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I. Introduction to the problem 
Francis E. Willard Model Elementary School, home of the Sharks is located along Willow 

Wood Drive in Norfolk. The total area of the school’s property is 1.86 acres with 60% of that being 

impervious surface. The specific site for our retrofit is the secondary parking lot located to the east 

of the building, which is comprised of 0.72 acres of asphalt. 

 

Currently, this parking lot is in poor condition, with cracked asphalt throughout the parking 

lot itself and adjacent bus lane resulting from poor drainage of stormwater. The standing water on 

site during a rain event can freeze and thaw, causing the asphalt to crack. In the existing condition, 

there is approximately 1 million gallons annually of runoff from the parking lot and bus lane which 

carries toxic wastes from cars and other sources into the nearby wetland, located to the south, 

and other bodies of water. Besides that, the soil drainage rate of the site is about 0.4 inches per 

hour, which makes the runoff problems worse (see Figure 1). Furthermore, the parking lot lacks 

adequate green infrastructure which exacerbates the stormwater issue, as the rainwater does not 

get absorbed, but instead just runs off into two drop inlets on site, or sits on top of the asphalt until 

it evaporates (see Figure 2). The lack of trees and greenery also contributes to the urban heat 

island effect. Our retrofit attempts to solve the above issues by allowing the water to be absorbed 

and filtered naturally using LID strategies, including an overall reduction of impermeable surface, 

porous asphalt, bioswales, and a rain garden. Because our site location is outside the flood zone, 

and our site elevation is 5-8 ft. above the water table these methods are applicable (see Figure 

3).  

 
 

Figure 1: Soil Drainage Rate(Souce: https://swcweb.epa.gov/stormwatercalculator ) 

https://swcweb.epa.gov/stormwatercalculator
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Figure 2: Drop Inlets and Drainage System 

 

 

 
Figure 3: Infiltration Map: Locating outside of the Flood Zone 

 

 

 

 

 



3 

II. Technologies 
 

Porous asphalt 

Porous asphalt allows rainwater to be absorbed into the ground, which significantly 

reduces stormwater runoff. There are several layers to porous asphalt which not only help absorb 

water, but clean it as well. According to Flowers (2018), the top layer of the porous asphalt system 

is the asphalt itself, where stone aggregate, and the use of other additives and binders that still 

join materials together but allows for water to still pass through, are used instead of fine aggregate 

and tar which are impermeable (p. 2). Below this layer is an optional stabilizer, and beneath that 

is a stone reservoir, made up of uniformly crushed rocks that do not pack together, leaving room 

for the water to percolate through. The depth of the stone reservoir varies from 2.5” to 6” 

depending on expected use. For parking lots with no trucks 2.5” is sufficient, but for areas where 

heavy trucks will be consistently driving over the surface, the reservoir layer is recommended to 

be 6” (Flowers, 2018, p.1). The bottom two layers are a “geotextile fabric [...] placed on top of the 

subgrade in order to prevent its sediment from mixing with the porous pavement, but still allows 

water to pass through” (flowers, p. 1). The bottom most layer should be a level but uncompact 

subgrade to provide a solid, stable, yet water permeable base to allow the water to filter back into 

the groundwater (p. 1) 

 

This technology is designed to reduce water runoff, and filter the water before recharging 

the groundwater. It works well for some parking lots and lightly trafficked roads. It also reduces 

the need for curbs and gutters, creating a more pleasant aesthetic, and helps in colder weather 

as snow or ice will melt more quickly (Flowers, 2018, p. 3). Although there are positive aspects of 

porous pavement, it does not work well in every situation. One drawback to porous pavement is 

that it will also allow toxic liquids to permeate through the ground, potentially polluting groundwater 

(Flowers, p.3.). This suggests that one may not want to use it in parking lots that are consistently 

full of cars, as oils and other automotive fluids could cause pollution. Porous pavement is also 

ineffective in flood plains and areas where the water table is high because the asphalt can become 

clogged with debris during a flood, or not drain properly with a high water table 

  

 

Bioswale 

  A bioswale is a linear, sloped (less than 6%) retention area used to slow, collect, infiltrate 

and filter stormwater. They are designed to manage the water runoff from large impervious 

surfaces such as a parking lot or roadway (Soils Sustain Life). It can carry water to plants or storm 

drains, while allowing the water to infiltrate into the soil and be soaked up by the vegetation, 

therefore reducing flooding.  

 

Bioswales are a useful low impact development technique to decrease the velocity of 

stormwater runoff while removing pollutants from the discharge. They are extremely beneficial in 

protecting surface water and local waterways from excessive pollution from stormwater runoff. 

They work to remove pollutants through vegetation and the soil (Gibb, 2015). As the stormwater 

runoff flows through the bioswale, the pollutants are captured and settled by the leaves and stems 
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of the plants. The pollutants then enter the soil where they decompose or can be broken down by 

bacteria in healthy soil. The longer the runoff stays within the bioswale, the better the pollutant 

removal outcome. It is also beneficial in removing standing ponds that could potentially attract 

mosquitos. Bioswales can also be designed to be aesthetically pleasing and attract animals and 

create habitats. 

 

When designing a bioswale, it is important to take into account how the vegetation 

selected for the bioswales will grow and understanding what types of plants are considered the 

best fit. Basically, there are four types of bioswales that can be constructed based on the needs 

of the location: low grass bioswales, vegetated bioswales, low water use bioswales and wet 

bioswales (EPA, 2016). For our site, vegetated bioswale is the most suitable one. It is created 

with taller growing plants, ornamental vegetation, shrubs, and even trees. They can be lined with 

rocks to slow down the velocity of stormwater runoff that is flowing through bioswales to increase 

collection time for decontamination. Vegetated bioswales can also include vegetation that is highly 

useful in removing certain chemicals in runoffs very efficiently (EPA, 2016). 

 

Bioswales require a certain soil composition that does not contain more than 5% clay. The 

soil itself before implementation should not be contaminated. Bioswales should be constructed 

with a longitudinal slope to allow sediments to settle. Maximum slope of a bioswale is 3:1. A 

minimum clearance is required to ensure that other infrastructure would not be damaged. The 

overfill drain should be located at least 6 inches above the ground plain to allow for maximum 

concentration time of stormwater runoff in the bioswales. Rocks can also be used to slow down 

the runoff velocity. The use of filters is important to prevent inlets from becoming blocked by 

sediments or trash (NACTO, n.d.). 

 

 

Rain garden 

Rain gardens are very similar to bioswales, but are relatively smaller. It is a technology 

that stores and filters rainwater runoff from impervious surfaces in urban areas (EPA, 2007). 

There is usually a slight depression in a rain garden to lead the runoff into it and store the water. 

Native vegetation that can withstand the moisture range from flooded to dry are planted in it to 

absorb excess water flowing into the rain garden. There are also several soil layers under the 

planted vegetation which are used to filter water runoff before letting it enter the groundwater 

system. In some cases, an underdrain system is installed under the filter layer to collect the 

treated water and distribute it to a detention storage area for other uses, such as irrigation. The 

plants in a rain garden will also return water vapor to the atmosphere through the process of 

transpiration (Schueler et al., 2007). 

 

Rain gardens are most commonly used in urban areas to treat water from impervious 

surfaces such as roofs, parking lots, walkways, and driveways. It can improve the quality of the 

surrounding water bodies and provide opportunities for the plants to absorb rainwater instead of 

distributing the rainwater directly to the sea through storm drains. It can reduce the pollutants in 

water runoff and reduce the runoff volume as well. Therefore, the advantages of a rain garden 

include reducing erosion, water pollution, flooding, and improving diminished groundwater 
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condition. It also provides important ecosystem services of both aesthetic and ecological value, 

and recreational and educational opportunities (Gallet, 2011). However, rain gardens must be 

designed in site-specific ways and require regular maintenance to ensure they are functioning 

well. 

 

 

 

III. Where to apply 

 
Figure 4: Topography (Contour Lines) 

 

According to the contour lines of the site, the stormwater runoff flow direction can be 

estimated, which is mainly from north to south, from west to east (see Figure 4). According to 

the stormwater water path estimation, part of the untreated water would be blocked by buffer 

zone, leading to erosion of pavement and clogging problems. Furthermore, some stormwater 

with a high runoff rate would go into the drop inlets directly, and the pollutants would 

contaminate the drainage system. Based on the potential water path, a retrofit design including 

LID methods for the site is recommended. 

 

The first redesign part includes two bioswales on the southern and western edges of the 

parking lot (see Figure 5). The bioswales each have a slight depression to allow water runoff to 

flow into it and collect the water during storm events. Selected trees and shrubs in the bioswales 

can not only slow the runoff speed of stormwater by their roots, but also filter the contamination 

from stormwater before entering the drop inlets.    
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Figure 5: Parking Space Identification and Adjustment 

 

 

The second one is parking space rearrangement: because of the unused parking spaces, 

the parking lot is redesigned to suit the existing parking condition. Even though the driveway in 

the parking lot is labeled as one-way, the width is 26 feet, leading to a waste of space. Narrowing 

the driveway and rearranging the parking lot can not only reduce impervious surface, but also 

help reserve more space for the bioswale (see Figure 5&6).  

 

Additionally, the bus lane can be changed to porous asphalt: because the roadway around 

the parking lot is the lowest area of the site, stormwater accumulates in this part, leading to 

pavement erosion and clogging. Changing the pavement to the porous asphalt will store and 

absorb water runoff effectively. Since the lane is mostly used for school bus rather than heavy 

trucks, the porous asphalt can be suitable for the site with relatively low maintenance.  

 

A rain garden would also be implemented in the traffic circle area (see Figure 6). A drop 

inlet would be installed under the sidewalk to lead the rain water into the rain garden. The water 

would then flow through the filter media formed by the soil layers, and then go into the under drain 

pipe. Therefore, the filtered water can be stored and distributed for other usage such as irrigation 

for the plants on the school campus. 

  

An educational trail would go through the rain garden allowing students to walk through 

the trail and learn about native species and the hydrologic cycle. Educational signage at the 

entrance of the trail will also teach students, at an elementary reading and comprehension level, 

about stormwater management.  

 

We would also plant more trees on the northern and eastern edges of the parking lot. They 

will help reduce the stormwater runoff from the main street and the driveway between the parking 

lot and the Norfolk Public Library. The renderings and plant palette of the recommendations are 

shown in the Appendix. 
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Figure 6: Parking Lot Recommendations 

 

 

 

Stormwater runoff reduction: 

By changing the pavement to porous asphalt for bus lane, the water runoff from that 

would be reduced from 196,000 gal/yr to 0 gal/yr. With the bioswales and rain garden, 788,600 

gal/yr of stormwater runoff can be absorbed and treated. 

 

IV. Cost 
Table 1 shown below illustrates the cost of our retrofit (in blue) and a potential alternative 

(in orange). Our design includes a bus lane with porous asphalt, two bioswales, and a rain garden 

with educational signage. We would also repave the entire parking lot with asphalt The alternative 

solution (shown in orange) includes covering the entire parking lot in porous asphalt, not 

implementing any bioswales, and still including the educational rain garden. While our option is 

slightly more expensive, it is more durable and aesthetically appealing. Furthermore, by using 

regular asphalt in the parking lot, we prevent potential pollution of groundwater caused by leaking 

fluids and other toxic materials associated with motor vehicles. Our retrofit can better manage 

and treat stormwater runoff and pollution through the two bioswales and rain garden, while also 

creating an aesthetically pleasing, educational experience. 
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Table 1:Cost of Site Retrofit and Potential Alternative
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VI. Appendix 
I. Case study: The Greenleaf Park rain garden, Charlottesville, VA 

 

This 40,000 ft² park which finished in October, 2005, provides public access to its rain 

garden and a long-term educational opportunity to the local community with two permanent 

interpretive signs. The design process included a detailed site survey of drainage and a 

topography analysis. Local volunteers were involved in the construction process, too. By slowing 

water flow, the rain garden allows greater infiltration into soils, and gives plants in the garden time 

to soak up stormwater. Furthermore, it processes and removes pollutants from the water before 

it flows into local waterways.  

 

 
Figure 1: Stormwater Management in the Greenleaf Park Rain Garden 

 

The drain system was covered with : 

- a biofilter soil mixture 

- a layer of rich organic compost 

- erosion control matting 
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II. Sections and renderings of recommendations 

 
Figure 2: Locations of Sections 
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Figure 3: Before and After Improvement of Section A 
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Figure 4: Before and After Improvement of Section B 
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Figure 5: Before and After Improvement of Rendering A 
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Figure 6: Before and After Improvement of Rendering B 
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II. Plant Palette 

 

 
Figure 7: River Birch (betula nigra) 

 

Easily grown average, medium to wet soils in full sun to part shade. River birch is perhaps 

the most culturally adaptable and heat tolerant of the birches. Prefers moist, acidic, fertile soils 

including semi-aquatic conditions, but also tolerates drier soils. Consider using soaker hoses and 

bark mulches to keep the root zones cool and moist. Adapts well to heavy clay soils of Missouri 

and will tolerate poor drainage. Avoid pruning in spring when the sap is running. 
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Figure 8:Black cherry (Prunes serotina) 

Easily grown in average, medium, well-drained soils in full sun to part shade. Best in moist, 

fertile loams in full sun. Young trees develop a long tap root which makes transplanting difficult. 

 

 
 

Figure 9: Common persimmon (Diospyros virginiana) 

Easily grown in average, dry to medium, well-drained soils in full sun to part shade. 

Somewhat wide range of soil tolerance, but prefers moist, sandy soils. Drought tolerant. Promptly 
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remove root suckers unless naturalized effect is desired. Female trees need a male pollinator in 

order to set fruit. 

 

 

 
Figure 10: Pepperbush (Clethra alnifolia) 

 

Easily grown in average, medium to wet soils in full sun to part shade. Prefers part shade 

and consistently moist, acidic, sandy soils. Soils should not be allowed to dry out. Tolerates clay 

soils. Tolerates full shade. Promptly remove root suckers unless naturalized look is desired. 

Propagate by cuttings. Prune if needed in late winter. 

 

 
 

Figure 11: Witch hazel (Hamamelis virginiana) 
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Easily grown in average, medium moisture, well-drained soils in full sun to part shade. 

Best flowering in full sun. Prefers moist, acidic, organically rich soils. Tolerates heavy clay soils. 

Promptly remove suckers to prevent colonial spread. Little pruning is required. Prune in early 

spring if necessary. 

 

 

 
Figure 12: Silky Dogwood (Cornus amomum) 

 

Grow in average, medium to wet, well-drained soils in full sun to part shade. Prefers moist, 

organically rich, slightly acidic soils in part shade. Tolerates close to full shade. Benefits from a 2-

4” mulch which will help keep roots cool and moist in summer. Branches that touch the ground 

may root at the nodes. When left alone, this shrub may spread to form thickets. 
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Figure 13: Common Partridge Pea (Chamaecrista fasciculata) 

 

Showy annual wild flower that is easily grown from seed in average, dry to medium 

moisture, well-drained soils in full sun. Tolerates light shade. Favors somewhat poor soils 

because of reduced competition from other plants. Spreads invasively by self-seeding, particularly 

in dry open areas. Plant seeds late March to May. 

 

 

 
 

Figure 14: Yellow Wild Indigo (Baptisia tinctoria) 

 

Easily grown in average, dry to medium, well-drained soil in full sun to part shade. Best in 

full sun. Tolerates drought and poor soils. Over time, plants form slowly expanding clumps with 

deep and extensive root systems, and should not be disturbed once established. Difficult to grow 

from seed and slow to establish. Plants take on more of a shrubby appearance and tend to open 

up after bloom. Light trimming or shearing foliage after bloom helps maintain rounded plant 

appearance and obviates any need for support, but eliminates the developing seed pods. 
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Figure 15: Solomon’s Seal (Polygonatum Biflorum) 

 

Easily grown in average, medium to wet, well-drained soil in part shade to full shade. 

Prefers moist soils. Slowly spreads by rhizomes to form colonies in optimum growing conditions. 

 

 


