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Project Background 
The Chubb Lake / Lake Bradford Drainage Improvement Plan is a multi-phase engineering project for 

program development, analysis, and design of infrastructure improvements necessary to alleviate 

widespread flooding due to moderate rain events and during periods of high tides in the Chesapeake Bay.  

The program area is roughly bound by the Chesapeake Bay, Northampton Boulevard, Independence 

Boulevard, and the Joint Expeditionary Base – Little Creek (JEB LC), as well as part of Church Point and 

Thoroughgood neighborhoods. The program area is located within the larger Little Creek Drainage Basin.  

Lake Bradford and Chubb Lake are interconnected and can be tidally influenced by the Chesapeake Bay 

via their manmade outfall channel. The outfall channel runs through JEB LC and consists of a series of 

large box culverts and two weir gates. The weir gates are located along the outfall channel just upstream 

of the box culverts at Nider Boulevard. The weir gates were installed by JEB LC to maintain adequate water 

levels in the Lakes for small boat training. The weir gates are currently owned, operated, and maintained 

by the JEB LC Public Works Department.  

The preliminary engineering report (PER) is currently under development and builds off of the alternatives 

and scenarios discussed in the Alternative Analysis Memo dated August 6, 2020. While the PER is 

completed, and the recommended alternatives move into the design phase, an analysis on the existing 

weir gates will be completed to determine of adjustments/enhancements to the structure or operation 

will reduce the risk of flooding within the program area and more efficiently manage the water levels of 

Lake Bradford and Chubb Lake. This memorandum evaluates the hydraulic response of four alternatives 

in addition to potential electrical and instrumentation and control improvements of the weir gates. 

Existing Conditions 
The existing outfall for the program area is located on JEB LC. Lake Bradford discharges through a man-

made channel consisting of a series of large box culverts. The weir gates are located along the channel 

just upstream of the box culverts at Nider Boulevard. The weir gates are operated by JEB LC personnel. 

The City of Virginia Beach and JEB LC coordinate regarding the operation of the weir gates to maintain the 

water levels of Lake Bradford and Chubb Lake. The current maintenance of operation for the weir gates 

includes specific elevations when the weir gates are opened and closed. Under normal conditions, the 

operation of the weir gates is controlled by two water level sensors. The first sensor is located just 

upstream of the weir gates, and the second sensor, which controls the operation of the weir gates, is 

located in Lake Bradford. Generally, the weir gates are in the closed position. When the gates are closed, 

the top of the gates acts as a weir at elevation 4.36 (NAVD88). The weir gates automatically open when 

the Lake Bradford water level sensor reaches an elevation of 4.06 feet (NAVD88). Opening the gates allows 

Lake Bradford and the tide cycle to freely flow. Once the water level sensor in Lake Bradford reaches an 
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elevation of 3.46 feet (NAVD88) the weir gates close. 

 

Figure 1 below provides a graphic of the weir gates in the closed and open position.     
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Figure 1: Weir Gate Operation  

The City of Virginia Beach (COVB) Operations division coordinates with JEB LC personnel to open the weir 

gates and lower the lake elevation in advance of forecasted major storms or significant coastal/tropical 

events and/or for other scheduled or emergency maintenance or operations reasons. This coordination 

generally occurs two to four days ahead of a forecasted storm event. 

More details on the operation of the weir gates can be found in the Weir Gate Operation Definition 

Memorandum dated May 6, 2021.  

Alternative Analysis  
Four alternatives were developed and include adjustments/enhancements to the structure or operation 

of the existing weir gates. The goal of these alternatives is to help reduce the peak rise in water surface 

elevation and more efficiently manage Lake Bradford and Chubb Lake. A detailed description of each 

alternative is included below. 

Alternative One: Temporary Pumping Operation to Chesapeake Bay 
Alternative One includes establishing a temporary pumping operation for the lakes. A 25-cfs temporary 
pump would be positioned on Chubb Lake. The temporary pump would be located at 5033 Lauderdale 
Avenue, a City-owned parcel with a sanitary sewer pump station. The outfall piping would run west along 
Lauderdale Avenue, north along Guy Avenue, and outfall directly into the Chesapeake Bay. The outfall 
piping would be buried when crossing Lauderdale Avenue. At the end of the proposed bypass piping, 
outfall protection will be required. A schematic of the temporary pump layout is shown below in Figure 2, 
and an example of a beach outfall in the City is included in Figure 3.    
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Figure 2: Temporary Pump Location 

 

 

Figure 3: Beach Outfall Example 

 

The operation of the temporary pump would begin approximately three days ahead of a forecasted storm 

event such as a hurricane, tropical storm, or nor’easter. This would allow the water level of the lakes to 

be drawn down creating additional storage ahead of the storm. Depending on the tidal elevations prior 
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to the forecasted storm event, the additional storage provided by temporary pumping could be impacted 

if the weir gates were in the open position with a high tide or if the tide was high enough to overtop the 

weir gates in the closed position.  The operation of the temporary pump should not occur any further 

ahead of a forecasted storm event because the weather forecast further away from the event is highly 

variable. Pumping the lakes down starting seven to ten days ahead of a forecasted storm event could 

cause the lakes to be drawn down and not refill as anticipated. This could cause the lakes to become too 

shallow for an extended period and adversely impact the ecology of the lakes.  

According to a study performed in Door County, Wisconsin, temporary drawdowns improve the habitat 

for fish and wildlife, improve water quality, and manage nuisance vegetation along the shoreline.  If the 

lake does not refill as anticipated, however, and becomes too shallow for an extended period of time, 

plants and fish will not be able to survive.  Excess nutrients in the lake will encourage algal blooms.  As the 

algae decays, oxygen levels decrease, and the lake will become stagnant.   

It is anticipated an individual permit from both the Department of Environmental Quality and the Army 

Corp of Engineers would be required for project implementation. A statement of all temporary and 

permanent impacts would be required and would ultimately determine the required permit. 

The current operation of the weir gates would continue and the temporary 25-cfs pump would allow Lake 

Bradford and Chubb Lake to be drawn down ahead of forecasted storm events. With no adjustments to 

the structure or operation of the weir gates, this alternative would not require the COVB to make any 

improvements to the weir gate. .  Additionally, positioning the temporary pump on the City-owned parcel 

would eliminate the need for any property acquisition. A drainage easement will be required for the intake 

pipe since Chubb Lake is privately owned. 

The 25-cfs temporary pump was determined by conducting a sensitivity analysis on the water surface 

elevation for Lake Bradford and Chubb Lake. An analysis was conducted to determine the temporary 

pump size required to draw down the lakes to create additional storage ahead of forecasted storm events. 

Temporary pumps ranging in size from 10-cfs to 50-cfs were evaluated. On average each 5-cfs increase in 

pump size resulted in an additional 0.17’ of pre-storm drawdown. However, the additional storage only 

resulted in an average reduction in the peak water surface elevation of the lakes of 0.05’. Based on the 

cost of the pumps and the flooding benefits, it was determined a 25-cfs temporary pump would be the 

most cost-effective and beneficial size pump for the Lakes.  

Alternative Two: Modification of Existing Weir Gates 
Alternative Two includes modifying the existing weir gates to provide more protection from the tide. 

Currently, when the weir gates are operated in the closed position the elevation of the top of the weir 

gates is 4.36 feet (NAVD88). This means if the weir gates are in the closed position and the tide reaches 

an elevation greater than 4.36 feet (NAVD88), the tide will overtop the weir gates and fill the available 

storage within the Lakes. Modifying the top of the weir gates to block the tide from entering the outfall 

channel will create storage capacity within the lakes. 

The top of the existing gates could be modified by attaching an additional plate to the existing gates. The 

additional plate would allow the gates to function as tide gates and block all tidal impacts up to elevation 

8.5 feet. An analysis of elevation data downloaded from 2013 LiDAR data provided by the Virginia 

Geographic Information Network shows this is the elevation where significant overland flow occurs 
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throughout JEB LC. Thus, modifying the weir gates to function as a tide gate would provide an additional 

2.94 feet of protection from tidal impacts.  

In addition to modifying the existing weir gate, an additional sensor located downstream of the weir gates 

would be recommended. This downstream sensor would record the tidal elevations. The data collected 

from the downstream sensor and the Lake Bradford sensor could be used together to manage the weir 

gates and upstream tidal impacts more efficiently. The weir gates would be automated to open if the 

elevation of the upstream Lake Bradford sensor recorded a higher elevation than the downstream sensor. 

The weir gates would be programmed to close if the downstream sensor recorded a higher elevation than 

the upstream sensor. This action would block the tide from impacting the outfall channel and lakes. The 

sensors would be programmed to include tolerances in the programmed automation to ensure the gates 

were not constantly opening or closing. The tolerances could include a required time duration for the 

recorded values before the weir gates open or close. For example, the downstream sensor would need to 

record a higher elevation than the upstream sensor for fifteen minutes before the weir gates are 

automated to close.  

In order to perform modifications to the existing structure of the weir gates, the COVB would have to 

work on military property. Coordinating improvements of the weir gates with JEB LC has the potential to 

delay the implementation of this alternative. At a minimum, access rights or an ingress/egress easement 

would be required. The COVB could also acquire ownership of the weir gates and surrounding land. This 

would require a land exchange transaction with the United States of America through the Department of 

the Navy.  

10 U.S. Code § 2869 addresses the exchange of property at military installations. In order to exchange 

property, the Secretary of Defense must first determine the fair market value of the property to be 

exchanged.  If the fair market value of the land is less than the fair market value of the property to be 

conveyed, the purchaser must pay the United States an amount equal to the difference in fair market 

values. After the fair market value is determined, Congress must then be notified of the conveyance by 

electronic medium.  In this notice, the Secretary of Defense will include a description of the property, a 

description of the land acquisition, and the amount of payment to be made.  After 45 days, the Secretary 

of Defense may enter into an agreement with the entity purchasing the property. 

Alternative Three: Modification of Existing Operating Strategy  
Alternative Three includes developing a sequence or operating strategy to draw down the water level 

more efficiently in Lake Bradford and Chubb Lake ahead of forecasted storm and tidal events. Currently 

the COVB Operations division requests JEB LC personnel to open the weir gates two to four days ahead of 

a forecasted storm event to draw down the level of Lake Bradford and Chubb Lake. This action provides 

additional storage in the lakes ahead of the forecasted storm event. However, the additional storage 

provided can be lost to the tide. When the weir gate is left in the open position, the tide can freely flow 

up the outfall channel. If the tide reaches a high enough elevation, the tide will flow up the outfall channel 

and “steal” the additional storage provided in the lakes, which was created from drawing down the water 

surface elevation of the lakes.  

Currently, when the weir gates are operated in the closed position, the elevation of the top of the weir 

gates is 4.36 feet (NAVD88). This means if the weir gates are in the closed position and the tide reaches 
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an elevation greater than 4.36 feet (NAVD88), the tide will overtop the weir gates and fill the available 

storage within the Lakes.  

The operating strategy for Alternative Three would include an additional sensor located downstream of 

the of weir gates. This downstream sensor would record the tidal elevations and could be used to open 

the gate during low tide to allow water to drain out of Lake Bradford. The data collected from the 

downstream sensor and the Lake Bradford sensor could be used together to manage the weir gates and 

upstream tidal impacts more efficiently. The weir gates would be automated to open if the elevation of 

the upstream Lake Bradford sensor recorded a higher elevation than the downstream sensor. The weir 

gates would be programmed to close if the downstream sensor recorded a higher elevation than the 

upstream sensor. The sensors would be programmed to include tolerances in the programmed 

automation to ensure the gates were not constantly opening or closing. The tolerances could include a 

required time duration for the recorded values before the weir gates open or close. For example, the 

downstream sensor would need to record a higher elevation than the upstream sensor for fifteen minutes 

before the weir gates are automated to close.  

Automating the opening and closing of the existing weir gates based on a downstream and upstream 

sensor would block the tide from impacting the outfall channel and lakes up to the top of the existing weir 

gates, elevation 4.36 feet (NAVD88). Alternative Three is similar to Alternative Two; however, Alternative 

Three excludes the modifications to the existing weir gates, so the upstream tidal impact occurs at any 

elevation greater than 4.36 feet (NAVD88).  

In order to install an additional downstream sensor, the COVB would have to work on military property. 

Coordinating the installation of the downstream sensor with JEB LC has the potential to delay the 

implementation of this alternative. At a minimum, access rights or an ingress/egress easement would be 

required. The COVB could also acquire ownership of the weir gates and surrounding land. This would 

require a land exchange transaction with the United States of America through the Department of the 

Navy.  

As described in Alternative Two above, 10 U.S. Code § 2869 addresses the exchange of property at military 

installations. In order to exchange property, the Secretary of Defense must first determine the fair market 

value of the property to be exchanged.  If the fair market value of the land is less than the fair market 

value of the property to be conveyed, the purchaser must pay the United States an amount equal to the 

difference in fair market values. After the fair market value is determined, Congress must then be notified 

of the conveyance by electronic medium.  In this notice, the Secretary of Defense will include a description 

of the property, a description of the land acquisition, the amount of payment to be made.  After 45 days, 

the Secretary of Defense may enter into an agreement with the entity purchasing the property. 

Alternative Four: Seasonal Operating Strategy 
Alternative Four includes developing a seasonal operating strategy for the normal water surface 

elevations of Lake Bradford and Chubb Lake. This strategy would consist of two sets of controls for the 

existing weir gates. One set of controls would be implemented from June through November, throughout 

the summer months and hurricane season, and the second set of controls would be implemented from 

December through May. These controls would keep the existing weir gate operation from December 

through May. However, from June 1st through November 30th, the water level of Lake Bradford and Chubb 

Lake would be maintained at a normal water surface elevation of 3.0 feet (NAVD88). Based on the 
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PCSWMM simulation, it would take approximately six days to reduce the peak water surface elevation of 

the lakes to 3.0 feet (NAVD88) with the weir gates in the open position.  This would be done by adjusting 

the control elevations of the existing weir gates. The weir gates would open once the sensor in Lake 

Bradford reached an elevation of 3.0 feet (NAVD88) and would close once the lake Bradford sensor 

reached an elevation of 2.5 feet (NAVD88). Based on observations, JEB LC personnel stated the peak water 

surface elevation in Lake Bradford will typically not reduce any lower than 3.46 feet (NAVD88) because of 

outfall channel constraint. However, based on the results of the PCSWMM model, it appears the peak 

water surface elevation of Lake Braford can be reduced to 2.6 feet (NAVD88) by operating the weir gates 

in the open position. In addition, a survey of the outfall channel was completed in 2018. Based on the 

surveyed cross sections, the outfall channel does not appear to have any high spots or significant flow 

obstructions. Based on this information, it is feasible to seasonally maintain a normal water surface 

elevation of 3.0 feet (NAVD88).  

Due to the shallowness of the Chubb Lake, maintaining a normal water surface elevation lower than 3.0 

feet is a concern. Approximately 10 feet of shoreline, typically underwater, exists between contours, and 

the lowest point in the lake is no more than 7 feet deep. If the lake is maintained at elevation 3.0 feet 

rather than 4.06 feet, a temporary 10-foot-wide mudflat will be created along the lake’s outer boundaries.  

Maintaining the elevation of the lakes lower than 3.0 for an extended period of time is not ideal for the 

properties surrounding the lake. Silt mounds within the lake could be exposed, detracting from the lake’s 

aesthetic qualities and affecting boaters, fishermen, and lake residents.  

 

The ecology of the lake is also a consideration when maintaining a lower normal water surface elevation. 

According to a study performed in Door County, Wisconsin, temporary drawdowns or routinely scheduled 

drawdowns for operation and maintenance purposes improve the habitat for fish and wildlife, improve 

water quality, and manage nuisance vegetation along the shoreline. However, if the lake becomes too 

shallow for an extended period of time, plants and fish will not be able to survive. Excess nutrients in the 

lake will encourage algal blooms. As the algae decays, oxygen levels decrease, and the lake will become 

stagnant. 

 

Maintaining a lower normal water surface elevation during the summer months could further lower the 

water surface elevation of the lakes due to evaporation losses. Evaporation losses during the summer 

months can sometimes exceed the precipitation received during these times. The increased evaporation 

during the summer months can lower the water level of the lakes, especially during long period without 

rainfall. The Lakes have a history of experiencing evaporation losses and naturally drawing down further 

during the summer months.  

 

Due to these factors, maintaining a water surface elevation any lower than 3.0 feet during the months of 

June through November is not recommended. 

PCSWMM Evaluation and Analysis Results 
An analysis was performed in PCSWMM using the existing conditions Little Creek/Lake Taylor Models 

provided by the City. The model was updated to more accurately reflect the layout and operation of the 

existing weir gates. All model updates were deemed acceptable by the Public Works – Stormwater 

Engineering Center on October 7, 2020. The existing layout and operation of the weir gates along with a 
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description of the model updates is summarized in the Weir Gate Operation Definition Memorandum 

dated May 6, 2021.  

The upstream and downstream hydraulic grade lines for the 10-year, 100-year, and Hurricane Matthew 

storm events were evaluated for the existing conditions and each proposed alternative. The drawdown 

times for Lake Bradford and Chubb Lake were also evaluated. Table 1 includes the design storm 

simulations analyzed including the rainfall depth and tailwater (TW) elevation. Figure 4 below includes a 

graph of the tidal curve used for the Hurricane Matthew simulations. The tidal curve was extracted from 

data recorded by the National Oceanic and Atmospheric Admiration (NOAA) Chesapeake Bay Bridge 

Tunnel – station 8638863 sensor. This is also the curve that was used as the boundary condition for the 

Hurricane Matthew validation and calibration simulation in City provided PCSWMM model.   

Table 1: Design Storm Simulations 

 
Rainfall 

Depth (in) 

Fixed or 
Variable 

Tailwater? 
TW Elevation (ft) TW + 1.5' SLR 

(ft) 

10-Year Storm Event 6.77 Fixed 3.2 4.7 

100-Year Storm Event 11.34 Fixed 4.1 5.6 

Hurricane Matthew Storm 
Event 

10.96 Variable 
Hurricane 

Matthew Tidal 
Curve (Peak 4.02’) 

Hurricane 
Matthew Tidal 

Curve + 1.5’ 
(Peak 5.52’) 
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Figure 4: Hurricane Matthew Tidal TW Curve 

The alternatives were not evaluated for the 10-year or 100-year storm events with the 1.5 feet of sea level 

rise (SLR) because of the fixed tailwater elevation associated with these storm events, as shown in Table 

1. The impacts of Alternatives One, Three, and Four would not be seen when compared to the existing 

conditions model because the tailwater elevation (including 1.5 feet of sea level rise) for the 10-year, 100-

year storm, and Hurricane Matthew storm events is higher than the elevation of the top of the weir gates. 

Because of this, the starting water surface elevation of the lakes would be set to the tailwater elevation, 

negating any adjustments to the water surface elevation of the lakes or addition of downstream sensors. 

However, since the 1.5 feet of sea level rise is not anticipated until 2050, the recommended alternatives 

included in the PER will have been constructed. Thus, the weir gate interim alternatives evaluated in this 

memorandum were analyzed using the tailwater elevations without sea level rise. In addition, the 

upstream and downstream impacts of all alternatives can be seen throughout the simulated Hurricane 

Matthew storm event.  

For all lake drawdown simulations, an annual average tidal curve was created based on the data recorded 

by the NOAA Chesapeake Bay Bridge Tunnel – station 8638863 sensor. The annual tide curve was 

developed by analyzing the recorded high and low tidal elevations for the year of 2020. Then the 

maximum high and minimum low tide elevations were calculated. These elevations were then used to 

create the average tidal curve, as shown in Figure 5 below.  
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Figure 5: Average Tidal Curve for Station 8638863 

 

Alternative One: Temporary Pumping Operation to Chesapeake Bay 
Alternative One consists of drawing down the lakes ahead of a storm event, this was simulated by running 

a model scenario without rainfall. A 25-cfs temporary pump can drawdown the lakes from an elevation of 

4.06 feet (NAVD88) to an elevation of 3.19 feet (NAVD88) three days ahead of a forecasted storm event. 

Allowing the lakes to be drawn down to an elevation of 3.19 feet (NAVD88) provides storage in the lakes 

ahead of forecasted storm events. The temporary pump reduces the peak water surface elevation of the 

lakes by an average of 0.3’ per day. Utilizing a temporary pump for the lake drawdown allows the lake to 

be drawdown without the use of the weir gates it also minimizes the impact the tide has on the drawdown. 

The existing weir gates cannot reduce the peak water surface elevation of the lakes as low, quickly, and 

efficiently as the temporary pump.  

10-Year Storm Event 

During a 10-year storm event, the additional storage reduces the peak water surface elevation of Lake 

Bradford and Chubb Lake to 5.70 feet compared to an existing peak water surface elevation of 6.05 feet. 

Several nodes along the outfall channel, upstream of the weir gates, also experienced a decrease in the 

maximum hydraulic grade line (0.10’-0.36’) during the simulation. All nodes along the outfall channel 

downstream of the weir gates experience a decrease in the maximum hydraulic grade line (0.16’-0.19’) 
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during the simulation. In addition, all nodes within the Lake Shores neighborhood experience a decrease 

in the maximum hydraulic grade line. Results from the PCSWMM analysis can be found in Appendix A. 

100-Year Storm Event 

During a 100-year storm event, the additional storage reduces the peak water surface elevation of Lake 

Bradford and Chubb Lake to 7.42 feet compared to an existing peak water surface elevation of 7.67 feet. 

All nodes along the outfall channel, upstream of the weir gates, also experienced a decrease in the 

maximum hydraulic grade line (0.16’-0.28’) during the simulation. All nodes along the outfall channel 

downstream of the weir gates experience a decrease in the maximum hydraulic grade line (0.11’-0.16’) 

during the simulation. In addition, all nodes within the Lake Shores neighborhood experience a slight 

decrease in the maximum hydraulic grade line. One node upstream of Lake Bradford, along the Pleasure 

House Road crossing, experiences an adverse impact. The HGL at node 31010-306 increased by 0.01’. This 

slight increase can be associated with the additional overland flow from the Hollis Road outfall. Although 

there is an increase in HGL, all runoff is contained within the right-of-way. In addition, the nodes located 

upstream of node 31010-306 did not experience any adverse impacts during the simulation. Results from 

the PCSWMM analysis can be found in Appendix A. 

Hurricane Matthew 

This additional storage reduces the peak water surface elevation of Lake Bradford and Chubb Lake to 7.13 

feet compared to an existing peak water surface elevation of 7.17 feet for Chubb Lake and 7.18 feet for 

Lake Bradford. Thus, reducing the rise of the lakes by 0.04 feet. In addition, the hydraulic grade line of all 

nodes downstream of the lakes were also reduced during the Hurricane Matthew storm simulation. 

Results from the PCSWMM analysis can be found in Appendix A. 

 

Alternative Two: Modification of Existing Weir Gates 
Alternative Two consists of modifying the existing weir gates with a plate and installing an additional 

sensor downstream of the weir gates.  The downstream sensor would help automate the gate to open 

during low tide and close during high tide to more efficiently manage the weir gates and to lower the 

water level in Lake Bradford while protecting it from tidal influence. 

10-Year Storm Event 

During a 10-year storm event, the additional storage and tidal protection reduces the peak water surface 

elevation of Lake Bradford and Chubb Lake to 6.03 feet compared to an existing peak water surface 

elevation of 6.05 feet. Several nodes along the outfall channel, upstream of the weir gates, also 

experienced a slight decrease in the maximum hydraulic grade line (0.02’ – 0.03’) during the simulation. 

All nodes downstream of the weir gates, including the nodes within the Lake Shores neighborhood, 

experience a slight decrease in the maximum hydraulic grade line (0.01’ – 0.02’) during the simulation. 

Results from the PCSWMM analysis can be found in Appendix A. 

100-Year Storm Event 

During a 100-year storm event, the additional storage and tidal protection reduces the peak water surface 

elevation of Lake Bradford or Chubb Lake to 7.65 feet compared to an existing peak water surface 

elevation of 7.67 feet. Several nodes along the outfall channel, upstream of the weir gates, also 

experienced a slight decrease in the maximum hydraulic grade line (0.01’ – 0.07’) during the simulation. 

Three nodes along the outfall channel downstream of the weir gates experience a slight adverse impact, 
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meaning the HGL is greater than the rim / top of bank elevation of the node and is also greater than the 

existing conditions HGL. These nodes located near Boone Clinic JEB LC experience a 0.01’ increase in HGL 

when compared to the existing conditions simulation. This slight increase can be associated with the weir 

gates automation based on the downstream tidal elevation. Although the nodes near Boone Clinic 

experience an adverse impact, none of the nodes within the Lake Shores neighborhood experience an 

adverse impact. Results from the PCSWMM analysis can be found in Appendix A. 

100-Year Storm Event – Pre-Storm Drawdown 

During a 100-year storm event, a scenario was run to analyze the peak water surface elevations if the lake 

levels were drawdown prior to the storm event. Using an average tidal curve for the Chesapeake Bay 

Bridge Tunnel, the lakes can be drawn down to elevation 3.68 feet in 72 hours. The additional storage and 

tidal protection reduces the peak water surface elevation of Lake Bradford or Chubb Lake to 7.57 feet 

compared to an existing peak water surface elevation of 7.67 feet. Several nodes along the outfall channel, 

upstream of the weir gates, also experienced a slight decrease in the maximum hydraulic grade line (0.05’ 

– 0.14’) during the simulation. All nodes along the outfall channel downstream of the weir gates 

experience a slight decrease in the maximum hydraulic grade line (0.03’ – 0.06’) during the simulation, 

including all of the nodes within the Lake Shores neighborhood. Results from the PCSWMM analysis can 

be found in Appendix A. 

Hurricane Matthew 

This additional protection reduces the peak water surface elevation of Lake Bradford 7.17 feet compared 

to an existing peak water surface elevation of 7.18 feet. Several nodes along the outfall channel also 

experienced a slight decrease in the maximum hydraulic grade line during the Hurricane Matthew storm 

simulations. Results from the PCSWMM analysis can be found in Appendix A. 

Hurricane Matthew – Pre-Storm Drawdown 

A scenario was run to analyze the peak water surface elevations if the lake levels were drawdown prior to 

the Hurricane Matthew storm event. Using an average tidal curve for the Chesapeake Bay Bridge Tunnel, 

the lakes can be drawdown to elevation 3.68 feet in 72 hours. The additional storage and tidal protection 

reduces the peak water surface elevation of Lake Bradford or Chubb Lake to 7.12 feet compared to an 

existing peak water surface elevation of 7.17 feet. Several nodes along the outfall channel, upstream of 

the weir gates, also experienced a slight decrease in the maximum hydraulic grade line (0.04’ – 0.06’) 

during the simulation. All nodes along the outfall channel downstream of the weir gates experience a 

slight decrease in the maximum hydraulic grade line (0.04’) during the simulation, including all of the 

nodes within the Lake Shores neighborhood. Results from the PCSWMM analysis can be found in Appendix 

A. 

 

Alternative Three: Modification of Existing Operating Strategy 
Alternative Three consists of installing an additional sensor located downstream of the weir gates to more 

efficiently manage the weir gates and provide additional upstream protection from the tidal impacts.  

10-Year Storm Event 

During a 10-year storm event, the additional tidal protection reduces the peak water surface elevation of 

Lake Bradford and Chubb Lake to 6.03 feet compared to an existing peak water surface elevation of 6.05 

feet. Several nodes along the outfall channel, upstream of the weir gates, also experienced a slight 
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decrease in the maximum hydraulic grade line (0.02’ – 0.03’) during the 10-year storm simulations. All 

nodes downstream of the weir gates, including the nodes within the Lake Shores neighborhood, 

experience a slight decrease in the maximum hydraulic grade line (0.01’ – 0.02’) during the 10-year storm 

simulations. Results from the PCSWMM analysis can be found in Appendix A. 

100-Year Storm Event 

During a 100-year storm event, the additional storage and tidal protection reduces the peak water surface 

elevation of Lake Bradford and Chubb Lake to 7.66 feet compared to an existing peak water surface 

elevation of 7.67 feet. Several nodes along the outfall channel, upstream of the weir gates, also 

experienced a slight decrease in the maximum hydraulic grade line (0.01’-0.06’) during the simulation. 

Several nodes along the outfall channel downstream of the weir gates experience a slight adverse impact, 

meaning the HGL is greater than the rim / top of bank elevation of the node and is also greater than the 

existing conditions HGL. These nodes located near Boone Clinic JEB LC experience a 0.01’ increase in HGL 

when compared to the existing conditions simulation. This slight increase can be associated with the weir 

gates automation based on the downstream tidal elevation. Although the nodes near Boone Clinic 

experience an adverse impact, none of the nodes within the Lake Shores neighborhood experience an 

adverse impact. One node upstream of Lake Bradford, along the Pleasure House Road crossing, 

experiences an adverse impact. The HGL at node 31010-306 increased by 0.02’. This slight increase can 

be associated with the additional overland flow from the Hollis Road outfall. Although there is an increase 

in HGL, all runoff is contained within the right-of-way. In addition, the nodes located upstream of node 

31010-306 did not experience any adverse impacts during the simulation. Results from the PCSWMM 

analysis can be found in Appendix A. 

100-Year Storm Event – Pre-Storm Drawdown 

During a 100-year storm event, a scenario was run to analyze the peak water surface elevations if the lake 

levels were drawdown prior to the storm event. Using an average tidal curve for the Chesapeake Bay 

Bridge Tunnel, the lakes can be drawdown to elevation 3.68 feet in 72 hours. The additional storage and 

tidal protection reduces the peak water surface elevation of Lake Bradford or Chubb Lake to 7.58 feet 

compared to an existing peak water surface elevation of 7.67 feet. Several nodes along the outfall channel, 

upstream of the weir gates, also experienced a slight decrease in the maximum hydraulic grade line (0.06’ 

– 0.09’) during the simulation. All nodes along the outfall channel downstream of the weir gates 

experience a slight decrease in the maximum hydraulic grade line (0.04’ – 0.07’) during the simulation, 

including all of the nodes within the Lake Shores neighborhood. Results from the PCSWMM analysis can 

be found in Appendix A. 

Hurricane Matthew 

This additional protection reduces the peak water surface elevation of Lake Bradford 7.17 feet compared 

to an existing peak water surface elevation of 7.18 feet. Several nodes along the outfall channel also 

experienced a slight decrease in the maximum hydraulic grade line during the Hurricane Matthew storm 

simulations. Node 31731-008, located along Pleasure House Road, experiences a slight adverse impact. 

The hydraulic grade line at this node increased by 0.01 feet. Results from the PCSWMM analysis can be 

found in Appendix A. 

Hurricane Matthew – Pre-Storm Drawdown 

A scenario was run to analyze the peak water surface elevations if the lake levels were drawdown prior to 

the Hurricane Matthew storm event. Using an average tidal curve for the Chesapeake Bay Bridge Tunnel, 
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the lakes can be drawdown to elevation 3.68 feet in 72 hours. The additional storage and tidal protection 

reduces the peak water surface elevation of Lake Bradford or Chubb Lake to 7.12 feet compared to an 

existing peak water surface elevation of 7.17 feet. Several nodes along the outfall channel, upstream of 

the weir gates, also experienced a slight decrease in the maximum hydraulic grade line (0.04’ – 0.06’) 

during the simulation. All nodes along the outfall channel downstream of the weir gates experience a 

slight decrease in the maximum hydraulic grade line (0.04’) during the simulation, including all of the 

nodes within the Lake Shores neighborhood. Results from the PCSWMM analysis can be found in Appendix 

A. 

 

Alternative Four: Seasonal Operating Strategy 
Alternative Four consists of maintaining a lower normal water surface elevation during the summer 

months. The water level of Lake Bradford and Chubb Lake would be maintained at a normal water surface 

elevation of 3.0 feet (NAVD88) rather than 4.06 feet (NAVD88). Maintaining the lakes at elevation 3.0 feet 

(NAVD88) provides storage in the lakes ahead of forecasted storm events. 

10-Year Storm Event 

During a 10-year storm event, the additional storage reduces the peak water surface elevation of Lake 

Bradford and Chubb Lake to 5.59 feet compared to an existing peak water surface elevation of 6.05 feet. 

This reduction in peak water surface elevation of the lakes would protect one garage from flooding during 

the simulated 10-year storm event. Several nodes along the outfall channel, upstream of the weir gates, 

also experienced a slight decrease in the maximum hydraulic grade line (0.47’ – 0.25’) during the 10-year 

storm simulations. All nodes downstream of the weir gates including the nodes within the Lake Shores 

neighborhood experience a slight decrease in the maximum hydraulic grade line (0.22’ – 0.07’) during the 

10-year storm simulations. Two nodes upstream of Lake Bradford, along the Pleasure House Road 

crossing, experience an adverse impact, meaning the HGL is greater than the rim / top of bank elevation 

of the node and is also greater than the existing conditions HGL. The HGL at node 31731-008 and 31731-

010 increase by 0.04’ and 0.02’ respectfully. This slight increase can be associated with the additional 

overland flow from the Hollis Road outfall. Although there is an increase in HGL, all runoff is contained 

within the right-of-way.  Results from the PCSWMM analysis can be found in Appendix A.  

100-Year Storm Event 

During a 100-year storm event, the additional storage and tidal protection reduces the peak water surface 

elevation of Lake Bradford and Chubb Lake to 7.41 feet compared to an existing peak water surface 

elevation of 7.67 feet. All nodes along the outfall channel, upstream of the weir gates, also experienced a 

slight decrease in the maximum hydraulic grade line (0.17’-0.28’) during the simulation. All nodes along 

the outfall channel downstream of the weir gates experience a decrease in the maximum hydraulic grade 

line (0.11’ – 0.16’) during the simulation, including all of the nodes within the Lake Shores neighborhood. 

Results from the PCSWMM analysis can be found in Appendix A. 

Hurricane Matthew 

This additional storage reduces the peak water surface elevation of Lake Bradford and Chubb Lake to 7.02 

feet compared to an existing peak water surface elevation of 7.17 feet for Chubb Lake and 7.18 feet for 

Lake Bradford. Thus, reducing the rise of the lakes by 0.16 feet. In addition, the hydraulic grade line of all 
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nodes downstream of the lakes were also reduced during the Hurricane Matthew storm simulation. 

Results from the PCSWMM analysis can be found in Appendix A. 

Electrical and Instrumentation and Control Analysis  
The weir gate site features two separate gates that can function as a gate or a weir depending on the 
upstream and downstream water levels. The gates are located side-by-side within the existing outfall 
channel. The two weir gates are not controlled independently; they are opened and closed together. The 
weir gates are only operated in the open or closed position and are never partially opened or closed. The 
weir gates are each equipped with an Auma Electric Actuator. There is the ability to manually open and 
close each weir gate by using the handwheel on the actuator. Power for the weir gates and other 
miscellaneous electrical components is supplied from a pole located at the intersection of Nider Boulevard 
and Amphibious Drive through an underground conduit to the weir gate location. Weir gate operation 
does not have standby power. In the event of a power failure, the weir gates will remain in their current 
position. The weir gate actuators have a manual handwheel to control the weir gate elevation. There is 
no alarm or warning system if power is lost to the weir gates. 
 
An Automated Logic panel and controller along with other miscellaneous electrical and control equipment 
are located onsite to accommodate remote monitoring of the water levels and remote operation of the 
weir gates. DSL modems are used to communicate to the weir gates and water level sensors. The modems 
are used to control the weir gate actuators to raise and lower the weir gates from a remote computer 
terminal. Water level at the weir gates is monitored at the weir gates by a HiTECH Technologies Ultrasonic 
Level Transmitter. A second water level sensor, located in Lake Bradford, is used to monitor the water 
level of the lake. The water level recorded by this sensor determines when the weir gates are opened and 
closed.  
 
A rising-water alarm is located on the west side of Nider Boulevard, just downstream of the weir gate site. 
The alarm does not control the operation of the weir gates. The purpose of this alarm is to warn those in 
the surrounding area of rising waters. This alarm does not provide a signal back to the control station nor 
is the downstream water level recorded.  
 
For the City to take control of the weir gate operation, the existing control panel would be replaced with 

a new panel based on the City standards. The existing control panel would be abandoned in place for 

future use in the event the weir gate operation is returned to JEB LC. The new panel would contain a 

Schneider Electric SCADAPack for monitoring and control, a cellular modem to connect to the City’s 

VTScada system, a UPS to provide backup power for alarming during a power outage, and power supplies, 

relays, and terminals as required. Based on previously conducted field visits, there appears to be adequate 

room to extend the equipment rack for the new enclosure.  The existing weir gate actuators and level 

sensors would be integrated into the new control panel. New level sensors would be connected to the 

control panel either via hardwire connection or remotely via cellular communication, depending on the 

final location determined for any new level sensors.  

The new control panel and existing electrical equipment would require a new electric service not supplied 

from the JEB LC. A new 120/208-volt, 3-phase, 4-wire electric service is required. The assumed voltage is 

based on current information and weir gate voltage requirements per the NAB Little Creek Culvert and 

Weir Gate Replacement at Nider Boulevard plans dated March 2, 1999. The new electric service will 
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originate from Shore Drive. During the design phase, RK&K will coordinate with Dominion Energy and 

provide Dominion Energy with a load letter.  

 

Construction Cost Estimate 
A detailed construction cost estimate for the alternatives can be found in Appendix B. 

Table 2: Construction Cost Estimate 

Alternative Construction Cost Estimate 

Alternative One – Purchase $1,001,000 

Alternative One – Rental $865,000 / year 

Alternative Two $164,000 

Alternative Three $106,000 

Alternative Four $103,000 

 

Recommendation  
Alternative 4, which includes a seasonal operating strategy and two sets of controls for the existing weir 

gates, is the recommended alternative for weir gate modification. This alternative maintains the lake 

levels as desired and is the most cost effective of the four alternatives examined. Following the final 

recommendation, RK&K will work with the City of Virginia Beach to determine the next steps.  
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Weir Gate Alternative Analysis 

Hurricane Matthew Storm Event Results

Location Name
Rim Elevation 

/ Top of Bank

Existing 

Conditions
Alternative 1 Alternative 2 Alternative 3 Alternative 4

Starting WSE - Chubb 

Lake / Lake Bradford

31999-023

31999-006
- 4.06 3.19 4.06 4.06 3

Chubb Lake 31999-023 5.50 6.05 5.70 6.03 6.03 5.59

Lake Bradford 31999-006 7.50 6.06 5.70 6.03 6.03 5.59

31999-050 10.00 6.03 5.67 6.00 6.00 5.56

31999-051 10.00 6.03 5.67 6.00 6.00 5.56

31999-007 9.50 6.02 5.67 6.00 6.00 5.56

31999-008 9.50 5.92 5.58 5.89 5.89 5.48

31999-009 9.50 5.92 5.58 5.89 5.89 5.48

31999-010 9.50 5.82 5.50 5.80 5.80 5.4

31999-052 10.00 5.70 5.38 5.68 5.68 5.29

31999-011 10.00 5.62 5.33 5.60 5.60 5.22

31999-012 10.00 5.54 5.34 5.52 5.52 5.17

31999-053 10.00 5.47 5.33 5.45 5.45 5.12

31999-054 10.00 5.45 5.33 5.42 5.42 5.1

31999-013 10.00 5.41 5.31 5.39 5.39 5.08

31999-014 10.00 5.36 5.26 5.34 5.34 5.06

31999-055 7.50 5.31 5.19 5.29 5.29 5.02

31999-056 8.00 5.24 5.09 5.23 5.23 4.98

31160-006 7.35 5.22 5.05 5.20 5.20 4.97

31160-006w 7.35 5.18 4.99 5.16 5.16 4.96

31160-004 7.00 5.15 4.97 5.14 5.14 4.95

31160-126B 4.00 5.14 4.96 5.13 5.13 4.94

31160-124B 4.00 5.14 4.96 5.13 5.13 4.93

31160-122B 4.00 5.13 4.95 5.12 5.12 4.92

31160-120B 4.00 5.13 4.95 5.11 5.11 4.92

31160-118B 6.00 5.09 4.91 5.07 5.07 4.89

31160-116B 8.00 5.03 4.86 5.01 5.01 4.84

31999-021 6.00 5.02 4.86 5.01 5.01 4.83

31999-022 6.00 5.01 4.85 5.00 5.00 4.83

31160-014 6.00 6.26 6.17 6.26 6.26 6.18

31380-000 8.00 6.27 6.17 6.26 6.26 6.18

31999-001 8.00 6.28 6.18 6.27 6.27 6.2

31999-721 8.00 6.29 6.19 6.28 6.28 6.21

31340-100 6.00 5.08 4.96 5.07 5.07 5

31340-002B 5.00 5.09 4.98 5.09 5.09 5.02

Lauderdale /Bayview 

Avenue
31240-003 8.00 6.05 5.70 6.03 6.03 5.59

31010-302 6.39 6.06 5.71 6.03 6.03 5.71

31010-300 7.80 7.72 7.72 7.72 7.72 7.73

31732-014A 10.00 9.60 9.60 9.60 9.60 9.61

31010-306 6.69 6.44 6.46 6.44 6.44 6.51

31731-008 6.01 6.80 6.81 6.79 6.79 6.84

31731-010 5.80 7.34 7.35 7.34 7.34 7.36

31530-000 7.07 6.08 5.97 6.05 6.05 5.97

31540-010 7.02 8.85 8.85 8.85 8.85 8.85

31530-002 8.61 7.79 7.76 7.79 7.79 7.76

31530-006 8.71 8.96 8.96 8.96 8.96 8.94

31530-012 6.38 9.75 9.75 9.75 9.75 9.75

31550-018 8.40 9.31 9.30 9.31 9.31 9.3

31999-100 7.10 9.76 9.76 9.76 9.76 9.76

Lake Pleasure House 31999-041 6.00 5.73 5.73 5.73 5.73 5.73

Bradford Pond 31736-044 12.00 10.61 10.61 10.61 10.61 10.61

Church Point BMP 31570-040 14.30 18.28 18.28 18.28 18.28 18.28

Alternative HGL > Existing HGL

Alternative Analysis - 10-Year Storm Event

Shore Drive Crossing / 

South Oliver Ditch

Alternative HGL < Existing HGL

Existing HGL > Rim Elevation / Top of Bank

Outfall Channel - 

Upstream of Weir 

Gates

Outfall Channel - 

Downstream of Weir 

Gates

Lake Shores 

Neighborhood

Hollis Road Outfall

Pleasure House Road 

Crossing



Weir Gate Alternative Analysis 

Hurricane Matthew Storm Event Results

Location Name

Rim 

Elevation / 

Top of Bank

Existing 

Conditions
Alternative 1 Alternative 2 

Alternative 2 

Pre-Storm 

Drawdown

Alternative 3

Alternative 3 

Pre-Storm 

Drawdown

Alternative 4

Starting WSE - Chubb 

Lake / Lake Bradford

31999-023

31999-006
- 4.06 3.19 4.06 3.68 4.06 3.68 3

Chubb Lake 31999-023 5.50 7.67 7.42 7.65 7.57 7.66 7.58 7.41

Lake Bradford 31999-006 7.50 7.67 7.42 7.65 7.57 7.66 7.58 7.41

31999-050 10.00 7.65 7.41 7.64 7.56 7.65 7.56 7.39

31999-051 10.00 7.65 7.41 7.64 7.55 7.64 7.56 7.39

31999-007 9.50 7.65 7.41 7.64 7.55 7.64 7.56 7.39

31999-008 9.50 7.48 7.25 7.47 7.39 7.47 7.39 7.24

31999-009 9.50 7.48 7.25 7.46 7.39 7.47 7.39 7.23

31999-010 9.50 7.36 7.11 7.31 7.24 7.32 7.27 7.1

31999-052 10.00 7.32 7.04 7.25 7.18 7.26 7.23 7.04

31999-011 10.00 7.28 7.02 7.21 7.14 7.22 7.19 7.01

31999-012 10.00 7.13 6.95 7.11 7.04 7.12 7.05 6.94

31999-053 10.00 7.10 6.93 7.10 7.02 7.11 7.04 6.92

31999-054 10.00 7.10 6.93 7.10 7.01 7.10 7.02 6.91

31999-013 10.00 7.09 6.91 7.09 7.00 7.09 7.01 6.9

31999-014 10.00 7.07 6.87 7.04 6.96 7.04 6.99 6.85

31999-055 7.50 7.01 6.85 7.02 6.94 7.03 6.93 6.84

31999-056 8.00 6.99 6.83 7.00 6.94 7.01 6.91 6.82

31160-006 7.35 6.98 6.82 7.00 7.01 7.00 6.90 6.81

31160-006w 7.35 6.93 6.78 6.94 6.90 6.94 6.86 6.77

31160-004 7.00 6.89 6.75 6.89 6.83 6.90 6.83 6.74

31160-126B 4.00 6.88 6.75 6.89 6.83 6.89 6.82 6.74

31160-124B 4.00 6.88 6.75 6.89 6.82 6.89 6.82 6.74

31160-122B 4.00 6.88 6.75 6.88 6.82 6.89 6.82 6.73

31160-120B 4.00 6.88 6.74 6.88 6.82 6.89 6.81 6.73

31160-118B 6.00 6.85 6.72 6.85 6.79 6.86 6.79 6.71

31160-116B 8.00 6.76 6.65 6.76 6.71 6.77 6.71 6.64

31999-021 6.00 6.76 6.65 6.76 6.71 6.76 6.71 6.64

31999-022 6.00 6.75 6.65 6.76 6.71 6.76 6.71 6.64

31160-014 6.00 7.17 7.15 7.17 7.15 7.17 7.16 7.15

31380-000 8.00 7.20 7.19 7.20 7.19 7.20 7.19 7.18

31999-001 8.00 7.32 7.30 7.32 7.30 7.32 7.30 7.29

31999-721 8.00 7.40 7.37 7.40 7.39 7.40 7.39 7.37

31340-100 6.00 7.09 7.02 7.08 7.05 7.09 7.05 7.02

31340-002B 5.00 7.09 7.03 7.09 7.05 7.09 7.05 7.02

Lauderdale /Bayview 

Avenue
31240-003 8.00 7.67 7.42 7.65

7.57
7.66

7.58
7.41

31010-302 6.39 7.67 7.43 7.66 7.57 7.66 7.58 7.41

31010-300 7.80 7.94 7.91 7.94 7.93 7.94 7.93 7.9

31732-014A 10.00 10.41 10.41 10.41 10.41 10.41 10.41 10.41

31010-306 6.69 7.67 7.41 7.66 7.60 7.69 7.60 7.44

31731-008 6.01 7.69 7.45 7.67 7.57 7.66 7.59 7.45

31731-010 5.80 7.68 7.58 7.66 7.58 7.67 7.58 7.58

31530-000 7.07 7.67 7.43 7.66 7.57 7.66 7.58 7.41

31540-010 7.02 9.34 9.34 9.34 9.34 9.34 9.34 9.34

31530-002 8.61 8.48 8.48 8.48 8.47 8.48 8.48 8.47

31530-006 8.71 9.41 9.42 9.41 9.39 9.41 9.40 9.41

31530-012 6.38 10.02 10.01 10.02 10.01 10.02 10.01 10.01

31550-018 8.40 9.78 9.77 9.78 9.78 9.78 9.78 9.77

31999-100 7.10 10.04 10.04 10.04 10.04 10.04 10.04 10.04

Lake Pleasure House 31999-041 6.00 6.43 6.43 6.43 6.43 6.43 6.43 6.43

Bradford Pond 31736-044 12.00 12.22 12.22 12.22 12.22 12.22 12.22 12.22

Church Point BMP 31570-040 14.30 19.59 19.59 19.59 19.59 19.59 19.59 19.59

Alternative HGL > Existing HGL

Alternative Analysis - 100-Year Storm Event

Shore Drive Crossing / 

South Oliver Ditch

Alternative HGL < Existing HGL

Existing HGL > Rim Elevation / Top of Bank

Outfall Channel - 

Upstream of Weir 

Gates

Outfall Channel - 

Downstream of Weir 

Gates

Lake Shores 

Neighborhood

Hollis Road Outfall

Pleasure House Road 

Crossing



Weir Gate Alternative Analysis 

Hurricane Matthew Storm Event Results

Location Name

Rim 

Elevation / 

Top of Bank

Existing 

Conditions
Alternative 1 Alternative 2

Alternative 2 

Pre-Storm 

Drawdown

Alternative 3

Alternative 3 

Pre-Storm 

Drawdown

Alternative 4

Starting WSE - Chubb 

Lake / Lake Bradford

31999-023

31999-006
- 4.06 3.19 4.06 3.68 4.06 3.68 3

Chubb Lake 31999-023 5.50 7.17 7.13 7.17 7.12 7.17 7.12 7.02

Lake Bradford 31999-006 7.50 7.18 7.13 7.17 7.12 7.17 7.12 7.02

31999-050 10.00 7.15 7.11 7.15 7.10 7.15 7.10 6.99

31999-051 10.00 7.15 7.11 7.15 7.10 7.15 7.10 6.99

31999-007 9.50 7.15 7.11 7.15 7.10 7.15 7.10 6.99

31999-008 9.50 6.97 6.93 6.97 6.92 6.97 6.92 6.81

31999-009 9.50 6.97 6.93 6.97 6.92 6.97 6.92 6.81

31999-010 9.50 6.79 6.75 6.79 6.74 6.79 6.74 6.64

31999-052 10.00 6.67 6.62 6.67 6.62 6.67 6.62 6.51

31999-011 10.00 6.59 6.54 6.58 6.53 6.58 6.53 6.43

31999-012 10.00 6.38 6.34 6.38 6.34 6.38 6.34 6.24

31999-053 10.00 6.29 6.25 6.29 6.25 6.29 6.25 6.15

31999-054 10.00 6.27 6.22 6.26 6.22 6.26 6.22 6.12

31999-013 10.00 6.22 6.17 6.21 6.17 6.21 6.17 6.07

31999-014 10.00 6.07 6.03 6.07 6.03 6.07 6.03 5.95

31999-055 7.50 5.99 5.94 5.99 5.94 5.99 5.94 5.87

31999-056 8.00 5.89 5.85 5.89 5.85 5.89 5.85 5.77

31160-006 7.35 5.84 5.80 5.84 5.80 5.84 5.80 5.72

31160-006w 7.35 5.74 5.70 5.74 5.70 5.74 5.70 5.63

31160-004 7.00 5.67 5.63 5.67 5.63 5.67 5.63 5.56

31160-126B 4.00 5.67 5.62 5.66 5.63 5.66 5.63 5.55

31160-124B 4.00 5.66 5.62 5.66 5.62 5.66 5.62 5.55

31160-122B 4.00 5.66 5.61 5.65 5.62 5.65 5.62 5.54

31160-120B 4.00 5.65 5.61 5.65 5.61 5.65 5.61 5.54

31160-118B 6.00 5.61 5.57 5.61 5.57 5.61 5.57 5.5

31160-116B 8.00 5.53 5.49 5.53 5.49 5.53 5.49 5.42

31999-021 6.00 5.52 5.48 5.52 5.48 5.52 5.48 5.41

31999-022 6.00 5.52 5.48 5.52 5.48 5.52 5.48 5.41

31160-014 6.00 6.10 6.05 6.10 6.06 6.10 6.06 6

31380-000 8.00 6.10 6.05 6.10 6.06 6.10 6.06 6

31999-001 8.00 6.11 6.06 6.10 6.07 6.10 6.07 6

31999-721 8.00 6.11 6.06 6.11 6.07 6.11 6.07 6.01

31340-100 6.00 5.53 5.49 5.53 5.49 5.53 5.49 5.42

31340-002B 5.00 5.53 5.49 5.53 5.49 5.53 5.49 5.42

Lauderdale /Bayview 

Avenue
31240-003 8.00 7.17 7.13 7.17

7.12
7.17

7.12
7.02

31010-302 6.39 7.18 7.14 7.18 7.13 7.18 7.13 7.02

31010-300 7.80 7.79 7.78 7.79 7.78 7.79 7.78 7.75

31732-014A 10.00 9.16 9.15 9.16 9.15 9.16 9.15 9.14

31010-306 6.69 7.32 7.30 7.32 7.29 7.32 7.28 7.22

31731-008 6.01 7.37 7.35 7.37 7.35 7.38 7.35 7.28

31731-010 5.80 7.46 7.45 7.46 7.44 7.46 7.45 7.41

31530-000 7.07 7.22 7.17 7.22 7.16 7.22 7.17 7.05

31540-010 7.02 8.96 8.95 8.96 8.95 8.96 8.95 8.95

31530-002 8.61 8.28 8.25 8.28 8.24 8.28 8.24 8.15

31530-006 8.71 9.12 9.11 9.12 9.09 9.12 9.10 9.07

31530-012 6.38 9.81 9.81 9.81 9.81 9.81 9.81 9.81

31550-018 8.40 9.37 9.37 9.37 9.37 9.37 9.37 9.37

31999-100 7.10 9.82 9.82 9.82 9.82 9.82 9.82 9.82

Lake Pleasure House 31999-041 6.00 6.84 6.84 6.84 6.84 6.84 6.84 6.84

Bradford Pond 31736-044 12.00 12.32 12.32 12.32 12.32 12.32 12.32 12.32

Church Point BMP 31570-040 14.30 18.03 18.03 18.03 18.03 18.03 18.03 18.03

Alternative HGL > Existing HGL

Alternative Analysis - Hurricane Matthew Storm Event

Shore Drive Crossing 

/ South Oliver Ditch

Alternative HGL < Existing HGL

Existing HGL > Rim Elevation / Top of Bank

Outfall Channel - 

Upstream of Weir 

Gates

Outfall Channel - 

Downstream of Weir 

Gates

Lake Shores 

Neighborhood

Hollis Road Outfall

Pleasure House Road 

Crossing
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APPENDIX B: 

CONSTRUCTION COST 

ESTIMATE 



ITEM ITEM DESCRIPTION QUANTITY UNIT UNIT TOTAL

NO. COST COST

1 Mobilization 1 LS $56,947.88 $56,947.88

2 Dri-Prime Pump Purchase* 1 EA $692,638.46 $692,638.46

3 Outfall Protection 1 LS $20,000.00 $20,000.00

SUBTOTAL $769,586.34

30% CONTINGENCY $230,875.90

TOTAL ESTIMATE $1,001,000.00

ITEM ITEM DESCRIPTION QUANTITY UNIT UNIT TOTAL

NO. COST COST

1 Mobilization 1 LS $49,649.61 $49,649.61

2 Dri-Prime Pump Rental (per year)* 12 Mo $49,610.68 $595,328.16

3 Outfall Protection 1 LS $20,000.00 $20,000.00

SUBTOTAL $664,977.77

30% CONTINGENCY $199,493.33

TOTAL ESTIMATE $865,000.00

TOTAL ESTIMATE FOR A THREE YEAR RENTAL $2,412,853.22

*Cost includes delivery charges and estimated required piping.

Note: Necessary property acquisition, permitting, or private utility relocations/installation are not included in this estimate.
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ENGINEER'S ESTIMATE - ALTERNATIVE 1
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ITEM ITEM DESCRIPTION QUANTITY UNIT UNIT TOTAL

NO. COST COST

1 Mobilization 1 LS $5,450.00 $5,450.00

2 Weir Gate Modifications* 2 EA $20,000.00 $40,000.00

3 Submersible Level Transducer 1 EA $2,500.00 $2,500.00

4 Weir Gate Control Panel 1 LS $72,000.00 $72,000.00

5 SCADA Programming 1 LS $6,000.00 $6,000.00

SUBTOTAL $125,950.00

30% CONTINGENCY $37,785.00

TOTAL ESTIMATE $164,000.00

*Weir gate modifications consist of work associated with welding additional plates to the top of the weir gates.

Note: The installation of Dominion power service and any necessary property acquisition are not included in this estimate.

WEIR GATE ANALYSIS

ENGINEER'S ESTIMATE - ALTERNATIVE 2
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ITEM ITEM DESCRIPTION QUANTITY UNIT UNIT TOTAL

NO. COST COST

1 Mobilization 1 LS $600.00 $600.00

2 Submersible Level Transducer 1 EA $2,500.00 $2,500.00

3 Weir Gate Control Panel 1 LS $72,000.00 $72,000.00

4 SCADA Programming 1 LS $6,000.00 $6,000.00

SUBTOTAL $81,100.00

30% CONTINGENCY $24,330.00

TOTAL ESTIMATE $106,000.00

Note: The installation of Dominion power service and any necessary property acquisition are not included in this estimate.
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ITEM ITEM DESCRIPTION QUANTITY UNIT UNIT TOTAL

NO. COST COST

1 Mobilization 1 LS $600.00 $600.00

2 Weir Gate Control Panel 1 LS $72,000.00 $72,000.00

3 SCADA Programming 1 LS $6,000.00 $6,000.00

SUBTOTAL $78,600.00

30% CONTINGENCY $23,580.00

TOTAL ESTIMATE $103,000.00

Note: The installation of Dominion power service and any necessary property acquisition are not included in this estimate.

WEIR GATE ANALYSIS

ENGINEER'S ESTIMATE - ALTERNATIVE 4

AUGUST 2021
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