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Introduction

Inurban settings, stormwater runofpfecipitationflow over streets, parking lots, and rooffihds its
way intowaterbodies in two ways: 1) municipal separate sewer systems (NM8d<?) combined sewer
systems MS4gollectsewageand stormwaterin two separate pipeandonly treat sewage before
discharging Combined sewer systenmsllectand treatboth sewageand stormwater into one pipe.
Combined sewer overflow€GOpsoccur during periods of heavy rainfallhenrunoff exceeds
treatment capacity and untreated excess sewage and stormwater are dischargetientearest
receiving waterbody. This untreatedstormwaterrunoff from CSOs and MSdausesvater quality
problems. Runoff from impervious surfaces can havkigh velocity and entraipollutants For
example, runoff flowing over roads can pick up oil and grease from Badirecting flow away from
sewer and storm drains and treating runoff through green infrastructure (Gl) is one way of improving
water quality. 3 S e '
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dependent on various factors)cluding
location. This paperdemonstrates how

to use spatial analyticspecifically
Geographic Information Systems (GIS). ¢
to identify Gl locationé public lands
within the Alley Creekvatershed and
sewershed (Bdy Area see Figure)lin
Queens, New York. Of the various type
of Gl, NYCDPRnmstinterested of the
various types of Gin rain gardens.
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Figure 1. Study Area and public lands within

! http://water.epa.gov/polwaste/npdes/stormwater/MunicipaSeparateStormSewerSystemaMS4Main-
Page.cfm

% http://water.epa.gov/polwaste/npdes/cso/

® http://www.nyc.gov/html/dep/html/stormwater/nyc_green_infrastructure plan.shtml

* http://lwww.phillywatersheds.org/what_were_doing/green_infrastructure/tools
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pollutant removal Evapdranspiration (EYis the process
by whichplant roots uptake water and transpire it -
through their leave$. ET reduces the runoff flowing into » BN
the sewer systems by movingater into the atmosphere. , \ 3
Plantmaterial and soil$ilter out pollutants in runoff -, :
through absorption, microbial degradation, and other
processed. Rain gardens are composed of fletaderant
plants in the center and droughblerant plants on the
outer edges growing on permeable sdilFhis ensures
infiltration and evapotranspiratio in wet and dry ;
seasons. Using plants with a wide range of inundation : ‘
tolerances also ensures that rain gardens staly f-—*"’"‘“ .
vegetated and functional. Figure 2 shows how _—
stormwater can beliverted andcontained in rain £ |
gardens B
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Figure 2. Rain garden

Placing rain gardens in ttagpropriatelocations maximizes
these benefits. Tis paperusesa two-tier methodfor choosing locationshiophysical and programmatic.
Biophysical vaables carncludesurface type, depth to groundwater, and the presence of bedrock.
These variables determine whether locations are physically suitable to rain garden placement.
Programmatiosariablesdepend on the regional, management, regulatory, anéitigpal context. These
can range from design objectives to management prioritiBisese ariableswere selected based on
fieldwork, collaboration with local and regional stakeholders, and input from the Natural Resources
Group (NRG) housed withiiY CDPR.

This paper presents a set of GIS methods for identifying and prioritizing locations for rain garden
placement vithin public lands irthe Study AredFigurel). A customizedsISmodel was created to
showlocations that meet both biophysical and programmeatiiteria. Locations that meet biophysical
criteria are then rankedby priority depending on how many programmatic criteria were nmgts
research provides NRG and NYCi@RIRa tool that can allow foa systematic and clear way to manage
stormwater byusing Gl$or rain garden site selection.

Objectives
Theobijectives of this work areo:

1. Create an automated approach to selecting optimal rain garden locations for stormwater
management within the Study Areand

2. Understand the limitations of and thextent to which this process can be automatau
replicated for use outside the Study Area.

® http://stormwater.pca.state.mn.us/index.php/Overview for_Infiltration_trench
® http://www.phillywatersheds.org/what_were doing/green_infrastructure/tools
" http://www. pca.state.mn.us/index.php/viesdocument.html?gid=7733

8 http://cfpub.epa.gov/npstbx/files/MassAudubonRGBrochure.pdf
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Methodology

First, all biophysical and programmatic varialdes determined. These are described bel®egionally
specific variables chosen for the Study Aaea described below.

Biophysical Variables:

1.

2.

Surface ype: All land within the Studyréa is not suitable for GI construction. Lands with
existing uses cannot be built upon and are excluded from analysisdzA f Rl 6 f SQ Iy
lands within the 8idy Area.¢ KS F2f f 2gAy 3 (& LISa -62dFA ffRIYoRE SN
be removed:

1 Programmed landands with existing use®.g. buildings, basketball courts, drinking
fountains, etc.)
Roads
Open water
Marshland
Habitat
Canopy
Flow from impenaus surfaces (IS): Putting rain gardens in locations where there is runoff from
IS will reduce CSOs and improve water quality through infiltration and detention storage. For
this reason, only locations that receive flow from IS are considered.

Ra |
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Programmatic¢v/ariables:

1.

Impervious surfaces runoff threshold: Capturing higher volumes of runoff means more
stormwater can be treated. Areas that are draining runoff from impervious surfaces larger than
50square feet will be prioritized.

Depth to groundwater: Higgroundwater tables may result in pooling of water and poor
AYFALGNY A2y NBRdAzZOAY3 NIAYy 3IFNRSY STFFSOGAGSySa
Design Manual requires that there be at least-f8t separation between the bottom of Gl and
seasondy high groundwater levefs High groundwater levels can mean poor infiltration and
drainage. Within the Study Area, the water table has been increasing since the 1980s thought
to bedue, in partto increased flooding around Oakland Lake. For thisomeaareas where the
groundwater table is higher than 10 feet from the surface are excluded.

Proximity to IS: Proximity to IS will reduce the construction work and time required to reroute
and divert water from storm and sewer drains to rain gardens. f\tieat are within 100 feet of

IS will be prioritized.

Slope: Steeper slopes increase the work and time required to construct rain gardens. Areas at
5% grade or lower (2.8624 degrees) will be prioritized over steeper areas.

Discharge t&®?hragmitesiitesaudralis (phragmiteg: Phragmitess a common invasive wetland
reed that provides water quality improvement treatmefit Because runoff discharging to

®New York State Stormwater Management Design Manual (2010), Chapter 576Q.585.
http://www.dec.ny.gov/docs/water pdf/swdm2010chptr5.pdf

' Muelman, A., Beekman, J., & J. Venre® (2002). Nutrient Retention and Nutriebise Efficiency in
Phragmitemites AustralisStands After Wasterwater Application/etlands(22), 712721.
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phragmitesalready receives treatment, areas where runoff is not dischargimdntagmiteswill
be prioritized.

6. Drainage type: NYC Department of Environmental Protection (NYCDEP) is required under a 2005
Order on Consent to reduce CSOs. In 2011, the CSO Consent Order was modified to include
green infrastructure strategie. Thus, CSO drainagreas will be prioritized over MS4 and
direct drainage areas.

7. Land ownership: NYCD®BRnedland will be prioritized over land owned by other government
agencies.

Second, sing the ModelBuilder tool in ArcGIS, a model was created to select locatiarts/o-part

process. In Part 1, all rain garden locations that meet biophysical variables are identified, i.e. only lands
GKFG OFy 068 odaAAftid 2y o ¢tKSaS NS NBFSNNBR (2 a w
biophysical variables arediO I NR S Ro dzAaaf RUy@fySQ f | yRa ® [ 20 GA2ya Ydz
B NAIofSa (2 06S O2yaARSNBR WodaAfRFEOESQd -, Ly t I NI
medium, and lowpriority sites. Locations that meet the most number of pesgmatic criteria are

considered higkpriority and locations that meet fewer programmatic criteria are ranked lower in

priority.

Model

t NG m OFGSI2NRAT Sa |t HdAAE RR®E BNRiP2 WodzAt RIFot SQ | yR

Step | Description Data layer Inputs Output

1 Identify all buildableparklandd W. dzA | ¢ Build grid: Park All inputs converted to
3 NJaRdMonbuildable, norimpervious | §  Nonrbuild grid: raster file format
landso W bbail gridQ Cahvert to Programmed land,
raster, if necessarglJse Polygon to roads, open wadr,
whkaidsSN) d22fx.aSid ¢ marshland habitat,

and canopy

2 Remove the Noibuild grid from the Build grid

2.1 Give the Norbuild grid pixels all values | § Output from Step 1 | Nonrbuild grid pixels
2F wYwnQ o0!asS wSoOft | q ' NB I A BBgeA

g tdzS 2F W

2.2 Give the BuilgyridLJA ESt & | £ f| § Outputfrom Step 1 | Buildgridpixels are

(Use Reclassify tool) IABSY | uewb
YmQ
3 Determine which remaining Builgtid pixels are draining runoff from imperviossrfaces (1S)
3.1 Give Igridallval$a 2F WmQ |{ ISgrid ISgrid with simulated
Reclassify tool). 1 DEM grid rainfall of 1 unit on

each pixel(lSrainfall)

3.2 Calculate flow direction on DEWse 1 Output from Step 3.1| Grid showing wherelh
Flow Direction tool). Using the output the runoff from 5

M hitp:/ww.dec.ny.gov/chemical/77733.html
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from flow directionand weighting the IS
rainfall grid, calculatow accumulation
(Use Flow Accumulation tool).

drains (ISlow acc)

3.3 Multiply the Buildgrid pixels with the IS
flow acc (Use Raster Calculator).

Output from Step 2.2
Output from Step 3.2

Grid showing how
much [Sunoff flows
to Buildgrid pixels

4 Add the Build and Nchbuild grics
together (Use Cell Statistics tool with
minimum function).

Output from Step 2
to3

One grid showing all
the pixels that can ang
cannot be built on

PART DUTPUTA grid showingall pixels that meet thebiophysical variables (Figure).3




T S

Figure3.a showing rsults runnlng model Part 1' B
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of programmatic criteria met.

Step | Description Data layer Inputs Output

5 Determine priority based on N/A All inputs converted to raster file
programmatic criteriaConvert all files tg format
raster, if necessary (Use Polygon to
wkaidsSNI G223 asSa (

5.1 Take output from Step 3.3 (Build grid 9 Output from Step Areas that drain runoff from 1S
with runoff values from 1S). Give all 3.3 larger than 50 square feet are
pixels wih a value of 50 or more a valug given priority
2F WuHQ YR FEf 20
Reclassify tool).

5.2 Find distances of Build grid pixels from| § Output from Step All pixels within a 100 feet of
(Use Buffettool). Give all pixels that are 2.2 impervious surfaces are given
within 100 feet away from IS a value of priority
WHQ YR ff 20§KSNJ
Reclassify tool).

53 Calculate slope using the DEM (Use 1 Output from Step 1 | All pixels with a slope of 5% graq
Slope tool set to degreedkiveall pixels or less are given priority
with a slope of 2.8642 degrees (5%

INI RS0 2NJ Balay R I
I O {10250 2&S WwSOf | 2

54 Give all norphragmitespixels a value of|  DEM All pixels that do not flow to
Yo YR Fff 2IQKS NE phragmitesare given priority
Reclassify tool).

55 DA@S Fft /{h LAES{] CSOgrd All CSO pixels are given priority
MS4 pixels @ £ dzS 2F WmQ MS4 grid
tool).

5.6 Give all NYCDRRvned pixels a value of Park owned grid AlINYCDP{Rwned pixels are
YHQ Y R | -6bwined @IXEFQ S NJ Non-park owned grid| given priority
@ tdzS 2F WwmQ o! as

5.7 Give all pixels with groundwater depth GW grid All pixels where GW is deeper
Mmn FSSG 2N oSt2g | than 10 feet are given priority
20KSNB || @FfdsS 27

6 Add allprioritizationgrids together (Use Output from Steb.1 | Grid showingprioritization scores
Cell Statistics with sum functipn through 5.7 of each pixel, ranginfjom 14to

1.

7 Multiply Build grid with the sum of all | § Output from Ste®.2 | Final output
the prioritization grids (Use Raster 1 Output from Step 6
Calculator).

PART DUTPUT: A grid where all pixels that can be built on are ranked by how many progedin
criteria are met (Figure ¥



Results

Selected sites were divided into shaerm and longterm possibilitiesResults are shown in the map
below; runningthe model yieldedhe followinghigh-priority, medium-priority, and lowpriority sites
(Figure 4. Rain garden construction in higdniority sites will happen over thshort-term (1-2 years)
and over the longerm (35 years) for mediumand lowpriority sites.
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Figure 5. Zoomeih view of
model results showing medium
to highpriority sitesat John
Golden and Crocheron Park

Figure 6. Zoometh view of
model results showing medium
to hightpriority sites at
Kennedy Playground.
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Figuress and 6 show a zoomed viewof the selected modelesults andoverlaid them onGoogle Earth
imagery. In Kennedy Playground (Figure 6), the red @redmsch indicate high priority sitesare along
the streets. Placing rain gardens here would capture runoff flowing from these streets making these
locations ideal.Similarly, in Figure 5, the red areas are next to the parking lot and tennis courts and
streets surrounding the park. Rain gardens in these areas will capture runoff from these impervious
surfaces.

Discussion

Model ReproducibilityDutside the Study Area

One of the objectives of this resedristo see howa city might automatehe selection ofoptimal rain
gardenlocations For the Study Areahis model isentirely automated, except faselectingthe current
modelinputs (See Appendix for more detail alodata preparation).Once the user has selected the
appropriate inputs anduns the too) the model willproducea map identifyinghigh-priority, medium
priority, and low-priority sites

Another objective is to see how thmodel couldoperatebeyondthe Sudy Ares, including the rest of
New York CityBecause biophysical and programmatic variables can change from region to region, the
model will require some manual desktop work from the user to change the inputs accorditgly.
advantage of creatigpa model is that additional inputs and steps to analyze theneeailybe added
and removed, as necessary, to make it specific to the region in questmmexample, soils play a
significantrole in determining infiltration(e.g. clay soilsra less pemeable than loam soi}s Soils were
not considered as a biophysical variable in this protocol becalisesufficient dataOnce this data
becomes availablesoil should be consideredpgioritization variableWith this model soils can be
added as a poritization variable into Part 2 of the modelands withloamy soils will havhigher
priority than lands with clay soil€xisting model varidés that do not apply to the region of interest
can also be easily taken out.the user wants to treat M&and CSO drainage areas similarly, those
inputs and associated functions can be deleted without affecting the rest of the m@adahe user may
decide to prioritize MS4 drainage areas over CSOs. This will require manual work to update the
prioritization numbering scheme outlined in the protocol.

Building a model allows locating optinrain garden locations to beutomatedwithin the Sudy Area

and achieves Obijective As variables to select rain garden locations may change from region to region,
same userinput will be required to adjust the model accordingespite the need for additional input,

the ability to operatehe modeloutside the Study Area achieves Objective 2.

Limitations

There were several significant omissions within this reseakatst, the model does not consider
repurposingands thatmay serveasidealpotential rain garden locationg=or example, a basketball
court at the edge of a park may have proved tatlbhebest site for a rain garden and could have been
retrofitted. By removing ali dzQpkogrammed land, this protocol overlooks the potential that any of
these lands can be retrofitted for stormwater managemeAtfinerscale analysis that creates
subcategoies of programmed land intsurfaces that caand cannote retrofitted can increase the
land that isavailable for Gl.
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Secondthe model does not consider sods a site selection variable because the soil profile dataset did
not provide enough
information to
meaningfully categorize
the Study Area by
infiltration capacity.

The model should be
updated to include soil
as a selection variable
once the data becomes
available.

Third, the IS layer is
incomplete and does
not include all IS within
the Study Area. The
source data is the 2010
Light Detection and
Ranging (LIDAR) @a
showing landcover.
Figureb shows that IS
within the LIDAR dataset
(in red), when overlaid
with a basenap from
Google Ealt, does not

cover the entire extent of the existing Figure 7. LIDAR data overlaid over Godgeth imagery
IS, particularly roads.

Step 3 of the protocol calculates whether any buildable areas drain runoff from IS. Not having all the
existing IS included in the LIiDAR dataset means thaalht® flow is acunted for. Because the

purpose of this modekto understand where Gl should be placed to treat runoff from impervious area,
having a dataset that includes all impervious surfaces is crusgFigure shows, there are more
impervious surfaces withithe Study Area than were used for the runoff analysis. Using a complete
dataset would have resulted in identifying more sites that received runoff from IS and, thus, making
them eligible for building rain gardens.

Fourth, the modelalwaysassumes somenaount of water treatment fronphragmites However, the
actual amount of water quality improvemeit likelydependent on several factors: detention duration,
location,time of year|ocal hydrological conditions, and specg®eciesnteractions. Thus, he
assumption made in this papersge-specific to the Study Arealo use the model outside the Study
Area, users must decide if the assumption thatagmitesprovides water quality treatment is
applicable to their location. Users will have to decide whether to incpidagmiteseither as a
programmatic variable or to leave it out of the model entirely.



