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Introduction  
As a coastal city, Norfolk has been faced with the looming prospect of future sea level                

rise, as well as the current issues of regular flooding. Our team focused on the Neon District                 
for our research, and through this report we identified crucial areas in need of stormwater               
management, and proposed a series of possible solutions.  

According to Downtown Norfolk, The New Energy of Norfolk (NEON) district is            
Norfolk’s first official arts district and “home to a new wave of passion and creativity in                
downtown.” Brimming with murals, sculptures, and interactive art this mini-neighborhood is           
quickly becoming one of Norfolk’s favorite places. Due to the historic building stock and              
proximity to downtown, the district is undergoing a lot of change, and we aim to guide this                 
change in a sustainable, and responsible direction.  

The Neon District is located within the Elizabeth River Watershed, which contains            
the southwestern most part of the city. According to the City of Norfolk, “In 1983, the EPA                 
mentions the Elizabeth River was singled out as one of the most highly polluted bodies of                
water in the entire Bay watershed and remains on the impaired waters list today.” The entire                
District lies within a flood zone and is comprised of over 60% impervious surfaces. The               
conveyance pipes in the area lack capacity, and there is a priority for storage of excessive                
stormwater. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Identifying the Site as a Critical Area 
The area our team chose to focus on includes two public spaces, The Plot and the                

recently cleared Cofer Lot, as well Wilson Avenue which connects the two. This site is fairly                
urbanized. The proximity of public gathering spaces around a commercial area provided an             
opportunity for stormwater intervention technology which could also promote healthy          
community activities while keeping in mind      
the artistic nature of the district. The site is         
highly impervious and lacks a tree canopy.       
The spaces appeared to be underutilized,      
especially in warmer seasons and during      
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hours of direct sunlight. The Neon District has a low elevation of 2-4 feet below sea level and                  
a very high water table, 1-3 feet below the surface which again emphasizes the need for water                 
storage, as groundwater infiltration is not always an option.  
 

Throughout the site there were signs of previous flooding such as cracked pavement             
in The Plot, and washed out mulch. The Cofer Lot, which was previously a warehouse, had                
been rezoned earlier this year after the building’s removal to Open Space and Recreation.              
The lot however, is currently a blank paved surface with only a semi-shaded swing that               
doubles as a stormwater capturing device, directing water into a rain garden area which is               
severely lacking vegetation. Wilson Avenue lacks any shade on the sidewalk and many             
building downspouts direct water onto the impervious sidewalk or street. Most of the             
Avenue is devoid of underground utility lines, which provides us an opportunity for adding              
street trees. In conclusion, the areas are underutilized as public spaces and there are many               
chances for improving the vegetated areas for stormwater management. The map below            
shows the tree cover of the area, the stormwater and utility infrastructure, and examples of               
the site conditions. 
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After identifying the site stretching from Cofer Lot to The Plot as a critical area we 
developed four main goals of our designs.  

1. Decrease the amount of impervious surfaces 
2. Provide opportunities for stormwater storage  
3. Increase the vegetation and tree canopy cover  
4. Facilitate community interaction  

 
Intervention Technology & Phasing  

Through our site analysis and research we developed three phases of possible 
stormwater management solutions. These are based upon the scope of the interventions and 
funding feasibility.  
 
Phase 1 : Replace broken pavement in The Plot with grassy pavers; plant trees in The Plot, 
Cofer Lot and along Wilson Avenue; and install rain barrels near buildings with downspouts 
onto pavement. The budget for this phase would be approximately $43, 400 for installation, 
purchase of supplies, and the first year of maintenance.  

The grassy pavers, covering ⅓ of The Plot (3,400ft2 
), would help infiltrate runoff into 

the ground water instead of into the storm drains. They can infiltrate almost three inches of 
rain water each hour. Street trees can uptake and store water, and reduce flooding through 
evapotranspiration. A five year old tree can intercept around 150 gallons of rainfall per year. 
They would also add shade to the site and reduce the urban heat island effect. The rain 
barrels could be an opportunity for artistic expression and can be painted by local artists. 
The four barrels would each hold 55 gallons and would remove roof runoff from the storm 
drains. The collected water could then be used to irrigate nearby trees and rain gardens. 
 
Phase 2: Expand existing rain gardens on The Plot and Cofer Lot; replace impervious 
pavement on Wilson Ave with permeable pavers; and greenwall implementation. The budget 
for this phase would be $153,100.  

Rain gardens can store and improve the quality of runoff. Increased vegetation, in the 
form of rain gardens and street trees, also helps increase air quality and creates a more 
aesthetically pleasing atmosphere for community members to spend time in. The plans 
include using native plants, such as red oak, river elm, switchgrass, and the common rush, all 
of which grow well in wet and sandy soil. Permeable pavers on Wilson Avenue will help 
reduce the runoff from the impervious surfaces. The greenwall would be installed on the side 
of the Wheelhouse Glass Studio facing Cofer Lot. Not only would the greenwall store and 
infiltrate water from the roof, it would help insulate the Studio building and could reduce 
their energy costs from heating and cooling. There are currently trees on the left side of 
Wilson Ave (pictured right) that may interfere with power lines, so we would recommend 
possible relocation. 
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Phase 3: Stormwater retention skate spot in the Cofer Lot; and replace planters in street near 
The Plot with bioswales between parking spots. The skate bowl would be modeled after a 
design from Denmark that channels and stores excess stormwater. The bowl serves as 
retention storage for when the amount of rain exceeds what the rain garden can retain. The 
rest of the time it would function as a safe space for the neighborhood youth to socialize and 
exercise. The bioswales on the street around The Plot will replace some standing planters 
that are currently underutilized. The bioswales will allow for stormwater retention, removing 
runoff from the drainage pipes, and also provide protection around parked cars and 
pedestrians. The budget for this final phase would be $203,000 for the first year. Our hope is 
that through our proposal, The Plot, Wilson Avenue and Cofer Lot could become a green 
connection and also spaces that will attract the public. We invision that for certain events 
Wilson Avenue could be closed to vehicular traffic and become a pedestrian thruway 
between the two spaces.  

 
 
Phasing Costs 
The prices given here come from collective research of commercial websites, Low-Impact 
Development guides and government resources. Some costs are estimates and may differ 
from actual prices. While considering prices, it is important to also keep in mind that these 
technologies will save the city and property owners significant costs over time in reduced 
flood damage, reduced building energy costs, increased stimulation of the economy, and a 
reduction in the need for stormwater sewer infrastructure.  
 
Phase 1: $43, 400 Budget  
Technology Installation/Preparing 

Site 
Purchase Cost Yearly 

Maintenance  
Totals 

Grassy Pavers $20,000 $5 psf x 3,400 sf = 
$17,000 

$2,400 $39,400 

Street Trees $1,200 $50 x 20 = $1,000 $1,000 $3,200 

Rain Barrels $0 $100 x 4 = $400 $400 $800 

Total Cost: $21,200 $18,400 $3,800 $43,400 
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The majority of the cost for this phase would lie in the site preparation of the Plot, which

requires removing the current pavement. After the initial costs of purchase and installation,

including site preparation, the yearly cost of maintenance for Phase 1 would be under $4,000.

Phase 2: $153,100 Budget

Technology Installation/Preparing

Site

Purchase Cost Yearly

Maintenance

Totals

Rain Gardens $4,500 $3.50 psf x 200 sf = $700 $1,500 $6,700

Permeable

Pavers

$9,000 $4 psf x 12,000 sf =

$48,000

$1,140 $58,140

Greenwall $35,000 $50 psf x 1,000 sf =

$50,000

$3,260 $88,260

Total Cost: $48,500 $98,700 $5,900 $153,100

This phase has a much higher cost of installation and purchase. The rain garden sites in the

Plot and Cofer Lot are already prepared, so the largest cost there is for labor and installation

of the additional plants and trees. Removing the impermeable pavement on Wilson Ave and

laying the groundwork for the new permeable pavers is an additional cost included here. For

the Greenwall, there is a high installation cost because the building wall needs to be

retrofitted to hold the vegetation, and some alterations may need to be made on the roof to

direct water flow towards the greenwall. There is flexibility with the extent of the greenwall,

and also therefore the cost; see the image in Phase 3 as an example. Maintenance of the

greenwall would be the most expensive, but ideally the annual cost after the first year would

be under $6,000.

Phase 3: $203,000 Budget

Technology Installation/Preparing

Site

Purchase Cost Yearly

Maintenance

Totals

Skate Spot $8,000 $45 psf x 4,000 sf =

$180,000

$2,500 $190,500

Bioswales $2,000 $15 psf x 500 sf = $7,500 $3,000 $12,500

Total Cost: $10,000 $187,500 $5,500 $203,000

The cost of purchase for the Skate Spot does include installation costs, however there is a

possibility that preparing the Cofer Lot site could be more expensive than anticipated, so we

made sure to account for possible expense in the budget. However once the skate spot is

constructed there is not much maintenance other than trash removal and occasional repairs.

The Bioswales require the same type of site preparation as the pavers & rain gardens;

pavement removal and preparing the soils. They do require regular maintenance to tend to

plants and remove debris in order for them to continue functioning properly.

5



Works Cited

2017 Rain Barrel Art Contest. (n.d.). Retrieved May 3, 2018, from http://savetherain.us/2017-rain-barrel-art-contest/

2018 Grass Driveway Pavers Cost | Average Price of Grass Driveway Pavers. (n.d.). Retrieved May 3, 2018, from

https://www.improvenet.com/r/costs-and-prices/grass-pavers-estimator

artdesigndistrictmap.jpg (497×390). (n.d.). Retrieved May 3, 2018, from

https://www.downtownnorfolk.org/_files/images/artdesigndistrictmap.jpg

City of Norfolk, Virginia - Official Website - Elizabeth River. (n.d.). Retrieved May 3, 2018, from

https://www.norfolk.gov/index.aspx?NID=2359

Cost to plant a tree. (n.d.). Retrieved May 3, 2018, from https://howmuch.net/costs/tree-install

Duke, D. (n.d.). Temporary home in Norfolk’s Neon District gives d’Art Center painter inspiration for exhibit.

Retrieved May 3, 2018, from

http://pilotonline.com/entertainment/arts/exhibits/article_8e8838ec-477e-5dc6-8f1b-cf71a8fb4e6c.html

Homewyse Calculator: Cost to Remove Concrete Slab. (n.d.). Retrieved May 3, 2018, from

//www.homewyse.com/services/cost_to_remove_concrete_slab.html

How Much Do Skateparks Cost? (n.d.). Retrieved May 3, 2018, from

https://publicskateparkguide.org/fundraising/how-much-do-skateparks-cost/

How Much Does a Rain Garden Cost? (n.d.). Retrieved May 3, 2018, from

http://home.costhelper.com/rain-garden.html

How Much Does Asphalt Removal Cost? (n.d.). Retrieved May 3, 2018, from

http://home.costhelper.com/asphalt-removal.html

Insider Guide to the NEON District. (2016, February 1). Retrieved May 3, 2018, from

http://altdaily.com/insider-guide-to-the-neon-district/

LID Urban Design Tools - Bioretention. (n.d.). Retrieved May 3, 2018, from

https://www.lid-stormwater.net/bio_costs.htm

NYC-Parks-Maintenance-Report-FY2016__584099ebb05cc.pdf. (n.d.). Retrieved from

https://www.nycgovparks.org/pagefiles/109/NYC-Parks-Maintenance-Report-FY2016__584099ebb05cc.pd

f

Permeable Pavement Fact Sheet and Guidelines. (n.d.). Chesapeake Bay Trust/ Prince George County Department

of the Environment. Retrieved from

https://cbtrust.org/wp-content/uploads/Permeable-Pavement_Fact-Sheet-and-Guidelines.pdf

Plant HR Natives.  Native Plants for Southeast Virginia including Hampton Roads Region. Retrieved May 3, 2018,

from

http://www.deq.virginia.gov/Portals/0/DEQ/CoastalZoneManagement/Native-Plants-for-Southeast-Virgin

ia-Guide.pdf

Rain Barrels - Watering & Irrigation. (n.d.). Retrieved April 23, 2018, from

https://www.homedepot.com/b/Outdoors-Garden-Center-Watering-Irrigation-Rain-Barrels/N-5yc1vZc7p

b

Razzle Dazzle | Downtown Norfolk, VA. (n.d.). Retrieved May 3, 2018, from

https://www.downtownnorfolk.org/go/razzle-dazzle

Stinson, L. (2013, June 25). Ingenious Architecture: A Skatepark That Prevents Flooding. Retrieved May 3, 2018,

from https://www.wired.com/2013/06/innovative-infrastructure-a-skate-park-that-prevents-flooding/

Stormwater Quantity and Rate Control Benefits of Trees in Uncompacted Soil | DeepRoot Blog. (n.d.-a). Retrieved

April 24, 2018, from

http://www.deeproot.com/blog/blog-entries/stormwater-quantity-and-rate-control-benefits-of-trees-in-un

compacted-soil

stormwater2streettrees.pdf. (n.d.). Retrieved from

https://www.epa.gov/sites/production/files/2015-11/documents/stormwater2streettrees.pdf

The Brilliant Ideas for Stunning Decorative Rain Barrels. (n.d.). Retrieved April 23, 2018, from

http://www.oaksenham.com/the-brilliant-ideas-for-stunning-decorative-rain-barrels/painted-rain-barrels/

The Great American Rain Barrel Company. (n.d.). Retrieved May 3, 2018, from

https://www.greatamericanrainbarrel.com/

Vertical Garden Systems - Architek Green Building Solutions | Architek. (n.d.). Retrieved May 3, 2018, from

http://architek.com/products/vertical-gardens

6




