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Introduction  

 The site of focus for our redesign proposal is located at Ingleside Elementary School in 

Eastern Norfolk, Virginia. Positioned in the Broad Creek Watershed, Ingleside has a total of 541 

students ranging from Pre-k to 5th grade and has a science SOL that focuses on living systems, 

earth cycles, and climate change. As with most areas on the coast of Virginia, the Ingleside area 

is one that suffers many structural issues due to lack of water infiltration. Ingleside Elementary in 

particular has a large outdoor area that it uses for physical education classes, after school sports, 

and recess. After an examination of this outdoor area and discussion with multiple school 

teachers and officials, it became clear that the area has a multitude of infrastructure, compaction, 

and infiltration issues. We identified five of these problems as the most critical problems that, 

through the course of our redesign, we hope to solve.  

 

Existing Conditions Analysis 

I. Outdated Playground  

 The playground area for students is comprised of 5 jungle gym 

structures that are extremely weathered, with the metal rusted and paint 

chipped. Although there are five of them, they are each quite small and 

there is an overall lack of variation in the designs. The structures were a 

cause of great concern for many of the teachers, who believe the set-up is 

in great need of a renovation. Aside from the structures themselves, the 

ground cover they sit on top of is sanded, which makes them inaccessible 

in rain conditions.   

 

II. Ineffective Stormwater Infrastructure 

 Due to poor infiltration across the 

site, there are a series of sanded areas that 

have developed where grass once grew. 

These “potholes” have been caused by 

pooling due to rain and excess runoff 

coming from the surrounding parking lots 

and impervious surfaces. The teachers we 

spoke to were very concerned with these areas as being dangerous for the kids, especially when 

it rains and they turn to mud.     

          In addition to these pooling areas, another apparent infiltration issue is the large 

stormwater drain located directly adjacent to the basketball court. Not only is the drain extremely 

inefficient, as evidenced by the visible standing water several days after there was rain, but it is 

extremely dangerous for children. It was explained that several times during class periods at the 

basketball court, students would have to fish out fallen basketballs from the deep pit.  



III. Lack of Buffers 

 The entirety of the playground area is surrounded 

by large parking lots and lacks a sufficient buffer between 

them and areas where the students play. These impervious 

surfaces cause a large amount of runoff to spread into the 

area and are also aesthetically displeasing. The parking lot 

directly to the west of the play area has a high amount of 

traffic from large loading trucks, which can be dangerous 

to children running in and out of the area. On the east side 

of the yard, there is a emergency station also used by police for temporary criminal holding.  

 

IV. Dysfunctional Basketball Court 

 The basketball court is both in bad repair and 

underutilized, as it is currently only used for physical 

education classes. Water that goes unabsorbed due to 

the court’s concrete surface has caused large cracks 

to run through it, and plants have grown through 

them as a result. The impervious surface also causes 

a large amount of runoff to spread into the rest of the 

yard. 

 

V. Lacking Gutter and Rain Barrel System  

 The last issue that was evident 

throughout our site was the lack of a rain 

collection system. While there were rain 

gutters on the school buildings, they were 

only apparent on a few sides of some of 

buildings, and were not adequately 

connected to any of the rain barrels. The 

rain barrels themselves have insufficient 

drainage systems, lacking a connection to plants and the deeper soil.   

    

Precedent Studies  

 After a thorough analysis of site issues, we researched some projects with similar 

objectives in order to help us develop ideas for low impact designs that would fulfill our goals.  

 

Brent Elementary School, Washington D.C 

● Removal and replacement of 1,500 square 

feet of asphalt surface to rain gardens and 

plant beds 



● Addition of 7,000 square foot “Nature Classroom” 

● $289,000 total cost 

 

Greening Lea Playground, Philadelphia, PA 

● Conversion of an asphalt lot into a 41,000 square 

 foot storm water playground  

● Addition of a rain garden and education space  

● $242,000 total cost 

      

 

 

Proposed LID Technologies  

The technologies used to solve the drainage and stormwater issues at Ingleside include 

bioswales and rain gardens to catch and treat runoff, additional trees and plants to absorb 

groundwater and prevent soil compaction, and pervious pavement to allow water to percolate 

through the surface of the basketball court and the areas where the playground equipment is 

located.  Finally, we included the addition of new playground equipment and an outdoor 

classroom, that while may not provide any functional stormwater management, make the site 

usable and fun for the school and children to play there.  

 

Bioswales  

 Bioswales catch surface water runoff from parking lots and impervious surfaces and hold 

the excess stormwater water, while plants and vegetation treat and clean the water as it slowly 

filters through the roots and ground and removes pollutants. The water may go through a pipe to 

be collected elsewhere, or it may go through another filtration of sand or rock and ultimately 

make its way to an aquifer or evapotranspiration occurs.  Bioswales are designed to treat excess 

water for a certain size of impervious pavement and when done correctly is an effective way to 

catch stormwater and allow for infiltration.  Limitations to bioswales are that they are designed 

to handle only a certain amount of stormwater, so if rainfall and runoff goes beyond its limits, 

then water in the bioswale will pool and the system fails.  Additionally, bioswales and the plants 

in them must be maintained to function properly.  The bioswales in the Ingleside site are 

designed to handle more than the maximum amount of runoff from the parking lots adjacent to 

the site, and they also include a number of native plants that work well with the soil and climate 

and are effective in treating excess water.   

 

 

 

 

 

 

 



For further information:  

http://www.iowastormwater.org/documents/filelibrary/files/training/stormwater/iswmm_decemb

er_2015/Bioswales_05BDAB268FA7D.pdf 

Image sources:  

Top: https://www.watershedcouncil.org/bioswale.html 

Bottom: http://www.pinehurstseattle.org/2008/08/15/pretty-bioswales/ 

 

Rain Gardens 

 Rain gardens are similar to bioswales in that they treat runoff water from impervious 

surfaces, however they do not connect to a drainage pipe and are just a shallow depression filled 

with plants that store and treat stormwater. In the Ingleside site, the rain gardens located adjacent 

to the playground equipment, the basketball court, and the outdoor classroom are designed to 

effectively handle the drainage issues that currently exist and treat runoff.  Additionally, they are 

designed so that the students can run around and play in the garden with an education aspect of 

learning about the native plants that are treating the water.   

 

 

 

 

 

 

 

 

 

For further information:  

https://water.tamu.edu/files/2013/02/stormwater-management-rain-gardens.pdf 

Image sources: 

Left: http://www.betterground.org/rain-gardens/ 

Right: http://www.insite-studio.com/education.html 

 

Permeable Pavement  

 Permeable pavement is an alternative to paving surfaces with impermeable concrete so 

that it allows stormwater to filter through small holes in the surface, rather than runoff and cause 

drainage issues.  While no pavement at all would be best, sometimes it is necessary to have a 

paved surface, so permeable pavement is a great solution.  In the Ingleside site, porous pavement 

is used for the basketball court and under the playground equipment to allow for stability and a 

place for kids to play on that will not flood when it rains.   

 

 

 



 

 

 

 

 

 

 

For further information: 

http://www.asphaltpavement.org/index.php?option=com_content&view=article&id=359&Itemid

=863 

Image sources: 

Left: https://stormwater.pca.state.mn.us/index.php?title=Calculating_credits_ 

for_permeable_pavement 

Right: http://www.phillywatersheds.org/greening-lea-playground 

 

Cisterns  

 Cisterns are used as a rainwater catchment container and are hooked up to gutter systems 

so that they can catch and store water from building roofs.  The water held in cisterns should not 

be used for drinking water unless treated first.  They can either be attached to hoses and used for 

irrigation or attached to a pump to be brought into the building.  The size of cisterns (or their 

smaller counterpart, rain barrels) depends on the amount of water that needs to be held, which 

depends on rainfall for the area and the size of the roof running off into the gutters and channeled 

into the cistern.  Cisterns are a great way to catch and store stormwater from the roof that would 

otherwise run off into areas that cannot handle the capacity of water and cause drainage issues.   

 

 

 

 

 

 

 

 

 

For Further Research: https://www.gov.mb.ca/waterstewardship/odw/public-

info/fact_sheets/pdf/water_factsheet_cisterns.pdf 

Image Sources: 

 http://www.esf.edu/ere/endreny/GICalculator/CisternsIntro.html 

 https://www.lakecountyil.gov/2215/Rainwater-Harvesting-Cisterns 

 

 



Trees and Plants 

 Plants, especially large trees, are majorly effective at absorbing and treating stormwater.  

First, trees catch water in their leaves when it rains which is either absorbed or evaporated.  

Second, when water percolates into the ground, the roots of the plant or tree absorb the water and 

filter it so that pollutants get trapped and diluted.  Finally, the stored water can be used to help 

nourish the tree or it evaporates and prevents the water from impacting the stormwater system.  

Trees and plants can act as a buffer between impervious surfaces such as parking lots and and 

prevent runoff issues.  They are also a nature-based solution to stormwater management and can 

be lower in costs than engineered solutions.   

 

 

 

 

 

 

 

 

 

 

For further information:  

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprdb5269813.pdf 

Image Sources: 

Left:https://nzhistory.govt.nz/media/photo/tauranga-district-high-school-memorial-trees 

Right: https://environment.arlingtonva.us/2017/07/how-our-trees-clean-our-water/ 

 

Where to Apply  

The technologies we used to 

solve the stormwater issues in our 

study area are planning rain gardens, 

replacing existing impervious 

surfaces by permeable surfaces and 

adding more trees. A site plan of 

current site dimensions can be 

referenced to the right. The total area 

of the site is about 10.5 acres, 4.2 of 

which are impervious surface. We 

estimate that about 15% of the site 

contains trees and the remaining 35% 

is highly compacted lawn with 

moderate infiltration capacity. 



 

  We planned rain gardens in three places, totaling 8,783 square feet. The largest rain 

garden we planned is located beside the north parking lot, which is around 4,269.4 square feet in 

area. This rain garden can be used to catch the stormwater from the north parking lot. We also 

incorporated three rain gardens (419.1 square feet each) next to the faculty parking lot; these 

cells should be used to catch the runoff from the faculty parking lot and main building roof. The 

remaining three rain gardens are located toward the southern end of the site , replacing the 

current drainage ditch. These large gardens can treat runoff from the roofs directed there via 

underground pipes. Two of them are 960.1 square feet and the third one is 1337.4 square feet. 

The existing playground currently is situated on sand. We propose to replace the sand 

with permeable asphalt, which can help catch the stormwater from the parking lot behind. We 

also propose to replace the original cracked surface in basketball court by permeable surface as 

well, which can increase the ability of the stormwater catchment of a basketball court and create 

a better sport field for kids. 

In the existing site, there are only a few large trees. Large tree would be beneficial to the 

site as they provide shaded  space and assist in to runoff catchment. So, we propose to add 15 

middle-size trees with the diameter of 20 feet and 6 large trees with the diameter of 30 feet in the 

site to strengthen the runoff reduction of the site. In addition, we also add many smaller trees, 

such as shrubs along the playground to increase the green space of the site and increase the 

ability of stormwater management as well. 

In terms of program, there will be an outdoor classroom tangent to the southernmost rain 

garden. The classroom can strengthen the science curriculum at the elementary school as 

children will learn from their surroundings. The rain garden that surrounds the garden will be an 

educational program, meaning there is potential funding from fifth grade SOL, Standard for 

Learning programs. Part of the SOL testing requires the fifth graders to know about “Reporting 

Category: Life Processes and Living Systems” meaning they will need to know information 

about the “structures of typical plants and the function of each structure, processes and structures 

involved with plant reproduction photosynthesis, photosynthesis, and adaptations allow plants to 

satisfy life needs and respond to the environment” (Alberta Education). Second, there will be a 

new playground made of permeable pavement. The current playground consists of sand and 

becomes unusable during times of flooding. It is unusable for many days following heavy 

rainfalls, preventing the students to have recess outdoors. The proposal includes new surface for 

the playground and new equipment as the current is outdated and rusted, potentially harmful to 

students. The permeable pavement playground will wrap around the edge of the site. Lastly, the 

implementation of permeable pavement in the basketball court will create potential for more 

activities during the Physical Education classes that take place as it is currently severely cracked.  

 

 

 

 



Planting palette 

 The following site planting schemes were chosen according to site soil texture, location, 

and moisture conditions. For more information, see associated project PowerPoint.   

 

         

    

   

 

Above image shows site plan with proposed interventions and dimensions.    

  



Top image: before and after of proposed playground  

Bottom image: before and after image of proposed outdoor classroom  

 

Functionality of Proposed Interventions 

The proposed LID components function by reducing runoff volume and removing 

pollutants from stormwater runoff. The functionality, proposed surface area (based on site plan 

dimensions), and treated surface area of each component is listed below: 

Rain garden:  

1 acre treats 5 acres of impervious surface runoff (VA DEQ (a), 2013) 

Proposed rain garden area: 13,175 square feet 

Treatment with proposed area: 43,195 square feet 

 Permeable asphalt: 

  1 acre treats 2 acres of impervious surface runoff (VA DEQ(b), 2013) 

  Proposed permeable basketball and playground area: 15,333 square feet 

  Treatment with proposed area: 30,666 square feet 

 Trees: 

  One 25-ft diameter tree treats 2,400 square feet of imperviousness (EPA(b), 2016) 

Proposed 20 medium-large trees area: 1,962 square feet 



Treatment with proposed area: 48,000 square feet 

Cisterns: 

1,000 gallon cistern treats 1,666 square feet of impervious runoff (EPA(a), 2013) 

Proposed 6 cisterns: hold 1,000 gallons each 

Treatment with proposed area: 10,000 square feet       

  

Using the EPA Stormwater Calculator, we determined that our current site experiences 

roughly 45.9 inches of annual rainfall and 16.9 inches are runoff (see figure below). The land 

cover is currently about 15% forest, 35% lawn, and 40% impervious surface. Our LID 

interventions would treat the impervious cover by the following breakdown: 

 

● 10%  imperviousness treated using disconnection and increased forest 

(25%) 

● 15% imperviousness treated using rain harvesting 

● 25% imperviousness treated using rain gardens 

● 50% imperviousness treated using porous asphalt* 

●  

With an input of these values, the calculator determines that our interventions reduce the 

annual average runoff by 12.04 inches and the site retains an extra 1.53 inches of max rainfall 

compared to existing conditions. Furthermore, days with any runoff drop from about 47 to 10 

days per year. 

 

*Note: Upon 

final analysis, we 

determined that the 

percentages varied 

somewhat from those 

listed above, although 

all basic components 

are the same. 

Unfortunately, the 

stormwater calculator 

would not function for 

us again, and new 

values could not be 

obtained. This tool 

should be repaired and 

attempted again prior 

to final design 

implementation. 



Although the stormwater calculator failed to provide us with values for pollutant 

reduction at this site, literature provides some values that might be referenced instead. The 

Virginia DCR reports that values for pollutant EMC (event mass concentration) reduction hover 

around 60% for standard bioretention systems, but other studies find that well-maintained rain 

gardens can remove up to 91% of total pollutants annually (VA DCR(a), 2011; Jiang et al., 

2017). Disconnection from the storm drain system can provide more than 50% mass load 

removal of both TP (total phosphorus) and TN (total nitrogen) pollutants by spreading to 

sheetflow, as well as channeling water to trees for additional treatment (VA DCR(c), 2011; 

EPA(b), 2016). Permeable asphalt reduces EMC by around 25% , as well as removing up to 81% 

mass load for both TN and TP (VA DCR (b), 2013). 

     

Project Cost Analysis 

         Costs associated with this design may vary according to certain sourcing and design 

choices, but roughly the total cost should average around $141,206 (including new playground 

equipment). Breaking this down into different components, the proposed rain garden cells should 

make up the majority of the expense. Cost estimates vary according to each source, but generally 

literature suggests that a standard facility costs about $5-7 per cubic foot for construction 

(Mateleska, 2016; Sample, 2013). Other sources claim the cost can be approximately $15 per 

cubic foot, which suggests that costs vary slightly according to location, planting palette, and 

site-specific demands (SEMCOG, 2008). Maintenance each year should cost 5-7% of 

construction costs (Schueler et al., 2007). Based on these estimates, the 13,175 ft3 of rain garden 

suggested for this intervention totals about $65,875 in initial cost and construction, plus an 

additional $3,294 in maintenance each year. 

         Trees costs also vary based on species and sapling size, but according to the Virginia 

Department of Forestry, the initial cost of a set of 25 river birch saplings (12-20 inches in height) 

is $45 (VA Department of Forestry, 2017). Although larger trees cost more initially and in terms 

of maintenance, the net benefit can be thousands of dollars more compared to small trees. 

Maintenance per year is about $18 per large tree; therefore, the total overall cost for 20 trees is 

$405 (US Forest Service, 2004). 

         The design proposes to add porous pavement in two locations. The surfaces underlying 

the playground and replacing the basketball court total 15,333 ft2. Permeable asphalt costs $0.50 

to 1.00 per square foot in construction cost, which means that the cost for construction likely 

ranges between $7,667 and $15,333 (VA DCR(b), 2011). Maintenance involves cleaning 4 times 

a year, which would cost an estimated $200 per acre (University of Florida). Furthermore, the 

demolition of existing pavement likely costs around $18,363 for the demolition itself, plus an 

additional $500 to rent proper equipment (Prince George’s County DE). Therefore, the total cost 

for permeable pavement including demolition, construction, and maintenance totals between 

$28,147 and $35,814. Addition of playground equipment into the cost varies according to 

retailer, but 2 large sets of playground equipment likely add around $30,000 total to the cost  

(See playgroundequipment.com). 



         Cisterns are recommended in order to critically help reduce runoff as the trees grow to a 

more functional size. In order to treat 6,000 ft2 of roof, six 1,000-gallon cisterns would cost 

roughly $9,000 (EPA(a), 2013). Although maintenance can be minimal, the total cost for 

inspection and cleaning each year may total around $740 per cistern based on site conditions. 

The chart below summarizes all of these costs in terms of construction, maintenance, and 

demolition, where necessary. 

 
         Although the total project cost is significant, other studies show that designs using a 

variety of LID technologies often are less expensive overall than conventional approaches. A 

study conducted by the EPA found that in 11 out of 12 projects using an array of LID design 

techniques, total costs decreased by 15% or more (Schueler et al., 2007). The Garden Valley 

study used both bioretention and permeable pavement in their design to reduce costs of 

stormwater management costs by 72% compared to conventional practices. Other studies using 

rain gardens conclude that conventional techniques might cost almost three times the 

bioretention cost to treat the same area of runoff (Coffman, 1994). Porous asphalt has a slightly 

higher initial cost and construction cost compared to conventional asphalt, but overall less 

maintenance cost and significant stormwater management benefits compared to conventional 

asphalt make this a highly desirable design choice (Century West Engineering, 2013).  

Should more stormwater management be necessary, planting of additional large trees is 

recommended, as trees are relatively inexpensive and provide effective stormwater management, 

as well many additional ecosystem services. The McPherson et al. (2005) study investigates the 

benefits found in community forests from different states. They find that trees provide energy 

savings, CO2 reductions, stormwater runoff reductions, and improved property value, resulting in 

returned benefits of up to about $3 per year for each dollar invested in trees (McPherson et al., 

2005). The proposed interventions have the benefit of maintaining the usefulness of the site, 

which is necessary given its functionality as a relatively open and highly-utilized play space. 

 

Conclusions 

 In summary, the current issues at the Ingleside school of the outdated playground, 

ineffective stormwater infrastructure, lack of buffers, cracked basketball court, and lacking gutter 

and rain barrel system cause the site to be an ineffective school playground that is not used to its 



full potential due to the stormwater and drainage issues.  The problems can be remedied and the 

site restored through the proposed interventions of rain gardens and bioswales at strategic 

locations, permeable asphalt for a new basketball court and playground equipment, planting 

native trees and plants, and using cisterns attached to the gutter system for excess stormwater.  

Ultimately, the proposed design will create a playground that is educational and functional for 

the school students and neighborhood residents to enjoy.  
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On our honor, we have neither given nor received unauthorized assistance on this assignment. 

 C. Coulter, C. Devine, B. Dong, A. Sood, and G. Sylvester 

 


