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SWITCH Deliverable Briefing Note Template

SWITCH Document

A GIS Data Integration Tool for Assessing Stormwater Management Options:
User Guide (Deliverable 2.3.2a).

Audience

This deliverable describes a stormwater decision support (DSS) tool designed to
assist practitioners (drainage engineers, urban decision-makers, private developers,
city planners, water managers, environmental legislators/regulators, environmental
modelers) in the selection and location of BMPs for a defined catchment area. The
tool will be initially applied and tested by the Birmingham Learning Alliance and to
the Birmingham Eastside development area. It is also aimed at the wider SWITCH
consortium, specifically those with an interest in stormwater management in the
Demonstration cities.

Purpose

The purpose of the user guide is to describe the structure of a GIS model, which has
been developed to assist in the identification and location of sites within a
catchment that are appropriate for the installation of stormwater BMPs for the
control of wet weather flow and associated water quality. The presented report
directs the user through the different stages and use of the tool and highlights how
the benefits can be best achieved.

Background

The user guide is organized into the following sections which initially outline the
operating principles of the GIS-based tool and then instruct the user on how to
derive the optimum information regarding the identification and location of BMPs.
Introduction

Procedure for downloading the program

File requirements

Launching the Tool

The GIS interface

The user-friendly interface

Conclusion

References

The ‘user-friendly interface’ identifies the important operational components of the
tool and is divided into the following sections:

1. Project properties

2. Symbology

3. Unit operation process and pollutant removal




Multi-criteria analysis (MCC)
Site criteria
Potential areas (for BMP location)
Site by site analysis

8. Add stormwater BMP
The ‘Project properties’ and the ‘Symbology’ interfaces allow the user to
effectively manage the current project. The ‘Parameter’ interfaces (3, 4 and 5)
relate to the unit operating processes within the BMPs, the pollutant removal
potentials, the scores within the multi-criteria analysis, and/or the site
characteristics) and allow the user to change values which influence the decision
process within the tool. Finally, there are three interactive interfaces identified as
‘Potential areas’, ‘Site-by-site’ and ‘Add stormwater BMP’ which can be used to
assess potential BMPs appropriate for a site.

Nk

By addressing a range of site characteristics (such as soil type and depth to
groundwater) the tool identifies those sites where a selected BMP could be feasibly
installed. Alternatively, individual sites can be examined sequentially to determine
which BMPs are practicable at that location. The derived list of BMPs can be
further discriminated in terms of either pollutant removal ability or by consideration
of a range of influencing criteria. These criteria are described within the tool by a
series of indicators relating to technical, environmental, operation and maintenance,
social and community, economic, and legal and urban planning factors which are
assessed using a multi-criteria analysis approach. The pollutant removal capabilities
of the BMPs are assessed through a scoring system which combines a consideration
of the unit operating processes within BMPs with the behaviour of different
pollutants towards these processes.

Potential Impact

The GIS-based tool works in two directions by matching BMPs to sites and by
indicating which BMPs are feasible at an identified site. The additional capacity to
consider the pollutant removal capability of a BMP as well as its scientific, social,
economic, operational and planning requirements makes this a powerful tool for
practitioners involved in either designing a new urban drainage system or retro-
fitting an existing one. It is particularly appropriate for analysis of the mitigating
controls required for extreme event conditions.

Issues

The GIS-based methodology provides an integrated, sub-catchment/site planning
approach to offer a high sustainability ethos for high density urbanization. The
presented report is designed as a guide to highlight how the benefits of the tool can
be best achieved. If the user of the tool has a particular preference for a specific
BMP, the tool can search for sites where this BMP could be installed by dragging
an icon across the search area. When a positive match is found, the characteristics
of the site are displayed. It is possible to amend some of these characteristics to




assess the impact on BMP selection.

Recommendations

The developed tool has the capability of identifying and locating those sites within
a catchment where a particular BMP could be installed or, for a particular site, it
can identify the different BMPs which are feasible. Where several BMPs are
possible, they can be compared in terms of pollutant removal capacity or through a
range of technical and non-technical criteria and indicators. Currently, within the
SWITCH project, the tool is being linked with the STORM model. This will
provide a more fully comprehensive approach to the prediction of the stormwater
attenuation benefits which can be achieved by incorporating appropriately designed
and positioned BMPs into a conventional urban drainage system. Stormwater
practitioners will be able to use the extended tool to assist with the design of new
drainage systems or the retro-fitting of existing systems involving the incorporation
of BMPs for the control of extreme event flooding.
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Summary

This deliverable, which has been developed in WP2.3 of the SWITCH project, describes the
operating structure of a decision support (DSS) tool designed to assist practitioners in the
selection of stormwater BMPs for a defined catchment area. The objective of the task
associated with this deliverable was to develop a GIS-based model with the capacity to
identify sites within a catchment which are appropriate for the installation of stormwater
BMPs. In addition, it was planned to identify the most relevant type of BMP for use at a
particular site in relation to site-specific conditions, such as soil type and depth to
groundwater. By addressing a range of site characteristics the tool identifies those sites where
a selected BMP could be feasibly installed. Alternatively, individual sites can be examined
sequentially to determine which BMPs are practicable at that location. The derived list of
BMPs can be further discriminated in terms of either pollutant removal capability or by
consideration of a range of influencing criteria. These criteria are described within the tool by
a series of indicators relating to technical, environmental, operation and maintenance, social
and community, economic, and legal and urban planning factors which are assessed using a
multi-criteria analysis approach. The pollutant removal capabilities of the BMPs are assessed
through a scoring system which combines a consideration of the unit operating processes
(OUPs) within BMPs with the behaviour of different pollutants towards these processes.

If the user of the tool has a particular preference for a specific BMP, the tool can search for
sites where this BMP could be installed by dragging an icon across the search area. When a
positive match is found, the characteristics of the site are displayed. It is possible to amend
some of these characteristics to assess the impact on BMP selection.

The presented report is designed as a guide to highlight how the benefits of the tool can be
best achieved. Because of current licence requirements associated with the GIS component of
the tool it can only be made available to members of the SWITCH consortium on request.
The tool works in two directions by matching BMPs to sites and by indicating which BMPs
are feasible at an identified site. The additional capacity to consider the pollutant removal
capability of a BMP as well as its scientific, social, economic, operational and planning
requirements makes this a powerful tool for practitioners involved in either designing a new
urban drainage system or retro-fitting an existing one.



1. Introduction

The contribution that stormwater BMPs (also known as Sustainable Urban Drainage Systems ;
SUDS) can make to sustainable urban development through their potential to address the
needs and concerns of a diverse group of stakeholders, has been widely recognised (Revitt et
al., 2008). These systems include a wide range of structures having different impacts in terms
of water quantity and quality, posing different technical constraints and entailing variable
costs. However, unfamiliarity with these techniques, and in many cases, the lack of technical
knowledge held by stakeholders, could influence the decision-making process when selecting
appropriate systems.

Urban stormwater models such as SWMM, MIKE II, MOUSE, Hydroworks or STORM (for
a review of these models see Balmforth et al., 2006; Elliott et al., 2007; Ellis et al., 2008) are
now widely used to assess the impact of control devices on the urban drainage system. Such
models provide a good representation of the physical and hydraulic phenomena but, because
of their complexity, they are usually non-user friendly and are generally limited to technical
issues (Balmforth et al., 2006).

Geographic Information Systems (GIS) are commonly used to collect and manage the spatial
data required as an input for such models. More recently they have also been used as post-
processors to accept the output and enable a user-friendly representation of the results
(Heaney et al., 2001). In the context of a typical urban development scenario of multiple
stakeholders drawn from a wide variety of backgrounds, there is clear potential for the use of
such a central data integration and communication tool to act as a precursor to analytical
modelling. The development of this type of specific GIS tool which will enable stakeholders
to identify possible sites for the location of urban BMPs on a catchment-scale represents an
obvious step-forward. Currently there are only a few examples of such dedicated tools
(Makropolous et al., 2001; Cappiella et al., 2005; Lai et al., 2007).

The Stormwater BMP DSS tool described in this deliverable has been developed with the
objective of achieving the following requirements for users:

¢ Providing support for the identification of appropriate BMPs

e Supporting the integration of data (quantitative and qualitative) from a variety of
sources to enable the investigation of the potential benefits of BMPs

¢ Incorporating user-friendly tools to ensure simplicity and ease of communication

® Requiring relatively few skills in GIS (once the spatial data are ready to use)

The current tool incorporates and extends the previously developed MCC approach (EU 5t
Framework DayWater project) (Ellis et al., 2008) which in addition to site characteristics,
also benchmarks the performance of BMPs against a range of technical, environmental,
economic, operation and maintenance, and social and legal criteria. In addition, an up-dated
methodology for assessing the comparative pollutant removal potentials of different BMPs
(Scholes et al., 2008) has been included.

The current tool does not link directly to a stormwater model. The output from such a model

could be imported as a shapefile layer and on-going developments within the SWITCH
project are investigating the coupling of the described approach with the STORM model
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(http://www.sieker.de/english/). This coupled GIS-based tool will provide a powerful tool for
the analysis of pluvial flooding and pollution arising from extreme events in impermeable
urban catchments.

An important output of the Stormwater BMP support tool is a GIS layer identifying
appropriate positions for the installation of selected storm-water BMPs. This layer supports
the creation of alternative land-use scenarios which, in turn, could be used in storm water
modelling for comparative analysis and evaluation by stakeholders.



2. Procedure for downloading the program

The tool has to be downloaded on the root C:\ of the computer.
The folders should follow the respective pathways:

C:\BMP_DSS_TOOL

C:\ BMP_DSS_TOOL\datalayer

C:\ BMP_DSS_TOOL\guidance

C:\ BMP_DSS_TOOL\icone

C:\ BMP_DSS_TOOL\paramdata

C:\ BMP_DSS_TOOL\picture

The BMP_DSS.exe is in the BMP_DSS_TOOL folder



3. File requirements

When the tool starts, it automatically uploads the different files; without these files the tool
cannot work.

The two different types of files required are shapefiles (.shp) and text files (.txt). These are
described in more detail below.

3.1. Shapefiles

A shapefile is a digital vector storage format, used within GIS, for storing geometric location and
associated attribute information. Shapefiles are simple because they store primitive geometrical data
types of points, lines, and polygons, which could for example represent wells, rivers and lakes,
respectively. Together with attributes to specify what they represent they can create a large number of
representations relating to geographical data.

In the described tool, the shapefiles (.shp) are produced using GIS software and can be saved
anywhere on the computer. An “Open file” Dialog box is available within the tool to select
these files.

Any shapefile (and raster) can be used in the tool to add spatial information and to support
the decision-making. However, at least two shapefiles are required and there are specific
constraints.

3.1.1. Site Characteristic — Polygon

In GIS terminology, a polygon is a two-dimensional shape that is modelled and stored within the
database. It may be coloured, shaded and/or textured, and its position in the database is defined by the
co-ordinates of its vertices (corners). In the described tool, this type of shapefile contains
geographic information relating to the site characteristics in which the basic unit is at the
scale of a parcel of land e.g. road, car park, house, park, etc.

A variety of site-specific aspects which have the potential to influence the use of various
BMPs have been widely reviewed in the literature (CIRIA, 2007; Daywater, 2005; Jin et al.,
2006; Scholz et al., 2006; Woods—Ballard et al., 2007). Based on a consideration of their
criticality and ease of utilisation within a GIS format, the following indicators have been
selected:

e Type of land use :
The value is a string and identifies whether the land use is open space, railway, car park,
building, pavement, road, verge, water body, other.

e Soil type:
The value is a string and identifies whether the soil is clay, silt, loam, sand, gravel which
have different permeability/impermeability characteristics.

e Slope:
The value is a number and defines the slope as a percentage (%).



¢ Depth to groundwater:
The value is a number identifying the depth to groundwater in m.

e The presence of ‘flat’ roof:
The value is a binary number; O for no flat roof and 1 for the presence of a flat roof.

¢ Drainage Area:
The value is a number. Although no specific unit of area is required, the value in ha is
preferred

e Area of the surface:
The value is a number. Although no specific unit of area is required, the value in m”or ha
is preferred

e Pollutant:
The value is a string and identifies the type of pollutant (e.g. TSS, lead, oil etc.) found
within the studied area.

¢ An Identification Number:

This is a unique number associated with each feature (in this case a created polygon)
which serves as a record of where a stormwater BMP location is created in the
stormwater BMP location shapefile.

The order of the columns in the database is not constrained but has to be known (see
Fieldcriteria Text File in Section 3.1.2).

3.1.2. Stormwater BMP location - Point

This shapefile contains geographic information about the location of the stormwater BMP. It
can be used to add a new stormwater BMP into the tool (see Section 6.8) but can also contain
existing stormwater BMP data. The following columns in the database are required:

e [dentification number:
This is a unique number associated with each feature (in this case a created point) which
serves as a record of the feature. (It is not used in the current version of the tool).

e Type of stormwater BMP:
A string describing a particular BMP e.g. swale, wetland etc.

e Surface of the BMP:
The value of the area (m?)

® The related parcel ID:
This ID number can be used to search for more information concerning an identified
parcel of land in the site characteristic shapefile.

¢ The related parcel land use:
A string describing the type of land use at the parcel site.



e The related parcel surface:
A value of the area (mz/ha)

e Comments:
String — enabling any required comments to be made.

The order of the columns is important and has to be as illustrated in Figure 1.

FID | Shape | Id | Type | Surface | oS | Typeds | Surfis | Comments
T | Poirit 22 Green roof 106178 1562 |Carpark 106178
5 Poirit 9 Porous asphatt 4 5501 3036 |Road 45501 |Mone
9 | Paint 10 Green roof 296547 990 |Building 296547 Mone
10 |Poirt 11 |Porous pavement 124273 3434]Pavemerts 124273 Mone
11 Point 12 Porous asphatt 91705 2686 |Pavements 91705 |Mone

Figure 15: Example of stormwater BMP location within the database.

3.2. Text files

Text files are used for the storage of information and in the desctibed tool they contain the
initial parameters which are used in the different matrices when the tool is loaded. There is no
open file dialog associated with the text files and therefore their locations, structures and
names have to be strictly preserved.

All the text files are stored in the C:\ BMP_DSS_TOOL\paramdata folder.

All the text files follow the same rules:

e Separator: a comma (,)

e First line: number of rows in the matrix (15 for instance)
e Second Line: the name of each column

® 15 next lines: name of the row with the specific values

The four text files, which are required, are outlined below.

3.2.1. Field criteria
This file is used in the project properties interface. It provides information on the relationship
between the criteria used within the tool and the structure of the site characteristic shapefile

(see Section 3.1.1). For instance the criteria ‘flat’ is associated with the 8" column named
‘roof” (Figure 2). Once the tool is open, the relationship can be updated.
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Criteria Fieldnarme | FieldPozition

Landuse Landuge 7
Soil Type zoil 4
Ares area 9
Slope Slope 3

W atertable watertable 5
Drainage dre  Drainarea 10
Pollutant Pollutant &
Flat Foof a

Figure 2: Name (Fieldname) and position (FieldPosition) of the columns in the site
characteristics shapefile for the related criteria

3.2.2. Site criteria
This file is used in the site criteria interface. It provides information on the default values
which relate BMP type to the indicators, effectively establishing a set of rules which determine which
BMPs can be located at a particular site.

3.2.3. BMP UOP matrix and pollutant UOP matrix
These two files are used in the unit operation process (UOP) interface. The BMP UOP matrix
contains the default values which relate a BMP to pollutant removal processes (see Section

6.3). The pollutant UOP matrix contains the default values which relate pollutant removal
processes to a pollutant type.

3.2.4. Performance matrix

This file is used in the MCC criteria interface to provide information on the default values
which relate BMP type to the multi-criteria indicators (see Section 6.4).

11



4. Launching the tool

To start the tool, it is only necessary to double click on BMP_DSS.exe in
C:\BMP_DSS_TOOL. A first dialog window appears facilitating the uploading of the two
working shapefiles (site characteristics and stormwater BMP location; see Section 3.1)

The tool is immediately available for use. It consists of two main interfaces which are viewed
simultaneously (the GIS interface and the user-friendly interface) as shown in Figure 3.

[2% Storm water BMPs DSS

File Tools window

2]
[x]

Paameters | Sitebyite Potential Areas | ADDStomuaterBMP | Project properties | Symbology |
vl Easteide_nen_wl

hitp: v davwater.cz/

Ciiteria | subcriteria | Rietention bas
Landuse Flailay FALSE
Landuse Openspace  TRUE

Landuse Capark FALSE
Landuse Building FALSE
Landuse Pavements  FALSE
Landuse Road FALSE
Landuse Impermeable  FALSE o
Landuse Werges FALSE

B Crown Copynght/datab ase nght 2008

1 Land Waterbod FALSE
An Ordnance Survey/EDINA supplied service Sncuse aterbody

Catchment  Drainageéres 6

GIS interface User-Friendly Interface

Figure 3: The opening window of the stormwater BMP DSS tool
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5. The GIS interface

Four components are available on the GIS interface screen as shown in Figure 4. These are the ‘layer’
list, the ‘tools’ button, the GIS screen, and the ‘actual symbology’ display.

Different shapefiles and raster layers can be viewed on the GIS screen. The name of the layer is listed
on the top right screen (the ‘layer’ list). Each layer can be selected within this box and can be selected
to be visible or not on the screen. The ‘actual symbology’ is displayed at the bottom of the screen.
Current map tools (e.g. zoom, pan, refresh, up and down layer, add and remove layer) enable users to
interact with the map.

v StormwaterBMP_location_WL2 & I X

! Eastside_wL
llil = layerlistand Tools

olajala|o|s]s| |

L GIS Screen

= StarmwaterBMP_location ‘w2 l:‘_ ACtuaI Svm bOIOEY
i [~

Add or remove layers (.shp or .raster)

al o] 0]

Pan, zoom in, zoom out, zoom full extent, refresh

-

Move up/down the layer on the screen

or

O

1
l Identify

d

Site by site tool (see Section 6.7)

Figure 4: The GIS interface screen together with operating symbol explanation.
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6. The user-friendly interface

The user-friendly interface is a multiple-page dialog box enabling users to access information,
databases and pictures relating to 15 different stormwater BMPs. The different interfaces are:

Project properties

Symbology

Parameters — Unit operation processes
Parameters — Pollutant removal
Parameters — MCC criteria
Parameters — Site criteria

Potential areas

Site by site

Add stormwater BMP

The ‘Project properties’ and the ‘Symbology’ interfaces allow the user to manage the current
project.

The four ‘Parameter’ interfaces allow the user to change values which influence the decision
process within the tool. These parameters can relate to the unit operating processes within the
BMPs, the pollutant removal potentials, the scores within the multi-criteria analysis, and/or
the site characteristics).

Finally, there are three interactive interfaces identified as ‘Potential areas’, ‘Site-by-site’ and
‘Add stormwater BMP’ which can be used to assess potential BMPs for a site.

The individual components of user friendly interface are discussed in more detail in the
following sections.

6.1. Project properties

The structure of the ‘Project properties’ interface screen is shown in Figure 5. It consists of a
‘Working shapefile’ and a ‘Criteria and Fields relation’ component. The shapefile is
composed of two working layers which are displayed on the top of the page together with
their names and paths.

Within the ‘Criteria and Fields relation’ there are 2 boxes; the top box (Box A) lists the fields
of the site characteristics database and the bottom box (Box B) lists the different criteria used
in the tool. The criteria and field have to be correctly related within the tool and this is done
through the ‘Fieldcriteria.txt’ file shown in Figure 5. The information contained within this
file can be corrected using this interface by selecting the criteria and related field in each box
and by clicking the ‘relate’ button.

14



Parameters] Potential &veas | SitebySite | ADDStormwaterBMP Project properties lSymbology]

Working shapefle
Site

Characteristics C:ABMP_DSS_Tooldatalaper E astside
BMF location C:\BMP_DS5_Toalhdatalayer StormwaterBMP_lacation
Criteria and Fields relations
FID A
Ejhape Criteria Fieldhame FieldPositi
zlooire 4 ;aﬁ-use Laleme
watertable ol fype sol
Pallutant Area area
Landuse Slope Slope

Roof > Felate ‘watertable  watertable
Landuse Drainage Are  Drainarea
Soil Tupe

Area Pollutant Pollutant
Slope Flat Roaof

Watertable *
Drainage Area
Pallutant
Flat
4 »

Figure 5: Details of the ‘Project properties’ interface screen

[== = TS VR T R S|

6.2. Symbology

The symbology interface allows the user to amend the display characteristics of each layer.
This is achieved by first selecting the layer and then applying a unique colour or value.

¢ Unique colour:

The user can change both the outline and the back colour by double-clicking on the
colour box to trigger the colour box pop up. In the case of point or line polygon, the size
can be changed. The transparent box allows the user to have a transparent polygon.
Changes are initiated by clicking on ‘Apply’.

e UniqueValue

The user has first to select the appropriate field in the list box and click on ‘class’. The
different values are then listed and the user can change the colour by double clicking on
the value. The change is actioned by clicking on ‘Apply’.
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Farameters] Paotential Areas] SltebySlte] ADDStormwaterBMP | Project properties  Symbology

StormwaterBMP_location w2
Apply |

Size
" UniqueColor D [™ Tranzparent
A
FRoof class |
area ¥

& Uniquevalue Color @E'

Basic colars:

o [Pavement|
Openzpace
Impermeable
Fioad
MC
Building

Carpark

‘waterbody
Custom colars:

rrrrrrrr
rrrrrrr

Defing Custom Colors »>

Cancel

Figure 6: Details of the ‘Symbology interface’ screen

6.3. Unit operation process — pollutant removal

To address concerns relating to water quality aspects, the systematic BMP pollutant removal
assessment approach developed by Scholes et al. (2008) has been incorporated within the
decision support system. The developed BMP pollutant removal assessment framework
involves the combination of field data and expert judgement to determine the potential for
seven pollutant removal processes (adsorption, settling, microbial degradation, filtration,
plant uptake, volatilisation and photolysis) to occur within a range of BMPs (Figure 7; top
matrix). In addition, an assessment has been made of the potential for the identified processes
to remove pollutants of concern (Figure 7; bottom matrix). The information pertaining to this
process is contained in two text files which are loaded at the launch stage of the tool see
Section 3.2.3).

The default values currently assigned can be changed by clicking on the appropriate cell. The
relative importance of removal processes to either a BMP or a pollutant are represented by
six classes; high, high/medium, medium, low/medium, low and NA (not applicable). The user
can export the matrix in a .txt file to save the introduced change(s).
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Parameters ]Potential Areas] Siteb_l,.lSite] ADDStormwaterBMP] Praject properties] S_l,lrnbolog_l,.l]

Unit Operation Pracess ] PallutantFiemayal ] MCLC Criteria ] Site Criteria ]
|

BEHP Adsorption to | Setting Microbisl degr | Filtration Flant uptake | =]

Filtzrdrain Medium/High  Low/Medium  Medium F edium L L

Porous aspha  Low/Medium  Low High ~ High A, L

Porous pave  High Low/M e Medium/High High Lo L -

b Flerstip  Medum Medwn &, Low/Medm  Medim L Unit
Swale Medium Lot | gy w1 Medium b edium § Operation
Soakaway MedumHigh Low/Medium  Medium MediumHigh  Low L
Infilration tre  MediumHigh LowMedium  Medium Medium/High  Low L Process
Infiltration ba  High High High Medium/High Low/tedium b Matrix
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Figure 7: Details of the ‘Unit Operational Process interface’ screen.

The two sets of information shown in Figure 7 are combined to develop a single unit value
which identifies the relative potential for a particular pollutant or pollutant group to be
removed by specific BMPs. This is achieved by allocating values to each category of relative
importance as shown in Figure 8 (top left-hand table). In addition, each process is assigned a
weighting (Figure 8; top right-hand table). It is possible for a user to change the default
values by clicking on the appropriate cell.

The ‘calculate’ button updates the central table in Figure 8 to produce an overall score
representing the pollutant removal potential within each BMP. By selecting a specific
pollutant and clicking the ‘ranking’ button, a hierarchy of BMPs is generated for that
pollutant with the most efficient system at the top. Figure 8 illustrates this list for COD
showing that infiltration basins are predicted to possess the highest removal capacity for this
pollutant. It is important to note that the scores shown in this list are not representative of
relative efficiencies which can be demonstrated by the different BMPs but merely denote the
order of preference for the specific site and criteria under consideration.
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Parameters | Potential dreas Siteb_l,JSite] .&DDStormwaterEMP] Project properties | Spmbology
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3 High 3 » Adsorption 1
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Fdedium 2 Microbial deg 1

Low/Medium 1.5 Filtration 1
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< o Ly ol

BrP TS5 BOD CoD Mitrates Phosph |
b Filkerdrain 175 185 1875 11 23

Porous aspha 16 14 1275 65 1785

Porous pave  21.5 215 185 125 275

Filker strip 13 175 14.75 12 A

Sweale 16 1375 17 13 24

Soakaway 15 135 1675 1.5 245

Infiltration tre 19 135 1675 1.5 245

Infiltration ba ~ 25.5 2775 24 16 3

Settlement ta  10.5 10 9 45 15

Retention bas 17 1875 165 105 25

Detention bas 16 17.75 155 10 A

Eutended det 18 1375 17.25 1 23
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Constucted 215 26.25 2225 175 ngE —
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4 1 Infilration ba 24
Phosphate_s 2 Constructed 2225
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Cd “ 3 Porous pave 185
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Figure 8: Details of the ‘Pollutant Removal interface’ screen.

6.4. MCC Criteria

Using the MCC interface, stakeholders are able to assess the performance of BMPs against
the following criteria (and indicators) based on the EU 5" Framework DayWater Multi-
Criteria Comparator (MCC) (Ellis et al., 2008):

e Technical: Flood control, pollution control, adaptability to urban growth

e Environmental: Impact on receiving water volume, impact on receiving water quality,
ecological impact

e O&M: Maintenance and servicing requirement, system reliability and durability

¢ Social and urban community benefits: Public health and risk, sustainable development,
public/community information and awareness, amenity and aesthetics

e Economic : Life cycle cost, long term affordability

e Legal and Urban planning: adoption status, building development issues and

stormwater regulation
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The performance of each of 15 BMPs has been benchmarked against each indicator using
default scores (developed during the DayWater project (Ellis et. al., 2008)). The default
scores are imported from a text file when the tool is launched and are partially shown in
Figure 9. It is also possible for users to enter their own scores (per BMP) by clicking on the
cell of the main matrix (Figure 9). Different weightings (column 4) can also be applied by the
user to express the relative importance that they attach to the different indicators (and thus
criteria) for the BMPs. By pressing the ‘perform’ button the applied weightings are combined
with the scores to generate a total score for each BMP. This is then converted into an order of
preference for the BMPs by clicking on the ‘ranking’ button as shown in Figure 9 (lower
table).

Unit Operation Process ] PollutantRemaval  MCC Criteria | Site Eriteria]

Criteria weig | Indicatars ‘wheightinglndi | Swale Filter strif
Technical Floodcontral & 2 2
Technical Pollutioncontr & 3 2
Technical 15 Adaptabilityt 5 3 2
Environmental Impact onrec 25 4 3
Ervironmental Impact onrec 25 4 3
Environmental B0 Ecologicalim 0 3 2
Operationt:h ainte Maintenance 5 3 4
» Operation&Mante 10 Spstemreliab 5 4 2
Social and wrban © PublicH &5 2 3 5
Social and uban o Sustainabled 2 3 4
Social and wrban © Public/comm 1 2 2
Social andurbanc 10 Amenity & ae 5 3 3
Economic Life Cycle Co & 4 4
Economic 5 Long term aff 0 4 5
Legal & Urban pla Adoption Stat & 5 3
Legal & Urbanpla 10  Buildingdeve 5 3 4
Total [zum of scor 100 100 364 300
*
K I IO
e Rank BMP Score =
» 1 Infiltration ba 393
2 Forous pave 378
3 Swale 364
R 4 Infiltation tre 355 Final
5 Retention bas 344 Ranking
B Constructed 342 Table
7 Detention bas 341
g Estended det 310
q Green roof 309
10 Filter stip 300
" Filterdrain 300
Bewv 12 Crabaman 799 h
‘ < | ;H

Figure 9: Details of the ‘MCC Ceriteria interface’ screen.

6.5. Site criteria

This interface establishes a set of default values which relate the different types of BMPs to
indicators which define those site characteristics which are important in determining whether
it is feasible or not to locate a BMP at a particular site (Figure 10). The default values are
imported from a text file when the tool is launched (see Section 3.2.2).

The user is able to change the default settings based on their own knowledge of a site and
depending on the control/treatment requirements. Changes can be saved by clicking on
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‘export’. Depending on the criteria, the assigned values are allocated according to the
following rules:

For all criteria: 999 is the default value used to indicate that a specific criterion
has not been considered. It could be that non-consideration was because the
criterion was not specific for the BMP or that no value could be collected in
the .shp file (add 999 for all BMPs)

Land use: False if the BMP is not appropriate for a particular land use; true if
the BMP could be located within the land use.

Catchment : a number (area) in the same units as the drainage area in the site
characteristics in the shapefile (see Section 3.1.1)

DEM: the minimum and maximum slope (expressed as a percentage )
requirement

Soil: False if the soil is not appropriate for a particular BMP; true if the BMP
characteristics and the soil type are compatible.

Groundwater: the depth to groundwater (m)

Roof: a unique value (1 or 0). A value of one indicates that the roof sloop is
considered as slight enough to support vegetation. A value of 0 means that the
roof cannot support the vegetation. The value allocated is subject to the
expertise possessed by the end user.
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Parameters lF'c-tentiaI Area&] SitebySite] ADDStormwaterBMF’] Project properties] Symbu:-lc-g_l,l]
Unit Dperation Process | PollutantRemoval | MCC Criteria Site Criteria ]

Critena subcriteria Constructed | Detention bas | Extended det | Lagoor
Landuze R ailvaay FalSE FALSE FALSE FALSE
Landuse Openspace TRUE TRUE TRUE TRUE
Landuse Carpark, FALSE FALSE FALSE FALSE
Landuze Building FalSE FALSE FALSE FALSE
Landuze Pawvements FalSE FALSE FALSE FALSE
Landuze Road FalSE FALSE FALSE FALSE
Landuse Impermeable FALSE FALSE FALSE FALSE
Landuse Werges FALSE FALSE FALSE FALSE
Landuse Wwaterbody FALSE FALSE FALSE FALSE
» Catchment Drainagebreatdin a [ 8 5
Catchment Drainagedreatd ax 959 959 359 939
DEM Slopetdin 933 933 935 935
DEM Slopetd ax [ [ 5 5
Sl clay 933 933 935 935
Sl zilk 933 933 935 935
Sl loam 933 933 935 935
Sl Sand 933 933 935 935
Sl gravel 933 933 935 935
Soil permeahle 959 959 359 939
Soil impermeable 959 959 359 939
Groundwater W atertablelm]jmin 1 1 1 1
Groundwater W atertablelm)mas 959 959 359 939
ROOF Flat 933 933 935 935

Export

Figure 10: Details of the ‘Site Criteria interface’ screen.

6.6. Potential areas

This interactive interface assesses all the potential sites in the site characteristics shapefiles
for a specific BMP based on the site criteria interface and displays the results on a map. To
initiate this procedure the user has, first of all, to select a stormwater BMP from the list
provided at the top of the screen (Figure 11; top right-hand box) and click ‘Select’. This
results in a picture of the selected BMP and the related criteria being displayed. Figure 11
shows the results for green roofs.

In order to illustrate where this BMP could feasibly be installed in a studied catchment area,
the user can click on ‘Show potential area’. The relevant areas are highlighted on the map as
shown in Figure 11. The number of feasible sites and the corresponding surface covered by
these sites appears in the bottom right-hand corner of the screen as indicated by the true
returns.
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Parameters  Potential Areas ISitebySite] ADDStormwaterEMPl Praject Dmperliesl Symbo\og}ll

Retention basin A~

Settlement tank
= Select
Filter sbrip

Swale )

BMP
type

Source: Day W ater hittp: £ v dapwester, oz

Show Patential Areas

Criteria subcriteria Gresn roof o
» Landuse Railway FALSE
Landuse Opengpace  FALSE Sites Numbre
Landuse Caipark, FALSE
Landuze Building TRUE
Landuse Pavements  FALSE 257
Landuse Foad FALSE
Landuse Impermeabls FALSE
Landuse Verges FALSE
Landuze waterbody FALSE
Catchment Diainagedrea 939
Catchment Drainagedres 999 e 177
+- Eastaide_WL DEM SlopeMin 939
BAD oo P -

Figure 11: Details of the ‘Potential Areas interface’ screen.

6.7. Site by site

This interactive interface assesses all the potential BMPs which can be used within a specific
site based on all considered criteria (site criteria, MCC and pollutant removal interface). By

choosing the icon representing the selection tool, ]ﬁl the user can click on a specific site on
the map. Once selected, the site is identified by a black grid. The site characteristic values are
displayed (Figure 12; top left-hand table) and the potential BMPs appear in the top right-hand
box (based on the site criteria value). The user can then select a specific pollutant in a list and
show the score for each BMP calculated by the pollutant removal interface (Figure 12;
bottom left-hand table). Those BMPs highlighted in red are not available or not appropriate)
for the selected site. The user can also display (using the ‘Show’ button) the score of each
BMP regarding the previously described MCC criteria (see Section 6.4). As before, those
BMPs in red are not available or appropriate for the site.
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10 Retention bas 215 12 Scakanay 239

Figure 12: Details of the ‘Site by site interface’ screen.

6.8. Add stormwater BMP

Using this interface (Figure 13) the user can add a new stormwater BMP, based on the site
criteria values, to the map located in the Stormwater BMP location working layer (see
Section 3.1.2). The user has first to select a BMP from the list at the top of the screen. In the
example shown in Figure 13, green roofs have been selected and as a consequence two icons
(representing this BMP) can be seen adjacent to the BMP list. One of these will indicate that
green roofs are feasible and the other (with a red circle and line through it) identifies that this
BMP is not appropriate.

Clicking on ‘Add BMP on the map’ and moving the cursor over the map, results in the icon
being dragged into different positions and according to whether or not the proposed BMP is
feasible at a particular location, the symbol changes to the ‘settlement’ icon or to the ‘no
settlement’ icon.

The characteristics of the site identified by the cursor are displayed in the table at the bottom
of the screen and, if the BMP is not feasible, the failing criterion is highlighted in red. In
addition, a message is displayed explaining why the BMP could not be installed at that
particular site. A site ID appears on the right of the ‘Site Characteristics’ heading.

Clicking on the site causes the dialog Box shown in Figure 14 to pop up. The user can add
specific attributes to the stormwater BMP location shapefiles (see Section 3.1.2) e.g. revised
surface together with any required comments. The type of BMP, site ID, site type and site
surface are automatically added. By clicking OK the BMP details are added to the shapefiles.
The user can also cancel this operation.

23



& X Parameters | Potential Areas | GitehySite  ADDStomuwaterBMP | Project properties | Symbology

Constructed wetland Symbol for possible settlement
i ? Detention basin

Extended detention hasin

Lagoon
ofafafsfofe]s] |[E =

v Rectiipeastsided55m. b
[ StormwaterBMP_location_wL2

[E] 00
Filter strip
_ Swale

A }d-‘ Infiltration basin
4 : Infiltration trench
9 Soakaway

Filterdhain Q
Porous asphalt

Porous pavement
Add BMP on the map

Site Characteristics 1598

Symbal for no settlement

Criteria | Value

Building
Loam
1.1322875
246339696
‘W atertable 3
Drainage Are  1.1322875
Pollutant Oil & hydioca

[+~ Eastside WL
StormwaterBMP_location_WL2
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Figure 1316: Details of the ‘Add BMP interface’ screen.

Extended detention basin

-

Retention basin *
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Ok
Flease add any comments Add BMP an the map:
[Hond Cancel
) 57 Site Characteristics 1763

Building
Loam
5.7080091

203256301
3

5.7080081
0il & hydioca

Figure 14: Dialog box linked to ‘Add BMP interface’ screen enabling BMP attributes to be
changed.

7. Conclusions

A GIS-based tool has been developed which has the capability of locating and identifying
those sites within a catchment where a particular BMP could be installed. Alternatively, for a
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particular site, the tool can identify the different BMPs that are feasible. Where several BMPs
are possible, they can be compared in terms of pollutant removal capacity or through a range
of technical and non-technical criteria and indicators. Within the SWITCH project, the
developed tool is currently being linked with the STORM model to provide a more
comprehensive approach to the prediction of the benefits, in terms of stormwater attenuation
for extreme event pluvial flooding, which can be achieved by incorporating appropriately
designed and positioned BMPs into a conventional urban drainage system. This will extend
the current scope of the tool in assisting stormwater practitioners with the design of new or
the retro-fitting of existing drainage systems.
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