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Flood Mitigation Benefits

Based on preliminary estimates, optimization of BCGC will provide the capacity to capture 
and store approximately 320 acre-feet of the required 433 acre-feet of storage volume for 
flood mitigation in The Lakes and Princess Anne Plaza area as proposed by the Princess Anne 
Plaza and The Lakes Neighborhoods Stormwater Management System Flood Mitigation 
Plan (CDM Smith, April 2018) (TL-PAP Mitigation Plan).   The BCGC is a perfect location for 
creation of storage in Princess Anne Plaza as it is one of the only non-residentially developed 
parcels located in one of the most low-lying flood prone areas.  The adjacent neighborhoods 
(consisting of an upstream area of approximately 680 acres) naturally drain to Bow Creek 
on the golf course.   Additionally, BCGC is owned by the City, which provides a significant 
cost savings in land acquisition alone.  The ability to provide the bulk of the recommended 
storage will allow the City to save on the acquisition of additional properties to achieve the 
needed volume.  The storage provided by the conversion of the BCGC will minimize the 
flooding experienced by the low-lying TL-PAP area and reduce the financial burdens resulting 
from impacted properties and structures.

“The park holds the potential 
to serve as a breathing park, 
dynamically changing with the tides 
and floods, while breathing life into 
the surrounding neighborhood”

-PJ Scully, VA Beach Planning - 
Chesapeake Bay Preservation Area 
& Southern Rivers Watershed Team 
Planning Evaluation Coordinator

Executive Summary
The City of Virginia Beach is currently challenged to 
mitigate flooding impacts to low lying developed 
areas in The Lakes and Princess Anne Plaza (TL-
PAP).  Michael Baker International (Michael Baker) 
has worked closely with the City of Virginia Beach 
(City) to develop a plan that explores optimization 
of the approximately 121-acre, City-owned Bow 
Creek Golf Course (BCGC) for flood mitigation.  
The vision for the project is to convert the land 
use from a golf course to a multi-faceted facility 
that will provide significant stormwater storage 
to mitigate flooding and restore natural systems 
while providing active and passive recreational 
opportunities.  Optimization of this site has the 
potential to gain significant exposure and is 
expected to realize increased visitation from the 
residents of Virginia Beach and visitors alike.  
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Sensitivity modeling was performed for the BCGC conversion using the hydrologic and 
hydraulic model developed for the TL-PAP Mitigation Plan.  The sensitivity modeling was 
used to predict the flood mitigation benefits resulting from the proposed conversion.  
Construction sequencing was divided into three sections for this modeling.  Section I was 
excavated storage on the eastern portion of BCGC.  Section II was excavated storage on 
the western portion of BCGC.  Section III was elevated storage. This model yielded that 
conversion of the BCGC has the greatest impact on reducing the predicted structure flooding 
with an overall reduction of approximately 50%.  The conversion has less impact on roadway 
flooding, approximately 20%.   

See the Construction Section for more information on site development.  

Water Quality Benefits

Bow Creek currently bisects the Bow Creek Golf Course and receives stormwater runoff 
from a 680 acre drainage basin surrounding the site.  Bow Creek has direct hydrologic 
connectivity to the Eastern Branch of the Lynnhaven Bay via London Bridge Creek, a tributary 
of Lynnhaven River Eastern Branch, and is influenced by tidal events.  Currently, in addition 
to receiving untreated stormwater from the surrounding road network and developed areas, 
Bow Creek also receives direct runoff from within the golf course itself.  

The conversion of the golf course into the Bow Creek Stormwater Park Facility will be 
comprised of storage containing permanent pools of water, floodplain and upland storage 
that has the potential to provide substantial stormwater management quantity and quality 
credits. In addition to flood mitigation, the channel expansion and definition of vertical zones 
will provide stormwater treatment and improve water quality by helping to remove excess 
nutrients, sediment and other contaminants before entering the Lynnhaven River.  A detailed 
analysis to further quantify these benefits will be performed as part of a future task.   

Recreational Benefits

Based on studies conducted by The Trust for Public Land, people living within a 10-minute 
walk or half a mile radius are willing to use neighborhood parks. There are approximately 
4,000 residential parcels within a ½ mile radius of the site. Based on preliminary calculations, 
it is estimated that over 8,000 residents, assuming 2 per residence, will have access for 
recreational purposes.  Once converted, the Bow Creek Facility will provide an array of 
recreational benefits and opportunities, including approximately 3 miles of greenway, natural 
surface nature trails, a long-range overlook, a multi-purpose field, wildlife viewing platforms, 
interpretive signage, a skate plaza, a 2.5 miles mountain bike flow trail system (potentially 
with a pump track), 5 outdoor pickleball courts, and 2 outdoor sand volleyball courts.  Bow 
Creek Golf Course is currently a “pay to play” facility and utilized by a small portion of the 
general public. Optimization of this course will provide public access to over 100 acres in the 
center of the City. It should be noted that the Bow Creek site is approximately two-thirds the 
size of Mount Trashmore Park site, which is another City-owned signature park facility.  
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Ecological Benefits 

The Bow Creek Stormwater Park Facility will have three primary zones including a main 
channel (permanent pool and tidally influenced inundation), floodplain benches, and 
uplands (comprised of both upland forests, and meadows). These zones will help create a 
diverse ecosystem, allowing for a wide variety of habitats for numerous animals including 
migratory birds, waterfowl, reptiles, amphibians, crustaceans, fish, and aquatic mammals. 

In addition, the conversion of the BCGC will greatly increase open water and potential 
wetland areas on the site.  Currently on the BCGC,  Bow Creek and Northgate Ditch both 
add up to approximately 5,850 total linear feet with an average top of bank width of 10 feet.  
This is an open water surface area, at EL 0.0 feet NAVD88, of approximately 58,500 square 
feet with a wetland length of 11,700 linear feet.  After completion, the open water surface 
area will be approximately 1,382,725 square feet, a 2,365% increase.  The length of wetland 
shore line at EL 0.0 feet NAVD88 will be approximately 14,895 linear feet, an increase of 
approximately 127%.  

The Bow Creek Stormwater Park Facility will be an extremely valuable asset for flood 
mitigation, nature-based recreation, and education. 

In this report, Michael Baker has documented the results of a collaborative interdisciplinary 
effort that has led to the generation of conceptual plans and findings to optimize the Bow 
Creek Golf Course.  
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Figure 1:Windsor Woods, The Lakes, and Princess Anne Plaza Watersheds

History and Context 
The Bow Creek Golf Course began its life in the late 1950s as the private Bow Creek Family 
Golf Course in association with the Bow Creek Family Motel as a destination golf site.  The 
City of Virginia Beach bought the property in the early 1970s and converted the golf course 
into a municipal course and utilized the motel site to construct the original Bow Creek 
Municipal Recreation Center.  In December 2013 the City closed the original recreation 
center to construct the existing facility in its place, which was opened on March 21, 2015.
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The Lakes, Princess Anne Plaza and Windsor 
Woods areas consist mostly of residential 
neighborhoods with some commercial 
development along the perimeter.  The Lakes 
and Princess Anne Plaza (TL-PAP) project area 
is located in the center of the City bounded 
by Rosemont Road on the west, Lynnhaven 
Parkway to the east, I-264 to the north and 
Holland Road to the south (see Figures 1, 
2, and 3).  Over the years, the areas have 
experienced flooding due to a combination 
of low-lying geography, tidal influences and 
undersized, or non-existent, stormwater 
collection networks.  After Hurricane 
Matthew, the City authorized a hydraulic 
study, Princess Anne Plaza and The Lakes 
Neighborhoods Stormwater Management 
System Flood Mitigation Plan (CDM Smith, 
April 2018) (TL-PAP Mitigation Plan), to 
identify and recommend improvements 
to the project area to mitigate flooding.  
Records indicate approximately 800 residents 
in the project area experienced various 
levels of damage and many streets were 
impassable after Hurricane Matthew.  The 
findings from the TL-PAP Mitigation Plan 
showed there was no “one” solution for the 
flooding problems and mitigation would 
require a complex combination of solutions 
including additional storage as the existing 
storage was inadequate.

Figure 2:Effluent drainage patterns from WW-TL-PAP watersheds

Figure 3:The Lakes and Princess Anne Plaza watersheds
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Figure 4:Area of land that drains into Bow Creek

More specifically, Bow Creek receives runoff from approximately 680 acres (see Figure 4).  
Based on the United States Geological Survey (USGS) StreamStats website, the drainage 
basin is 99% developed.  Approximately 32% of the basin is impervious surfaces (i.e., roads, 
sidewalks, buildings, etc.).  Approximately 0.5% of the basin is wetlands and 0.2% is open 
water surfaces are limited to Bow Creek and Northgate Ditch. The remainder of the drainage 
basin consists or pervious area, primarily grassed areas (i.e., lawns, golf course, and parks).

Some of the solutions identified in the TL-PAP Mitigation Plan included the construction of 
gates/barriers to block incoming tides, construction of stormwater pump stations, additional 
lake storage capacity, additional retention/storage areas, and to improve existing and install 
new stormwater drainage networks. As previously noted, no single solution was identified 
that could address the flooding; a combination of the elements must be utilized to achieve 
the desired flood mitigation (Figure 5).
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Figure 5:Graphic reflecting necessary elements to achieve successful flood 
mitigation

D    
 R    

 A    
 F 

    
T



14

BOW CREEK GREENWAY OPTIMIZATION - FINAL REPORT

Storage Requirements
Volume Requirement

A key recommendation of the TL-PAP Mitigation Plans was the creation of additional 433 
ac-ft of stormwater storage in the London Bridge Creek drainage basin. The example below 
attempts to convey the magnitude of this volume of water by equating it to a known point of 
reference within the City.

The image above reflects the First Colonial High School Field.  The existing field measures 
200 feet wide by 350 feet long for a total of approximately 70,000 square feet. Utilizing 
this square footage, it would take over 270 fields at 1 foot depth of water, or 67 fields 
(illustrated) with 4 feet depth of water to achieve the required storage to mitigate the 
flooding.
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Site Selection

Multiple options were investigated to create the additional storage including:

• In-Basin Storage (i.e., within the project drainage area);
• Out-of-Basin Storage (i.e., outside the project drainage area);
• Underground Storage;
• Ground-level Storage; 
• Elevated Storage; and 
• Property Acquisition.

From these options, In-Basin Storage, either ground-level or elevated storage, were 
determined to be the most viable.  Out-of-Basin storage required additional pump stations 
and large diameter force mains to transport runoff.  Additionally, available sites of sufficient 
size outside the drainage basin would require acquisition of privately owned parcels.  This 
greatly increased the project cost.  Installation of underground storage facilities greatly 
increased project costs due to the required dewatering, containment structures, and an 
estimated number of properties that would need to be acquired.  

The task of creating 433 acre-feet of storage volume in the TL-PAP drainage basin is 
complicated by the densely populated project area which is essentially “built-out”.   Fourteen 
candidate sites were evaluated for additional storage for TL-PAP project area.  The candidate 
sites included both In-Basin and Out-of-Basin sites.  For a complete evaluation of the 
additional storage candidate sites see Chapter 11 of the Preliminary Engineering Report (TL-
PAP PER).

Investigation showed (See the TL-PAP Drainage Improvements PER) the most feasible, 
economical and practical option for creating additional storage is to use the existing publicly 
owned property within the project area.  Based on the evaluation, three City-owned sites 
were identified for potential storage development:

• Bow Creek Golf Course;
• Plaza Northgate Park; and 
• Oak Spring Park.

Two large undeveloped parcels of land (i.e., the Bow Creek Golf Course and Plaza Northgate 
Park) are located within the TL-PAP project area.  Both are centrally located in the most 
severe flooding area which is ideal for the creation of storage.  An additional benefit is they 
are owned by the City, and if able to be utilized would reduce property acquisition, which 
reduces the overall cost and time to complete.

Oak Spring Park is located west of Holland Road in the Chimney Hill area.  This area is higher 
and less prone to flooding.  However, the site is hydraulically connected to The Lakes.  The 
BCGC is the largest of the three parcels and provides the greatest opportunity to create 
storage and recreational amenities for the public.   However, it should be noted, none of the 
sites alone is sufficient to create the recommended storage.  Therefore, multiple sites are 
required to achieve the required storage volume, as recommended by the TL-PAP Mitigation 
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Plan.  Due to the substantial volume needed, the storage obtained at the golf course directly 
correlates with the number of additional sites required. 

The Bow Creek Stormwater Park Facility can provide a substantial portion of the needed 
storage volume and is essential for flood mitigation in The Lakes and Princess Anne 
Plaza.   Additionally, due to its size, in addition to supporting flood mitigation, the site can 
accommodate a myriad of recreational amenities and stormwater treatment to achieve 
water quality improvements.  Furthermore, when considering its connectivity to surrounding 
natural areas, the site has the potential to function as a highly diversified natural system 
providing ecological uplift (i.e., improves ecosystem health), enhancing environmental 
resources, and when combined with London Bridge Creek and other interconnected 
waterways, becomes part of corridors for migratory wildlife.  Combined, these cumulative 
benefits will provide an overall positive impact to the City. 
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Figure 6:Concept plan generated by VA Beach’s Planning Design and Development Division of the Parks and Recreation Department

Concept Development
The conceptual design process for the Bow Creek Optimization began in August 2018. 
Initially, a kickoff meeting was held to introduce the project, familiarize City of Virginia 
Beach interdepartmental stakeholders with the proposed scope of the project, and to 
gain invaluable insight into the site’s history and previous considerations of use of the site.  
Concepts generated by the Department of Parks and Recreation were referenced to gain an 
understanding of past efforts to re-envision the course’s use (Figure 6). Utilizing information 
gained from this meeting, Michael Baker compiled Virginia Beach reports, policies, 
guidelines, and ordinances for reference during the design process.  
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Several case studies were referenced and shared during this process.  These case studies reflected use of parks 
that have successfully integrated stormwater detention and flood mitigation with recreational use and to offer an 
understanding of the desired character of the site.  

Image of Chicago Botanical Gardens, reflecting bermed landforms for 
visual interest and “exploratory play” (ASLA 2018)

Hudson Long Dock reflecting use of trails within varying landforms

Rendering of Dallas’ Trinity River Park illustrating normal flow Rendering of Dallas’ Trinity River Park illustrating flood condition

Hunters Point overlook reflects use of land forms to accommodate a 
cantilever overlook, similar in function (not necessarily in form or scale) to 
what is being proposed to Bow Creek (Architectural Digest, June 28, 2018 
Tatham).

Aerial view of the cantilever overlook at Hunters Point.
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Site Inventory and Analysis

Prior to generation of any concepts for the Bow Creek Golf Course, an inventory and analysis 
of the site was conducted to gain familiarity with topography, site access, vegetation 
(including specimen), hydrology, structures, and to confirm the general “lay of the land”.  
Base mapping, based on City GIS Data, was created to compile existing stormwater, water, 
sanitary, and other publicly available infrastructure data for the area.  This data was utilized 
for a mobile mapping effort during the field investigation to collect noteworthy waypoints 
and typical features throughout the site.  Photographs of waypoints were linked to the map 
for reference during the design (Figure 7).  It should be noted, the field investigation should 
not be construed as a certified survey, but rather an effort to capture visually apparent 
features that might influence the subsequent design process.

Figure 7:Bow Creek Golf Course inventory map reflecting points acquired
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Inventory Findings

Four existing access points in addition to the primary entrance 
to the Recreation Center were documented, which can be 
utilized for public access into the site from the surrounding 
neighborhoods.

As is typical with golf courses, varying topography for tee 
boxes, hazards, and greens exist throughout the site.  Excluding 
the driving range, where soil from past excavations has been 
stockpiled, elevations on the golf course range from 0-8 feet 
NAVD88.  The critical maximum flood storage elevation is EL 
4.75 feet NAVD88 which reflects an elevation slightly less than 
the existing grade in adjacent neighborhoods.  The lowest home 
elevation within immediate proximity of the course was EL 6 
feet NAVD88.   Views from the Recreation Center, and into the 
site from the adjacent neighborhood were documented for 
consideration of preservation and enhancement. 

Example of existing site access.

Specimen Oak View of existing access point (near Barcelona Ave.) 
and proximity of adjacent home (in background)

“Appropriate public access to 
natural area preserves
provide unique opportunities for 
outdoor recreation and
increases appreciation for Virginia’s 
rarest and most special
landscapes.” 

- 2013 Virginia Outdoors Plan, 
PAGE 9.11
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View toward Country Club Circle, potential construction access View of Bow Creek

View from course of home where possible buffer enhancement can occur

View from near the property boundary of Bow Creek Canal, a tributary 
to Bow Creek

Duckweed colony in existing Recreation Center detention pond
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Vegetation/Canopy Analysis

A vegetation analysis was conducted with consideration of potential preservation of intact 
canopies, and the potential need for mitigation of impacts.  Individual species were not 
documented, but stands, primarily pine/oak mix, are located along the perimeter of the 
property, and between fairways. Several specimen trees (based on health and size) were 
documented.  Vegetation along the perimeter of the site consists of sporadic stands of trees.  
This buffer is intended to be maintained (on 80 foot average), and will be enhanced for privacy. 

According to GIS analysis, Bow Creek Golf Course currently has approximately 34 acres of 
canopy (26%).  This percentage excludes approximately 11 acres for the Recreation Center.  
Based on citywide goals for canopy coverage of public facilities and parks, 60% is the 
recommended target canopy coverage for a park (Table 1). 

Existing stand of trees near the Bow Creek Golf Course pro shop.
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Table 1: Canopy Goals by Management Areas per VA Beach Urban Forestry Management Plan, January 2014
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Bow Creek Golf Course - Optimization Evaluation
Vegetation Analysis | December 10, 2018

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Existing Tree Canopy 34.45 131.55 26%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 22.28 131.55 17%

TOTAL 37.62 131.55 29%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 21.59 131.55 16%

TOTAL 36.93 131.55 28%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

17.30 131.55 13%
Proposed Trees 15.33 131.55 12%

TOTAL 32.63 131.55 25%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37%
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15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37%

Vegetation Analysis - Existing Conditions



FIN
A

L REPO
RT

25

Ecological Function

Restoration of Bow Creek will serve a critical need to re-establish the ecological function 
of the site, further promoting Virginia Beach’s Outdoors Plan (January 2016) to meet land 
conservation and outdoor recreation needs. As is typical with urbanized areas, the function 
of ecosystems decreases directly with increased density of anthropogenic activity.  As 
reflected in Figure 8, wetlands become less prevalent the further London Bridge Creek 
extends inland towards developed area.  

Figure 8: NWI map of existing wetlands
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At a high level, many key ecological considerations were factored during schematic and 
conceptual design. 

Some of the key ecological considerations included:

• Ecosystem Services - socially valued aspects or outputs of ecosystems dependent on 
self-regulating or managed ecosystem structures and processes

• Salt Marsh- Salt marshes are coastal wetlands that are flooded and drained by 
salt water brought in by the tides.  They provide essential food, refuge, or nursery 
habitat for more than 75 percent of fisheries species, including shrimp, blue crab, 
and many finfish. They reduce flooding by slowing and absorbing rainwater and 
protect water quality by filtering runoff, and by metabolizing excess nutrients. 
(NOAA, 2018)

• Inundation - relative to return rates
• Salinity - Current samples indicate a relatively low salinity.  This salinity will dictate 

plant materials to be implemented.
• Fetch - distance wind travels uninterrupted over the surface of water, the greater 

the fetch the more impact wind has on wave action, therefore it will be important 
to provide vegetated edges and design the larger bodies of water to limit fetch and 
wave action (see wave action below).

• Wave Action (hydrodynamics-see below) The most common method of addressing 
wave action is rip-rap which has no ecological benefit.  Some possible solutions 
include, meandering channels (funnels) leading to open waters, reduce contiguous 
open water, and buffer areas around open waters (which Virginia Beach currently 
promotes).

• Hydrodynamics - effect of fluids acting on a solid body, in this case, leading to bank 
erosion (figure 11).

• Vertical Zonation - directly contribute to habitat diversity =natural mosquito 
predator habitat.  The Bow Creek Stormwater Park Facility design has 3 primary 
vertical zonations including: 

 › The Primary Channel (varying in depth to include larger pools, but will handle 
typical tidal influences and some storage)

 › Floodplain Bench (consisting of low and high marshes) 
 › Uplands (marsh border-maritime climax forest).  

• These primary zones will also have transitional zones (Figures 9 and 10).
• Migration pathway/corridors - Corridors typically follow linear landscape features 

such as waterways and in-tact forests, but patches (such as Bow Creek) offer respite.
• Wetlands sustainability/persistence - Establishment of zones and success of plant 

material establishment increases the site’s ability to adjust with sea level rise.  

During detailed design, integration of these considerations will be further refined so that the 
proposed stream restoration efforts will improve the overall functional quality of Bow Creek. 
By addressing a stream’s functions, as defined by USACE, this allows for restoration efforts 
to offset the proposed permitted impacts to Bow Creek.  The April 2008  EPA Mitigation Rule 
(33 C.F.R. § 332/40 C.F.R. 230) encouraged the use of functional and condition assessments 
to determine the appropriate amount of compensatory mitigation needed to offset 
permitted impacts.
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Figure 9: Tidal freshwater marshes provide important habitat for a wide variety of bird species, and often are premier destinations for bird 
enthusiasts. (original: NPS 2016. Modified for use in this report) D    
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Figure 10: Cross section of vertical zonation

Figure 11: Example section of anticipated prominent planting palette on water’s edges. Source: The Economy of Nature, figure 16.12
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Figure 12:Preliminary planting palette considering inundation zones indicating examples of plant material options to be considered during plan 
refinement

Banking/Mitigation Opportunities

According the Virginia Department of Environmental Quality (VADEQ), compensatory 
mitigation is defined in the Virginia Water Protection Program regulation as the restoration, 
creation, enhancement, or in certain circumstances preservation of aquatic resources, or 
in certain circumstances an out-of-kind measure having a water quality, habitat, or other 
desirable benefit for the purposes of offsetting unavoidable adverse impacts to aquatic 
resources that remain after all appropriate and practicable avoidance and minimization has 
been achieved (9 VAC 25-210-10).  Compensatory mitigation may include: 

• Wetland creation, restoration, enhancement, and/or preservation;
• In-stream restoration, enhancement, or preservation (see the Unified Stream 

Methodology below);
• Riparian or Upland Buffer re-establishment, restoration, enhancement, and/or 

preservation adjacent to streams and wetlands;

VADEQ utilizes the Unified Stream Methodology (USM) to determine the number of stream 
mitigation credits potentially or actually available on a given mitigation site.  The following 
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stream mitigation credit ratios are presented in the USM for use on projects involving stream 
compensation, however more detailed site-specific information about the existing conditions 
of Bow Creek and proposed mitigation activities is necessary to fill out the USM Forms to 
determine the final number of mitigation credits needed to offset the proposed impacts

• Restoration = 1 credit per 1 linear foot
• Enhancement = 0.09 – 0.3 credits per 1 linear foot per stream bank
• Riparian Buffer Activities = 0 – 0.4 credits per linear foot

The proposed conversion of the BCGC to a stormwater management facility and park 
would be considered a stream enhancement with re-establishment of upland buffers. 
Approximately 5,850 linear feet of existing stream – Bow Creek and Northgate Ditch - will 
be realigned with enhanced banks, floodplain benches and upland zones.  The approximate 
existing length of stream bank on the BCGC site is 11,700 linear feet (5,850 x 2).  Most of this 
length is tidally influenced and capable of supporting wetlands.  The proposed design for 
the Bow Creek Stormwater Park Facility will have approximately 14,895 linear feet of stream 
bank to support wetlands, resulting in an increase of 127%.

Assuming an average width of Bow Creek and Northgate Ditch at EL 0.0 NAVD88, the 
BCGC has an open water surface area of approximately 1.35 acres.  Based on preliminary 
contouring, after conversion the open water surface, at the same elevation, will be 
approximately 31.7 acres, a 2,365% increase.  

It is anticipated the proposed improvements to Bow Creek will provide enough credits to 
offset the required mitigation for the impacts due to the stream realignment and potentially 
provide for a surplus allowing the City to offset other stream impacts associated City projects 
or TL-PAP mitigation projects.

Flood Mitigation Benefits

Sensitivity modeling was performed using the hydrologic and hydraulic model developed for 
the TL-PAP Mitigation Plan.  The sensitivity modeling was used to predict the flood mitigation 
benefits resulting from the proposed construction of the Bow Creek Stormwater Facility.  For 
the modeling the construction was divided into three sections.  Section I contained Cells 1, 
2  and 3 and was the excavated storage on the eastern portion of BCGC.  Section II contained 
Cells 4, 5 and 6 and was the excavated storage on the western portion of BCGC.  Section III 
was elevated storage in Cell 7.  Baseline values were established under existing conditions to 
model the predicted roadway and structure flooding without any improvements.  Sensitivity 
modeling for the Bow Creek Stormwater Facility was performed assuming the the tide gates 
are in place.  Without the tide gates in place, the incoming tide fills the available storage – 
meant for the stormwater detention and flood mitigation. See Appendix D: Sectioning Plans 
for diagrams of each construction stage.
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Table 2 shows the creation of additional storage by conversion of the BCGC has the greatest 
mitigation impact on predicted structure flooding with an overall reduction of approximately 
50% (approximately 300 structures).  The excavated storage, Phases I and II, have the 
greatest flood mitigation impact.  This is because the excavated storage makes up the bulk of 
the additional storage – 275 acre-feet.  

Modeling predicts the BCGC conversion will mitigate approximately 8,020 feet (1.5 miles) of 
roadway flooding.  This is an approximate 20% reduction from the baseline conditions (i.e., 
existing conditions without any storm pipe improvements).

Table 2: Bow Creek Golf Course Conversion Flood Mitigation Benefits
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Water Quality

In addition to flood mitigation, the channel expansion and improvements will provide 
stormwater treatment and improve water quality by removing excess nutrients, sediment 
and other contaminants before they enter the Lynnhaven River. The Bow Creek Channel 
expansion will offer three primary stream zones including main channel (permanent pool 
and tidally influenced inundation), floodplain benches, and uplands. The vegetation in 
these zones will be selected to handle fluctuating water levels allowing their roots to uptake 
pollutants. Microorganisms on plant stems those which persist in aerobic and anaerobic 
conditions in the soil will absorb and break down excess nutrients found in the runoff. 
These zones will help create a diverse ecosystem, allowing for a wide variety of habitats for 
numerous animals including migratory birds, waterfowl, reptiles, amphibians, crustaceans, 
fish, and aquatic mammals, making Bow Creek Stormwater Park Facility an asset for nature-
based recreation and education. 

Program Elements

Amenities, or program elements, are considered vital to the success of the project, providing 
recreational opportunities for visitors and residents. Determination of these program 
elements have evolved with the input of interdepartmental City of Virginia Beach staff, 
managers, and directors throughout the course of the project to determine those most 
appropriate for implementation at Bow Creek.    An extensive list of program elements 
were provided to staff, and an exercise was conducted to help rank them (see Table 3).  
Special attention was given to identify context appropriate amenities considering siting 
compatibility, recreational trends, and anticipated (and documented) need.  This site 
compatibility included both proximity between individual activities, and “zone compatibility” 
considering appropriate activities compatible with frequency and duration of the controlled 
flooding within the site. 
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Table 3: Results from amenity ranking by 7 staff from 
Planning, Parks and Recreation, and Public Works, providing 
a total of 21 maximum points for each item evaluated.  High 
priority being 21 - 14, Medium being 13 - 7, and Low being 
7 - 0.  

TI - Tidal Influence / Channel / Floodplain Storage

WM - Wetland / Marsh ; UM - Upland Meadows ; UP - Upland

Activity/Amenity/Program Element Zone Compatibility
Rankings 
Total 
points

Natural Surface Walking Trail UM, UP 20
Green/Open Space UM, UP 19
Greenway/Shared Use Path UP 19

Natural Surface Walking Trail (Earthen Berm) WM, UM, UP 19
Nature Trails/Education WM, UM, UP 18
Overlook(s) TI, WM, UM, UP 18
Blue Way Connectivity TI 16
Puncheon (rustic walking structure) WM, UM, UP 16
Boardwalk TI, WM, UM, UP 16
Multi‐Use Field UM, UP 16
Boating Access (kayak/canoe launch) WM, UM, UP 15
Birding Observation Areas TI, WM, UM, UP 15
Trailheads (SUP) UP 15
Stormwater Park UP 15
Outdoor Classroom UP 14
Canoe/Kayak Rental Facility UP 14
Picnic Shelters UP 14
Piers (fishing) TI, WM 14
Neighborhood Access Picnic Area UP 14
Deep Ponds TI 14
Restrooms UP 14
Neighborhood Trailhead Parking UP 13
Fitness Circuit UP 13
Mountain Bike Trail(s) UM, UP 13
Nature Center UM, UP 12
Volley Ball Courts UP 12
Disk Golf UP 12
Event venue UP 10
Golf Links (9 Hole) UP 10
Skate Spot UP 10
Community Gardens UP 9
Skate Park UM, UP 9

Additional Amenities Mentioned by Staff After 
Excercise
Pond features (aeration and aesthetics)
Bioretention
Mini Rapids in sream channel (kayak)
Deep Pond & Swimming Beach
Spray Pad

Bow Creek Optimization Evaluation
Program Element Ranking Sheet‐SORTED
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Figure 13:2017 VA Beach Parks and Recreation Needs Assessment Survey Report reflecting importance to service age groups

According to results of a 2017 random household survey of VA Beach residents; trails, large 
parks, and natural areas were identified among the highest needs (see Figure 13).  Based on 
a sum of the respondents’ top four choices, the three most important services for VA Beach 
Parks and Recreation to provide were: Large Parks and Parks facilities (49%), preserving open 
spaces (32%), and managing storm water run-off (31%).  Based on these results, the citizens of 
VA Beach want trails, and these findings perfectly align with the potential Bow Creek holds to 
achieve these goals.
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Example of a boardwalk over wetlands An observation deck attached to a boardwalk

Wildlife viewing blind Wildlife viewing blind

Certain program elements were also determined by the stakeholder 
group to be non-conducive for the site due to either spatial constraints, or 
anticipated demand:

• Court sports
• Baseball fields (per an ancillary spatial study)
• Formal artificial turf fields
• Formal amphitheater
• Disk golf (wet areas would deter accommodation of irregular 

walking patterns)-possibly on concept 3 in lieu of golf links.
• Concessions (unless future use warrants)-can explore temporary 

concessions (food trucks etc)
Program elements were compiled and shared with stakeholders throughout 
the project.  Below are some of the examples used to convey the general 
feel of these elements.

“Walking for pleasure is one of the 
highest ranked outdoor
Activities”

- 2011 Virginia Outdoors Demand 
Survey conducted by the Virginia 
Department of Conservation and 
Recreation.
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SUP Asphalt Natural trail surface

Natural trail surface Permeable concrete paving can be utilized in areas not intended to be 
inundated

Below are some examples of anticipated possible trail surfacing.
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Combination of elevated boardwalk feature and puncheon reflecting possible solutions for mountain bike trail in wet 
areas. Examples of pump tracks and structure elements are other options in drier conditions. 

Example of a puncheon

Example of a puncheon Example of a mountain bike structure

Example of a pump track
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Example of a pickleball court Example of a sand volleyball court

Example of a stormwater playground at Tamarack Nature Center Example of a stormwater playground in White Bear Township, MN
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Park Categorization

Within the City of Virginia Beach, amenities, level of service, and standards are determined 
by the park categories, helping maintain consistency throughout the system.  Eleven (11) 
primary park types are defined in the Virginia Beach Parks and Recreation Design Standards 
Manual (July 2016), which include Signature Parks, Metro Parks, Community Parks, 
Neighborhood Parks, Natural Area, Open Space Preservation Area, Special Use Park, Linear 
Park, Town Green, Eco-Garden, and Urban Plaza.  Because Bow Creek is a “hybrid”, not only 
mitigating flooding and treating stormwater, it also meets the definition and inclusion of 
elements of nearly every defined park type, it is recommended that it be considered as a 
new categorization of “Stormwater Park”.  

Anticipated Usage/Demand

Utilizing Trust for Public Land (TPL) methodology and data, Michael Baker has calculated 
approximately 4,000 residential parcels (Figure 14) are located within ½ mile of proposed 
access points for Bow Creek.  By assuming an average of two residents per household, 
approximately 8,000 residents live within this distance (see Figure 14).  Considering a 
median usage of 65% (per TPL) of these residents will regularly use the site, therefore, it is 
expected to serve approximately 5,000 users, solely based on proximity.

In addition, comparing existing usage of current amenities within the City of VA Beach, it 
is anticipated the Bow Creek Stormwater Park Facility will conservatively realize the below 
usage (per year):

• 3.1 mile trail system-20,000-40,000
• 2.9 mile mountain bike flow trail - 3,000
• Multi-purpose field - 16,000*
• Outdoor Pickleball courts (5) - 7,200**
• Outdoor Sand volleyball courts (2) - 1,500**

*based on 3 seasons of use

**based on 9 months of usage/weather D    
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Figure 14: Residential parcels by distance from Bow Creek site 

Parking

According to the Modernization of Bow Creek Recreation Center site plan dated January 28, 2013, the 
Recreation Center requires 124 spaces (based on 1 space per 500 sf.)  In addition, 90 spaces were designated 
for golf course use (based on 5 spaces per hole).  With the addition of accessible space, the Recreation Center 
currently has 217 parking spaces, 8 motorcycle spaces, and 26 bicycle spaces.  Of the 217, 90 of the vehicle 
spaces will become available for the Bow Creek Stormwater park upon the closure of the golf course.  See 
“Preliminary Vehicle Parking Demand Estimate” relative to Concept 4 in the following section.
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Economic Benefits

While analysis of return on investment was not in the scope 
of this study, based on nationwide statistics, it can logically 
be deduced achieving successful implementation of the 
proposed Bow Creek Facility, will provide economic benefits 
to the City of Virginia Beach related to tourism, property 
values, and tax revenue. 

In addition to providing stormwater storage to assist in 
mitigating flooding problems to homes (thereby improving 
home values), reducing flood insurance rates, and improving 
the overall viability of the area. According to the National 
Association of Realtors, 36% of homebuyers want walking 
and biking trails, 26% want parks and natural areas, and 21% 
want playgrounds (all ranking far higher than even daycare or 
golf courses).

Health Benefits  

Access to parklands is critical for health and well-being and can have a direct impact on health care costs. 
Research shows availability and access to open space and recreation areas strongly influences how active 
people are. Living close to parks and recreation facilities is consistently related to higher physical activity 
levels for both adults and youth. Adults under age 65 who are moderately active in parks experience 
approximately $350 in health savings per year, and this rises to $700 per year for individuals over 65. 
Providing access to the Bow Creek Stormwater Park Facility with trails and other recreational amenities 
will provide these types of health and health care costs benefits to the tens of thousands of users that will 
visit the site per year. 

Research shows for every $1 spent on building trails & walking paths, $3 is saved in medical expenses. 

Studies also show children with more nature near their home report lower levels of behavioral conduct 
disorders, anxiety, and depression.  It is further suggested that more time in nature – combined with 
less television and more stimulating play and educational settings – may go a long way toward reducing 
attention deficits in children.

Studies of children with attention deficit hyperactivity disorder found that walks outdoors appeared to 
improve attention and concentration. Notably, children who took walks in natural settings did better than 
those who walked in urban areas. The researchers found that a dose of nature worked as well as a dose of 
medication to improve concentration, or even better.

Growing research indicates opportunities for children to explore nature, as well as their knowledge of the 
outdoors, are rapidly declining. One study found that the average US child could identify 1,300 corporate 
logos, but only 10 local plants and animals.

In 1992 a study report of three 
greenways, the average user 
expenditures range between 
$3.97 - $11.02.  The economic 
activity of these three trails resulted 
in more than 1.2 million dollars in 
expenditures by greenway users 

- (Moore, 1992)
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Health studies have shown that contact with nature offers a range of medical benefits. These 
include lower blood pressure and cholesterol levels, enhanced survival after a heart attack, 
more rapid recovery from surgery, fewer minor medical complaints, and lower stress. In 
children with attention disorders and in teens with behavioral disorders, contact with nature 
has resulted in significant improvement.

Initial Schematic Diagrams

An iterative process was initiated to determine appropriate land use for the site referencing 
findings from the site inventory and meetings.  This process included consideration of 
existing terrain, vegetation, and opportunities to optimize the site to serve many functions, 
including flood mitigation, active and passive recreation, ecosystem enhancements, habitat 
uplift, and connectivity within and into the site from adjacent land uses and projects.  Six 
schematics with a seventh being a “do nothing” approach were generated and shared in 
a stakeholder group workshop (see Appendix A-meetings).  All schematics maintained an 
approximate 100-foot buffer around the site with public access.  The schematics presented 
in this meeting are as follows:

Schematic 1 reflects mass excavation and use of the majority of the site as series of sculptural small ponds. Berms separating the ponds where 
intended o be used as a nature trail system.
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Schematic 2 reflects excavation of two larger cells, with the majority of active recreational usage being within the central portion of the site.

Schematic 3 reflects introduction of multi-purpose fields, elevated storage, and an off-line wetland system which would rely on tidal influences.   
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Schematic 4 illustrates mass excavation while potentially maintaining a 9 hole golf option.

Schematic 5 illustrates mass excavation and introduces an education center and blueway access.
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Schematic 6 represents complete use of the site as excavated storage.

The following page shows examples of typical cross sections for each of the schematics from 
a static point in the site to reflect general landforms and use.  Please note, no cross section 
was generated for schematic 6, as this was proposed as a singular storage basin. 
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During the stakeholder workshop, attendees were asked 
to sketch ideas to promote discussion of possibilities for 
the site.  Some examples of the participant’s sketches that 
were generated during the workshop are above and left. 
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Concept Refinement

After assimilation of the input from the stakeholder workshop, concepts were refined to 
reflect ideas shared, and the six schematics were reduced to three concepts.  These concepts 
expanded on the ideas of defining zonations by setting preliminary elevations to not only 
achieve the required storage, but to gain a more accurate understanding of how recreational 
components may be compatible within them.   

Certain program elements can be interchanged on any plan.  These elements are as follow:

• Outdoor classroom area (either remote, or near Rec Center, depending on desired 
formality).

• Fitness stations
• Greenways
• Nature trails (3-5 feet natural surface, boardwalks, or rustic structures)
• Shelters (resting with benches/tables)
• Beach volleyball court
• Nature Center
• Restrooms
• Trees planted (preserved when feasible) in upland zones
• Interpretation signage (flood/site function, ecology, local history, etc.), 
• Nature trails
• Beach volleyball courts
• Stormwater/nature-based park
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This concept centralized active recreation around the existing Recreation Center, while 
utilizing the remainder of the site for passive recreational opportunities. In the concept, 
interfaces of the upland storage areas and recreation uses are anticipated to be manicured, 
while the eastern portion of the site would be more naturalized.

The active use area includes two multi-use fields, six volleyball courts, 3.2 miles of shared 
use path, 0.65 miles of foot trails/puncheons/rustic boardwalks, trailheads, stormwater/
nature park, skate plaza (which can accommodate skate spots), and a significant skatepark 
located in elevated storage area.  

The skate park was anticipated to be a large concrete bowl containing technical features.  
The height of the side slopes could easily accommodate this use, while spectator seating 
could be located along the top.  The shape could be refined to create different zones for 
varying skillsets.  By utilizing this storage area as a skatepark, this feature would have likely 
achieved significant notoriety as an innovative multiple use facility.   

However, there were concerns with ongoing long-term maintenance after storm events.  
Furthermore, an observation deck/platform was proposed on the top of this feature, 
overlooking the site eastward, taking advantage of the 13-feet elevation at a central 
location in the park.  The bottom elevation was set to accommodate drainage systems.  
Although likely a harsh environment, possible considerations within the bowl would 
consider landscaping to uptake water and provide shade, which is a current movement in 
skate park design.  In addition, the skate plaza would provide features such as rails, wedges, 
pyramids, other “street style” features.

Concept 1 - Extensive Recreation
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Although it has been documented that over excavation of large portions of the storage to 
provide wet ponds may be cost prohibitive, this concept explores key locations of excavated 
areas of deep water (4 to 6 foot excavation).  These locations were strategically identified 
to provide immediate connectivity as a blueway for non-motorized boat access, provide 
opportunities for guided wildlife kayak tours within the site, serve ecological function by 
providing variations water columns, offer convenient access for maintenance, and to provide 
visual interest.   The depths of these deeper ponds were anticipated to be between 4-feet 
and 6-feet below normal water elevation (EL 0.0 feet NAVD88).  It is anticipated that future 
efforts beyond this site will be necessary to ensure connection beyond London Bridge Creek, 
such as, but not limited to, replacement of existing structures including S. Club House Road 
and S. Lynnhaven Road.  As well, dredging the existing London Bridge Creek would likely 
need to occur to ensure navigable connectivity during low tide.   

Blueway “trailhead” parking could be accommodated via the existing maintenance facility 
drive.  This concept provided an opportunity for the City to either operate or lease a boat 
rental and future guide service operation from the site.   Creation of varying land forms will 
result in diversity, as well as provide opportunities to create overlooks and viewing blinds 
throughout the site for birding and nature based educational opportunities.

Storage utilized a combination of elevated and excavated storage.  Storage within the site 
was achieved by the connected uplands draining directly to Bow Creek.  Although no “berm” 
was suggested in this concept to separate the tidal/channel storage zones from the upland 
flood storage zones, minor topographic breaks were to be utilized to control the frequency 
of inundation of these zones.  There are three primary excavation zones reflected.

This concept effectively addressed objectives documented from the Stakeholder workshop.  
These included:

• Public use,
• Centralizes activity around rec center (multi-use fields, skate spot/park, open space 

play features, stormwater park, greenway trailhead), 
• Deep “pools” ~ 4-feet are strategically located to support use and view areas,
• Accommodates blueway (with access), 
• Potential business opportunity (private/City) to operate kayak rentals/tours,
• In-channel (Bow Creek) storage,
• Viewing platforms (both from boardwalk level, and top of berm), 
• Multiple access points for neighborhood,
• Volleyball courts by Rec Center,
• Nature Center (can be combined with Boat Rental Facility Area),
• Integration of trails into high berm,
• Perimeter shared use path, with interior natural surface and rustic structure trail 

networks,
• Model boats (from access dock)
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Bow Creek Golf Course - Optimization Evaluation
Vegetation Analysis | December 10, 2018

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Existing Tree Canopy 34.45 131.55 26%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 22.28 131.55 17%

TOTAL 37.62 131.55 29%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 21.59 131.55 16%

TOTAL 36.93 131.55 28%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

17.30 131.55 13%
Proposed Trees 15.33 131.55 12%

TOTAL 32.63 131.55 25%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37%

Bow Creek Golf Course - Optimization Evaluation
Vegetation Analysis | December 10, 2018

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Existing Tree Canopy 34.45 131.55 26%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 22.28 131.55 17%

TOTAL 37.62 131.55 29%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 21.59 131.55 16%

TOTAL 36.93 131.55 28%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

17.30 131.55 13%
Proposed Trees 15.33 131.55 12%

TOTAL 32.63 131.55 25%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37%

Vegetation Analysis - Concept 1
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Concept 2 – Passive Recreation

Concept 2 primarily provides passive recreational opportunities. Recreational amenities 
included a nature center, a 1.5 mile mountain bike loop including pump track and super 
elevated decking structures, 2.0 miles of shared use path (utilizing the western half of the 
site), and 0.75 miles of interior natural surface trails.

Concept 2 utilizes a combination of both excavated and elevated storage facilities.  A 
significant amount of storage is gained in this concept by utilizing a large elevated 
storage facility.  A network of berms separates the channel and floodplain bench storage 
functions of Bow Creek from the excavated upland storage areas.  The intent is to subject 
the upland storage areas to less frequent inundation, reducing frequency of ground 
saturation, promoting more flexibility for general use and to accommodate more successful 
establishment and survival of trees.  There are two primary excavation zones reflected.

Wet pond excavation was minimized to only critical access areas in an effort to reduce costs.
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This concept effectively addressed objectives documented from the Stakeholder workshop.  
These included:

• Public use,
• Accommodates blueway (with access), 
• Natural surface trails utilize “levees”,
• Separated in-channel (Bow Creek) storage, 
• Viewing platforms of wetlands, 
• Multiple neighborhood access points,
• Nature Center,
• Reuse of existing pro shop facilities as potential revenue generating event space,
• Utilization of terrain to promote mountain bike trail,
• Perimeter greenway, with interior natural surface and rustic structure trail networks
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Bow Creek Golf Course - Optimization Evaluation
Vegetation Analysis | December 10, 2018

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Existing Tree Canopy 34.45 131.55 26%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 22.28 131.55 17%

TOTAL 37.62 131.55 29%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 21.59 131.55 16%

TOTAL 36.93 131.55 28%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

17.30 131.55 13%
Proposed Trees 15.33 131.55 12%

TOTAL 32.63 131.55 25%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37%

Vegetation Analysis - Concept 2

Bow Creek Golf Course - Optimization Evaluation
Vegetation Analysis | December 10, 2018

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Existing Tree Canopy 34.45 131.55 26%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 22.28 131.55 17%

TOTAL 37.62 131.55 29%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 21.59 131.55 16%

TOTAL 36.93 131.55 28%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

17.30 131.55 13%
Proposed Trees 15.33 131.55 12%

TOTAL 32.63 131.55 25%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37%
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Concept 3 – Perimeter Recreation Use

Although primarily focused on maximizing flood plain storage, an opportunity for limited use 
along the perimeter, varying between 100 and 300 feet in width remains.  Interchangeable 
uses for this perimeter area included 2.1 miles of shared use path, disc golf, or a 9-hole 
golf course.  By maintaining the existing alignment of Bow Creek, the property is bisected, 
limiting large contiguous areas of use.

Concept 3 maximizes the area of storage but will only use excavated storage, which will 
reflect a more naturalized area.  Restoration or re-alignment of Bow Creek would be minor, 
although it is intended to create shallow floodplain benches between 50 and 100-feet to 
serve as storage.  These benches, as in Concept 1 will be tied directly to the upland meadow 
areas, and the zones will function in the same manner as was described.
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This concept effectively addressed objectives documented from the Stakeholder workshop.  
These included:

• Maximized storage area,
• Shared Use Path, 
• Neighborhood access,
• Opportunity to integrate disk golf along perimeter of storage,
• Preserving option as 9-hole golf course (other points not applicable if so), 
• Least cost option

Cross sections of the concepts were generated and shared with the stakeholders. The 
following sections reflect the proposed earthen berm, smaller berms which can be utilized 
for nature trails, and an overall floodplain bench excavation. See Appendix C for larger 
images of each cross section.
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Vegetation Analysis | December 10, 2018

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Existing Tree Canopy 34.45 131.55 26%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 22.28 131.55 17%

TOTAL 37.62 131.55 29%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 21.59 131.55 16%

TOTAL 36.93 131.55 28%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

17.30 131.55 13%
Proposed Trees 15.33 131.55 12%

TOTAL 32.63 131.55 25%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37%

Vegetation Analysis - Concept 3

Bow Creek Golf Course - Optimization Evaluation
Vegetation Analysis | December 10, 2018

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Existing Tree Canopy 34.45 131.55 26%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 22.28 131.55 17%

TOTAL 37.62 131.55 29%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 21.59 131.55 16%

TOTAL 36.93 131.55 28%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

17.30 131.55 13%
Proposed Trees 15.33 131.55 12%

TOTAL 32.63 131.55 25%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37%
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After sharing the three concepts with the stakeholder group, one preferred concept emerged 
which integrated individual elements of each concept.  This concept was titled “Concept 
4 – Revised, December 10, 2018”, referred to as Concept 4 in this report.  This concept was 
approved by the directors of Parks and Recreation and Public Works.

Concept 4

A 3.1 mile paved shared use path/greenway implemented within and along the perimeter 
of the site would utilize the improved cart path alignments and crossings when feasible and 
create a loop network to provide a range of options for varying distances.  Five access points 
were provided to this greenway utilizing existing access locations from the neighborhood.  
These locations would be improved with informal signage and possibly amenities such as 
kiosks, benches, and variations in paving (materials and/or patterns) when warranted.
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Concept 4 effectively addressed objectives documented from the stakeholder meetings 
including inclusion of the following program elements:

• Public use,
• Centralizes activity around rec center (multi-purpose field, open space play features, 

stormwater park, greenway trailhead), 
• Deep “pools” ~ 4-6 feet are strategically located to support use, aquatic organisms, 

and view areas,
• In-channel (Bow Creek) storage,
• Viewing platforms (both from boardwalk level, and top of berm), 
• Multiple access points for neighborhood,
• Volleyball courts by Rec Center,
• Integration of trails into high berm,
• 3.1 miles of shared use path which could be utilized to host 5k events
• Interior natural surface and rustic structure trail networks which can be used as an 

interpretive nature trail,
• 2.9 miles of mountain bike trail utilizing varying terrain to promote a flow network 

and a pump track,
• Natural surface multi-purpose field,
• A shade shelter,
• Outdoor Pickleball courts (5),
• Outdoor Sand volleyball courts (5),
• Skate plaza offering a variety of skate features such as rails and ramps,
• A pier,
• Preservation of area which can serve as future blueway access parking/ramps

Storage utilized a combination of elevated and excavated storage.  Storage within the site 
was achieved by the connected uplands draining directly to Bow Creek.  Although no “berm” 
was suggested in this concept to separate the tidal/channel storage zones from the upland 
flood storage zones, minor topographic breaks were to be utilized to control the frequency 
of inundation of these zones.  There are three primary excavation zones reflected.

1. Channel Storage - Bow Creek will be over excavated and widened to accommodate 
navigable conditions, however, there will be some storage that can take place within 
“top of bank”.  This zone will accommodate tidal influences, as well as smaller storm 
events. Relative elevations of this zone are anticipated to be between EL 0.0 feet NAVD88 
(base flow), 2.0 feet NAVD88 (high tide) and 3.0 feet NAVD88 (high tide with storm).    
Due to these constant dynamic influences, this zone may be challenging to establish 
vegetation. A minimum channel width of 25-feet, and depth of -2.0 feet NAVD88 will be 
accommodated to provide passage.

2. Floodplain bench - This zone will vary between 50- and 100-feet horizontally from the top 
of bank and will accommodate larger storm events.   This bench will be graded shallow 
(about 1%) and relative elevations of this zone is expected to be between EL 3.0 and 5.0 
feet NAVD88.  Due to tidal influences, a diversity of plant materials can be established.
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3. Upland (dry) Meadow - This zone will be transitioned from existing grade along the 
boundary, to the floodplain bench, and is intended to remain dry a majority of the time.  
A combination of elevated natural surface trails and elevated structures (boardwalks, 
puncheons, etc.) are suggested within this zone.  This zone is anticipated to be planted 
with a flowering wetland seed mix.  As well, because of infrequency of inundation, and 
relatively short draw down time, trees can be planted within the perimeter areas of this 
zone. 

Preliminary Vehicle Parking Demand Estimate

As previously indicated, the recreation Center currently has 217 spaces available for 
vehicular parking. The existing Recreation Center parking is expanded to accommodate these 
additional uses. Anticipated demand of the Stormwater park are as follows:

• Multi-purpose field–25 
• Pickleball Courts (2/court)–12 
• Mountain Bike Track/Pump Track- 25
• Walking Trails– 30
• Volleyball Courts (4/court)–16
• Skate Plaza–20 
• Pro Shop Re-Use (1/500sf)– 8
• Stormwater Playground –15

Total anticipated needed spaces=151

Available spaces upon golf course closure=90

Anticipated additional Parking Needed= 61 spaces

A detailed parking analysis will be performed during the engineering design stage once 
amenities have been finalized to confirm additional parking needs.

An unimproved parking (anticipated gravel) area of 10 spaces may be required in the future 
if blueway access is needed near the north east corner of the site.
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Bow Creek Golf Course - Optimization Evaluation
Vegetation Analysis | December 10, 2018

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Existing Tree Canopy 34.45 131.55 26%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 22.28 131.55 17%

TOTAL 37.62 131.55 29%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 21.59 131.55 16%

TOTAL 36.93 131.55 28%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

17.30 131.55 13%
Proposed Trees 15.33 131.55 12%

TOTAL 32.63 131.55 25%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37%

Vegetation Analysis - Concept 4

Bow Creek Golf Course - Optimization Evaluation
Vegetation Analysis | December 10, 2018

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Existing Tree Canopy 34.45 131.55 26%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 22.28 131.55 17%

TOTAL 37.62 131.55 29%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.34 131.55 12%
Proposed Trees 21.59 131.55 16%

TOTAL 36.93 131.55 28%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

17.30 131.55 13%
Proposed Trees 15.33 131.55 12%

TOTAL 32.63 131.55 25%

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage

to Remain
Existing Tree Canopy 

15.93 131.55 12%
Proposed Trees 24.42 131.55 19%

TOTAL 40.34 131.55 31%

Existing Conditions Concept 1

Concept 2

Concept 1A

Concept 3

Legend

Existing Trees to be Preserved

Property Line

Proposed Trees

Concept 4 Revised

Type Canopy Coverage (AC) Site Area (AC) % Canopy Coverage
Proposed Trees 35.21 131.55 27%

to Remain
Existing Tree Canopy 

13.15 131.55 10%

TOTAL 48.37 131.55 37% D    
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Proposed zones for Concept 4 were illustrated reflecting anticipated inundation frequency.  

A cross section was also generated reflecting potential grading and recreational usage within these zones. 

 Storage zones based upon vertical elevation

Section showing potential relationships of storage zones and recreational uses
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Trail exhibits were provided reflecting anticipated usage type, preliminary layouts, and 
distances. The shared use path primarily utilizes the perimeter of the site, while the natural 
trails utilize a system of small berms functioning to separate the channel storage zone from 
the upland zones, providing ideal conditions for nature trails.  These berms will involve 
a series of footbridges spanning over narrow control weirs along the levee that promote 
hydraulic connection between the floodplain and larger storage facilities. 

A simple gravel blueway access is provided by the implementation of a small access utilizing 
the existing right of way.  At this access, there is a proposed picnic area with a pier.

Trail exhibit illustrating approximately 3 miles of shared use paths
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Trail exhibit illustrating approximately 2.9 miles of mountain bike trails. These trails are anticipated to follow a single track “flow” concept and 
may also accommodate a pump track

Although relatively short, the terrain created by the elevated storage will provide ideal 
mountain biking opportunities to incorporate technical features such as timber elements and 
technically challenging trail variants to provide riders of all levels options for the route.
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After sharing the preferred concept with the stakeholders, minor modifications were made 
to “Concept 4”.
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Several supporting graphics were generated to convey the visual character of the proposed plan.

Existing view of maintenance buildings

Rendering view east of the proposed wetland enhancements and deep pool from proposed overlook (please note, 
foreground maintenance buildings are not expected to remain)
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Existing view looking west toward the recreation center

Rendering of view looking west towards Recreation Center with berm in middle ground
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Existing view west toward Recreation Center

Rendering of view west towards Recreation Center from toe of proposed elevated storage
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Preliminary Engineering Efforts
Preliminary analysis of the Concept 4 layout estimates approximately 319 acre-feet of 
stormwater storage can be achieved with the conversion of the Bow Creek Golf Course 
(BCGC) into a stormwater retention facility and park. Due to the magnitude of work and 
available funding stream the conversion the BCGC is proposed to be constructed in phases 
(referred to as “sections”), allowing Bow Creek to continue to divert off-site and undisturbed 
on-site runoff to London Bridge Creek. Construction phasing will isolate the work area and 
surface runoff to the extent possible, allowing the remainder of the site to be used by the 
public.

As part of this Report, the potential to reuse the excavated material removed from the 
Golf Course was evaluated.  Based on initial geotechnical analysis, it does not appear the 
material is suitable for use as structural fill (i.e. for building pads, levees, etc.).  However, 
the material could be used as “general fill” to increase elevations of low-lying areas, to 
construct landscape berms, and as cover material at a landfill to name a few.   The existing 
soil is generally classified as being a mix of clay/clayey-sand material.  The potential to reuse 
this material throughout the City requires additional study and evaluation, which will be 
performed under a separate task order.

The possibility of operating BCGC as a borrow pit was also investigated.  A contractor familiar 
with performing large excavation projects and operating borrow pits was contacted.  The 
contractor indicated the excavation portion of the work could be performed in a relatively 
short period of time – 18 to 24 months – without work restrictions.  However, due to 
the proximity of residential neighborhoods to the Golf Course, it is assumed work hour 
restrictions will be placed to minimize construction impacts such as dust and noise.  These 
restrictions would help mitigate anticipated traffic impacts, but significantly increase 
construction time and cost.  Anticipated cost increases would require additional study.

The quality of excavated material creates additional challenges of borrow pit operation on 
BCGC. It had taken the contractor approximately 12 years to remove a similar amount and 
quality of soil from a borrow pit in Chesapeake since the material is not in high demand.  
Operating as a borrow pit would provide the City no control over the time frame for 
completion since removal of the material is based on demand.  A similar time period would 
negatively impact the City’s preliminary conversion schedule of 8 to 10 years and delay the 
benefits to the public of proposed flood mitigation projects.  Also, due to the quality of the 
material, operation as a borrow pit would provide little to no profit for the City.
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Construction Process

The conversion of the BCGC is proposed to be completed in multiple Sections moving from the 
eastern section of the property toward the west. The proposed phasing allows the continued 
use of sections of the property and trails during construction, isolating the construction efforts 
from the public.  As illustrated in the following construction phasing figures, recreational 
amenities and permanent vegetation are to be installed as each section of construction is 
completed. A major component of construction efforts will be the management of stormwater 
run-on and run-off from the active construction section. The contractor will need to maintain 
the flow capacity and not impact the water quality of Bow Creek which will run through 
portions of the construction sections. The hydraulic analysis performed for the TL-PAP 
Mitigation Plan found, during heavy rainfall events, water enters Bow Creek from London 
Bridge Creek.  Additionally, tidal flows enter Bow Creek from London Bridge Creek twice daily.  
Increased storage in the eastern portion of the golf course will help prevent runoff flow from 
London Bridge Creek filling Northgate Ditch during storm events.

The conversion of the site is estimated to produce in excess of one million cubic yards of 
earthen material, which will need to be managed and handled during the construction. 
Excavating an area as large as the BCGC and removing the estimated quantity of soil is 
normally done in multi-cell sections. It is recommended each cell be limited to approximately 
15-acres to provide a manageable work area, material balance and provide for timely 
stabilization.  An additional benefit to the sectioned approach, is it will allow for adjacent 
cells to be used to temporarily stock pile material and condition for transport. The cost of 
soil transport is based on a few factors, including the weight of the soil. The boring logs show 
groundwater was encountered at a depth of four to eight feet below ground, indicating 
excavated soils will likely have a high moisture content. The wet material will weigh more and 
the amount of material that can be hauled on a per truck basis will be reduced due to weight 
limitations established by VA-DMV. The potential benefits to dewater/dry-out the material 
prior to hauling will also be investigated under a future task. A preliminary seven cell layout 
and proposed haul road leading to the temporary construction access to Country Club Circle is 
illustrated in (See Figure 15) . 
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Figure 15: Construction Section I

The proposed construction is divided into three sections which are further comprised into 
cells. With each section and cell, the contractor will need to manage the stormwater run-on 
and run-off to prevent erosion and sedimentation from impacting Bow Creek. 

Section I consists of Cells 1 through 3 (See Figure 15) located on the eastern section of the 
site.  This will permit the western areas to remain open to the public with the construction 
of temporary trails of maintain circulation. 

Cell 1 will begin at the easternmost portion of the site. Cell 1 is located north of Bow Creek 
and is approximately 12.3 acres in size. The construction activities in Cell 1 will consist of 
excavation and grading to establish the new Bow Creek alignment and primary channels 
vertical zones. As the area is graded it will be stabilized to minimize erosion and allow for 
the establishment of the vegetation. The original channel alignment of Bow Creek will be 
maintained to allow the stormwater drainage and normal base flows during construction. 
Drainage entering Cell 1 will need to be managed and diverted to the extent possible to 
avoid disturbed areas. Diverting runoff from entering the disturbed areas will allow for the 
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erosion and sediment control measures to be sized to treat disturbed areas versus a larger 
drainage area which would increase the size of required sediment basins.

Cell 2 is located immediately west of Cell 1 and north of Bow Creek. Cell 2 is approximately 
11.5 acres in size. Construction activities will include excavation and grading to construct the 
new Bow Creek channel alignment, primary channel and upland flood zones. Offsite drainage 
will need to be diverted away from disturbed areas or conveyed in a manner as to not allow 
co-mingling with sediment laden waters.

An earthen berm of existing material will remain in-place to isolate Cell 2 from Cell 1 until 
excavation and grading are completed and temporary vegetation is in place. This will help 
prevent any downstream impacts from sediment to any established permanent vegetation. 
The practice of isolating completed cells from active cells will allow for better control and 
management of run-off and help bring section of the new Bow Creek alignment on-line sooner.

Cell 3 is located along the southern edge of the golf course site and below Cells 1, 2 and 7.  Cell 
3 is approximately 17.9 acres in size. Work in Cell 3 consists of three tasks.  Task 1 will be the 
excavation and grading of the new Bow Creek alignment along the southern boundary of the 
golf course to allow future construction of Cell 7. While performing Task 1 the integrity of the 
existing Bow Creek stream alignment will be maintained to allow continued drainage. Task 2 
is excavating and grading to widen Bow Creek and Northgate Ditch. Upon stabilization of the 
graded areas Bow Creek will be redirected into the new channel alignments in Cells 1 and 2. 
Task 3 is filling and contouring the existing Bow Creek alignment below Cells 1 and 2 to create 
upland storage.  

It is anticipated that the two proposed parking areas adjacent the Recreation Center be 
constructed as part of Section I to accommodate anticipated additional usage.

Section II consists of Cells 4, 5 and 6 located on the western section of the site, southwest of 
the existing Recreation Center (See Figure 16).
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Figure 16: Construction Section II

Cell 4 is located west of Cell 3 and is approximately 15.6 acres in size.  It is anticipated Cell 
4 will be broken into two sections: north of the Bow Creek channel and south of Bow Creek 
channel. Work in Cell 4 consists of excavation and grading to establish the new Bow Creek 
channel, primary channels and various flood zones.  It is recommended the southern portion 
be constructed first and the integrity of Bow Creek and Northgate Ditch be maintained 
for drainage during construction.  When the disturbed area is stabilized, the area would 
be opened to include Bow Creek and Northgate Ditch. The northern section can then be 
constructed while the open section allows continued transport of runoff. 

Cell 5 , approximately 10.8 acres in size, is located between Cell 4 and the golf course 
boundary at Hannibal Street. Work in Cell 5 consists of excavation and grading to establish 
the new Bow Creek channel and various floodplain and upland storage areas.
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Cell 6 is located the northwest corner of the golf course and is approximately 10.5 acres 
in size. Work in Cell 6 consists mainly of increasing the storage capacity of the existing 
stormwater pond and grading to establish the new Bow Creek channel alignment with its 
various flood zones.  Some minor filling may be required to provide the peninsula needed 
for the access road for Cell 7.  This provides continued use of the permanent bridge installed 
during Cell 4 construction. The integrity of the Bow Creek channel will be maintained during 
construction of Cell 6 to ensure continued flows of offsite stormwater. The contractor will 
need to ensure the 36-inch RCP from South Rosemont Road remains active.

Section III consists of Cell 7 which is approximately 25.1 acres in size and located above the 
realigned Bow Creek channel and east of the Recreation Center (See Figure 17). 

Figure 17:Construction Section III 
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During cell construction, haul roads will be established to allow continuous access to the 
various cells while avoiding conflicts with the users of the open portions of the BCGC. As 
existing trails are impacted by construction, new paths will be created to maintain access to 
the course.  Due to the nature and location of the existing and proposed Bow Creek channel 
alignments, temporary and permanent stream crossings will be required to allow access to all 
the cells. During detailed design, the locations and design of the crossings will be determined 
to minimize disturbance. A temporary construction entrance is proposed connecting to 
Country Club Circle. This location was selected based on its proximity to a main roadway, 
minimizing the impact to surrounding neighborhoods by construction vehicles. 

The recommended off-site stockpile location utilized for this evaluation is a City-owned 
parcel on Potters Road.  The Potters Road site has been used in the past as a stockpile site for 
City projects.  Construction vehicles would travel approximately 350 feet before reaching S. 
Rosemount Road, followed by 1.1 miles to I-264, and exiting onto London Bridge Road just 
prior to Potters Road. The estimated one-way travel time from the proposed construction 
entrance to the Potters Road site is 15 to 20 minutes depending on traffic. 

The City has indicated it may want to stockpile material at a site in the southern portion of 
the City.  A preliminary site was identified off Landstown Road near the Princess Anne Athletic 
Complex.  The exact southern storage site has yet to be determined; however, preliminary 
investigation indicated the travel time to be roughly equivalent to the Potters Road site.  
Further evaluation will need to be done to determine a final stockpile site based on the City’s 
needs, haul distances and impacts on construction cost.  Once a final stockpile site is selected 
it will be possible to determine the optimal number of trucks and excavating machinery 
required for the conversion of the BCGC.
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Figure 18:Potential 
southern stockpile location

The BCGC is located in the heart of a residential area, with private homes surrounding its 
entire perimeter. Due to the residential surroundings it is assumed heavy construction 
activities will be limited to between 9:00 am and 4:00 pm.  These hours will confine noise 
to daylight periods, avoid the morning and evening rush hours and avoid school bus times.  
Therefore, a work day of 7 hours, with 1 hour for lunch, was used to compute construction 
times. Since a storage location has yet to be determined a round trip haul time of 45 minutes 
(0.75 hours) was assumed.  Allowing one hour for lunch, each truck could make 8 round trips 
(6 Hrs./0.75 hours per trip) per day.  If a single dump truck is used, the loader would sit idle 
most of the time.  Based on a 5-minute fill time, a minimum of 12 trucks would be required 
to get full utilization of a loader.  This assumed production rate was verified as plausible in 
discussions with contractors.  

A total of 12 trucks could move approximately 1,152 cu. yds. of material per day (12 trucks 
x 12 cu. yds/trip x 8 trips per day).  Table 1 presents the minimum excavation times per Cell 
to dispose of the excavated material based on a fleet of 12-cu. yd dump trucks and the work 
hour limitations described above. Table 1  shows approximately 3.8 years would be required 
for excavation under these conditions.
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In addition to excavation, Cells 3 and 7 require the placement of fill.  In Cell 3 fill is required 
to fill the existing Bow Creek channel and to create the upland storage areas.  In Cell 7, the 
structural fill is required to construct the berm for the elevated storage and construction 
of the pump station.  It was assumed structural fill would be brought to the site under the 
same conditions as spoil was removed.  Therefore, Table 4 also contains estimated fill times 
and a total time for all earthwork.  It is estimated that approximately 4.4 years is required 
to complete all earthwork. Construction experts and a contractor with experience in large 
earthwork and borrow pit projects were consulted, and they indicated the earthwork portion 
of the golf course conversion could be completed in 18 – 24 months without the work 
hour restrictions.  It was also indicated the restrictions will make it difficult to attract truck 
operators, which generally require longer hours to make operation profitable.  Therefore, 
the work hour restrictions increase the required time and cost of the project.  A more likely 
restriction on the project completion time will be the availability of funding. Additional time 

Table 4: Minimum Excavation Period by Cell

Table 5: Total Construction Time will be required to finish 
the site by placing topsoil, 
fine grading, establishing 
ground cover and installing 
hardscape and landscaping 
features.  For a conservative 
estimate, the earthwork time 
was doubled to estimate 
the total construction time.  
Table 5  presents the total 
estimated construction time 
by Cell/Section with a total 
construction estimate of 
105.1 months or 9 years.

Table ##: Minimum Excavation Period by Section 
 

Section Cell Excavation 
(Cu. Yds.) 

12 Cu. 
Yd. 

Truck 
Trips 

Excavation 
Time 1 

Fill 
Time 

Earthwork 
Total 

(Months) Days Months 
2 

Months 

Section I Cell 1 148,267 12,356 129 6.4 - 6.4 
Cell 2 138,624 11,552 120 6.0 - 6.0 
Cell 3 215,771 17,981 187 9.4 4.7 14.1 

Subtotal Section I 502,662 41,889 436 21.8 4.7 26.5 

Section II Cell 4 188,046 15,671 163 8.2 - 8.2 
Cell 5 130,186 10,849 113 5.7 - 5.8 
Cell 6 130,186 10,849 113  5.7 - 5.7 

Subtotal Section II 448,418 37,369 389 19.6  19.7 

Section III Cell 7 98,082 8,173 85 4.3 2.3 6.6 

 Total 1,049,163 87,430 911 45.5  52.5 

1 – Based on 12 Dump Trucks and 96 Haul Trips Per Day 

2 – Based on 20-day work month 
 

Table #: Total Construction Time 
 

Section Location Earthwork Time 
(Months) 

Construction Time 
(Months) 

Section I Cell 1 6.4 12.9 
Cell 2 6.0 12.0 
Cell 3 14.1 28.1 

Subtotal Section I 26.5 53 

Section II Cell 4 8.2 16.3 
Cell 5 5.8 11.3 
Cell 6 5.7 11.3 

Subtotal Section II 19.7 38.9 

Section III Cell 7 6.6 13.2 

 Total 52.5 105.1 
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Based on Table 5, the estimated construction time to convert the Bow Creek Golf Course 
into stormwater retention facility is approximately 9 years, based on the work restrictions 
outlined above.  Another year is estimated for the full completion of the proposed park 
amenities; therefore, the estimated total project time is approximately 10 years. However, as 
the work progresses, many proposed park amenities will be phased to allow for public use 
during construction. As sections of work are completed and restored, they will be opened for 
passive recreation where feasible. If construction begins in Fiscal Year (FY) 2020, completion 
of the stormwater retention and park amenities should be in FY 2030.  The time estimates 
are based on the sections being constructed in a consecutive manner, should funding and 
contracting allow. Sections built concurrently will reduce the overall project construction 
time.  Amenities reflected in the cost estimate anticipate implementation of amenities upon 
completion of the individual sections.   

Construction Cost Estimates 

The construction cost estimates for this report were prepared in accordance with AACE 
International (formerly the American Association of Cost Engineers) Class 4 (Study or 
Feasibility) with a level of accuracy between -30% and +50% of the final bid cost.  Costs 
based on the construction activity and quantified based on preliminary engineering design 
of Option 4. This cost estimate accounts for the capital cost only and does not include cost 
related to operations and maintenance or Recreation Center complex modifications. As well, 
costs do not reflect incidental improvements of existing recreational facilities such as, but 
not limited to, existing cart trail improvements, temporary trail connections within existing 
cart paths, or temporary access points.  For the determination of the capital cost, unit cost 
charts were developed for construction of each section. The estimate includes clearing and 
grubbing, earthwork, drainage, stormwater management, and water quality facility, off-site 
improvements, recreational amenities, landscaping and impacted property acquisition cost. 
The development of estimated unit costs was accomplished using historical bid data and 
by unit cost analysis, using labor, equipment and material rates as needed. The cost of the 
property acquisitions for the conversion of the BCGC to a park was based on the land and 
building assessments values. The cost estimate is based on 2019 unit pricing and does not 
include escalation cost, permitting approval timeline, environmental mitigation fees and 
impacts from fluctuating fuel cost given the project’s estimated 10 year construction time 
line.

The task of quantity takeoff to estimate quantities were done by either direct measurements 
and calculation of construction elements that are shown in the Concept 4 Revised exhibit, 
(page 126 in “Appendix B: Schematics”) electronically calculated from CADD surface files or 
established as an allowance quantity based on professional experience and judgment. Detail 
quantities cannot be done at this stage due the preliminary nature of the plans. Modification 
to this cost estimate will be made in the future, as necessary, to reflect the increase in level 
of detail of design and available information. 
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Table 6: Construction Cost Estimate Summary

A 30 percent contingency has been added to the project capital cost due to the 
preliminary nature of the design and its elements. This contingency is typical due to 
address the uncertainties inherent with this level of design detail and accounts for 
impact to the project, ranging from schedule delays, contracting changes, or other 
unforeseen issues not directly related to individual construction activity.
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Meetings
From the schematic phase through concept development, five interdepartmental 
(stakeholder) meetings were held to review and gain input with consideration to the 
functional needs of flood mitigation and recreational uses. During these meetings, progress 
drawings and background information was shared with the stakeholders.  

Public input meetings are a critical component to share findings and gain feedback on the 
plans and materials developed for and during the stakeholder meetings to date.  These 
meeting(s) are currently in the process of being planned and scheduled. Public input is 
anticipated to occur prior to development of the Final Conceptual Master Plan.

Recommendations
• Keep sight of the overall project goal of creating additional storage in the TL-PAP 

project area while creating an attractive, usable recreation space for City residents.

• Future non-storm related uses should support/enhance the existing Bow Creek 
Recreation Center.  Develop a recreation management and maintenance plan to 
address use and maintenance in order to maintain a high quality experience for 
users and visitors.

• Develop a Site Management Plan to transition the Bow Creek Golf Course into 
stormwater retention and flood plain storage.  The Site Management Plan should 
include recommendations for the wetland and upland species and management of 
invasive species to maintain the conversion concept.

• Develop more detailed construction documents and evaluate the City’s needs to 
determine an off-site soil stockpiling location.  Construction documents would 
further refine the preliminary development Sections and Cells in regard to 
implementation and funding.

• Proceed with Public Information Meetings to obtain input from the public 
preferences for the types of park amenities to be included.

• Tap into partnerships with key stakeholders – Parks and Recreation, Housing and 
Neighborhood Preservation, Planning, Convention and Visitors Bureau – to help 
with facility design, project funding and otherwise aid in the implementation of the 
project.

• Further explore opportunities for stormwater management credit and banking 
(TMDL, etc), and refine design to meet criteria set forth by the VA DEQ.
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