by the Sea that drains to Cape Henry Drive as well as areas north of Shore Drive as shown 
above.  Though the pump station discharge to Long Creek would be the only outfall from this 
drainage area, the existing twin 30 inch pipes would still be available for gravity flow.  
Manually operated gates would be installed at the ends of the twin 30 inch pipes. ($5,100,000 
plus acquisition and interior storm drainage)            

SWPS Drainage Area of 
proposed 
pumping station. 

Increase 
pipe sizes 
on 
Poinciana 
to 30”  

Cut and cap 
36” and 42” 
pipe   
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Cape Story by the Sea Improvement Options 
 

CS1. Create Drainage Divide- 
 
To isolate the two drainage areas of Lynnhaven Colony and Cape Story by the Sea, a drainage 
divide should be created by constructing a berm in the ditch between Beech St. and West Great 
Neck Rd.  The Beech St. pump flows can be directed to either drainage area.  ($5,000) 
 
 

CS2. New Pipe- 
 
Drainage at the corner of Maple St. and Poinciana St. can be improved if either the existing 21” 
pipe is replaced by a 30” pipe or a 24” parallel pipe is installed.  The estimated cost for 
constructing the parallel pipe is $100,000.   
 

 
Combined Option:     Regional Stormwater Pumping Facility. 

 
By isolating the drainage systems serving Cape Henry and Lynnhaven Colony, the tidal flooding 
from those areas would be eliminated at least to the level designed.  Tidal surges could still enter 
the service area of the Poinciana Pump Station via the low area between Wake Forest Street and 
Bayberry Street south of Poinciana Drive.  The low area between Wake Forest Street and 
Bayberry Street is shown in blue on the exhibit above.   In this blue shaded area, the pump 
station service area is breached by overland flow.   As long as tidal surge can breech the pump 
station service area, the level of protection from tidal flooding is less than a five year storm.  
Tidal waters that breech the divide south of Poinciana Drive will be carried to low areas along 
Cape Henry Drive via the 36/42 inch storm drain running from Poinciana Drive to Cape Henry 
Drive along Bayberry Street.  The installation of a regional stormwater pumping facility would 
protect the Cape Henry Drive area to a higher level as described above.  
 
The pump discharge would probably be routed into Long Creek with an energy dissipater to not 
adversely affect the currents in the creek. 
 

 
For a comprehensive view of all options, see Table 4. 
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Table 4.  Summary of Options 

Improvement 
Option Description Benefits Disadvantages Approximate 

Cost Remarks 

LC1 
(pg. 19) 

Sluice Gate Only:  Install sluice 
gate only without pump station in 
Lynnhaven Colony. 

Will prevent major tidal flooding in 
Lynnhaven Colony  

Does not allow for drainage of 
stormwater in the event of a major storm 
during a tidal event. 
 
Requires regular maintenance 

$ 250,000 Not recommended 
without pump 
station.   
 
Possible interim 
measure 

LC2 
(pg. 19) 

Install pump station and sluice 
gate to provide protection for 
Lynnhaven Colony. 

Will prevent major tidal flooding in 
Lynnhaven Colony, and will 
provide flooding protection in the 
event of a storm during a tidal 
event.  

Cost:  not only is there a high initial cost, 
but the ongoing maintenance costs 
associated with a pumping station.  Also, 
this does not include any land acquisition 
costs. 

$ 2,100,000 Recommended 

CH1 
(pg. 20) 

Build a berm in the ditch between 
Wake Forest and Bayberry to 
create a drainage divide. 

In the event of a major tidal event, it 
will prevent tidal water from 
entering Cape Story by the Sea from 
the Cape Henry ditch 

The ditch can be built only up to a 4.0 ft. 
level providing protection up to a 5 year 
storm only. 

$ 5,000 Recommended 

CH2 
(pg. 20) 

Redirect flows from Wake Forest 
and/or Hatton St. to reduce the 
drainage area 

If a local pump station is considered 
for Cape Henry (CH6), redirecting 
flows can reduce the pump size and 
storage requirements of the pump 
station. 
 

Cost of construction must be compared to 
the cost savings in pump and storage 
requirements. 

$ 35,000 Include with local 
pump station 

CH3 
(pg. 20) 

Install Tideflex check valve at the 
end of the two 30” pipes along 
First Landing Lane. 

Prevents tidal waters from flooding 
area around Cape Henry Drive and 
low areas of Walke, Calvert and 
Hatton St. 

Pressure loss for two year storm is 
approximately 1.6 ft., more for larger 
storms. 
 
Does not allow for drainage of 
stormwater in the event of a major storm 
during a tidal event. 
 
Requires regular maintenance to prevent 
debris from jamming the gate. 

$ 50,000 Not 
Recommended 

CH4 
(pg. 21) 

Install self regulating tide gate at 
the end of the two 30” pipes along 
First Landing Lane. 

Prevents tidal waters from flooding 
area around Cape Henry Drive and 
low areas of Walke, Calvert and 
Hatton St. 

Does not allow for stormwater drainage 
in the event of a major storm during a 
tidal event. 
 
Reduced channel width and permit issues. 

$ 125,000 Not 
Recommended 
due to drainage 
and navigation 

issues. 
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Additional pipe losses. 
 
Additional maintenance required 
including manual operation. 

      

Improvement 
Option Description Benefits Disadvantages Approxima

te Cost Remarks 

CH5 
(pg. 21) 

Redirect flows from Kendal St. to 
reduce drainage area. 

If a local pump is considered for 
Cape Henry (CH6), redirecting 
flows can reduce the pump size and 
storage requirements of the pump 
station. 

Cost of construction must be compared to 
the cost savings in pump and storage 
requirements 

$ 145,000 Not 
Recommended 

CH6 
(pg. 22) 

Install local stormwater pumping 
station at Cape Henry 

Can provide Cape Henry protection 
from a 5 year tidal flood while 
providing for stormwater runoff. 
 
 
 
 

Cost:  not only is there a high initial cost, 
but the ongoing maintenance costs 
associated with a pumping station.  Also, 
this does not include any land acquisition 
costs. 

$ 1,400,000 
Not including 

site 
acquisition 

Recommended if 
regional pump 
station is not 

installed. 

CS1 
(pg. 23) 

 

Create drainage divide between 
Lynnhaven Colony and Cape 
Story by the Sea by constructing a 
berm 

Will prevent tidal flooding from 
Lynnhaven Colony from entering 
Cape Story by the Sea 

Can only provide protection to the 
elevation of surrounding area. 

$ 5,000 Recommended 

CS2 
(pg. 23) 

Install new pipe at Maple St. and 
Poinciana Dr. 

Can improve drainage in this area This is a low lying area with a very 
shallow water table.   

$ 100,000 Recommended 

COMBINED 
OPTION 
(pg. 23) 

Construct a regional pump station 
to service Cape Henry, and most 
of Cape Story by the Sea. 

Will provide protection for greater 
area including north of Shore Dr. 
 
Will isolate the drainage area from 
overland tidal flooding 

Cost:  not only is there a high initial cost, 
but the ongoing maintenance costs 
associated with a pumping station.  Also, 
this does not include any land acquisition 
costs 
 

$ 5,100,000 
Not including 

site 
acquisition or 
interior storm 

drainage 

Recommended 
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A ‐1   

 

 

OPTION LC-1 
ESTIMATE OF PROBABLE CONSTRUCTION COST 

PROJECT: Lynnhaven Colony SW Pump Station BASIS FOR ESTIMATE 
LOCATION:  Virginia Beach     

CLIENT:  City of Virginia Beach    [ X] PRELIMINARY DESIGN  

      

SLUICE GATES ONLY     

DATE PREPARED:  04/28/10               

DISCIPLINE/SUMMARY QTY   MATERIAL LABOR   TOTAL 
  

NO. 
UNITS 

UNIT 
MEAS. PER UNIT TOTAL PER UNIT TOTAL COST 

Sluice Gates               
Gate Controls 1 L.S. $16,000 $16,000 $10,000 $10,000 $26,000
Sluice Gates  1 Each $50,000 $50,000 $50,000 $50,000 $100,000
Concrete Structure 1 L.S. $1,500 $1,500 $3,500 $3,500 $5,000
                
Subtotal       $67,500   $63,500 $131,000
Contractor O&P (15%)       $10,125   $9,525 $20,000
                
Subtotal       $77,625   $73,025 $151,000
Engineering & Oversight (20%)       $15,525   $14,605 $30,000
Contingency (35%)       $27,169   $25,559 $53,000
                
Total       $120,319   $113,189 $234,000
                
                
                
                
                
TOTAL ESTIMATE         $250,000
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OPTION LC ‐2 

ESTIMATE OF PROBABLE CONSTRUCTION COST 

PROJECT:  Lynnhaven Colony SW Pump Station BASIS FOR ESTIMATE 

LOCATION:   Virginia Beach   

CLIENT:   City of Virginia Beach   [ X] PRELIMINARY DESIGN 

           

DATE PREPARED:  04/28/10          

DISCIPLINE/SUMMARY  QUANTITY  MATERIAL LABOR TOTAL

   NO. 
UNITS 

UNIT 
MEAS. 

PER 
UNIT 

TOTAL PER 
UNIT 

TOTAL  COST

Pump Staion and Sluice Gates          

Pumps (4 Sub. Propellor)  1  L.S.  $235,00
0 

$235,000 $235,00
0 

$235,000  $470,000

Pump Controls  1  L.S.  $55,000 $55,000 $30,000  $30,000  $85,000

Sluice Gates (7'x9')  1  Each  $50,000 $50,000 $75,000  $75,000  $125,000

Trash Rack (21.5'x14')  1  Each  $28,000 $28,000 $30,000  $30,000  $58,000

Concrete Structure  1  L.S.  $42,125 $42,125 $83,750  $83,750  $126,000

1" Thick Steel Splash Plate  400  S.F.   $14 $5,600 $6 $2,400  $8,000

Electric Work  1  L.S.  $14,500 $14,500 $26,500  $26,500  $41,000

Utility Building   1  L.S.  $25,000 $25,000 $10,000  $10,000  $35,000

250KW generator  1  Each  $60,000 $60,000 $10,000  $10,000  $70,000

Upstream Improvements          

36" Equivalent Conc Pipe  400  LF  $100 $40,000 $55 $22,000  $62,000

Pvmt Removal & Replace  150  SY  $30 $4,500 $75 $11,250  $16,000

Drainage Structures  6  EA  $5,500 $33,000 $1,650 $9,900  $43,000

Headwall  3  EA  $800 $2,400 $500 $1,500  $4,000

Excavation & Disposal  600  CY  $0 $0 $20 $12,000  $12,000

Dead End Streets  2  EA  $0 $0 $2,500 $5,000  $5,000

Tsoil, Seed and Fert.  10  MSF  $30 $300 $50 $500  $1,000

Fill Ditch   30  CY  $15 $450 $20 $600  $1,000

Subtotal        $595,875 $565,400  $1,161,000

Contractor O&P (15%)        $89,381 $84,810  $174,000

Subtotal        $685,256 $650,210  $1,335,000

Engineering & Oversight (20%)        $137,051 $130,042  $267,000

Contingency (35%)        $239,840 $227,574  $467,000

Total        $1,062,147 $1,007,826  $2,070,000

SITE ACQUISITION         NOTE INCLUDED NOT 
INCLUDED 

TOTAL ESTIMATE          $2,100,000
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OPTION CH – 1 AND CS - 1 
              

ESTIMATE OF PROBABLE CONSTRUCTION COST 
PROJECT: CAPE HENRY  BASIS FOR ESTIMATE 
LOCATION:  Virginia Beach     

CLIENT:  City of Virginia Beach    [ X] PRELIMINARY DESIGN  

      

CONSTRUCT DIVIDE     

DATE 4/23/2010               

DISCIPLINE/SUMMARY QTY MATERIAL LABOR TOTAL 
  

NO. 
UNITS 

UNIT 
MEAS. 

PER 
UNIT TOTAL 

PER 
UNIT TOTAL COST 

                
Excavation  5 CY $0 $0 $25 $125 $0
Fill and Compact 35 CY $25 $875 $20 $700 $2,000
TS& /Seed 1 LS $200 $200 $200 $200 $0
E & S 1 LS $200 $200 $500 $500 $1,000
                
Subtotal       $1,275   $1,525 $3,000
Engineering & Oversight (20%)       $255   $305 $1,000
Contingency (35%)       $446   $534 $1,000
                
Total       $1,976   $2,364 $4,000
                
                
                
                
                
 TOTAL ESTIMATE         $5,000
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OPTION CH - 2 
              

ESTIMATE OF PROBABLE CONSTRUCTION COST 
PROJECT: CAPE HENRY  BASIS FOR ESTIMATE 
LOCATION:  Virginia Beach     

CLIENT:  City of Virginia Beach    [ X] PRELIMINARY DESIGN  

      

Re-Direct Flow from Wake Forest to Poinciana PS     

DATE 4/23/2010               

DISCIPLINE/SUMMARY QTY MATERIAL LABOR TOTAL 
  

NO. 
UNITS 

UNIT 
MEAS. 

PER 
UNIT TOTAL 

PER 
UNIT TOTAL COST 

            0.00   
Remove Manholes 2 Each $0 $0 $350 $700 $1,000
Remove 18" pipe 70 LF   $0 $12 $840 $1,000
Install 18 inch equiv pipe 70 LF $53 $3,675 $20 $1,400 $5,000
Install Manholes 2 Each $535 $1,070 $455 $910 $2,000
18" FES 12 LF $57 $678 $10 $120 $1,000
Regrade ditch 240 LF $20 $4,800 $20 $4,800 $10,000
Pavement Removal & Replace 20 SY $30 $600 $35 $700 $1,000
E&S 1 LS $200 $200 $300 $300 $1,000
                
Subtotal       $11,023   $9,770 $21,000
Engineering & Oversight (20%)       $2,205   $1,954 $4,000
Contingency (35%)       $3,858   $3,420 $7,000
                
Total       $17,086   $15,144 $32,000
                
                
                
                
                
                
TOTAL ESTIMATE         $35,000
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OPTION CH - 3 

            

  

ESTIMATE OF PROBABLE CONSTRUCTION COST 
PROJECT: CAPE HENRY  BASIS FOR ESTIMATE 
LOCATION:  Virginia Beach     

CLIENT:  City of Virginia Beach    [ X] PRELIMINARY DESIGN  

      

TIDE FLEX VALVES     

DATE 4/23/2010               

DISCIPLINE/SUMMARY QTY MATERIAL LABOR TOTAL 
  

NO. 
UNITS 

UNIT 
MEAS. PER UNIT TOTAL 

PER 
UNIT TOTAL COST 

                
30" TIDE FLEX VALVES 2 Each $10,000 $20,000 $5,000 $10,000 $30,000
                
Subtotal       $20,000   $10,000 $30,000
Engineering & Oversight (20%)       $4,000   $2,000 $6,000
Contingency (35%)       $7,000   $3,500 $11,000
                
Total       $31,000   $15,500 $47,000
                
                
                
                
                
                
TOTAL ESTIMATE         $50,000
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OPTION CH - 4 

            

  

ESTIMATE OF PROBABLE CONSTRUCTION COST 
PROJECT: CAPE HENRY  BASIS FOR ESTIMATE 
LOCATION:  Virginia Beach     

CLIENT:  City of Virginia Beach    [ X] PRELIMINARY DESIGN  

      

SELF REGULATING TIDE GATES     

DATE 4/23/2010               

DISCIPLINE/SUMMARY QTY MATERIAL LABOR TOTAL 
  

NO. 
UNITS 

UNIT 
MEAS. PER UNIT TOTAL PER UNIT TOTAL COST 

                
30" SRTs 2 Each $30,000 $60,000 $10,000 $20,000 $80,000
                
Subtotal       $60,000   $20,000 $80,000
                
Engineering & Oversight (20%)       $12,000   $4,000 $16,000
Contingency (35%)       $21,000   $7,000 $28,000
                
Total       $93,000   $31,000 $124,000
                
                
                
                
                

TOTAL ESTIMATE         $125,000
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OPTION CH - 5 

            

  

ESTIMATE OF PROBABLE CONSTRUCTION COST 

PROJECT: 
CAPE 
HENRY  BASIS FOR ESTIMATE 

LOCATION:  Virginia Beach     

CLIENT:  
City of Virginia 
Beach    [ X] PRELIMINARY DESIGN  

      

Re-Direct Flow from Kendal     

DATE 4/23/2010               

DISCIPLINE/SUMMARY QTY MATERIAL LABOR TOTAL 
  

NO. 
UNITS 

UNIT 
MEAS. 

PER 
UNIT TOTAL 

PER 
UNIT TOTAL COST 

                
                
18" RCP 255 LF $20 $5,100 $20 $5,100 $10,200
24" RCP 405 LF $28 $11,138 $21 $8,505 $20,000
Drainage Structures 5 Each $535 $2,675 $455 $2,275 $5,000
Bulkhead cut thru 1 Each $250 $250 $1,500 $1,500 $2,000
C&G Removal 500 LF $0 $0 $4 $2,000 $2,000
C&G Replacement 500 LF $7 $3,500 $2 $1,000 $4,500
Pavement Removal & Replace 360 SY $30 $10,800 $35 $12,600 $23,000
E&S 1 LS $500 $500 $1,000 $1,000 $2,000
                
Subtotal       $33,963   $33,980 $68,000
Engineering & Oversight (20%)       $6,793   $6,796 $14,000
Contingency (35%)       $11,887   $11,893 $24,000
                
DRAINAGE EASEMENT 
ACQUISITION       $40,000       
Total       $92,642   $52,669 $145,000
                
                
TOTAL ESTIMATE         $145,000
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OPTION CS - 2 

            

  

ESTIMATE OF PROBABLE CONSTRUCTION COST 
PROJECT: CAPE STORY BY THE SEA BASIS FOR ESTIMATE 
LOCATION:  Virginia Beach     

CLIENT:  City of Virginia Beach    [ X] PRELIMINARY DESIGN  

      

POINCIANA PIPE UPGRADE - MAPLE TO SANDALWOOD     

DATE 4/23/2010               

DISCIPLINE/SUMMARY QTY MATERIAL LABOR TOTAL 
  NO. UNITS UNIT MEAS. PER UNIT TOTAL PER UNIT TOTAL COST 
                
24" RCP 300 LF $28 $8,250 $21 $6,300 $15,000
Pavem't Remove & Replace 600 SY $30 $18,000 $35 $21,000 $39,000
Drainage Structures 3 Each $535 $1,605 $455 $1,365 $3,000
                
Subtotal       $27,855   $28,665 $57,000
Engineering & Oversight (20%)       $5,571   $5,733 $11,000
Contingency (35%)       $9,749   $10,033 $20,000
                
Total       $43,175   $44,431 $88,000
                
                
                
                
                
                
TOTAL ESTIMATE         $100,000
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COMBINED OPTION 

           

ESTIMATE OF PROBABLE CONSTRUCTION COST 

PROJECT:  Cape Henry   BASIS FOR ESTIMATE 

LOCATION:   Virginia Beach  

CLIENT:   City of Virginia Beach   [ X] PRELIMINARY DESIGN 

        

REGIONAL SWPS       

DATE PREPARED:  4/26/10          

DISCIPLINE/SUMMARY  QTY  MATERIAL LABOR TOTAL

   NO. 
UNITS 

UNIT 
MEAS. 

PER 
UNIT 

TOTAL PER 
UNIT 

TOTAL  COST

Pump Station          

Pumps (4 Sub. Propeller)  1  L.S.  $450,000 $450,000 $400,000  $400,000  $850,000

Pump Controls  1  L.S.  $75,000 $75,000 $50,000  $50,000  $125,000

Valves, Vaults, etc  1  LS  $50,000 $50,000 $75,000  $75,000  $125,000

Trash Rack   1  Each $35,000 $35,000 $50,000  $50,000  $85,000

Concrete Structure  1  L.S.  $100,000 $100,000 $225,000  $225,000  $325,000

Building Superstructure  1000  SF  $90 $90,000 $75 $75,000  $165,000

250 KW generator  1  Each $62,000 $62,000 $15,000  $15,000  $77,000

Site work / Landscape  1  LS  $25,000 $25,000 $50,000  $50,000  $75,000

42" FM  2400  LF  $220 $528,000 $70 $168,000  $696,000

Pavem't Remove & Replace  4000  SY  $30 $120,000 $35 $140,000  $260,000

Energy Dissipater  1  LS  $35,000 $35,000 $10,000  $10,000  $45,000

           

Subtotal        $1,570,000 $1,258,000  $2,828,000

Contractor O&P (15%)        $235,500 $188,700  $424,000

           

Subtotal        $1,805,500 $1,446,700  $3,252,000

Engineering & Oversight (20%)        $361,100 $289,340  $650,000

Contingency (35%)        $631,925 $506,345  $1,138,000

           

Total        $2,798,525 $2,242,385  $5,041,000

           

SITE ACQUISITION        NOT INCLUDED NOT INCLUDED

DRAINAGE COLLECTION SYSTEM        NOT INCLUDED NOT INCLUDED

           

TOTAL ESTIMATE          $5,100,000
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Appendix B Datums, Elevations, and Tide Levels 

 

  B1 Tidal and Rainfall Flooding Evaluation| Parsons Brinckerhoff 

 

Ground Elevations 
 

There is a great deal of confusion concerning elevations and tide levels, and it is important for the 
stakeholder to determine not only the units of elevations such as whether elevations are feet or meters, but to 
what vertical datum it is referencing. 

A vertical datum is a starting point from which elevations can be compared and referenced.  Until 2004, 
the official vertical datum for the City of Virginia Beach was the National Geodetic Vertical Datum of 1929 
(NGVD29).  Most homes built in the area would reference this datum in the original design drawings.  In 1988, 
the United States Coast and Geodetic Survey (USCGS) established a new datum called the North American 
Vertical Datum of 1988 (NAVD88).   Details explaining the difference between the two datums and the 
scientific basis of measurement are beyond the scope of this document, but generally the difference between 
NGVD29 and NAVD88 is between .8 to 1.1 feet in this area. 

The transition from using the NGVD29 datum to the NAVD88 datum has been gradual as it was 
adopted by various agencies, so there was not one particular year in which the change was universally accepted.  
To mitigate any confusion and facilitate change, both datums were used in the Hampton Roads documents 
throughout the 1990’s.  The December 1996 FEMA Flood Insurance Study for the City of Virginia Beach uses   
the NGVD-29 datum, but the revised flood insurance study dated May 4, 2009 uses the NAVD88 datum. 

As a result, homes that received flood elevation certificates prior to May 2009 have elevations that 
reference the NGVD29 datum, which in some cases can be up to 1.3 feet above the current NAVD88 datum.  
To illustrate, if a home in Cape Henry was built in 1984 had a final floor elevation of 5 ft., when converted to 
the new datum, its elevation is considered to be about 4.2 feet in the new datum (NAVD88). 
 All elevations in this document reference the NAVD88 datum, so it is important for the homeowner to 
determine which datum their flood insurance documents reference. 
 
Tides 
 

Being able to determine the tide level with regard to a ground elevation can also be confusing.  There are 
several ways to reference a tide level:  mean sea level (MSL), mean low water (MLW), and mean low low water 
(MLLW).  Both the mean low water and mean low low water have nothing to do with ground elevation.  Mean 
sea level (MSL) is actually a number that is based on local conditions, so a direct conversion from MSL to 
NGVD29 or NAVD88 is not actually possible, but in the Cape Henry area, the difference is in the order of 1 
foot.  Thus in Virginia Beach, a tide that is 6 feet MSL can be considered close to 5 feet in the NAVD88 datum. 

Determining the actual tide level in the Long Creek area is also challenging.  Since there are no tide 
gauges in Long Creek, the only tidal information available in the area is the Sewells Point tide gauge and the 
Chesapeake Bay Bridge Tunnel (CBBT) tide gauge.  Readings for the tide gauges at these points which are 
reported in the media do not reflect the actual tide levels in Long Creek. 

Generally, because Long Creek is further inland, the range and height of tides are less than those of 
Sewells Point and the CBBT.  The range of spring tide levels in Long Creek is approximately 2 feet, whereas 
the range of tide at the CBBT is 3 feet, and 3 feet at Sewells point.  Moreover, the high tide occurs 
approximately 1.5 hours later than that of the Chesapeake Bay Bridge Tunnel and Sewells Point.  To illustrate, 
the high tide on May 11 is predicted to be 2.3 feet at 7:00 am, whereas in Long Creek, the high tide is predicted 
to be 1.6 feet at 8:15am. 
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GALVANIZED BASKET STRAINER, ENCLOSED LINESHAFT AND PLAIN END 
UNDERGROUND DISCHARGE ELBOW, ADDITIONAL 10 FT SECTION COLUMN AND 

2 SHAFT, SHIP ASSEMBLED, MAINTAIN EXISTING CENTERLINE DISCHARGE. 
3 OTHER ASSEMBLY DRAWINGS: 
3 TENSION NUT: 25LYA~463A 

3 COLUMN ~ SHAFT: 25LYA2363CR 
4 CUSTOMER WILL USE G E 75/52 HP 700/580 RPM MOTOR. 
4 PUMP UNIT IS FOR VARIABLE SPEED OPERATION. 
5 THIS PUMP REPLACES PUMP SUPPLIED ON SERIAL NUMBER K2V2-072778 AND 
5 IS TO BE A HYDRAULIC DUPLICATE WITH OAL IDENTICAL AND CENTERLINE 
5 DISCHARGE AND TO MATCH EXISTING ANCHOR BOLTS. 
6 BOTTOM OF PEDISTAL TO BOTTOM OF THE STRAINER. 

!( 3X;>-O'i' 1..'>3 iIUX :>--0 7 ~ ..'l 3 i F'tlGE :~ F"INAI__ 
013/16/9'1 


	EXECUTIVE SUMMARY
	Introduction
	November 11th through 14th Northeaster
	Recent Tidal Floods
	Previous Tidal Floods
	Tidal Flood Frequencies
	Lynnhaven Colony
	Cape Henry and Cape Story by the Sea
	/
	Poinciana Pump Station
	Lynnhaven Colony Stormwater System Improvement Options
	Cape Henry Improvement Options
	Cape Story by the Sea Improvement Options



