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 This report is a summary of the results of our analysis of the storm drainage characteristics of 
West Street in Brooklyn and the potential to use specific sustainability BMP's for the goal of reducing 
overall storm runoff.  For a summary of the findings, please refer to the Conclusions section on the last 
page of this report.  The specific question being asked is, quantitatively how much water could be 
diverted from the existing combined sewer infrastructure and retained, and second, what proportion of 
a given design storm's precipitation could potentially be retained.  Calculations have been summarized 
in this letter.  Attached to this letter are additional figures and hand calculations that may be helpful in 
understanding the results presented below. 
 
GENERAL DESCRIPTION OF ANALYSES 
 
 The subject site is located in the Greenpoint neighborhood of Brooklyn, New York along the 
right-of-way of West Street from Eagle Street to Quay Street.  The site has been divided into sub-basins 
that are intended to be representative of the watershed as a whole.  Sub-basin A1 is equivalent to a large 
city block in this neighborhood, and sub-basin A2 is equivalent to a small city block in this 
neighborhood. 
 The purpose of this study is to analyze the potential storm water retention capabilities of tree 
planters installed on each side of the roadway.  Each of the two proposed tree planters are envisioned to 
be 5 feet in width.  Planters are to be 75 feet in length.  Between planters will be a sidewalk area where 
a curb cut for a handicapped access ramp could be installed.  The layout of the planters does not take 
into account curb cuts for driveways or other points of access.  A more accurate measurement of the 
total possible length of tree planters could change the assumptions shown herein. 
 
ASSUMPTIONS 
 
 In the analysis of the potential for storm water catchment the following information and data 
were assumed.  Except as noted all of these assumptions were held to be true in both the examination of 
the West Street Study Area, as well as the examination of the watershed region in which West Street is 
contained. 
 

1. The storm that is being analyzed is defined to have 1.7” of precipitation.   
2. This precipitation is at an intensity of I = 5.95 inches/hour with a time to concentration of tc = 6 

minutes.  This is the 5-year storm as defined by the DEP. 
3. It is assumed that there are no offsite flows coming onto the subject study area; the high point 

and eastern boundary of the watershed under investigation is Manhattan Ave. 
4. Surface flow of storm water across intersections is not allowed. 
5. The watershed area is further subdivided into sub-basins that are defined to be a single city 

block in the north-south dimension and 1 ½ city blocks in the east-west dimension (such as 
between Manhattan Ave. and West St.); the region bounded by Dupont St, Eagle St., Manhattan 
Ave., and West St. shall be called sub-basin A. 

6. The study area is further subdivided into two areas of dimensions 260' by 930' feet and 260' by 
460'.  These dimensions are measured from ROW centerline to centerline.  The former 
dimension represents city blocks between Manhattan Ave. and Franklin St. while the latter 
represents city blocks between Franklin St. and West St.  These areas as so described because of 
assumptions #3 and #4.  The region bounded by Dupont St, Eagle St., Manhattan Ave., and 
Franklin St. shall be called sub-basin A1, while the region bounded by Dupont St, Eagle St., 
Franklin St., and West St. shall be called sub-basin A2. 

7. Since survey data is not available, it is assumed that the average grade from east to west 
between Manhattan Ave. and the East River is 1% and that there is no significant elevation 



change between the north and south ends of the watershed (between Ash St. and Quay St.).  It is 
assumed that West Street was constructed, and any future reconstructions will be, such that he 
average grade along West St. in any block in the north-south direction is assumed to be 1%. 

8. It is assumed that the soils in the watershed are of hydrologic soil group D (high runoff 
potential), and that imported soils used in tree planters are of hydrologic soil group A (low 
runoff potential).  This assumption is based on the guidance the Natural Resources 
Conservation Service in classifying the soil and aggregate to be of NRCS hydrologic soil group 
A  (USDA, 1986). 

9. Impervious area is assumed to be approximately 80%, which equates to the use of curve number 
94 in the evaluation of runoff by the USDA TR-55 method. 

10. Planters are 75 feet long by 5 feet wide.  There are 26 planters in sub-basin A1 and 14 planters 
in sub-basin A2.  The number of planters is based on the stated design condition that two 
planters, with a 5' curb cut for an access ramp, will be installed on a north-south block whose 
approximate dimension is 230' as measured from flowline to flowline.  The assumption of 5 
planters and 11 planters, respectively, on the east-west dimension of the large and small blocks 
is based on similar spacing. 

 
 The tree planter soil section, as shown on drawings provided to us, consists of a 5' width of soil 
with a porosity of n=0.35 to a depth of 2.5', on top of a 1' depth of aggregate with a porosity of n=0.25.  
The total void space then would be 4.5 ft^3/ft of linear tree planter.  The void space was used to 
determine the amount of volume available for underground storm water retention. 
 
METHODOLOGY 
 
 To determine the answers to the questions asked the site has been analyzed from two 
perspectives.  The first is a regional perspective where the effect of the implementation of storm water 
retention planters throughout the watershed is analyzed.  The second method is a more local analysis in 
which the effect and benefit of installing storm water retention planters solely along West Street is 
analyzed.  In both of these cases, planters of the dimensions given in the above assumptions are used.  
Such planters, if installed at the same grade as the adjacent roadway, with a 1% slope, will hold a 
wedge shaped volume of runoff.  Additionally, if storm inlets and a percolation pipe are installed in the 
sub-grade aggregate layer, an additional quantity of water can be retained underground. 
 Regarding soil types and runoff potential it is of use for the reader to understand the modeling 
schema that is employed in the method of runoff calculation described in the TR-55 reference.  When a 
storm event occurs, a given amount of precipitation falls during a given time period.  The amount of 
runoff is some amount less than the total amount of precipitation.  Even for areas that are completely 
impervious, the total runoff is less than the total precipitation.  This is because even so called 
impervious materials like concrete, still absorb some storm runoff.  The amount of runoff then is a 
function of the percentage of impervious area within the study area.  The amount of runoff is also 
affected by the hydrologic classification of exposed soils.  Soils of hydorlogic group A are soils having 
a high infiltration rate (low runoff potential) when thoroughly wet. These consist mainly of deep, well 
drained to excessively drained sands or gravelly sands. These soils have a high rate of water 
transmission.   Soils of hydrologic soil group D consist mainly of clayey soils or soils that have a high 
subsurface water table, or saturated soils.  Group D soils do not absorb as much precipitation before 
runoff occurs than do group A soils.  In most storm events, including the storm event being investigated 
in this study, the rate of precipitation is far greater than the rate at which water percolates into the soil.  
Therefore, in storm modeling an empirical numerical model is used to calculate the amount of runoff as 
a proportion of the total precipitation.  The amount of precipitation that does not become runoff acts to 
saturate the exposed soils and change them into an effectively impervious surface.   Using Figure 2-1, 



and Table 2-1 of the TR-55, it is seen that the runoff of the precipitation that falls on the tree planter 
area is approximately zero; it has a negligible contribution to the total depth of runoff.  Of course, in 
any storm event where runoff is created, by definition, only after the cessation of the storm event would 
the runoff percolate into the surface of the soil; during the storm event the runoff does not percolate 
into the soil. 
  
 SUMMARY OF FINDINGS 
 
First Method: An analysis of regionally installed tree planter retention.  This analysis assumes that 
precipitation that falls in the watershed area is conveyed by the currently existing combined sewer 
infrastructure only after passing through the proposed storm water retention planters.  The planters are 
intended to retain storm runoff and reduce the amount of flow into the combined sewer.  This is a 
distinction from a system that would detain storm water for a period of time before releasing to runoff 
at a slower rate.  In this analysis it is assumed that the water that is retained will ultimately percolate 
into the soil after the storm event has ended.  While this rate of percolation is slow, it is assumed that 
the entire retained volume would percolate within 48 hours.  If geotechnical testing shows this to not be 
feasible then the system will need design modifications. This analysis focuses on sub-basins A1 and 
A2, which are two complete city blocks of different sizes that are common to this neighborhood. 
 
In the event of storms whose frequency is approximately 85th to 99th percentile: 

Total rainfall depth:  1.7 in. 
Total volume of rainfall in sub-basin A1:  34,255 cf 
Total volume of rainfall in sub-basin A2:  16,943 cf 
 
The impervious area is assumed to be 80%.  This is based on information provided on Table 2-2 
from USDA TR-55.  This leads to the use of Curve Number 94. 
 
The total quantity of runoff in inches is given by the following two equations: 
 
Q = ( P – 0.2 * S )^2 / ( P + 0.8 * S) 
 
S = 1000 / CN - 10 
 
where, 
 
Q = Total quantity of runoff in inches 
P = The total rainfall (inches) = 1.7” 
S = potential maximum retention after runoff begins (inches) 
CN = Curve Number = 94 
 
Therefore, S = 0.638 and Q = 1.118” of runoff.  This calculation accounts for rainwater that 
seeps into pervious area or is retained by numerous natural and man-made factors, such as a 
puddle in a front roof, or a puddle in a poorly operating roof gutter.  This amount of runoff 
amounts to a total runoff volume of: 
 
Total volume of runoff in sub-basin A1:  22,534 cf 
Total volume of runoff in sub-basin A2:  11,146 cf 
 
It is assumed that the primary method of storm water retention shall be by the use of tree 



planters.  The planters are assumed to be of the same slope as the adjacent roadway, 1%, and to 
have dimensions of 75 feet in length by 5 feet in width.  Therefore the depth at the down 
gradient end of the planter shall be 0.75 feet.  The volume of runoff that can be retained in this 
wedge shaped tree planter retention pond is 140.625 feet. 
 
The planters are placed such that between Manhattan Ave. and Franklin St. there will be 11 
planters, between Franklin and West streets there will be 5 planters, and between Dupont and 
Eagle streets there will be two planters.  Therefore, there will be a total of 26 planters in sub-
basin A1, and 14 planters in sub-basin A2. 
 
The total volume of storm water that can be retained in these planters is as follows: 
 
Total volume of surface retention in sub-basin A1:  3,656 cf (16.2% of runoff) 
Total volume of surface retention in sub-basin A2:  1,969 cf (17.7% of runoff) 
 

 The secondary type of storm water retention is proposed to be underground storage.  This 
 storage is provided by infiltration of stormwater into an aggregate layer that is to be placed 
 below the planting soil layer in the tree planters.  There is to be a layer whose thickness is 1 
 foot, and which spans the length and width of each planter.  With a porosity of 0.25, storm water 
 can infiltrate and occupy 75% of the total volume of the aggregate, and hence the total amount 
 of retention provided by this  underground storage is as follows: 

 
Total volume of underground storage retention in sub-basin A1:  2,438 cf (10.8% of runoff) 
Total volume of underground storage retention in sub-basin A2:  1,312 cf (11.8% of runoff) 
 
Therefore, the total amount of runoff that can be retained by the proposed combination of 
surface retention in the tree planters and underground storage in the aggregate layer is: 
 
Total volume of retention in sub-basin A1:  6,094 cf (27.0% of runoff) 
Total volume of retention in sub-basin A2:  3,281 cf (29.5% of runoff) 
 
Stated differently, this proposed design will retain the first 0.459” of runoff in sub-basin A1, and 
0.502” in sub-basin A2.  So of the total 1.7 in, 0.582 in is absorbed (pre-runoff) and an 
additional 0.459 in (sub-basin A1) or 0.502 in (sub-basin A2) is retained.  For a total of 1.04 in 
of 1.7 in or 61% of the total rainfall in sub-basin A1 and a total of 1.08 in of 1.7 in or 64% of 
the total rainfall in sub-basin A2 is prevented from running off the street into the storm water 
sewers. 
 

Second Method: An analysis of the effect of installing storm water retention ponds only along West 
Street.  This analysis assumes that only the precipitation that falls on the right-of-way of West Street 
must be diverted into tree planters for retention.  All of the precipitation that falls on the privately 
owned, urbanized lots within a lot is assumed to flow into the existing combined sewer infrastructure 
prior to flowing into the proposed storm water retention planters.  Therefore, the quantity of 
precipitation and runoff being in this second method is much less than that in the first method. 
 
 In the event of storms whose frequency is approximately 85th to 99th percentile: 

Total rainfall depth:   1.7 in.  
Total volume of rainfall:   1,842  cf 
 



The total quantity of runoff in inches is determined similarly to that in the first method above.  
In this case, the total rainfall area is the total width of West Street by the length from center to 
center of intersections.  50 ft x 260 ft = 13000 sq ft.  The area of the planters is 220 ft x 5ft x 2 
(each side) = 2200 sq ft.  The impervious curve number is 98 for paved streets and the planter 
area is 80 (Soil Type D). 
 
The weighted impervious area calculated to be 95.  This is based on information provided on 
Table 2-2 from USDA TR-55.  This leads to the use of composite Curve Number 96 (Table 2-3). 
 
The total quantity of runoff in inches is determined similarly to that of the First Method above: 
 
Therefore, S = 0.309 and Q = 1.378” of runoff.  This amount of runoff amounts to a total runoff 
volume of: 
Volume of runoff in one section of West Street:   1,493 cf 
Split between the east and west sides of the street:  761  cf (west side)  
 731  cf (east side) 
 
Total volume of retention capacity is determined similarly to above, split between capacity of 
standing water above the soil and capacity stored in the gravel layer.  However, because the 
planter on the west side of the street will experience a higher volume of water, only the west 
side planters are considered. 
 
Total (west) volume of surface retention:   281  cf (36.9% of runoff) 
Total (west) volume of underground storage retention:   275  cf (36.1% of runoff) 
Total (west) volume of retention:   556  cf (73.1% of runoff) 
 
Alternatively stated, the planters along West Street will retain the first 1.0 in of runoff.  In terms 
of total rainfall, 1.7 in, 0.32 in is absorbed (pre-runoff) and another 1.0 in is retained.  For a total 
of 1.33 in of 1.7 in or 78% of the total rainfall is prevented from running off the street into the 
storm water sewers. 

 
FURTHER STUDY AND ANALYSES 
 
 In the event of a need for a more refined analysis of the system, further investigation should be 
made regarding the expected rainfall including design criteria for 5yr or greater storm events as well as 
more detail regarding percolation rates of soil.  The analysis presented here shows that the concept of 
using sustainable storm drainage BMPs to reduce runoff during storm events is a viable idea.  In order 
to move toward a design of such a system additional information would be required, such as a 
topographic survey of the subject site and some level of soils investigation.  Once this additional data is 
obtained, and the scope of design is defined, a complete storm drainage study and design can be 
completed. The complete design would include using the rational method to determine the rate of 
runoff in terms of cubic feet per second at critical location.  The conveyances for this quantity of flow 
can then be designed; inlets and underground pipe networks would be sized accordingly. This analysis 
is based on a number of assumptions and variables, as have been described above.  One of the primary 
design variables that perhaps should be thought of differently is the definition of the design storm.  For 
this analysis the design storm has a depth of 1.7” inches and represents the 85th to 99th percentile.  In 
many circumstances a design storm is defined in terms of its frequency, such at the 5-year storm event 
or the 100-year storm event.  It may be a valuable exercise to determine the definition of a storm that 
causes unacceptable combined sewer overflow events.  If such an event is, for example, a 5 year storm 



event, then a design could be created to retain all precipitation from such an event.  To evaluate a storm 
of such magnitude that occurs in 85 to 99 percent of all storm events necessarily means evaluating 
events with small amounts of precipitation.  While this range of smaller storms are increasingly shown 
to be the primary contributors to water quality pollution, the specific type of pollution with which we 
are concerned, that of combined sewer overflows, will only happen with larger storm events.  Each 
type of pollution is worth attempting to solve, although to begin down one or the other path requires a 
more succinct definition of the design criteria which are desired to be achieved. 
 A second unknown in this analysis is the lack of soils data available at the project site.  There 
have been no soils studies completed at the site, and we were unable to obtain soils data from other 
sources.  As was described above, a very conservative estimate of percolation was used. It would be 
helpful from an economic perspective in sizing the storm drainage infrastructure necessary to prevent 
combined sewer overflow events, and would yield to more accurate results, if soil core samples were 
investigated and if percolation testing of the on-site and proposed in-situ soils were studied.  These 
soils data, combined with a better definition of the design storm, would be necessary before a complete 
drainage design can be completed.  A complete drainage design would also include an analysis of the 
rate of runoff in units of cubic feet per second, which then leads to the sizing and placement of specific 
inlets and water conveyance methods. 
 This analysis presents one possible method and preliminary design for reducing overall storm 
runoff.  If other goals are identified or other methods desired, then the ultimate design may be 
significantly different than the preliminary results presented herein.  If this preliminary design is 
selected it should still be noted that the final design may contain a different number or configuration of 
planters when grading, existing or required points of driveway access, and other site constraints are 
identified and incorporated into the final design. This preliminary design shows that using tree planter 
storm runoff capture devices will retain approximately 0.5” of a 1.7” storm event (0.459” of runoff in 
sub-basin A1, and 0.502” in sub-basin A2). 

It may be helpful for comparison purposes to look at the amount of rainfall that could be 
handled by West Street in two alternative scenarios, the first being the status quo, with no planter 
improvements and the second being continuous planters without the additional storage capacity created 
by lowering the top of soil below the street level.  In the first case, the CN number would be 98, leading 
to a total runoff of 1.477 in.  Of the 1.7 in rainfall event, 0.223 in would be absorbed by the street (pre-
runoff) or 13%.  In the second case, the CN number is the same as the second method calculated above, 
97, leading to a total runoff of 1.378 in.  Of the 1.7 in rainfall event, 0.322 in would be absorbed by the 
street (pre-runoff) or 19%. 
 Case 1:  No Planters (CN=98):    Runoff = 1.477 in 0.223 in absorbed, 13% 
 Case 2:  Planters w/o depth (CN=97):   Runoff = 1.378 in 0.322 in absorbed, 19%  
 
CONCLUSIONS 
 The analysis above shows that using storm water retention is a viable method to prevent 
excessive runoff and, ultimately combined sewer overflow events.  It is also shown that the difference 
between having an nearly impervious study area, such as currently exists on West St., and a tree lined 
street with tree planters as are commonly found on many streets in New York City, is negligible in 
terms of storm runoff.  In order to have a meaningful effect on the quantity of storm runoff, a system of 
storm water retention such as has been described in this conceptual study, or a similar storm water 
detention system, will be necessary; it is not sufficient to simply remove impervious ground covers in 
the hope of significantly reducing storm runoff. 
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Design Calculations for Second Method:  Rainfall on West Street by block
Matt Sisul

Street Length 260 LF Depth of water 1.7          in Total Volume of Rainfall 1,842      cu ft
Street Width 50 ft Total Area 13,000    sq ft Total Runoff Volume 1,493      cu ft
 Longitudinal Slope of Road 1% Planter Area 2,200      sq ft West 761         cu ft
Tree spacing 25               ft +/- Impervious Area 10,800    sq ft East 731         cu ft
planter length 110.0          LF Impervious Area % 83%
Planters per side 2                 Impervious % 98           Paved streets and roads Percent contained 73.06% Goalseek
planter width 5 ft Planter % 80           open space, GC>75%, Depth of water contained 1.007    in
planter depth of soil 2.333 ft Weighted Percent 95           soil type D
soil porosity (void ratio) 0.35 Curve Number 97         Contained Runoff Volume 1,091    cu ft
Aggregate depth 1 ft S 0.309    West 556.25  cu ft
aggregate porosity (void Ratio) 0.25 Quantity of runoff, Q 1.378      in East 534         cu ft

Difference = runoff - contained -          Goalseek
Pre-runoff 0.322      in

Height Differential due to slope: 13.2            in Retained 1.01        in
Depth of water at low side 9 in Total 1.33        Freestanding water 281.25    cu ft 36.9%
Length of Triangular Section 75 ft Percent 78.2% Gravel Layer 275.00    cu ft 36.1%
Width of Planter 5 ft Roadway division: Soil Layer -          cu ft 0%
cu ft of free standing water 140.625 cu ft West side 25.5 Total 556.25    cu ft 73.1%
Total volume due to 2 per side. 281.25        cu ft East side 24.5

sidewalk 1 edge 1 planter 1 edge 2 bike median road edge 3 planter 2 edge 4 sidewalk 2
assumed full flow down and out 110             ft 8.5 0.5 5 0.5 9 2 14 0.5 5 0.5 4.5
aggregate depth 1 ft
planter width 5 ft 50 ft width of roadway check
aggregate porosity 0.25
Vol me in gra el la er / planter 137 50 c ft

Design Criteria Rainfall and Runoff Volume of Rainfall and Runoff

Calculate volume of freestanding water
Breakdown by type

Calculate volume directed into gravel layer

Volume in gravel layer / planter 137.50        cu ft
Total volume due to 2 per side. 275.00        cu ft

ft length of planter 110             ft
ft width 5 ft
ft depth of planter 2.333 ft
porosity of soil 0.35
Cancellation of Soil 0 factor
Total storage in soil -              cu ft
no capacity from soil retention -              cu ft

Total capacity of 2 planters 556.25        cu ft Profile of  planter

Calculate volume perculating into soil layer

75 ft



CN=97

Weighted Area = 95%



APPENDIX10.2

STORMWATER MANAGEMENT TECHNIQUES MATRIX

The following chart outlines the opportunities and constraints of applying a 
variety of sustainable stormwater methods to West Street.  While some of 
these methods might be appropriate for other stretches along the Brooklyn 
Greenway, given the spatial constraints along West Street, sidewalk biofiltra-
tion planters are the best option.  However, during phase II and III, swales, 
rain gardens and other methods are feasible and should be encouraged.

Sustainable 
Stormwater 

method: Description
precedents in 

NYC
West Street: 

Benefits
West Street: 
Limitations Images Sources

Hardscape Techniques

Porous Asphalt, Porous 
Concrete, and Pervious 

Pavements

Pavement is porous; stormwater 
passes through to a filtration area 
below.  Water can percolate into the 
ground, evaporate or leave the 
system laterally through an optional 
pipe or underdrain

DOT pilot projects; 
DEP testing 3000 
sq.ft in pilot 
projects; Atlantic 
Avenue 
reconstruction 
project

Appropriate for 
greenway and 
sidewalk surface

Monitoring of Porous and 
Pervious pavements in 
other states has shown 
faults. Also, bikers do not 
like the surface

www.asphaltindiana.
org/porous_asphalt.p
hp

Gravel Grass

Gravel grass is a vegetated porous 
pavement. The gravel (or aggregate) 
is engineered to provide the 
structural capacity to support some 
level of vehicular traffic. The amount 
of void space in the aggregate 
allows for rapid and effective 
stormwater infiltration and storage.

could be possibility for 
parking areas or 
seating

probably not useful for a 
bikeway

http://www.asla.org/2
009awards/298.html

Green Roof
Layer of vegetation installed on a flat 
or pitched roof.

Parks' 5-boro bldg, 
Queens Botanical 
Garden visitor 
center; DEP pilot 
project on 
commercial bldg in 
Jamaica Bay N/A N/A

http://www.land8loun
ge.com/profiles/blogs
/chicago-tops-north-
america-for

Rain Barrel
Detain rainwater, store above 
ground for later use. 

DEP pilot project 
giving away 1000 
rain barrels in CB 
12 and 13 in 
Queens N/A N/A

www.cstx.gov/Index.
aspx?page=830

Pre-Treatment Techniques

Vegetated filter strip 

vegetated surfaces that are 
designed to treat sheet flow from 
adjacent surfaces. Filter strips 
function by slowing runoff velocities 
and filtering out sediment and other 
pollutants, and by providing some 
infiltration into underlying soils. Astor Place/Cooper 

Square pilot project

Possible use at street 
ends to filter side 
street run-off

uses more land than any 
other practice

High Performance 
Infrastructure 
Guidelines

Mulch Filter

Shredded Bark, hay, wood shavings 
or bark dust filter sheet flow from 
adjacent surfaces.  

Possible use at street 
ends to filter side 
street run-off

Requires space and dog 
owners confuse mulch 
filters for dog parks 

Transmitter Park: 
Photo by Tricia 
Martin

Compost Stormwater Filter

Large cement box into which 
water flows. Designed to remove 
floating debris, surface scum, 
chemical contaminants, and 
sediment as they pass through 
layers of specially tailored compost. 
Filters the physical debris while it 
degrades the chemical 
contaminants. 

cheap; requires only a 
small space 
underground; 
compost can be 
created locally in 
partnership with 
stewardship groups, 
etc

requires some 
maintenance; needs to 
be underground

ttp://weblife.org/huma
nure/images/fig3-
10.jpg

Downspout 
disconnection/cistern

Disconnect the downspout from 
gutter and sewer system; water is 
absorbed locally into garden or 
stored in cistern

30 NYC community 
gardens currently 
using; Solaire uses; 
part of Bronx River 
pilot study n/a

more of a building 
solution than a greenway 
solution

PlaNYC and 
http://www.portlando
nline.com/bes/index.
cfm?c=43081  and 
Solaire website 
mentions

Structural Techniques

Infiltration trench

rock-filled trench (no outlet) receives 
stormwater, which passes thru 
pretreatment measures (swale, 
detention basin) and into trench. 
Runoff is stored between stones, 
infiltrates into soil matrix. Removes 
pollutants by filtering through soil. 

Small infiltration 
trenches are possible 
between soil and 
base substrate

Requires deeper soil and 
aggregate layers which 
can be expensive and 
need to be maintained

www.thcahill.com/infil
trench.html



Sustainable 
Stormwater 

method: Description
precedents in 

NYC
West Street: 

Benefits
West Street: 
Limitations Images Sources

Hardscape Techniques

Porous Asphalt, Porous 
Concrete, and Pervious 

Pavements

Pavement is porous; stormwater 
passes through to a filtration area 
below.  Water can percolate into the 
ground, evaporate or leave the 
system laterally through an optional 
pipe or underdrain

DOT pilot projects; 
DEP testing 3000 
sq.ft in pilot 
projects; Atlantic 
Avenue 
reconstruction 
project

Appropriate for 
greenway and 
sidewalk surface

Monitoring of Porous and 
Pervious pavements in 
other states has shown 
faults. Also, bikers do not 
like the surface

www.asphaltindiana.
org/porous_asphalt.p
hp

Gravel Grass

Gravel grass is a vegetated porous 
pavement. The gravel (or aggregate) 
is engineered to provide the 
structural capacity to support some 
level of vehicular traffic. The amount 
of void space in the aggregate 
allows for rapid and effective 
stormwater infiltration and storage.

could be possibility for 
parking areas or 
seating

probably not useful for a 
bikeway

http://www.asla.org/2
009awards/298.html

Green Roof
Layer of vegetation installed on a flat 
or pitched roof.

Parks' 5-boro bldg, 
Queens Botanical 
Garden visitor 
center; DEP pilot 
project on 
commercial bldg in 
Jamaica Bay N/A N/A

http://www.land8loun
ge.com/profiles/blogs
/chicago-tops-north-
america-for

Rain Barrel
Detain rainwater, store above 
ground for later use. 

DEP pilot project 
giving away 1000 
rain barrels in CB 
12 and 13 in 
Queens N/A N/A

www.cstx.gov/Index.
aspx?page=830

Pre-Treatment Techniques

Vegetated filter strip 

vegetated surfaces that are 
designed to treat sheet flow from 
adjacent surfaces. Filter strips 
function by slowing runoff velocities 
and filtering out sediment and other 
pollutants, and by providing some 
infiltration into underlying soils. Astor Place/Cooper 

Square pilot project

Possible use at street 
ends to filter side 
street run-off

uses more land than any 
other practice

High Performance 
Infrastructure 
Guidelines

Mulch Filter

Shredded Bark, hay, wood shavings 
or bark dust filter sheet flow from 
adjacent surfaces.  

Possible use at street 
ends to filter side 
street run-off

Requires space and dog 
owners confuse mulch 
filters for dog parks 

Transmitter Park: 
Photo by Tricia 
Martin

Compost Stormwater Filter

Large cement box into which 
water flows. Designed to remove 
floating debris, surface scum, 
chemical contaminants, and 
sediment as they pass through 
layers of specially tailored compost. 
Filters the physical debris while it 
degrades the chemical 
contaminants. 

cheap; requires only a 
small space 
underground; 
compost can be 
created locally in 
partnership with 
stewardship groups, 
etc

requires some 
maintenance; needs to 
be underground

ttp://weblife.org/huma
nure/images/fig3-
10.jpg

Downspout 
disconnection/cistern

Disconnect the downspout from 
gutter and sewer system; water is 
absorbed locally into garden or 
stored in cistern

30 NYC community 
gardens currently 
using; Solaire uses; 
part of Bronx River 
pilot study n/a

more of a building 
solution than a greenway 
solution

PlaNYC and 
http://www.portlando
nline.com/bes/index.
cfm?c=43081  and 
Solaire website 
mentions

Structural Techniques

Infiltration trench

rock-filled trench (no outlet) receives 
stormwater, which passes thru 
pretreatment measures (swale, 
detention basin) and into trench. 
Runoff is stored between stones, 
infiltrates into soil matrix. Removes 
pollutants by filtering through soil. 

Small infiltration 
trenches are possible 
between soil and 
base substrate

Requires deeper soil and 
aggregate layers which 
can be expensive and 
need to be maintained

www.thcahill.com/infil
trench.html

Downspout 
disconnection/cistern

Disconnect the downspout from 
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30 NYC community 
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nline.com/bes/index.
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Structural Techniques

Infiltration trench
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stormwater, which passes thru 
pretreatment measures (swale, 
detention basin) and into trench. 
Runoff is stored between stones, 
infiltrates into soil matrix. Removes 
pollutants by filtering through soil. 

Small infiltration 
trenches are possible 
between soil and 
base substrate

Requires deeper soil and 
aggregate layers which 
can be expensive and 
need to be maintained

www.thcahill.com/infil
trench.html

Detention Structures

Structures of varying sizes that store 
water for a determined amount of 
time 

Structures can be 
stored under the 
sidewalks or under 
the road bed. 

Expensive to install and 
requires maintenance

www.terrafixgeo.com
/content/?id=13

Bio-engineered Techniques

Rain Garden

Shallow landscaped depressions 
used to infiltrate and reduce 
stormwater runoff, can also be 
modified with underdrain. Ideally 
suited for integration into landscape 
design. Can provide food and shelter 
for birds, butterflies and many 
beneficial insects. Also known as 
vegetated infiltration basin. 

Bronx River pilot 
study; Queens 
Botanical garden; 
Albert Road 
reconstruction, 
Queens; 

can any planting plan 
be a rain garden? 

not good for high water 
table

www.emmitsburg.net
/.../2008/rain_garden.
htm

Stormwater tree pits with 
enhanced detention

MillionTreesNYC; 
DEP and DPR pilot 
studies citywide

currently very low tree 
cover; most benefit 
when planted over 
impervious surfaces

The Street Design 
Manual: NYC DOT

Continuous tree pits

Tree pits that are continuous 
between an alley of trees.  The pits 
may or may not contain plant 
material or pervious pavers

Bronx Block pilot 
study

Appropriate along 
typical city streets.

Minimum stormwater 
retention or detention 

The Street Design 
Manual: NYC DOT 

Flow-through planter

Flow-through planters temporarily 
store stormwater before it is filtered 
through vegetation and soil and 
drained to a disposal point. Often 
used on sites where space is limited 
or where soils are poorly drained or 
contaminated. Flow-through planters 
are designed with a layer of gravel, 
soil, and vegetation.

small space, high 
volume

Expensive -requires the 
construction of an 
enclosed concrete 
structure

Portland Stormwater 
Information: 
http://www.portlando
nline.com/BES/index.
cfm?c=34598

Greenstreets

Right of way gardens of varying 
sizes that allow that can 
accommodate the flow of adjacent 
street rain water - Curb cuts allow 
water into and out of the gardens

110th and 
Amsterdam Avenue 
and others

Flexible to design and 
construct - most 
appropriate for street 
end and side street 
potential

Requires more space 
than is available on West 
Street.

http://www.nycgovpar
ks.org/sub_your_par
k/trees_greenstreets.
html

cleansing 
biotope/constructed 

wetlands

water runs off into pond area; filters 
thru plant root systems; 
contaminants treated and absorbed 
by bacteria present in water

Queens Botanical 
Garden

Appropriate for street 
end parks and for 
supplemental access 
areas around new 
development

requires regular 
maintenance and large 
areas

http://www.queensbo
tanical.org/103498/su
stainable/cleansing_
biotope

Roadside bioswale, 
vegetated

Queens Botanical 
Garden

Appropriate for Side 
Streets and wider 
roadways

exports bacteria; 
potential mosquito 
problems and requires 
space to avoid steep 
side slopes

http://www.queensbo
tanical.org/103498/su
stainable/sustainable
_systems/water
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Infiltration planter

Structures or containers with open 
bottoms that allow for infiltration or 
drain to pipes. Designed with a layer 
of gravel, soil, and vegetation. Small 
trees, shrubs or plants can be used, 
as long as they are tolerable of 
varying moist and dry soil conditions.  

good for small, narrow 
spaces; flexible 
design with 
reasonable 
construction and 
maintenance costs 

Need to design 
aggregate layer to store 
appropriate amount of 
water

Portland Stormwater 
Information: 
http://www.portlando
nline.com/BES/index.
cfm?c=34598

Sustainable 
Stormwater 

method: Description
precedents in 

NYC
West Street: 

Benefits
West Street: 
Limitations Images Sources

Hardscape Techniques

Porous Asphalt, Porous 
Concrete, and Pervious 

Pavements

Pavement is porous; stormwater 
passes through to a filtration area 
below.  Water can percolate into the 
ground, evaporate or leave the 
system laterally through an optional 
pipe or underdrain

DOT pilot projects; 
DEP testing 3000 
sq.ft in pilot 
projects; Atlantic 
Avenue 
reconstruction 
project

Appropriate for 
greenway and 
sidewalk surface

Monitoring of Porous and 
Pervious pavements in 
other states has shown 
faults. Also, bikers do not 
like the surface

www.asphaltindiana.
org/porous_asphalt.p
hp

Gravel Grass

Gravel grass is a vegetated porous 
pavement. The gravel (or aggregate) 
is engineered to provide the 
structural capacity to support some 
level of vehicular traffic. The amount 
of void space in the aggregate 
allows for rapid and effective 
stormwater infiltration and storage.

could be possibility for 
parking areas or 
seating

probably not useful for a 
bikeway

http://www.asla.org/2
009awards/298.html

Green Roof
Layer of vegetation installed on a flat 
or pitched roof.

Parks' 5-boro bldg, 
Queens Botanical 
Garden visitor 
center; DEP pilot 
project on 
commercial bldg in 
Jamaica Bay N/A N/A

http://www.land8loun
ge.com/profiles/blogs
/chicago-tops-north-
america-for

Rain Barrel
Detain rainwater, store above 
ground for later use. 

DEP pilot project 
giving away 1000 
rain barrels in CB 
12 and 13 in 
Queens N/A N/A

www.cstx.gov/Index.
aspx?page=830

Pre-Treatment Techniques

Vegetated filter strip 

vegetated surfaces that are 
designed to treat sheet flow from 
adjacent surfaces. Filter strips 
function by slowing runoff velocities 
and filtering out sediment and other 
pollutants, and by providing some 
infiltration into underlying soils. Astor Place/Cooper 

Square pilot project

Possible use at street 
ends to filter side 
street run-off

uses more land than any 
other practice

High Performance 
Infrastructure 
Guidelines

Mulch Filter

Shredded Bark, hay, wood shavings 
or bark dust filter sheet flow from 
adjacent surfaces.  

Possible use at street 
ends to filter side 
street run-off

Requires space and dog 
owners confuse mulch 
filters for dog parks 

Transmitter Park: 
Photo by Tricia 
Martin

Compost Stormwater Filter

Large cement box into which 
water flows. Designed to remove 
floating debris, surface scum, 
chemical contaminants, and 
sediment as they pass through 
layers of specially tailored compost. 
Filters the physical debris while it 
degrades the chemical 
contaminants. 

cheap; requires only a 
small space 
underground; 
compost can be 
created locally in 
partnership with 
stewardship groups, 
etc

requires some 
maintenance; needs to 
be underground

ttp://weblife.org/huma
nure/images/fig3-
10.jpg

Downspout 
disconnection/cistern

Disconnect the downspout from 
gutter and sewer system; water is 
absorbed locally into garden or 
stored in cistern

30 NYC community 
gardens currently 
using; Solaire uses; 
part of Bronx River 
pilot study n/a

more of a building 
solution than a greenway 
solution

PlaNYC and 
http://www.portlando
nline.com/bes/index.
cfm?c=43081  and 
Solaire website 
mentions

Structural Techniques

Infiltration trench

rock-filled trench (no outlet) receives 
stormwater, which passes thru 
pretreatment measures (swale, 
detention basin) and into trench. 
Runoff is stored between stones, 
infiltrates into soil matrix. Removes 
pollutants by filtering through soil. 

Small infiltration 
trenches are possible 
between soil and 
base substrate

Requires deeper soil and 
aggregate layers which 
can be expensive and 
need to be maintained

www.thcahill.com/infil
trench.html
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APPENDIX10.3

STORMWATER PLANTERS - TREES AND PLANTS

It is important to identify plants and tree species that can withstand water inun-
dation during rain falls but periods of drought as well.  These plants and trees 
need to be hardy to withstand New York City street use and be easy to main-
tain.  New York City also has requirements for Street Tree species that needs 
to be considered.  The following plants and trees are recommended:

TREES: 
Nyssa Sylvatica / 
Blackgum 

Quercus bicolor 
/ Swamp White 
Oak - 
Is an approved 
street tree in 
NYC

Herbaceous plants are a critical part of stormwater planter design as they provide ad-
ditional water storage through root uptake and leaf absorption while providing native 
habitat within close proximity to riparian and inter-tidal habitat.  The additional plants 
located between evenly spaced trees also reduces the risk of erosion from surface 
water flow and reduces the flow of sediment.

Depending on the level and type of soil contamination along West Street the use of 
bioremediative and phytoremediative plants is possible.  These plants are especially 
useful for the uptake of organic toxins such as oils and detergents that may be in the 
soil.  

The final plant design will need to be coordinated with the final design of the plant-
ers and maintenance regime for the planters.  Salt application and removal will be 
a significant consideration for the final plant list as will the need for soil remediation.  
The following plants are a selection of hardy, native plants that are appropriate for the 
design application.  The plants were selected from the Minnesota Pollution Control 
Agency:  Minnesota Pollution Control Agency: http://www.pca.state.mn.us/publica-
tions/manuals/stormwaterplants.html



Common Name Frequency
Depth 
(in.)

Duration 
(days)

SHRUBS

Amorpha fruiticosa Indigo Bush High 18 3

Aronia melanocarpa Black Chokeberry Moderate 12 2

Cornus Amomum Silky Dogwood Low 36 30+

Cornus sericea Red-Osier Dogwood Mod 36 30+

Ilex verticillata Winterberry Mod 18 3
Physocarpus 
opulifolius Ninebark Mod 18 3

Salix nigra Black Willow High 24 4

GRASSES AND 
FERN

Athyrium filix-femina Lady Fern Low 12 2
Calamagrostis 
canadensis

Canada blue-joint 
grass High 6 4

Onoclea sesibilis Sensitive Fern High 12 4

Osmunda regalis Royal Fern High 12 4
Schizachyrium 
scoparium Little Bluestem High 24 4

Sorghastrum nutans Indian Grass Mod 12 1

RUSHES AND 
SEDGES

Carex aquatilis Water Sedge High 12 3

Carex bebbii Bebb's Sedge High 12 3

Carex comosa Bottlebrush Sedge High 36 3

Carex crinita Caterpillar Sedge High 12 3

Carex stricta Tussock Sedge high 12 3

Carex vulpinoidea Fox Sedge High 24 4

Carex hystericina Porcupine Sedge High 36 3

Juncus effusus Soft Rush Mod 18 4

APPENDIX10.3
STORMWATER PLANTERS - TREES AND PLANTS
Frequency = Is the tolerance to water inundation frequency for each: High = 
High Tolerance / L= Low Tolerance / M = Medium Tolerance.
Depth = is the tolerance to water depth in inches for each plant
Duration = is the tolerance to water duration for each plant: H= High, ML = 
Medium Long, MS = Medium Short, S=Short



Common 
Name Frequency Depth(in.)

Duration 
(days)

PERENNIALS

Acorus calamus Sweet Flag Low 12 3

Agastache 
foeniculum Giant Hyssop Mod 12 2

Allium 
stellaturm

Prairie Wild 
Onion Mod 12 1

Anemone 
canadensis

Canada 
anemone High 12 2

Asclepias 
incarnata

Marsh 
Milkweed Low 12 1

Aster laevis Smooth Aster High 12 1

Aster 
lanceolatus Panicle Aster Mod 24 4

Chelone 
glabra Turtlehead Mod 9 2

Eryngium 
yuccifolium

Rattlesnake 
Master Mod 12 2

Eupatorium 
maculatum Joe-Pye Weed High 24 3.5

Eupatorium 
perfoliatum Boneset High 24 3.5

Gentiana 
andrewsii

Bottle 
Gentian Mod 12 1

Heuchera 
richardsonii

Prairie 
alumroot High 6 1

Iris veriscolor Blueflag Iris Mod 12 4

Liatris 
pycnostachya

Prairie 
Blazingstar Low 18 3

Lobelia 
cardinalis

Cardinal 
Flower High 18 5

Lobelia 
siphilitica Blue Lobelia High 18 5

Physostegia 
virginiana

Obedient 
Plant Mod 12 2

Pontederia 
cordata Pickerelweed Mod 12 4

Rudbeckia 
subtomentos
a

Brown-Eyed 
Susan High 18 3

Scutellaria 
lateriflora

Mad-dog 
skullcap Mod 24 3.5

Silphium 
laciniatum

Compass 
Plant Low 12 1

Silphium 
perfoliatum Cup Plant Mod 18 3
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STORMWATER PLANTERS - TREES AND PLANTS

HERBACEOUS PLANTS AND SHRUBS:
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Duration 
(days)
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