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Overview of the Automatic
Overland Flow Delineation Tool
(AOFD)

By Susana Ochoa-Rodriguez, Imperial College London
(s.ochoa-rodriguez@imperial.ac.uk)

Material prepared for RainGain’s WP3 Technical Meeting
held in KU Leuven, Belgium on 22"9 August 2013
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Investing in Opportunities

Dual-drainage concept:

Sewer Network + Overland Network
(Djordjevi¢ et al., 2005)

e Sewer system (manholes and pipes): 1D

 Overland system (depressions and flow paths): 1D or 2D:

v" 2D overland flow modelling: Surface divided into small
elements (squares or irregular triangles). In general, long
computational time, not suitable for real time
forecasting.

v" 1D overland flow modelling: Overland system consists of
nodes (ponds) and links (flow paths). It can be created
manually or using the AOFD tool, based upon an
accurate DEM (Digital Elevation Model) of the area.
Fast, suitable for real time applications.

Djordjevic, S. et al. (2005). SIPSON - Simulation of interaction between pipe flow and surface overland flow in networks. Water Science and Technology, 52 (5),
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HYBRID
MODELS

1D Sewer
Simulation

1 D / 2 D Investing in Opportunities
& |
simulation ‘)

INTERREG IVB

HYBRID MODELS:
1D overland model in most
part of the catchment with
nested 2D overland model
in areas more prone to
flooding and where more
detalil is needed

Hybrid
1D/1D + 1D/2D



Investing in Opportunities

Automatic Overland Flow
Delineation (AOFD) Tool

* GIS tool which automatically _DEM +
Building layer
analyses and generates 1D model + Manhole
of the overland network based layer

on DEM

* Takes into account processes
such as pond forming, flow
through preferential pathways
and surface drainage capacity

* Takes into account interactions

with sewer system “Overland

* Network
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* Set of shapefiles which contain the information about the elements that
constitute the 1D model of the overland network:

* Ponds (local depressions) = nodes with associated storage capacity

* Flow pathways = links with computed geometry

* These files can be imported into several hydraulic simulation software and can
be easily coupled with 1D models of the sewer system, thus allowing for the
creation of 1D-1D dual drainage models
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AOFD is not a hydraulic
simulation engine!
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AOFD Algori
gorithm e,

Development Funding
through INTERREG IVB.  INTERREG IVB

Start
v

Input file reading

v

Pond delineation

Pond filtering
(volume and depth)

Elimination of

— Flow paths === duplicate flow

delineation

v

Flow paths cross-
section definition

v

Generation of hydraulic
model input files

v
End

paths

Maksimovié, C. et al. (2009). Overland flow and pathway analysis for modelling of urbah pluvial flooding. Journal of Hydraulic Research, 47 (4), 512-523.



1. Pond delineation: [ Stirt ]

Input file reading

Identification of sinks

Pond delineation

Quantification of surface storage

Pond filtering

. . Pond
(depth-volume relationship) (volume and fiering?
Determination of natural exit point of Rowpaths | _{ G
paths
p O n d Flow pa:cts Cross-
section definition
Based on DEM, using iterative “grow- et e
up” methOd model |1putf||es
[ End ]
d boundary
10| 9L 11. ° °
- e . Pond filtering?
E . .
ENIEe(E * |tis advisable to remove
. : - i - small ponds
"Volume ,— ] [ [ p
sfreq q . . .
«Exit point P s e s * User may define filtering
"Elevation || Matural éxit po threshold.




2. Pathway delineation [ start |

y
. Input file readin
Connection between nodes (ponds & d I -
manholes) is identified Pond delineation
Based on DEM, using “rolling ball” pond fitering Ve"'
(volume and depth) filtering?

algorithm

Elimination of
Flow paths .
. . ol duplicate flow
delineation
paths

Flow paths cross-
section definition

v

Generation of hydraulic
model input files

v
[ End ]

Elimination of duplicates /
merging of pathways:

If two or more pathways are
closer than a given value
(normally grid size), they are
merged




Estimation of pathways’ cross-section

Geometry of the open channel (user can
choose between trapezoidal and arbitray
cross-section)

Upstream/downstream elevations
Actual length of the pathway

Average slope

Trapezoidal or
Arbitrary

Outputs
1 US/DS elevations
2 Average slope
3 Straighten length

@

4 Roughness
§ Calculated shape

2 _
= >
2|1 [
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4+ Pond or

Pond filtering
(volume and depth)

)
rd

Start ]

v

Input file reading

v

Pond delineation

Pond
filtering?

No

Flow paths delineation

Flow paths cross-
section definition

Generation of hydraulic

model input files

v

[

End ]

Elimination of
duplicate flow
paths

Methodology:

* Equi-distant cross sections are
drawn along each pathway

* Arbitrary shape: elevation at
each offset distance from centre

* Trapezoidal shape: find geometry
of trapezoid that fits H(m)-A(m?)

curve



Creation of surface flow network and
generation of hydraulic model input
files

Parameters regarding interaction between
sewer system and overland network are
established by user

Pathway roughness is assigned by user

AOFD generates shapefiles of ponds and
pathways

Pond filtering
(volume and depth)

[ start |
v

Input file reading

y

Pond delineation

> Flow paths delineation

v

Flow paths cross-
section definition

Generation of hydraulic

model input files

Elimination of
duplicate flow
paths
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INTERREG IVB

This project has received
European Regional
Development Funding

through INTERREG IV B.
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1D Overland Network of Cranbrook Catchment




Exercise

Executing the AOFD tool and creating a
1D1D dual-drainage model
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STEP 1: Checking input data
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* You have been provided with the following

input dataset:

Legend

" Boundary

Manholes

Buildings

1
Kilometers

TestData_ Victoria_5m

Project File: VS5.pro

(s
InputData

DEM

Terrain slope
Terrain aspect
Catchment boundary
Cover layer
Buildings

Manholes



http://www.google.co.uk/imgres?q=windows+folder&hl=en&sa=X&rlz=1R2ADRA_enGB444&biw=1280&bih=815&tbm=isch&prmd=imvns&tbnid=90eIoQoVItxWLM:&imgrefurl=http://techhelpbd.blogspot.com/2011/05/make-your-file-and-folder-protected.html&docid=43fwFrbRSentWM&imgurl=http://3.bp.blogspot.com/-6t5IVVNoFoc/TdS1gjX53gI/AAAAAAAAAA8/Kzk2VCbssuI/s1600/folder+icon.jpg&w=222&h=252&ei=SFbuTpjaO8fJhAfKsb3CCA&zoom=1
http://www.google.co.uk/imgres?q=windows+folder&hl=en&sa=X&rlz=1R2ADRA_enGB444&biw=1280&bih=815&tbm=isch&prmd=imvns&tbnid=90eIoQoVItxWLM:&imgrefurl=http://techhelpbd.blogspot.com/2011/05/make-your-file-and-folder-protected.html&docid=43fwFrbRSentWM&imgurl=http://3.bp.blogspot.com/-6t5IVVNoFoc/TdS1gjX53gI/AAAAAAAAAA8/Kzk2VCbssuI/s1600/folder+icon.jpg&w=222&h=252&ei=SFbuTpjaO8fJhAfKsb3CCA&zoom=1
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STEP 2: Launching the AOFD tool

* You have been provided with a folder that
contains the AOFD software:

o Surface Flow Metwork tool E@u

ASCii raster converter | Pond delineation | Path delineation I Cross section | Surface flow ne‘tworkl

Raster conversion

. Conversion

@ ESRIASCllto IDRISI (16bit) file data type
|:: rDssSEctl on () IDRISI (18bit) file to ESRI ASCII integer -
input file
P DEPLEE output file -_browse
1 DSD |:| assign elevation to noData values
|
) Y FI Eth DEI Wector conversion
@ ESRI *shp file to IDRISI * vec fil:
SurfaceAnalysis . pondDel ©) IDRISI *vec file to ESRI *shp file

. SIP SGH input file browse

output file browse

@urfFlowNetwork. exe
—



http://www.google.co.uk/imgres?q=windows+folder&hl=en&sa=X&rlz=1R2ADRA_enGB444&biw=1280&bih=815&tbm=isch&prmd=imvns&tbnid=90eIoQoVItxWLM:&imgrefurl=http://techhelpbd.blogspot.com/2011/05/make-your-file-and-folder-protected.html&docid=43fwFrbRSentWM&imgurl=http://3.bp.blogspot.com/-6t5IVVNoFoc/TdS1gjX53gI/AAAAAAAAAA8/Kzk2VCbssuI/s1600/folder+icon.jpg&w=222&h=252&ei=SFbuTpjaO8fJhAfKsb3CCA&zoom=1
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STEP 3: Executing the AOFD tool




a5 Surface Flow Metwork tool

(o & |weS)

&5Cii raster converter | Pond delineation | Path delineation | Cross section I Surface flow netwu:urk|

project file

Delineation kype
71 entire DEM

1 catchment boundany

Pond remaoval

remove ponds
wolume [m3] 0

depth [m] 1]

CoNADFD_Rune WSW03 Mictoria_BmiWS5.pro

@ catchrment boundan + sewer

0-5m3]

(0-0.2m)

remove ponds inside building polygons

Browse

1.

Pond delineation

buidings fle  D-%40FD_Runs WS403 Victoria_5mbnputD atasbuilds IMG
Ext | | oK
Results of pond filtering @
Mo, Pond Remowved,/Total = pikTd 2957

Total Volurme = T27790.253242000200000
Loss Wolume = 228026.7755827000000000

Loss = 31.331%

Pond filtering
(volume and
depth)

[ Start ]
v

Input file reading

Pond delineation

Pond
filtering?

No

Elimination of
===| duplicate flow
paths

Flow paths
delineation

v

Flow paths cross-
section definition

v

Generation of hydraulic
model input files

v
[ End ]




o= Surface Flow Metnark toal E@
A5Cii raster corverter | Pond delineation | Path delineation | Cross section | Surface flow netwurkl 2 ’ Fl ow p at h d el In eatl on

project file  DAAOFD_Runs Y5403 Victoria_SmivSs pro | Start ]

Delineation wpe ‘lf

) pond links Input file reading

@ ponds and manholes linkage

h 4

Pond delineation

Path delineation parameters
buffer radiuz [m) 40

es
number of ikerations a0 Pond filtering . Pond
(volume and depth) filtering?

cohzider buildings in delineation

buildings fle D*A&0FD_Runs Y5403 Victoria_SminputD atahbuilds IMG Flow paths

Elimination of
bl duplicate flow
paths

delineation

Surface junction parareters

Flow paths cross-
section definition

aqnd size for analysis [m) ] ¢
Generation of hydraulic
: : model input files
Eait | Lok |

v
[ End ]




o= Surface Flows MWetwork tool

(= [@ ]ws)

ASCii raster converter | Pond delineation | Path delineation | Cross section | Suface fow netwu:-rk|

langitudinal interval [m]
rnarimum depth [m]
rinimurm depth [m)

buffer radius [m)

crozs sechion inkerval [m]

project file  D:AADFD_Rune WSS03 Wictona_bmhWSE pro

E ztimation of channel geomety

5

]
0.05
15
al

Buffer radius

it g 2

. Cross sectioninterval
+ —t

%+ T

Browse

Default trapezoidal channel
depth [m] 1.5
width [ri] 10

1/zlope

Bt | | oK

-

3. Pathways’ cross section

[ Start ]

v

Input file reading

v

Pond delineation

Pond filtering
(volume and depth)

Flow paths delineation

Flow paths cross-

section definition

Generation of hydraulic
model input files

Elimination of
duplicate flow
paths




o2 Surface Flow Metwork tool EI@

ASCii raster converter | Pond delineation I Fath delineation I Cross section | Surface flow nebwork

project fle  D-VAOFD. Runs WSAI3 Victoria BmiyS5 pro
manhole conmezpondence file  D:AADFD_Runs WSS03_Victoria_brblnputD atamar

Additional SIPSOM parameters

[pand to pond interactions]

Pathway hedraulic characternistics

roughness coefficient 20

Sewer interactions [manholes to ponds] weir crest length [m]

weir coefficient (m] 0.8 it wieir crest height [m)

weir crest length [m] [1 [ use imegular cross section

Optional parameters
congider ophional parameters

ponds' extra elewation [m] 0.1

glope of pond's
extra elevation [1/lope]

1

4. Creation of surface flow
network and generation
of hydraulic model input

files

Start

v

Input file reading

v

Pond delineation

Pond filtering
(volume and depth)

Flow paths delineation

v

Flow paths cross-
section definition

Generation of hydraulic

model input files

Elimination of
duplicate flow
paths




AOFD output files (in DSD folder)

?‘
oo % - 7
O = i

Legend

« Surface ponds nodes
[ Surface ponds polygons

= Manholes
—— Surface paths
Buildings

o Surfage ponds nodes
I Surfaceponds polygons
e Manholes
—— Surface paths
Buildings

0 0125 025 0.5i o [ ] Boundary




Open and checkout the model of the
sewer network

Open the Data Import Centre (under
the Network menu)

Import the output files of the AOFD
tool taking into account the tables
and corresponding object fields

Checks and manual editing is needed
(e.g. to remove lose paths and make
sure the connection with the sewer
system is correct).

STEP 4: Importing AOFD output | [°:/3-)
files into InfoWorks CS |

Investing in Opportunities
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Open Data Import Centre

Table To Impart Data Into

=55

Flag Behaviour

Node

l [ 1mpart Flags From data source

Drata Source

Ctherwise, set Flag on imported Fields ko: E

Flag when Default Yalue is used:

Source Type: [Arc'-;'iew Shape File

’] Feature:

Script File {optional)

File:  D:\AOFD_Runs_VS\03_victoria_SmiDSDisur B

Units Behaviour

B [ Reload ] lLlser v]

Field Mapping Configuration: Load Config... ] ’ Save Config. .. l [ Clear Config ] ’ Auto-Map ]
Ohject Fields Impart Fieldds Default values -

Mode ID NODE_ID |§|
Mode Type MODE_TYPE
System Type SYS_TYPE
Azzet D
Ground Level GROUND_LEY
Flood Level FLOOD_LEY

Chamber Floor Level

Chatnber Roof Level

Chatnber Plan Area

a4 a4 a4 4 4 4 4 4 4 4

Shaft Plan Area

=

IUpdating and Delete Options
(@) Prarnpt ) Merge

() Overwrike () Ignore

Use auto-name opkion for generated nodes
"] Update based on asset 1D

Irmport rmulti-parts
[~] only update existing objects

[ pelete missing objects

] [ Close

[ Impott
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a.in@ Limitations of 1D overland flow
alin’?x
: models

* Data preparation and model setup is time-consuming

* 1D model of the surface may be inaccurate in areas with multi-
directional flow paths (i.e. flat areas and areas where expected

flow depths are high)
* Visualisation — this can be improved by post-processing data

* As any other models, 1D1D models need calibration (especially
of manholes and gullies, the parameters of which determine
the volume of water that is exchanged between the surface
and sewer system)
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