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EXECUTIVE SUMMARY
Castle Hill Park is located in the South Bronx and has been owned by the New York City
Department of Parks and Recreation since the 1930s. However, the park often floods and is
contaminated. Currently, storm runoff flows south along Castle Hill Avenue into the
northeastern entrance of Castle Hill Park and simultaneously flows eastward along the park’s
northern pathway, ultimately causing major flooding in the northeast corner. The excess storm
water that enters the park flows directly into the East River, causing dangerous changes in the pH
balance, temperature, and composition of the river and resulting in erosion and detrimental
effects on animal and plant life. Due to these hazardous effects of the storm water, there is a
great need for a system, namely a rain garden, that can slow the flow of the water as it enters
Castle Hill Park while simultaneously accepting and filtering the storm runoff so that it can
either return to the atmosphere through transpiration or flow into the river in a more
environmentally friendly manner.
Several constraints are associated with the proposed design. These constraints include a limited
budget and timeframe. The aesthetic goals of the park limit plant selection in terms of
maturation height, active growth period, and foliage and flower color in addition to water, saline,
and pH tolerance. For our rain garden design, sources suggest that in order to maintain an
optimal soil infiltration rate of at least 1.5 inches/hour, the soil medium, called loam, must be a
composite of clay and sand based soils which allows for maximized water drainage and retention.
In our particular case, the soil should be composed of 50-60% sand, 20-30% topsoil, and 20-30%
leaf composite1.
The design that we have chosen based on our research allows for high filtration while
maintaining the possibility of water recharge. This design involves a two-foot layer of soil on
top of a one-foot gravel section (which is 8 inches below the soil level in the center and protrudes
6 inches into the soil level as illustrated in Figure 2 on page 5). These sections will be separated
by a filter fabric that will allow only water to pass through to the gravel layer. This gravel layer
is present to filter out everything but water from reaching the underdrain that will be installed in
the gravel section, three inches from the lowest point of the rain garden. Similar gardens,
without the slanted entrances are being proposed for the sides of Castle Hill Avenue. These
gardens should be accompanied by the implementation of a curb that prevents their disturbance
by traffic, while allowing water flow from the street to the gardens by leaving curves out of the
cement that lead the water away from the street.
Several alternative designs were considered for the rain garden, including an infiltration/recharge
setup without an underdrain, an infiltration/filtration/recharge setup with a much larger gravel
base, and a filtration only setup with very little recharge. Flush curbs as well as standard block
curbs were considered.
The final calculations of the design illustrate a huge decrease in water volume input to the park
after the implementation of the rain garden and greenstreets proposals and show the park better
prepared to handle this storm water input.
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REPORT NARRATIVE
1. Background Research:
Castle Hill Park is located in the South Bronx and has been owned by the New York City
Department of Parks and Recreation since the 1930s. However, the park often floods and is
contaminated to the point at which it is not readily accessible by the surrounding population.
The park itself is overgrown and a section of it has been found to have mercury levels that
exceed federal limits on heavy metal ground contamination. The local community will not be
able to enjoy its benefits until these dangerous metals are removed and overgrowth is reduced.
These residents, who are the primary users of the park, will also be unable to utilize the facilities
in the long term until flooding is reduced. Currently, storm runoff flows south along Castle Hill
Avenue into the northeastern entrance of Castle Hill Park and simultaneously flows eastward
along the park’s northern pathway, ultimately causing major flooding in the northeast corner.
The excess storm water that enters the park flows
directly into the East River. This causes two
fundamental problems. Firstly, the constant flow of
such high volumes of water through the park leads to
erosion of the soil and thus the loss of essential
nutrients. At the same time, the water that flows into
the East River is heated by the asphalt over which it
has traveled and polluted with oil and other sediments
that naturally collect on the streets of New York.
These factors cause changes in the pH balance,
temperature, and composition of the river, resulting
in detrimental effects on the animal and plant life
native to the East River.

Excess storm water flowing through Castle Hill
Park and into the East River.

Mayor Bloomberg’s PlaNYC and his initiative for “greenstreets” are making an attempt to make
the city a sustainable biosystem. One component of this plan provides for “improving water
quality through natural solutions” (http://www.nycgovparks.org/sub_your_park/trees_
greenstreets.html). This plan will one day, among other things, decrease the amount of storm
water that runs through New York City’s many roads. The initiative advocates the planting of
thousands of trees along streets to absorb storm water as it passes through. Until a greenstreets
initiative can be undertaken along Castle Hill Avenue, the current lack of such anti-flood
measures will continue to have a direct effect on the ecology of the park and the East River.
2. Formal Problem Statement:
The flooding of water into Castle Hill Park has reached unmanageable proportions, as has the
resultant runoff into the East River. The flow of the water causes soil erosion, dangerous
elevation of river water temperature, and the introduction of pollutants into the river. Due to
these hazardous effects of the storm water, there is a great need for a system that can slow the
water as it enters Castle Hill Park while simultaneously accepting and filtering the storm runoff
so that it can either return to the atmosphere through transpiration or flow into the river in a more
environmentally friendly manner.
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3. Design Specifications:
Functional Requirements
There are a number of requirements which the rain garden, or bioretention area, must meet in
order to solve the problems of water flow including high volume water flow, pollution and
erosion. According to the Prince George’s County Department of Environmental Protection
(DEP) stormwater guide published in 1993, there are several dimensional requirements that
bioretention areas must fulfill. These include the width and length, depth of the garden, slope,
drainage area and the entry velocity of the water. The specifications also state the variety of
plants that should be used. There must be 3 species each of landscaping, trees, and shrubs. The
plants used must be tolerant of pollution, ponding, and periodic drying, and the soil must be the
proper texture.
The motion of the water as it flows through the system is a very important factor in the design
process. During and after storms, water flows down the streets surrounding the park into the
proposed rain garden site and Castle Hill Park. This water eventually flows into the East River.
One of the major aims of this project is to slow down the velocity of the water before it reaches
the river in order for the water to cool down. In order to achieve the slowing of water, a grass
buffer strip that the water flows through must be large enough to be able to contain appropriate
volumes of water. If it is not large enough in width or depth, large amounts of the water will
flow very quickly towards the rain garden and then out into the river. In addition, this grass
buffer strip must be sloped so that the water flows in the right direction as a result of gravity.
The soil of the rain garden will be made to have an infiltration rate of 1.5 inches per hour. It will
be composed of 50 to 60% sand, 20 to 30% topsoil, and 20 to 30% leaf composite. The depth of
the garden should not be too deep, so as to prevent stagnant water to sit for long periods of time,
which can allow mosquitoes to breed.
The exact amount of water that flows into the bioretention area can be calculated using the
Rational Method, Q=CiA where “Q” is the peak flow, “C” is the runoff coefficient, “i” is the
rainfall intensity, and “A” is the drainage area. By using this formula, the amounts of water that
flow in and out of the area and are absorbed by the soil can be obtained.
There are also specifications for how and where the plants will be planted. Not only must there
be a variety of plants, they must be spaced correctly. The Environmental Protection Agency
recommends 1000 trees and shrubs per acre, with a shrub-to-tree ratio ranging from 2:1 to 3:1.
Quality/Life Cycle
This rain garden must be built to last for a long time. It must therefore be able to tolerate heavy
rain, specifically a one-year storm. Our client also specifically noted that maintenance of the
area will be minimal, since the Parks department does not want to spend much of their expenses
on maintenance. In order for these two conditions to be possible, the plants must be capable of
surviving on their own and they should not need to be tended to often. The soil must also be of
an absorbent quality so as to prevent erosion from occurring. Although the garden should
require very little maintenance, the plants should be inspected twice a year so that their health
can be evaluated and diseased plants can be removed.
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Safety/Ergonomic
To ensure the safety of the surrounding community, the rain garden and the park should be made
accessible. Pavement should be laid down so that people can access the area in a safe and easy
way. To inform the community about the function of the rain garden, signs that explain how the
garden works can be posted around the area. Since this is a public facility, the community
should be made aware of the rain garden’s function and the reasons behind installing it.
Aesthetic
Being a public facility, the area should be designed to have aesthetic appeal, though it is not the
main purpose of the project. The community should find the area approachable, unlike the
“jungle” that it is now. To achieve this, aesthetically pleasing and functional plants must be
arranged in an orderly way. Plants that not only have appropriate characteristics for the rain
garden, but that also arouse interest in the community, can be planted in the area.
Timing
The Parks Department is aiming to begin construction of the site by the spring of 2008.
However, our team is required to finish the design by December 4, 2007 for the final
presentation to our client.
Economic
The overall costs for building this rain garden include purchasing the plants and soil, and costs
for construction. The Parks Department has a minimal budget for this project; therefore, costs
must be kept to a minimum. After it has been built, there will be no spending apart from the
occasional maintenance costs. Plants therefore must be able to survive without being watered
regularly.
According to the Storm Water Technology Fact Sheet published by the EPA, constructing a
bioretention area of 400 square feet costs approximately $500 in Prince George’s County. This
cost includes excavation as well as vegetation of 1 to 2 trees and 3 to 5 shrubs. The cost for
planting soil is not included in the $500.
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4. Final Designs:
The foundation of our solution focuses on the design of a rain garden that will absorb and filter
storm runoff from Castle Hill Park and can return this water to the atmosphere through
transpiration. Because of soil contamination in the park, the park’s soil must be replaced with 2
feet of clean fill. This is very beneficial as it allows us to determine the composition of the soil
to meet the needs of our rain garden. Because sources suggest that in order to maintain an
optimal soil infiltration rate of at least 1.5 inches/hour, the soil medium, called loam, that we plan
to use is a composite of clay and sand based soils that allows for a maximization of water drainage
and retention. In our particular case, the soil should be composed of 50-60% sand, 20-30%
topsoil, and 20-30% leaf composite1.
Figure 1: Composition of Soil in Castle Hill Park Rain Garden1
Filtration/Partial Recharge

Figure 2: Depths of soil composition zones1
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The design that we have chosen based on our research allows for high filtration while
maintaining the possibility of a possible water recharge. This design involves a two-foot layer of
soil on top of a one-foot gravel section (which is 8 inches below the soil level in the center and
protrudes 6 inches into the soil level as illustrated in Figure 1). These sections will be separated
by a filter fabric that will allow only water to pass through to the gravel layer. This gravel layer
is present to filter out everything but water from reaching the underdrain that will be installed
three inches from the lowest soil point.
Leading into the “kidney-bean” shaped garden on all sides, there will be a slight gradient for a
height of 6-12 inches before the start of the rain garden, which will continue to depress gradually
for another 6 inches. This final 6 inches is what is referred to as the “pooling zone,” and is the
area in which the water will collect and be absorbed by the plants (Figure 2).1 Figure 3 shows
maya illustrations of the curvature and shape diagram (left) and filled in crossection (right) of the
Castle Hill Park Rain Garden.
The greenstreets proposal that we have created for Castle Hill Avenue involves eliminating the
unnecessarily wide regions of the low-traffic lower section of the street and the large, unused
traffic triangle at the intersection of Castle Hill Avenue and Zerega Avenue (Figure 4). These
sections along both sides of the street will be replaced with a simplified version of the previously
described rain garden in which no gravel or drainage is present, but simply soil with high
filtration and highly absorptive plants. The design that we have come up with, modeled in
Figure 5, should significantly decrease the strain of the Castle Hill Park rain garden and make
environmentally friendly release of water into the atmosphere and the East River an attainable
goal. One noteworthy aspect of the design is the use of curbs to separate the street from the rain
gardens. We have elected to use a newly designed curb that allows for water to flow from the
street to the garden based on fluid dynamics and gravity. In our design, every foot of normal
curb will be followed by a 6 inch section that will be “cutout” from the curb in the manner,
shown in Figure 6, that has been designed specifically to funnel storm runoff from city streets to
slightly depressed rain gardens on the other side.

Figure 3: Maya illustrations of the curvature and shape diagram (left) and filled in crossection (right) of the
Castle Hill Park Rain Garden.
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One major advantage of this type of curb compared to a traditional flush curb, in which the street
and the garden lie in the same plane with no separation, is the degree of protection granted to the
rain garden by having a full, impassable curb barrier. While we did not originally realize that
this would be a concern, our recent visit to the Castle Hill Park site led us to take protection from
humans into account. Along Castle Hill Ave and Hart St., many vehicles, buses in particular,
park on a combination of road and grass. Therefore, we saw fit to modify our original design to
include this method of protecting the rain garden that still maintains the functionality of water
flow.
Plants were selected based on several criteria (discussed in more depth in Design
Specifications), particularly absorbance and growth period (facultative/facultative upland). A list
and description of the plants that we have chosen for the Castle Hill Park rain garden can be
found in the chart at the end of this section. The layout of the plants in the rain garden can be
found in Figure 10.
Calculated Benefits:
One of the ways in which we can visualize the results of the implementation of the rain garden
and the greenstreets proposal is through analysis of a 1-year, 24hour storm. This model is used
to illustrate water volumes and capture for 90% of all storms. Utilizing the capacity of the soil
and gravel in the rain garden, and the changing impermeable area and percent impermeable area,
we are able to calculate both the peak discharge and water quality storage volume of the system
before the implementation of the rain garden, after the implementation rain garden, and after the
implementation of both the rain garden and the greenstreets proposal. These calculations are
made according to the formulated spreadsheet in Appendix 5.
What these estimates allow us to see is that as the
percentage of impermeable land feeding into the
park decreases and the area of absorptive land
increases, the combination of the rain garden and
the greenstreets proposal leads to a large decrease
in the volumetric runoff water that feeds into
Castle Hill Park. From an initial volume of 37,147
gallons of input to the final 14,859 gallons of
input, we see a dramatic decrease of water input,
especially in light of the consideration that the
initial input has no source of absorption and the
final output has a high volumetric absorption
between both the rain garden and the greenstreets
proposal. Most of the final input should be able to
be absorbed by the rain garden, and in the event
that there is, in fact excess water, the rain garden
will be able to pipe the filtered water into the East
River in an environmentally friendly way.
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Figure 4: Satellite image of water flow toward
Castle Hill Park (Google Maps). Yellow arrows
and striped triangle indicate region to be
converted to rain garden.

Figure 6: Maya model of modified transitive curb.
Ever foot, 6” gaps, specially designed to funnel
storm runoff from city streets, transfer water to the
slightly depressed rain gardens.

Figure 5: Maya model of greenstreets proposal
with converted rain gardens along Castle Hill
Avenue.

Key:
1. Cinnamon Fern
2. Dallas Blues Switch
Grass
3. Swamp milkweed
4. Cutleaf Coneflower
5. New England Aster
6. Fox Sedge
7. Witch-hazel
8. Elderberry
9. Dogwood
10. Buttonbush
11. Red Maple
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Figure 7: Topical plant layout for the Castle Hill Park Rain Garden.
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5. Alternate Solutions:
There are three main alternative solutions that our group explored for rain gardens, as illustrated
in diagrams seven through nine below1. The first design (Figure 7) maximizes infiltration and
provides for a high degree of recharge, however, the lack of an underdrain in this system makes
it unsuitable for use with such a high degree of water inflow. The second design (Figure 8)
provides for an area that incorporates both aerobic and anaerobic zones under the underdrain.
While this provides for denitrification, it is perhaps too high a degree for our purposes. The final
design that we considered (Figure 9) was a system based solely on filtration. While this design
would be ideal for a situation where all of the water should be piped out, our particular design
would benefit from an intermediate system that allows for infiltration, absorbance, and filtration
that pipes out only the surplus water.

Figure 7:

Figure 6:

Figure 8:

Figure 9:
1
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Several alternate designs were considered for use for the curbs to separate the road from the rain
gardens. The primary alternate solution was a flush curb, in which the curb and the garden lie in
the same plane with no barrier to separate the runoff water from its target location. The key
problem with this design is the aforementioned busses that park on the current grass, traversing
the current flush curbs along Castle Hill Avenue. Another design that was considered for the
curbs was a more elaborate system of water transfer through traditional curbs using PVC piping
to transfer this stormwater to the rain garden. This design, however, was rejected due to
maintenance concerns, particularly the likelihood of leaves clogging the piping.
6. Transition Plans and User Documentation:
The rain garden for Castle Hill Park is one part of a larger renovation of the entire park. It is
the first one to ever be placed in the park, but not the first to be implemented in similar situations
throughout the country. The proper design of rain gardens (a.k.a. water filtration systems) is
absolutely essential before they are constructed because of the high cost, in both materials and
labor, to rearrange them and to maintain them once they are laid out under the ground. For this
reason, there is little possibility for a future team to improve upon the rain garden once it has
been constructed. Finally, the New York City Parks Department has clearly stated that it has a
limited budget (as discussed in Design Specifications) that may preclude the opportunity for
improvement and maintenance.
The Parks Department and its representatives have been extremely helpful in providing us with
any information and resources needed for this project. Future teams work on projects for them
should understand that the Parks Department itself is one of the best resources for any given
project. Its employees understand how to analyze New York City as a dynamic ecosystem and
have assisted us in developing a solution that benefits both local residents and the environment.
Future teams should also be aware of the fact that as a department of a bureaucratic system, and
especially during the large-scale environmental program PlaNYC, the Parks Department, like
most clients, requires solutions that minimize maintenance and construction costs.
In the spirit of the advancement of technology, however, it is essential that future teams have
access to our design to take advantage of its strengths and improve upon its weaknesses. All our
work, from our problem statement to our final design, can be used to help others find faster,
better solutions to similar problems. Our Product Design Specifications (Appendix 2) can serve
as a reference for specific functional requirements, dimensions, and necessary operations of a
rain garden. The transition from our preliminary design concepts to our final design shows both
a more widely applicable water filtration design and the changes necessary to suit a specific case.
Pictures, visual representations of our final design, and Maya renderings are available throughout
this report.
The solution to the Parks Department’s problem was as unique as the problem itself. That is,
water filtration devices, such as rain gardens, have been employed in the past for similar
problems concerning storm flooding in residential areas near fragile ecosystems. None of these
devices, however, have ever been in a context exactly like that of Castle Hill Park. The site of
the project is a four-acre park located within fifty feet of housing, contains what the state
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government defines as a hazardous amount of mercury, and is surrounded on three sides by
water. All these factors had to be considered in the design of our final solution. Although past
designs of rain gardens were certainly helpful in the process of conceptualizing our own, none
could be simply reproduced because they, like ours, were each made for a specific site and its
specific problems.
Although our group is the first to ever design a rain garden with the exact dimensions and
functions as ours, we do not believe that our particular design warrants a patent. It should suit
the needs of Castle Hill Park very well, but future engineers of rain gardens in the other locations
would most likely benefit from using more generic designs of water filtration systems as a
template, adding details that serve the needs of the specific site.
A design is worthless without instruction on how to construct a tangible product. Our client and
any other readers of this document will find several sections in this document and its appendices
that will be particularly helpful in the implementation of a rain garden of these specific
requirements. The shape, dimensions, and specifications can be seen throughout the final design
section. The product design specifications (PDS) and cost analysis show all dimensions,
materials, and costs for proper installation of the rain garden. The Alternate Design section also
illustrates other options that may be applicable for other particular situations. In addition, the
proposed plants list and the five-year storm analysis that can be found in Appendix 4 and Final
Designs may be useful for further projects.
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APPENDICES
1. Gantt Chart:
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2. Product Design Specifications:
Title:
Castle Hill Park Rain Garden
Purpose:
To design a system that can slow the water as it enters Castle Hill Park while simultaneously
accepting and filtering the storm runoff so that it can either return to the atmosphere through
transpiration or flow into the river in a more environmentally friendly manner.
Predictable Unintended Uses:
While this rain garden is being designed specifically for Castle Hill Park, it is quite feasible to
apply this design to other areas of excessive water flow in the NYC area.
Special Features:
Combination of water absorption and water filtering for environmentally friendly release.
Need for the Product:
The flooding of water into Castle Hill Park has reached unmanageable proportions, as has the
resultant runoff into the East River. The flow of the water causes soil erosion, dangerous
elevation of river water temperature, and the introduction of hazardous pollutants into the river.
Functional Requirements
Water Flow Rate Requirements:
Infiltration rate: 1.5 inches/hour
Maximum water flow velocity: 3 feet/second
Dimensional Requirements:
Must not exceed:
Width: 25 feet
Length: 40 feet
Depth: 4 feet
Shape Specifications:
Kidney Bean Shaped
Plant Variety:
Minimum of 3 species each of landscaping, trees, and shrubs
Slowing the Water:
Sloped grass buffer strip
Soil Composition:
50-60% sand, 20-30% topsoil, and 20-30% leaf composite
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Service Environment:
Plants must be tolerant of a varied pH and to high concentrations of salt and other pollutants.
Plants must be highly absorptive to tolerate heavy rain.
Life Cycle:
Must be built to last for a long time.
Must require minimal maintenance.
Plants should not need to be tended to often.
Ergonomics:
Pavement should be laid down so that people can access the area in a safe and easy way.
The community should be informed about the function of the Rain Garden.
Signs should be implemented in the area that explain how the Rain Garden works.
Aesthetics:
Being a public facility, the area should be designed to have aesthetic appeal.
The community should find the area approachable, unlike the “jungle” that it is now.
Must plant shrubs and flowers that are both functional and aesthetically appealing.
Timing
Aim construction to begin by spring 2008.
Economic
Overall construction costs must account for purchasing plants, soil, underdrain, filter fabric, and
gravel as well as the costs for construction.
Costs must be kept to a minimum.
See “Cost Analysis Spreadsheet” at the end of the document.
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Customer Requirements

Engineering Requirements

1.
3.

Maximum water flow velocity:
3 feet/second

1.
3.
1.
3.
2.

2.
4.
1.
3.
1.
2.
1.
4.
1.
2.
3.
4.

Justification

This prevents overflow and
erosion and allows water time
to cool down
Dimensions of garden must not This allows flow to be
exceed a width of 25 feet,
distributed and helps prevent
length of 40 feet, depth of 4 feet concentrated flow.
Maximum 20% incline
Prevents clogging
Construction for 400 square feet Parks Department is spending
to cost approximately $500, not much of their budget on
including cost of soil
removing mercury from
ground
Maintenance should not be
Park Department does not
necessary more than 2 times a
want to spend money on
year
maintenance
Infiltration rate must not exceed The surface and pollutants
1.5 in/hour
must have adequate contact
time in order for pollutants to
be removed
3 species each of trees and
Having different kinds of
shrubs
plants will resemble a forest
ecosystem
Plants should be planted at a
Plants must be distributed well
rate of 1000 per acre, with a
to have optimum absorbance
ratio of 2:1 to 3:1
Rain garden must be able to
The rain garden must be able
tolerate 5-year storm
to tolerate extreme weather
conditions.
Absorb, slow, and filter water
Low cost; low construction and maintenance cost
Reduce water runoff in streets
Must be built to last a long time
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3. Budget Estimates and Material Lists
Rain Garden Cost Analysis
Item
Underdrain
Discharge
Pipe
Soil
Sand
(55%)
Topsoil +
Compost
(45%)
Gravel
Plants
(preliminary
estimate)
Permeable
Fabric
(labor)

Quantity

(Unit)

100

Unit Cost

coil of 100 ft

(Unit)

0.49

19.55555556

yd^3

$1.00

16
3.333333333

yd^3
yd^3

$20.00
$9.00

300

units

$3.33

Total Cost

$/ft

$49.00

$19.56
$/yd^3
$/yd^3

$320.00
$30.00

$1,000.00

15 yd
$6.00 $/yd
(to be determined based on community partner feedback)

$90.00

Total (Estimated) Price:

$1,508.55

Calculations:
length
Volume soil

width

height

40

12

ft^3 to yd^3

960

(yd/ft)^3
0.037037037

volume sand
volume soil

0.55
0.45

35.55555556
35.55555556

19.55555556
16

width

height

ft^3

Volume
Gravel

length
15

4

90

(yd/ft)^3
0.037037037

ft^3

2

960

35.55555556

1.5

cubic yards

cubic yards
cubic yards

90

3.333333333

Materials List:
Soil (see calculations above), Underdrain Discharge Pipe, Plants, permeable fabric
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cubic feet

cubic feet

cubic yards

4. List of Resources:
Technical reports & journals
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Patents
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Magazine. Spring 2001. 20 October 2007.
<http://chicagowildernessmag.org/issues/spring2001/raingardens.html>.
Kassulke, Natasha. “A Run on Rain Gardens.” Wisconsin Natural Resources Magazine.
February 2003. 20 October 2007. <http://www.wnrmag.com/supps/2003/feb03/run.htm>.
Community/organizational literature & reports
Applied Ecological Services, (AES). “Build Your Rain Garden.” 20 October 2007.
<http://www.appliedeco.com/Projects/Rain%20Garden.pdf>.
Rain Gardens. “A How-to Guide” 20 October 2007.
<http://www.erie.gov/environment/pdfs/rain_garden_booklet.pdf>.
Miscellaneous - Internet sources
New York City Department of Parks and Recreation. 20 October 2007.
<http://www.nycgovparks.org/>.
Columbia Service-Learning Program. 20 October 2007.
<http://community.seas.columbia.edu/cslp/>.
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5. 1-Year Storm Calculations:
Castle Hill Park 1 Year Storm Analysis

Peak Discharge:

BEFORE RAIN GARDEN:

Qf=CiA

Qf=peak discharge
C=runoff coefficient
i=avg rainfall intensity (in/hr)
A=Area
C=.95 for Road
Water Quality
Volume:
WQv = (P) (Rv)(A)/12
acre-feet
P = 90% Rainfall Event Number (see Figure 4.1) =1.2
Rv = 0.05 + 0.009(I), where I is percent impervious cover
A=site area in acres
Qf=
Qf=

C

I

A

0.95

2.5
in/hr

WQv =
WQv =

P

Castle Hill Ave

2.85

Rv

A

PRvA/12

1.2

0.95

1.2

60

545

32700

ft^2

19937.5

ft^2

52637.5
1.2

ft^2
acres

B
Zerega & Traffic
Triangle

1.2
acres

H

0.114
37147.06268

.5BH

145

275
Total Area:

19

acre-feet
gallons

Castle Hill Park 1 Year Storm Analysis

Peak Discharge:

AFTER RAIN GARDEN:

Qf=CiA

Qf=peak discharge
C=runoff coefficient
i=avg rainfall intensity (in/hr)
A=Area
C=.95 for Road

Qf=
Qf=

C

I

A

0.95

2.5
in/hr

WQv =
WQv =

P

Castle Hill Ave

2.73125

Rv

PRvA/12
0.104075
33912.98727

A

1.2

0.905

1.15

60

500

30000

ft^2

19937.5

ft^2

49937.5
1.15

ft^2
acres

B
Zerega & Traffic
Triangle

1.15
acres

H

.5BH

145

275
Total Area:

20

acre feet
gallons

Castle Hill Park 1 Year Storm Analysis

Peak Discharge:

AFTER GREENSTREETS

Qf=CiA

Qf=peak discharge
C=runoff coefficient
i=avg rainfall intensity (in/hr)
A=Area
C=.95 for Road
Water Quality
Volume:
WQv = (P) (Rv)(A)/12
acre-feet
P = 90% Rainfall Event Number (see Figure 4.1) =1.2
Rv = 0.05 + 0.009(I), where I is percent impervious cover
A=site area in acres
Qf=
Qf=

C

I

A

0.95

2.5
in/hr

WQv =
WQv =

P

Castle Hill Ave

1.78125

PRvA/12
0.0456
14858.82507

acres

Rv

A

1.2

0.608

0.75

50

500

25000

ft^2

7850

ft^2

B
Zerega & Traffic
Triangle

0.75

H
140

.5BH

270
-11050
Total Area:

21

32850
0.75

ft^2
acres

acre-feet
gallons

