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1. Management summary

This document is the second status report of the LRilot Application. The document
summarizes the general objectives of the Linz PApplication for the  year of the
SUDPLAN project. It reports on the implementatiotatgs including preparatory work
performed regarding the local model used and tewllation of the used sensor network. The
software that has been finally used in the contéxhe Linz Pilot Application is described to
provide an overview of the currently available ftiocality. In case of GUIs (Graphical User
Interfaces) software is documented in the formavéenshots. In case of services and APIs a
technical specification is given in chapter 5.2eTimplementation status is mapped to tasks and
use cases to give an impression on the progress.nradddition, a separate paragraph reports
on the End User involvement in WP7. So far consibler progress has been achieved and the
software (with enhancements and additional feajwréisgo live in the course of 2012.

Besides, after the decision of LINZ AG to provide tproject with some additional funding a
sensor network was installed and taken into opmrati late 2011. The goals, the design and the
installation of the sensor network are also describ this document.

1.1.  Objectives of the Linz Pilot

Urban drainage systems form a valuable backbonerlwdn infrastructure. On average, it is
estimated that the value of the urban wastewatstesy is about 300 Mio € per 100.000
inhabitants. In many European cities waste waterstarm water are drained in one sewerage
system (“combined systems”). Thus the urban wadtveystem is very vulnerable to potential
climate change impacts, particularly to a potentialease of extreme flood events and more
spilled out pollution loads to receiving waters.eDio the hydraulic limitation of waste water
treatment plants (WWTPSs) it is not possible to ttréee whole amount of drained water at
WWTPs; thus the runoff in combined sewer systenssthabe either discharged at combined
sewer overflows (CSO) into receiving waters or temaply stored in reservoirs. CSO facilities
can be designed with a retention volume (“CSO tamk”order to mitigate overflow events
during heavy rains. CSO tanks also show considera@bacities to hold back the TSS (Total
Suspended Solids) and COD (Chemical Oxygen Denlaady in waste and storm water which
are the key parameters to describe and quantifiraheported pollution loads in sewer systems.

To limit the spilled out pollution loads from comledd sewer systems into receiving waters a
new guideline, the so called OWAV Regelblatt 19 @&V 2007) was introduced in Austria in
2007 (Kleidorfer and Rauch 2010) The guideline rmedi the efficiency; of combined sewer
overflows (CSO efficiency)) as an indicator for CSO pollution. It distingueshbetween two
different kinds of CSO efficiency: one for dissdv@ollutants ) and one for particulate
pollutants ).

The calculation ofy should be done as an average over a long-timedgefiat least 10 years.
Hence this requires long-term simulation by eitlgdrological or hydrodynamic models.
Temporal resolution of rainfall data should be liutes or higher. For the Linz pilot catchment
area at the beginning two models were set up: eolygical model with the software City Drain
(Achleitner, Moderl et al. 2007) and a hydrodynamiodel with the software SWMM 5
(Rossmann 2007).

In scope of the SUDPLAN project, three main taskkbe carried out within the Linz pilot:

Copyright © SUDPLAN Page 8 of 58
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(1) Develop and set up an information system based B8 &hd WP4 results that incorporates
common services and local model components to:

(2) Estimate the overall CSO efficiency ratg$or dissolved pollutantsp¢) and for particulate
pollutants ) in the total catchment area of the WWTP of Linaséd on long-term
simulations and future predicted rain data provitgdthe common services (Phase 1).
By comparing the results of today’'s and of futucergrios possible effects and changes can
be recognised and located and proper strategictatdaps can be developed within the
catchment area in time.

(3) Estimate the sedimentation efficiency rate; for the primary clarifiers of the WWTP in
Linz by the installation and operation of a novehsor network in the inflow and outflow of
the primary clarifiers in order to quantify the T&8d COD retention efficiency under
different rainwater flow regimes (Phase 2).

1.2.  Status summary
This section gives a short summary of the LinztRtatus after the second year of the project.

Work in the first year mainly focused on data asgign and validation, evaluation of different
available local models and simulation tools, ad aglthe preparation of the implementation in
the SUDPLAN framework.

A historical rainfall time series for the catchmeméas acquired and prepared for the OGC-
compliant Sensor Observation Service (SOS). Bagrdtiis 14-year time series the downscaling
process was discussed and tested with one climadelrprojection.

In a selection process a software tool to be usedvaluation of the combined sewer overflows
with regards to the required efficiency rates wasidkd upon. The software and model were
tested and prepared for implementation.

During the second year an intensified evaluatiothefsewer system model was carried out and
the model services, input and visualisation wegrdized. In addition the sensor network at the
Linz wastewater treatment plant was installed.

Concerning the catchment model, the available @atthoroughly checked and the model was
analysed, calibrated and validated with state-efdaht techniques. Additional scripts were
implemented for evaluation of the efficiency rates demanded in the Austrian guideline
documents. Based on the historical and a downsagatedicted rainfall time series a first

evaluation and comparison was carried out.

The sensor network at the Linz wastewater treatmpkmt was planned in detail, the necessary
preparations were taken and the network was evignfua into operation in late 2011.

The model services were implemented and integratex the SUDPLAN SMS. The SMS
instance was configured and the model configuratias imported. A model wizard with full V2
functionality was set up and a visualization of thedel input and first model results was
realized.

Copyright © SUDPLAN Page 9 of 58
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2. Preparatory Work

Preparatory work concerning the selection of allowadel and available measurement data was
mostly done during the first year (see D 7.2.1).the second year, additional preparatory work
was necessary to set up the local SWMM model andhgtall the sensor network at Linz
wastewater treatment plant.

The preparatory work for the SWMM model includedesal steps (see also section 2.1). First
an intensified model check and evaluation of abélaneasurement data was carried out. In a
second step, a global sensitivity analysis wasoperdd to assess the most important model
parameters. Based on this, an automated modelrat@dip and model validation with
measurement data was carried out. For evaluatioordiag to the Austrian guideline a script
was developed calculating the efficiency ratesofmh hydraulics and particulate pollutants from
rainfall time series and model output.

For the installation of the sensor network (se® asction 2.3) first the requirements were
defined and specified and the measurement layosit@signed. Preparations for the installation
were taken; the sensors were installed and pubipéoation in late 2011.

The processability and suitability were assureccbection and sighting of available data. In
addition an Open Scientific Data Management SygtepenSDM) from TU Graz was adapted
to provide a consistent (meta) data storage capacitl access to the sensor network data.
OpenSDM acts as connector between the measurenations and the Time Series Toolbox
which is the basis of the OGC Sensor Services dpedl by AIT.

The Linz Pilot tasks have been defined in the Lot Definition Plans (Deliverable 7.1.1,
updated and expanded with version 7.1.2).

2.1. Local Model (SWMM Model Component)

2.1.1 Software Selection and Procurement

As discussed in Linz Pilot Report for year one (R.X), the available SWMM 5 model of the
Linz catchment was chosen as it was best suiteth€SUDPLAN needs. The model was set up
by University of Innsbruck and represents an agajteg of the real network structure.

SWMM (Storm Water Management Model) is a hydrodyitarainfall-runoff simulation model
that was first developed in 1971 in the US anduradergone several major upgrades since then.
The latest re-write is version SWMM 5 (Rossmann 7J0flom the US-EPA (United States
Environmental Protection Agency). It is availabkefeee software and open source. SWMM 5
and its source code can be obtained from the US-EPRebpages
(http://www.epa.gov/ednnrmrl/models/swmrmh 21-12-2011).

Figure 1 shows the model representation of the ldatchment in the SWMM modelling
software including subcatchments, manholes, maiweseonduits, overflow weirs and storage
tanks. The subcatchments are represented accdalthgir actual geometry and all data is geo-
referenced.
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Figure 1. Linz catchment representation in SWMM 5

2.1.2 Model Evaluation

In order to provide a sound model basis for the BUBN project, the available SWMM model
was intensively evaluated in the work of Wendnee({Mher 2011).

In a first step the base data as catchment infeom#&tom downtown Linz as well as from the
neighbouring communes, network data and data frpecial structures as CSOs, CSO tanks,
pumping stations etc. were evaluated in detalil.

Important and influential model parameters weresigeined and ranked by a state-of-the-art
global sensitivity analysis (GSA) method. Based tha results from GSA the model was
calibrated to the available measurement data byploau with an optimiser based on

evolutionary strategies.

A contribution on these topics was submitted to ®elnternational Conference on Urban
Drainage Modelling to be held in September 201Betgrade, Serbia.

2.1.2.1 Global Sensitivity Analysis

Global sensitivity analysis (GSA) allows a thoroygior analysis of the model behaviour and
permits deriving influential parameters e.g. for dab calibration. In this study the Morris

screening (Morris 1991) was chosen as it allowsampater ranking and identification of non-
linear behaviour and/or interactions and worksost tcomputational costs compared to other
methods (Saltelli, Tarantola et al. 2004). Sevecaéening runs were performed with different
parameter ranges to identify parameter sensitsvitigh respect to CSO efficiency according to
the Austrian Regelblatt 19 guideline.
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It was shown that the GSA allowed identifying th@obrtant model parameters influencing the
CSO efficiency. Especially the imperviousness @f tieighbouring communes was highlighted
as influential. Concerning the CSO efficiency foartrulate pollutants the assumed
sedimentation efficiency of the storage tanks slibwe be highly influential. A better
assessment could significantly increase model tyuatid reduce the uncertainties. On the other
hand one subcatchment where considerable effortweae to assess its structure in the model
set up was shown not to influence the results Sagmtly (Gamerith, Wendner et al. submitted).

2.1.2.2 Automated Model Calibration and Validation

Concerning model calibration several objectiveseaainimised at the same time in the applied
multi-objective optimisation process: the Nash-$ifiécefficiency and the percentage bias were
optimised using data from three in-sewer waterlleveasurements for five independent storm
events. A synthetic parameter set was then detedhfiom weighting the 5 obtained parameter
sets. The algorithm was chosen as it has already baccessfully applied in urban drainage
studies (Muschalla (2008) and Gameastlal.(2011)) and can be linked directly to SWMM 5.

Model calibration yielded different quality for thiee selected events. For two of the events the
use of one single rain gauge proved insufficient tfee large catchment. Overall, however,
satisfying results were obtained as basis for tb@IAN project (Gamerith, Wendner et al.
submitted). An exemplary calibration result for apgimisation run is shown in Figure 2:

Calibration Results - Optimization Run 2 - CSO Tank Plesching
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water level (m)

-
{
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Figure 2: Exemplary results from model calibration for optimisation run 2

2.1.3 Evaluation of Results According to Austrian R egelblatt 19 Guideline

A script was developed in the software lRtg://www.r-project.ord/ that allows calculating the
required and actual efficiency rates accordingh® Austrian Regelblatt 19 guideline based on
the model run configuration.

Copyright © SUDPLAN Page 12 of 58



SuDPLAN Project: 247708 - SUDPLAN

The script first calculates the rainfall charadtci r,20 ;based on the German ATV Al121 (ATV
1985) that is required for determining the requiedficiency rates. The actual efficiency rates
are then calculated based on the SWMM simulatisaltge and given sedimentation efficiencies
for the CSOs and CSO storage tanks in the sewtarsys

2.1.4 First Model Results for Climate Change Impact s

Based on the available historical rainfall timeiegrand a downscaled predicted rainfall time
series a first comparison and evaluation of possifimate change impacts for the Linz Pilot
was carried out.

A contribution on this topic was submitted to tNéA World Congress on Water, Climate and
Energy to be held in May 2012 in Dublin, Irelandaf@erith, Olsson et al. submitted).

The system’s performance is assessed by long temaiations with a historical and a predicted
rainfall time series in the SWMM 5 model. The prdd rainfall (climate model projection
ECHAMS5_A1B_3) shows a decrease of rainfall intaasiin the summer period and an increase
in winter. Strong precipitations intensities geligriacrease.

In a first assessment, 12 of 44 modelled CSO sirestwere identified as influential. The
primary clarifiers at the WWTP proved to be the mimgportant structure contributing with
about 57% to the total overflow volume. The totaledlow volume is increased by
approximately 17%. The requirements as definedh@ Austrian Regelblatt 19 guideline,
however, are met for both dissolved and particytalutants for the historical and the predicted
time series (see Table 1). While the system efimyedecreases with the predicted time series so
do the requirements with increased rainfall (bamethe calculated; s ;).

Table 1. Required and calculated efficiency rates for historical and predicted rainfall time series (Gamerith,
Olsson et al. submitted)

historical predicted
Nd Mo Md Mp
- % % % %

required efficiency rates 57.4 72.4 55.4 70.4
calculated efficiency rates 67.4 73.9 64.5 71.3

For particulate pollutants, an important impacth@ assumption of the sedimentation efficiency
for storage tanks was identified. This efficienbgwever, is only estimated and its true value is
not known.

For a more comprehensive assessment of the Lioz gilidy in Phase 3, additional climate
model projections will be applied to estimate arcartainty range of predicted rainfall and
different development scenarios. In addition, deden the installed measurement network will
allow assessing the actual sedimentation efficienaye primary clarifiers during storm water
conditions.
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2.2. SWMM Model Configuration Import

SWMM model configurations for the Linz sewage sgst@re not only important for the model
execution itself. They contain also information fusdor visualisation and results analysis.
Therefore, an important requirement of the Lino®Pi$ that it should not only be possible to
manage and run different configurations of the SWhMdel, it shall also be possible to
visualise the SWMM model configurations directly ihe Linz Pilot Application. Such a
configuration consists of general SWMM project imh@tion, rainfall input data and the layout
of the sewage system. The sewage system modell¢hteiiSWMM model configurations is
composed of different entities like weirs, pumpsndauits, etc. along with their specific
properties and their relations. Among those pragenivhich are important for the overflow
calculation is also a geographic reference (shawigure 3) which can be used to visualise the
entities on a map.

L 2020 e naa

[Popety  Tvebe
Mame HSU1_1RUE2
¥-Coordinate 74370.810
-Coordinate .355?59.931

D escription

Tag

Inflows YES

Treatment KO

Irvert ELL 280.8

Tide Gate KO

Type FREE

Fized Outfall

Fized Stage 1}
Tidal Otk

Curve Mame

Time Series Outfall

Senies Name

* coordinate of outfall on study area map

Figure 3: Propertiesof a SWMM Entity (Outfall)

A SWMM model configuration is represented by a pieary but nevertheless well defined
textual file format. The configuration can be vikyadited using the SWMM 5 application
shown in Figure 4. However, this file format is soitable for the SUDPLAN SMS which relies
on OGC standards like WMS and WFS to visualise i data.

Copyright © SUDPLAN Page 14 of 58



SuDPLAN Project: 247708 - SUDPLAN

&% Fle Edit View Project Report Tools Window Help -] x
DSEE B F 2y HE kb EZeR A HSE

nnnnnnnn

HERBEQINCA0N0

AuterLength OFf  + Offsets: Depth = Flows Urits: LPS = a Zoom Level 100% | X B3369.884. 383425 731

Figure4: SWMM M odel Configuration in SWMM Application

Therefore, the SWMM configuration file had to bansformed in a format that is both suitable
to be shown in the SMS catalogue and to be sersegeaspatial data by a WMS and WFS.
Ideally the same data repository for spatial anch-swatial visualisation shall be used.
Furthermore, such a transformation shall be condilgie and (semi-)automated, since additional
SWMM model configuration will be added in the fugur

The first step towards the SWMM model import wasi&dine a relational database base model
which defines the most important entities as wedl their essential properties and the
relationships between those entities. The InitiaizLPilot Data Model shown in Figure 5
encompasses not only SWMM entities but models alstties like efficiency calculation
configuration, CSOs, sensors, etc.
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cd SWMM

swmm_hydraulics

nodes: svmm_node [1..*] | +hydraulics

swmm_calculation_configuration

1

+nodes | 1

swmm_node

outfalls: svmm_outfall [1..*]

0.*

swmm_outfall

+
name: char outfall

swmm_project +project
title: char 1
options: char
1|- climatology: char

hydraulics: swmm_hydraulics
swmm_inp_file: byte
and_other_properties: char

cso_swmm_calculation_result

overflow_volume: float

+calculated_cso_properties

0. . sart_time: float

end_time: float

rainfall_data: char

use_hotstart_file: boolean

project: svmm_project
any_other_configuration_properties: char

+swmm_configuration 1

1

swmm_calculation_result

overflow_duration: float 1.*
overflow_frequency: float
cso: combined_sewer_overflow

+calculated_cso_properties | 0..*

cso_eta_calculation_configuration

sedimentation_efficiency: float

+Cso_cor

status_metadata: char

swmm_configuration: svmm_calculation_configuration
report_file: byte

calculated_cso_properties: cso_swmm_calculation_result [1..%]

+swmm_result | 1

0.%

eta_calculation_configuration

enabled: boolean
cso: combined_sewer_overflow

+variable_cso_properties | 0..*

+cso | 1 +cso | 1

combined_sewer_overflow

x_coordinate: float 1
y_coordinate: float
and_may_other_properties: char

0..

name: char

description: char

x_coordinate: float

y_coordinate: float

volume: int

max_throttle_discharge: float

photo_url: char

outfall: swmm_outfall

variable_cso_properties: eta_calculation_configuration [0..*]
calculated_cso_properties: cso_swmm_calculation_result [0..]
and_other_properties_for_visualisation: char

swmm_result: svmm_calculation_result
cso_configurations: cso_eta_calculation_configuration [1..*]

+eta_configuration | 1

1

eta_calculation_result

1720_1: float

eta_hyd_required: float

eta_sed_required: float

eta_afs_actual: float

eta_hyd_actual: float

eta_configuration: eta_calculation_configuration

entities which contribute several properties to @80 entity. Furthermore, a CSO has to
provide references to several calculated and cordi) properties used for scenario-dependent

Figure5: Initial Linz Pilot Data M odel (excerpt)

Figure 6 shows a more detailed example of the Q8i®yeThe CSO itself is not part of SWMM
model configuration but it has relationships witlVEM outfall and SWMM storage unit

visualisation & comparison which are specific tocartain SWMM model and efficiency

calculation run.
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cd SWMM  /
combined_sewer_overflow
- name: char
- description: char
- x_coordinate: float
swmm_outfall -y _coordinate: float

- name: char +outfall | - volume: int ) .

- x_coordinate: float N o1 - mhax_throlt.tleﬁdlscharge. float

- y_coordinate: float R otoiur. char

- and_may_other_properties: char - outfall. SNmm—OUtfa!l X . X
- variable_cso_properties: eta_calculation_configuration [0..*]
- calculated_cso_properties: cso_swmm_calculation_result [0..*]
- and_other_properties_for_visualisation: char

+Cso 1 +Cso 1

+calculated_cso_properties| 0. +variable_cso_properties|0..*

cso swmm calculation result cso_eta_calculation_configuration

- sedimentation_efficiency: float
- enabled: boolean
- cso: combined_sewer_overflow

- overflow_volume: float

- overflow_duration: float

- overflow_frequency: float

- cso: combined_sewer_overflow

Figure 6: Initial Data M odel of the CSO entity

Looking at this simple CSO example it is obviouatth SWMM configuration import is not a
matter of a simple file import. Pre-processing g tnput file is required to transform the data
into a tabular format that can be used for a i@hati data base import. Transformation rules are
required to establish the (geospatial) relatiorshptween objects and to populate the cids
integration Base with appropriate meta-informatian,configuration of the SMS catalogue
structure as well as of the WMS and WFS instareegeded, etc.

SMS
A
A 4
SWMM . - cids
NP Python Script Ccsv cids JPresso Integration Base
Import
P WMS WFS
Rules

Figure7: SWMM Model Configuration Import

In Figure 7 only the major steps of the import silhewn. The SWMM input file is transformed
into CSV format and then imported in a relationatathase. The JPresso ETL-Tool (Extraction,
Transformation and Loading) is then used to defiree transformation rules which consist of
SQL statements and mapping rules. Transformatites rcan be visually edited in JPresso, the
rules can be saved and executed for additional SWivddel configurations.

Relevant parts of the SWMM data structure have leedelled as cids Meta Classes (including
object references and geographic references). idddit properties needed for visualisation
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which are not part of the INP file have been added, links to photos, documents, etc. Since
those relevant SWMM entities are represented bg olgjects, cids built-in visualisation and
editing functionality can be used. This includes ésample geospatial search (e.g. “show all
storage units in subcatchment x”), interaction ville map (e.g. “zoom to selected outfall”),
editing of objects, etc. Thus SWWM entities carrdygresented in the catalogue as object nodes
with their attributes and in the map as WFS FeataraVMS Layers.

Figure 8 shows an excerpt of the Linz Pilot Datad®loin the cids Integration Base and its
relations to the generic model management infoonatmodel (see D3.2.2 - Product
Implementation V2 - Companion Report, section 4.1The management of the SWMM and
efficiency calculations is already covered by tkagral SMS functionality additional entities are
needed to meet pilot specific visualisation requeets.

= i, LINZ DOWNSCALING RU == L. LINZ_SWMM_RUN o
=)l SWMM_PROJECT =& ckraTSCAg SO 2}
Swmm_projec, referencs swmm_scena
o swimm_groet relersnce

= MODELOUTPUT
e
COMMENTE

name
w
o

e =ly URL &
OBIECT_NAME

[l Ele LINZ_ETA RUN = |
| e soenana ) i
= I, MODELINPUT swim_propecd_rearence
. - 2}

=] 2., URL BASE (3

2| 1, MANAGER (4 PROT_PREFIX
= Ll SWMM_STORAGE UNT =2 DEFNITION PATH
ma_degh 1] SERVER

0
TYFE

17« CATEGORY 1
- | I
G, MODEL (3 EEEE:
MODELMANAGE
CUTPUTMANAGE
NEUTMANAGER
ey
HAME
DESCRIETION
i
MORE

Figure8: cidsLinz Pilot Data M odel (excer pt)

Figure 9 shows as an example the CSO entity wsthelations to the SWMM outfall and storage
unit entities. If compared to the initial data mbpeesented in Figure 6, one will note that the
model run specific properties like efficiency cdation results and efficiency calculation

configuration are not included in the new data nholtefact, they are now represented by the
generic model management information model as easebn Figure 8.
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<| 1y URL e = b, GEOM
OBJECT_MAME T 5 D
URL_BASE_ID GEO_FIELD
D
=| L1y URL_BASE T < i LINZ_CSO &2
| Ib | storage_unit
PROT_PREFIX volume
PATH description o |, SWMM_STORAGE_UNIT &2
SERVER | phato max_depth
= L. SWMM_OUTFALL &= max_throttle_discharge | geom
description D tabular_cunve
dwf_average_value name name
invert_elevation geom D
fixed_stage = outfall treatrment
tag swmm_project ponded_area
type infiltration
geom T evap_factor
dwf_parameter initial_depth

curve_name description
timeseries_name dwf_average_value

name project

project storage_curve
D tag

treatment dwf_parameter
tide_gate invert_elevation

Figure 9: CSO entity modelled in cids Integration Base

As already stated, the SWMM model input file consaall relevant information on the model
structure, geometry and simulation settings. Inftilewing the format of the input file is shortly
explained in order to be able to understand thdidamjions on the import into the previously
described data model.

The SWMM model input file contains various sectiomBereby the start of each section is
marked by [SECTIONNAME]. The [TITLE] section contai information about the model
consisting of one string. Sections like [OPTIONSJBILES] contain one-valued parameters as
can be seen in Figure 10 below.

[ OPTI ONS]

FLOW_UNITS LPS
INFILTRATION HORTON
FLOW_ROUTING DYNWAVE
START_DATE 01/01/2004

Figure 10: SWMM [OPTIONS]

Table sections are started by headers, which gomtearmation about the columns. The last line
of the header, which is started by ;;--- delivenfoimation about column-header-splitting.
Column names can be multi-line. An example of atfatluentity is given in Figure 11. Please
note that the same entity shown in Figure 3 inSéMM applications has additional properties
which are not available in the [OUFALLS] sectiornt biave to be resolved from other sections.
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[ QUTFALLS]

" Invert Outfall Stage/Table Tide
;:Name Elev. Type Time Series Gate
RDSRUE51 288 FREE NO
ULKS1 240.6 FREE NO
FUEAuslI 245.75 FREE NO
RKL_Ablauf 240.6 FREE NO

Figure 11: SWMM [OUTFALLS]

Relations between elements from various sectioashandled by the name of the item. For
example, every subcatchment has an outlet nodéodkyng for example at thRDSS26outlet
node of the0l1_Asv_1 subcatchment in the [JUNCTIONS] section, one camd fthe
corresponding node. The Polygons of the subcatctsnzam be found in the [Polygons] section
(Figure 12).

[ Pol ygons]
;;Subcatchment X-Coord Y-Coord
o 01 Asv_1 70152.435 352486.842
01_Asv_1 70613.552 352706.827
01_Asv_1 70775.462 352334.084
[ SUBCATCHVENTS] 01_Asv_1 70849.719 352222.272
5 01_Asv_1 70450.151 352007.013
;;Name Raingage Outlet 01_Asv_1 70456.533 352047.937
i 01_Asv_1 70277.065 352263.268
01_Asv_1 | RGO1 RDSS26 01_Asv_1 70152.435 352486.842
01_Asv_2 RGO01 RDSS31 01_Asv_2 70425.129 351846.534
[ JUNCTI ONS]
i Invert ax. Init. Surchar ge Ponded
;;Name Eley/ Depth Depth Depth Ar ea
RDSZO_lSE/ 25236 4.04 0 0 100000
RDSS26 25195 9.2 0 0 100000
RDS20_1S47 254.61 2.43 0 0 100000

Figure 12: Relationships between entitiesin the SWMM input file

The Coordinates of all other objects in the inpilg fike [JUNCTIONS], [OUTFALLS],
[STORAGE], etc. can be found by searching for tama of the node in the [COORDINATES]
section (Figure 13).

[ COORDI NATES]

::Node X-Coord Y-Coord
BLLSZZ 80888.343 347090.121
ULA1S5V 79676.480 345201.657
HSMS26 71291.329 351196.969

Figure 13: SWMM [COORDINATES]
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These relationships have also to be resolved byinipert logic. As mentioned before, the
SWMM input file has first to be transformed intdotdar format (CSV) and then imported into a
relational database. The advantage of this apprizaittat SQL statements can be used to select
appropriate views that contain already basic mathips. Furthermore, the PostGis extension of
PostgreSQL can used for coordinate transformatiews,to transform between different spatial
reference system and to join points (see Figuretd3)olygons (e.g. subcatchment) and lines
(e.g. conduits).

The transformation of respective sections in theN8Winput file to CSV is performed by a
Python script (Figure 7). Creation and executiorihef SQL coordinate conversion, views and
import statements as well as the mappings betwezimput tables and the source tables of the
cids Integration Base are performed with help dsclPresso (Figure 14). JPresso is a powerful
ETL-Tool for the integration of heterogeneous datarces. It supports visual mappings that
describe the connection between data-sources arad$ Integration Base.

JPresso 1.0-SNAPSHOT
File Edit View Navigate Source Refactor Run Debug Profile Teem Tools Window Help
PSS D TR [
iProj. 4 # | Files : Services crt] | SWMM Views.rgs - [SWMM Import] 5 | SWMM_PROJECT,run ~ [SWMM Import] 32| SWMM_OUTFALLS.run - [SWMM Import] & FHEE
[ g Kaisersiautern (I e E] T G fal ‘ Source Query: |SWMM_OUTFALLS +| | G| Targetconnection: [SUDPLAN Linz -] o] & a
Cannection | Mappings | Refernces | Options|
Il SUDPLAN Linz o
Mappings
=] Queries
£ unz_cso Target Source Relationpath Counter Compare String/Date
£ swmu_conpurrs |SWMM_OUTFALL, tmeserie... [Time_Pattems ] [ 7
& swhm_JuNCTIONS |SWMM_DUTFALL. treatment |NO" = [l ]
5] SWMM_OUTFALLS SWMM_OUTFALL. tide_gate [Tide_Gate ] E Al
] swMM_PROJECT |SWMM_OUTFALL.name Name ] [ V]
SW/MM_PUMPS SWMM_OUTFALL.ID v I ]
£ SWMM_RAIN_GAGES [SWMM_OUTFALL. fixed_stage [Stage_Table_Time_Series ] [ ]
8B et srondce s e ; r 5
£] SWMM_SUBCATCHMENTS | SWMM_OUTFALL.invert ... [invert Elev ] & W] ——
B swmM_wERS S| |SWMM_OUTFALL type lOutfal_Type ] F ] =
[ & Code |SWMM_DUTFALL. dwf para.., Parameter [ [ 9|
=€) Runs |SWMM_PROJECT.ID H F ] %
€9 1Nz csos |SWMM_PROJECT. title lproject [ [# Al \E
€3 swmm_conpurrs |eEOM.ID 7 F ol 1Ay
€) 5WMM_IUNCTIONS |GEOM.GEO_FIELD jgeom O 0 il [zl
) SWMM_OUTFALLS —
&) swMM_PROJECT
€9 swMM_PUMPS GEOM @ 14:11:14 = |SWMM_PROJECT @ 14:11:14 x | SWMM_OUTFALL @ 14:11:14  x
o
€3 SUMM_STORAGE_LNITS timeseries... beatment  tde_gate  mame D fixed_stage  tag description  invert_ele..,  type dnfpara,..  project geom
) SUWMM_SUBCATCHMENTS HO NO RDSRUES1 |47 SUDPLAN _|RDSRUEST [288 FREE FLOW 2 1120~
@ o wos NO NO ULKS1 43 SUDPLAN |ULKS1 240.600006 |FREE FLOW 2 21 [
i NO NO FUEAusl |49 SUDPLAN _|FUEAusl 24575 FREE FLOW 2 1122 |3
20 s S NO NO RKL_Ablauf |50 SUDPLAN |RKL_Ablauf [240.600006 |FREE FLOW 2 123
0 SwmMM CSY Import NO NO AB_Pleschi...[51 SUDPLAN _|AB_Pleschi...[248 FREE FLOW 2 1124
i\} SWMM Geo Relations = NO NO HSU12_15..[52 SUDPLAN  [HSU12_15..[251 FREE FLOW 2 1125
= NO NO HSU1_1R... |53 SUDPLAN _|HSU1_1R... [280.799988 |FREE FLOW 2 1126
|: Swnm_RAIN_.. @ % |; Navigator NO NO ALBSP1nol...|54 SUDPLAN _|ALBSP1nol...[417.700012 [FREE FLOW 2 1127
[Fleroperties NO NO ALKSP1nal...|55 SUDPLAN _|ALKSP1nol..[257.549988 |FREE FLOW 2 1128
Name SWMM_RAIN_GAGES HO NO ANFSP1nol... 56 SUDPLAN _|ANFSP1nol...[262.100006 |FREE FLOW 2 1129
Extension run o NO NO EDBSF1ino... 57 SUDPLAN _|[EDBSP1no..[518.049988 |FREE FLOW 2 1130 -
Al Files. Cisvn_workisudplam.. (2] || 4 [ ] | +
|Fie Size 2522 rul Lok ] Rows: 45
Modification Time 22112001 14:2926
: Versioning Output fn
SWMM_RAIN_GAGES @

(& Tasks

Figure 14: JPresso ETL Tool with SWMM Import Configuration

JPresso distinguishes between SQL Runs, QuerieEa@bhdRuns. A SQL Run is a set of SQL
statements that can be executed to prepare an tinfpmr the import of the SWMM Model
configuration these SQL Runs consist of statemintgeate the import data base structure, to
import the previously generated CSV files into tlag¢a base, to perform a coordinate conversion
to WGS84 and to generate polygons and lines fordbpective SWMM entities. An excerpt of
such a SQL run is shown in Figure 15.
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S0LRun Editor
Crriver Additicnal Parameter
|Posta=S0L user:=postores
password: =
URL
:_j;:lbc:pc.s tgresql: /fsudplan.cismet.de: 5433/sudplan_linz
S Editor
= = = = -
|SELECT ZLddGeometryC 55", 31255, 'BOINT", 2} E
ISELECT EddGeometr 6',4326, "POINT',2);
UPDATE B
"POINT | | "raw”. "COORDINATES™, "YCoord™| | ') ' ,|"31255) ;
|UPDATE "rav T geom 43Z26=transform(geom 31255, 432&):
SELECT Zddi raw', ' SUBCAT line', 4326, 'LINESTRING',2) ;
|UPDATE "raw"." 5" SET geom 4326 1 4326" FROM (
{SELECT "raw".™ HMakel {"raw"."POLYGONS"."geom 4326") as "geom 4326
FROM "raw"."SUB( CHMS™ ON ™ 'SUB S"."Name™ = "ra
iGROUE. BY "raw"."P 1 nt") ‘AS Teemp™ WHERE "raw™."SUBCH 5% .["Name™ = Tge
|SELECT AddGeometr 5 LTCHMENTS' , "geom 2326',4326, "POLYGON' . 2)
UBDATE "raw"."SUBCH =
"raw". "SUBCATCHME CHMENTS®."geom 4326 line"}))
[ALTER TABLE "raw". =

4 10 | b

Figure 15: SQL Run Example

Queries are used to create views of the sourcelde@. Those views will later be used in an
ETL Run to create a mapping from the source tadhget schema. Figure 16 shows the Queries
and ETL Runs for the various SWMM entities.

22 Queries = &9 Runs
..... B unz_cso &9 LINZ_Cs0s
----- EY swMM_CONDUITS ) SWMM_CONDUITS
..... £ SWMM_IUNCTIONS ) SWMM_IJUNCTIONS
..... ES] SWMM_OUTFALLS ) SWMM_OUTFALLS
..... £ SWMM_PROJECT &3 SWMM_PROJECT
----- EY swMM_PUMPS ) SWMM_PUMPS
..... £ SWMM_RAIN_GAGES ) SWMM_RAIN_GAGES
----- E5] SWMM_STORAGE_UNITS ) SWMM_STORAGE_UNITS
----- EY] SWMM_SUBCATCHMENTS ) SWMM_SUBCATCHMENTS
..... B SWMM_WEIRS &Y SWMM_WEIRS

Figure 16: SWMM Import Queriesand ETL Runs

Figure 17 shows a query for the CSO entity whiclas directly part of a SWMM model
configuration but can be derived from a SWMM odtéadd a storage unit.
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Query Editor
Driver Additional Parameters
|PostgesqL | | user: =postgres |

|password:=
URL
lidbcipostoresal:fsudolan. dsmet. de:5433/sudplan linz L
Statement
|SELECT of.*, (SELECT =tu."id" from SWIL_Storage x|
WHERE stu."name™ = wr let node™ AND stu.p =k ject) AS swmm storage| unit id ‘ I
FROM "public™."swmm ocutfall"™ of LEFT JOIN "p ic®."swmm weir™ wr =
ON of."name™ = wr."outlet node" AND of.project = wr.project |
WHERE of.project = (SELECT id FROM "pub! "."swmm project”, "raw"."PROJECT" i
WHERE "public®.®sawmm project".®title® = "raw"."PROJECT"."Title"): -
Max.Preview Rows Copy Columniabels To Clipboard AdjustLabelpame Case
{0 =no limit) Copy [= =

| Query Preview @ 13:51:32  x

| description invert_e... fixed_st... tag geom type curve_n... timeseri.. name id treatment tide_gate dwf av... dwfpa.. project SWMM_...
Eso #1 40 Cutfall #1 |1 2 -
' RDSRUESL |288.0 SUDPLAMN 770 FREE RDSRUESL |2 MO MO FLOW 2 P
240.6 SUDPLAMN 771 FREE ULKS1 3 MO MO FLOW 2 £
245,75 SUDPLAN 772 FREE FUEAUS] 4 MO MO FLOW 2
240.6 SUDPLAMN 773 FREE RKL_Ablauf |5 MO MO FLOW 2 =
. [248.0 SUDPLAM 774 FREE AB_Plesc... |6 MO MO FLOW 2
1., [251.0 SUDPLAM 775 FREE H5U12 1... (7 MO MO FLOW 2
.. |280.8 SUDPLAN 776 FREE HSUL 1R... (8 MO MO FLOW 2
. [417.7 SUDPLAN 777 FREE ALBSP1In... (9 MO MO FLOW 2
. [257.55 SUDPLAMN 778 FREE ALKSP1n... (10 MO MO FLOW 2 16
o |262.1 SUDPLAMN 779 FREE AMFSP1n... (11 MO MO FLOW 2 15
. |518.05 SUDPLAM 780 FREE EDBSP1n... (12 MO MO FLOW 2 27
. |247.5 SUDPLAMN 781 FREE ENNSP1n... (13 MO MO FLOW 2 18 -
1a7 4 CLINDI ARL .= ) {=ink== EMMCD I 114 Y {Ala] (= Kaill] o ] 10

Figure 17: CSO Query

Figure 18 shows the corresponding mapping that fagp<olumns of the result of the above
Query to the data model of the CSO entity of tluks ¢éntegration Base presented in Figure 9.

E] BT =, 6 il | Source Query: |LINZ_CSO =) PN | Target Connection: | SUDPLAM Linz = AR=N a
Comection| Mappings | References I Options|
Mappings
| Target Source Relationpath Counter Compare String/Date
llinz_cso.storage_unit swmm_storage_unit_id I [ |
llinz_cso.volume 0" [l ] ]
nz_cso.description description [l ] Fl
nz_cso.max_throtte_disc... 0" ] & ]
nz_cso.id & ] ]
nz_cso.name name [ & Fl
nz_cso.geom geom [ [ ]
nz_cso.outfall id ] [F] M
\linz_czo.swmm_project project ] [F] M
i Query @ 15:28:59 x | Target @ 15:29:01 = linz_cso @ 15:29:04 =
storage_unit  volume descrisﬁon max_throt... id name geom outfall SWIMIM_pPro...
0 AB_Pleschi. 0 52 AB_Pleschi. [774 6 2 i
0 ALBSP1nol... .0 55 ALBSP1nol.. 777 9 2 B
0 ALKSP1nol... .0 56 ALKSP1nol..|778 10 2
0 AMNFSP1nol...|0 57 ANFSP1nol.. 779 11 2
0 CSO#1 o 47 Cutfall #1 40 1 2
0 EDBSF1no... .0 58 EDBSP1no..|760 12 2
0 ENMSP1no.. |0 59 ENMSP1no.. 781 13 2 =
Rows: 46

Figure 18: CSO mapping
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Figure 19 shows and example of the visualisatiothefimported SWMM model configuration
in the SMS. The complete input of the SWMM modehav available in the SMS for result
visualisation and comparison, e.g. to show a C®0gawith its computed efficiency rates.

."huhe'sw
TAttributes e X\

|ALKSP1nolink
description ALKSP1nolink
georn
outfall ALKSP1nolink
storage_unit ALKSP1
volume 0.0
max_throttle_discharge 0.0
swmm_project 2

B spinini
’é“; geom
E-&62 outfall
(&2 storage_unit

Figure 19: Visualisation of a CSO entity inthe SM S

Since the SWMM model configuration is now availalde a PostGIS data base, various
geospatial visualisation possibilities can be usegl, Google Earth (Figure 20).

) Google Earth
Datei Bearbeiten Ansicht Tools Hinzufigen Hilfe

Burgstr.60, 52249 Eschweiler

Linz TUG_WS_2011-05-
09 STORAGE UNITS.fid--
1cfac09c_1343744beee 639a

Linz_TUG_WS_2011-05.09_STORAGE_UNITS

« name: RUEB_Flesching
« max_depth: 268

« tabular_curve: Pleschi
« treatment: NO

« ponded_area: 100000
« evap_factor: 0.0

» initial_depth: 0.0

+ invert_elevation: 250.31
« storage_curve: TABULAR
« dwf parameter: FLOW
« dwf_average_value: 0.0

Route: Hier hin - Yon hier

Figure 20: Geospatial Visualisation of a SWMM storage unit in Google Earth
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However, the main advantage of the import is t@ble to serve the SWMM entities via WMS
and WFS and thus to show them in the SMS direEilyure 21).

[IKarte ¢ X

[OR AR SRRl N e . B - ER IR

# -0 ||| ] Datenguellen
%=

i"f’ Sudplan Web Map Service

M SUBCATCHMENTS-RAW
I Local results

mEB

: Socedermalm Buildings
ddermalm DEM
B2 Stockholm NOZ2
H- 0sM
F- empty
- SWIMM
& ﬁ European scale results
- 0sMm
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Figure 21: Geospatial Visualisation of the SWMM Model Configuration inthe SMS

Besides the import of the SWMM Model Configuratiaiso its representation in the SMS
catalogue had to be defined. The SMS catalogue beardynamically generated which is
important for the Linz Pilot, since several SWMM t Configurations shall be supported.

SELECT -1 A5 id, ti
(SELECT id FRCM < FROJECT') AS clasa id, id AS object_id,
' - e

(SELECT d FROM c3 as

Figure 22: Dynamic Catalogue Configuration
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When a new SWMM Model Configurations is imported@ding to the previously described
process, the new entities appear automaticallipencatalogue structure. This is possible thanks
to the concept of dynamic nodes which is basedesmted SQL statements as shown in Figure

22.

4 Generalentwaesserungsplan
4 [A] Messtationen
4 [1] Miederschlag
' [1] Histarisch

[B] Local Model (SWMM)
4 Linz_0_TUG_WS_2011-05-09
4 &2 [1] SWMM Modellkonfiguration

[1] Hydrology

4 Station #1 -';E_'?'}. [1] Raing Gages
4 Historische Regendaten ri';} [2] Subcatchments
Regenzeitreihe #1 [2] Hydraulics
Regenzeitreihe £2 [1] Modes

Regenzeitreihe #n

[ e
&2 Junctions

4 Vorhergesagte Regendaten 4 ';('_'?i“. Outfalls
Regenzeitreihe #1 oo Outfall #1
Regenzeitreihe #2 an Outfall #n

Regenzeitreihe #n
Station #2
Station #n
[2] Downscaling
4 @ [2] WWTP Linz

-rj‘_}i’t Storage Units

[2] Links

% [1] Conduits

w4

-c{‘_'?i“. [2] Pumps
&5 [3] Weirs

Sensor #1 -rj‘_}i’t [4] Outlets
Sensor #2 a4 ,\, [2] Combinded Sever Overflows
Sensor #n & 508
[2] Kanal (optional) ,H C50 %2
4 [B] Local Model (SWMM) o CSO#n

Figure 23: Linz Catalogue Structure

The catalogue structure shown in Figure 23 is camp®f static and dynamic catalogue nodes.
Some parts of the Linz catalogue are dependentaantain SWMM Model configuration while
others are not. Figure 24 shows the part of thalagie that is specific to a certain SWMM
Model configuration IKinz_ 0 TUG_WS_2011-05-09and which dynamically generated
according to the nested SQL statements presengede22.

o [B] Local Model (SWMM)
4 =3 Linz_0_TUG_WS_2011-05-09

&3 [1] SWMM Modellkenfiguration

: ,,, [2] Combinded Sever Overflows

4 4 [3] S5zenarien
[1] Rainfall Downscaling
[2] ETA Szenarien
[2] SWMM Szenarien (optional)

Figure 24: Model dependent Catalogue
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Please note that the German language is useddaratialogue, the description of the entities as
well as for the user interface of the SMS as regaedy the end users of the Linz pilot

application. The SMS Ul is fully internationalisesh changing the locale is just a matter of
configuration.

As already stated, the efficiency calculation omtined sewer overflows consist of two steps
which require at least two independent model rlthe. output of the SWMM model run is input

of the efficiency calculation run, whereby also B%&/MM model run may use the output of a
preceding rainfall downscaling run. The SWMM Ca#tidn Configuration is represented in the
cids system as generic model input object. Fig&rest®ows how this information is used in a
SWMM model run. It provides information on the s#é=l rainfall time series as well as

information on the model specific input (INP) armtdtart files (HSF).

CS Downscaling

Rainfall TS HSF INP
N Database

L _—__ % \L
SOS SOS oPS |/

SWMM

cd SWMM

swmm_calculation_configuration

- sart_time: float

- end_time: float

- rainfall_data: char

- use_hotstart_file: boolean

- project: swmm_project

- any_other_configuration_properties: char

Figure 25: SWMM Model Run Configuration

The role and usage of SOS and SPS in the execatithe SWMM model is explained in
section 5.2.

In V2 both steps, the SWMM Calculation and the dd#incy Calculation are performed directly
one after another. So the output of the SWMM (CQueerf Calculation is directly fed into the
Efficiency Calculation program. In V3 it is forese® execute those to steps independently from
each other. It will be possible to run several &éincy Calculation scenarios based upon the
same overflow results. The model chaining capaslifFigure 26) already exist, only the
respective wizards have to be implemented.
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4 &, [3] Szenanen
4 [1] Rainfall Downscaling
4 4y Linz_0_TUG_WS_2011-05-09 Station #1 Run #1
' Input (Historische Regenzeitreihe)
Output{Vorhergesagte Regenzeitreihe)
4 [2] SWMM S5zenanen
4 g2 Linz 0 TUG W5 _2011-05-09 Run #1
| SWMM Input (INP+Rainfall)
| SWMM Output (RPT)
& Linz 0_TUG_WS_2011-05-09 Run #2
& Linz 0_TUG_WS_2011-05-09 Run #n
B [3] ETA Szenarien
4 4 Linz_0_TUG_WS_2011-05-09 Run 2
| ETAInput (RPT+ETA)
ETA Output
& Linz 0_TUG_WS5_2011-05-09 Run #1 ETA Run #2
s Linz 0_TUG_WS_2011-05-09 Run #2 ETA Run #1

Figure 26: Model Chain

2.3. Sensor Network at Linz WWTP

Preliminary model runs identified the primary dinis that also function as CSO tanks during
rainfall events to have a major influence on thficieihcy rates as defined in the OWAV
Regelblatt 19 (OEWAYV, 2007). Especially the assuampbf the sedimentation efficiency has an
important impact on the overall efficiency for pewtate pollutants. Therefore, an assessment of
the actual sedimentation efficiency is crucial imdey to evaluate the whole systems
performance.

In order to address this question a sensor netwaskinstalled in November 2011 at the primary
clarifiers of the WWTP Linz, measuring hydraulicdawater quality variables. An overview of
the local situation at the WWTP Linz is given imgéiie 27, Figure 28 and Figure 29.

For the estimation of the sedimentation efficieogh discharge and pollutant concentrations
have to be measured in the inflow and in the owtidd the primary clarifiers (see Figure 28 and
Figure 29). An overview of the measured variabled measurement devices is given in Table 2
and Table 3. In order to provide a valid mass baddor the pollutants in the primary clarifiers

not only the inflow and outflow concentrations haeebe determined but also the primary
sludge removal has to be taken into account.

The measured variables (hydro- and pollutograptal) be visualised in the SMS. In addition an
event-detection algorithm will be implemented tladiows automatically detecting overflow
events from the measured data. Based on thesesewubet sedimentation efficiency of the
structure during storm events can be estimated.
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Figure27: Map of WWTP Linz with thetwo primary clarifiersin green and indicated with No. 14

Inflow to WWTP o6 Overflow

o
/

Inflow to
Primary
= Clarifier

Figure 28: Overview of primary clarifiersat WWTP with inflow, overflow and outflow situation
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Figure29: Photosof primary clarifiersindicating inflow, outflow and overflow situation

Table 2: Variables measured by the SUDPL AN sensor network

Variables measured by SUDPL AN sensor network
L ocation Variable Unit Sensor
Inflow CODxg, TSS« mg/L UV/VIS spectrometer probe
Water level m Ultrasonic water level meter
Outflow COD., TSS. mg/L UV/VIS spectrometer probe
Water level m Ultrasonic water level meter

Table 3: Variablesprovided by LINZ AG from sensorsalready installed at the WWTP

Variablesprovided by LINZ AG
L ocation Variable Unit Sensor
Inflow Qinflow ms/s Ultrasonic device
Outflow Qoverflow m3/s Ultrasonic device
Qinflow-bio m3/s Ultrasonic device
Primary sludge Qpsk ms/s Ultrasonic water level
removal TSSesr mg/L unknown
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2.3.1 Sensor network installation

Since the funding of the sensor network was natrasisuntil August 2011 and no budget was
available for the sensor network within the SUDPLAKbject the installation was delayed.

Fortunately LINZ AG decided for some extra fundiog the sensor network in August 2011 to
estimate the sedimentation efficiency of the priynadarifiers of the wastewater treatment plant
Linz. Finally the installation of the two measurerhstations in the inflow and in the outflow

channel of the primary clarifiers could take plat&ovember 2011.

Both measurement stations are equipped with id@nsiensors: an ultraviolet-visible (UV/VIS)

spectrometer to estimate the pollution concentnatior TSS; and COLR, an ultrasonic probe

to measure the water levels in the channels anthdustrial PC which records the data in 1
minute intervals.

Figure 30 and Figure 31 show the installation wiith the installed sensors at the end of the
inflow channel to the primary clarifiers for theflow devices and Figure 32 the enclosed
outflow area for the outflow devices where the dweer weir of the CSO is situated. Since the
turbulences in the outflow channel especially dyriet weather conditions are quite high it can
be assumed that the wastewater quality in the digeld overflow channel is more or less the
same as in the outflow channel.

Figure 30: Installation site of the inflow measurement devicesto the primary clarifiers
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Figure 31 Inflow measurement site with the installed UV/VIS spectrometer, the ultrasonic probe and the
industrial PC for data recording.

Figure 32: Installation site of the outflow devices (floating UV/VIS spectrometer and ultrasonic device)
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While the UV/VIS probe in the inflow channel is da rigidly by a metal bar some centimetres
above the bottom of the channel (Figure 33) thdlawtprobe is fixed in a floating device
(Figure 32).

Figure 33: UV/VIS spectrometer fixed rigidly at the end of a metal bar in the inflow channel to the primary
clarifiersof LinzWWTP

The two industrial PCs are connected to an UMTSerowhich transfers the recorded data
regularly to the OpenSDM at TU Graz from where taey provided for the SUDPLAN SMS.

The additional data time series measured and pedviy LINZ AG which are relevant for the

estimation of the sedimentation efficiency are siiteth to TU Graz once a day also with 1
minute intervals. From there they are also impottethe OpenSDM and provided automatically
for the SUDPLAN SMS.

Figure 34 shows exemplarily the uncalibrated potiuaphs for TS§ NO3-Ny;, COD:q and
BSBq in the outflow channel of the primary clarifierstiwn a period of 22 days in December
2011. To improve the reliability of the resultinguévalent pollution concentration calculated by
the UV/VIS spectrometer a measurement campaigraito & set of reliable chemical reference
samples is planned for the first half of 2012.

Within the SUDPLAN project all variables measureg the sensor network or provided by
LINZ AG (hydro- and pollutographs) shall be visgall in the SMS. In addition an event-
detection algorithm will be implemented that alloastomatically detecting overflow events
from the measured data. Based on these eventsetlimentation efficiency of the structure
during storm events can be estimated.
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Figure 34: Recorded pollutographs for TSSy, NO3-Ng, CODe and BSB, in the outflow channel of the
primary clarifierswithin a period 22 of daysin December 2011
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3. Inventory of data used

This chapter gives an overview of the data usatienLinz Pilot. Data acquisition, structure and
exchange formats of the local climate data —he.rainfall data as major driver of the combined
sewer overflows — are explained. Secondly othaveeit input data that is mainly linked to the
local model as geometry data, sewer measurememettatare briefly listed.

3.1. Local Climate Data

Rainfall is the major driver of the hydraulic preses in combined sewer systems and impacts
directly on the combined sewer overflows. The gaesimpacts of climate change effects on the
Linz Pilot are described by the predicted changethé rainfall data. Hence the local rainfall
data is a crucial input for both the downscalingggiss and the sewer system model.

3.1.1 Data Acquisition
In the Linz Pilot, rainfall data is required asdbclimate data input for the simulation model.

* Local rainfall data for the rain gauge “Linz Stadt’obtained from the NIEDA tool (hydro-
IT 2007). The available time series covers 14 yé@ats01.1993 to 01.01.2007) with a time
resolution of 1, 5 or 10 minutes.

* Additional data will be obtained from the centratteorological service of Austria for 2007
to 2010 by LINZ AG and provided for the SUDLAN pecj.

* In addition rain gauges installed in the Linz abgalLINZ AG were provided. They will be
used to validate the model but not as historictd da for future scenarios in downscaling as
their duration is limited (depending on the raimga from 2004 to 2006 onward).

3.1.2 Data Structure and Exchange Formats

The original rain time series (also referenced lastdrical") as well as data from the sensor
network and additional sources (consisting of C8&J are converted to the netCDF format
from http://www.unidata.ucar.edu/software/net¢cdfd that additional metadata can be provided
with it. These conversions are carried out with thelp of a tool developed by TUG
(OpenSDM). The existing OGC-compliant Sensor Olmsgoa Service (SOS) delivering the
historical rain time series will be extended towi also this additional data.

A dedicated SOS server delivers data to be usethédy\SUDPLAN SMS and possibly other
clients. This allows separating the SOS and thenGp#M system, resulting in higher security
and better overall performance.

As only the dedicated SOS server is accessible theninternet neither the internal functionality
nor the data is prone to attacks from the interfileé SOS server itself, including published data
can be recreated any time from the internal databéthout any data loss.
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3.2.  Other Relevant Input Data

Besides the rainfall data as major input, sevetsrodata is relevant for a proper assessment and
evaluation of the Linz Pilot, namely geometricdionmation and geographical features as well
as additional measurement data from the sewerrayste

3.2.1 Geometry and geographical data

For the model set up and assessment as well assta@lisation of the sewer system model, data
on the sewer geometry, special structures (e.g. @®&s), allocation of subcatchments and
information on the surface (e.g. impervious area)raquired.

« Geometry data for the sewer system and the spstiattures was available from (i) a
detailed digital sewer map (i) an overview diagramthe system and (iii) the SWMM
model. All data was provided by LINZ AG. For visisaltion purposes the validated, geo-
referenced geometry data from the SWMM model isluse

» Allocation of subcatchments and surface informaticass available from (i) an overview
diagram of the system and (ii) the SWMM model pdend by Linz AG. Surface data was
roughly validated by the aid of aerial view phot@&endner 2011). For visualisation
purposes the validated, geo-referenced data frefS¥tWAMM model is used.

« Adigital elevation data model was provided by L&G.

3.2.2 Additional measurement data

For model calibration and model validation measuweindata on hydraulics as water level or
flow measurements directly in the sewer system regeessary. For the evaluation of the
sedimentation efficiency, data from the measuremetwork at the WWTP is used.

* Measurement data of water levels and flow withim $slgstem were used in model calibration
(adaption of model parameters to fit simulated &asured data) and model validation. The
data and information on the measurement sites veasded by LINZ AG.

« Measurement data of the installed sensor networkhatLinz WWTP and additional
measurement data at the Linz WWTP provided by LINZ will be used for estimation of
the sedimentation efficiency of the primary clami§,

Copyright © SUDPLAN Page 36 of 58



SuDPLAN Project: 247708 - SUDPLAN

4. Pilot application in V2

The pilot application in the first year mainly deaith data and model evaluation as well as the
assessment of the current system status. In tlimdgear focus was put on the simulation and
evaluation of historical and predicted scenarias their comparison as well as the installation of
the sensor network. The relevant tasks and use tas¥2 are discussed in the following.

4.1. Relevant Tasks for V2

The tasks that are presented in Table 4 and Tahé® been the focus of the work performed in
the Linz Pilot in the first two years. The taskdinidon herein is taken from the Pilot Definition
Plan V2 (D 7.2.1). Table 4 gives a short summaryhef tasks treated in V1 as they are an
essential basis for the tasks treated in V2.

Table 4: Taskscompleted in V1 (year 1)

Task 1: Assessthe current state of the sewer networ k

Assess the current state of the sewer network leyleding the required CSO efficiency rates
& calculating the actual CSO efficiency rates

Task 1.1: Calculating actual required CSO efficiency rates

Calculate the actual required CSO efficiency ratesed on the available catchment and rainfall
data according to the guidelines

Task 1.2: Calculating actual existing CSO efficiency rates

Calculate the actual CSO efficiency rates withdakbrated City Drain model and available
historical rainfall time series

Task 2: Validate measurement data (rainfall, runoff and pollution concentrations)
provided by LINZ AG

Validate the data on rainfall, runoff and pollutiooncentrations provided by LINZ AG

A description of the tasks treated in V2 is giverTable 5. Several tasks that were defined in the
Pilot Definition Plan V2 (D 7.2.1) are still undesay, mainly due to the late installation of the
network in November 2011.

Table5: Taskstreated in V2 (year 2)

Task 3: Determinelocal rainfall data for future scenarios based on climate change models
(downscaling) provided by common services

Different local rainfall data sources where prodde be used by the common services (e.qg.
rainfall data in different time resolutions). Fisstccess was achieved in creating OGC-

compliant SOS services and in the downscaling pha@s. One predicted rainfall time series
was generated that was used for the following tasks

Task 5: Assess possible impacts of climate change scenarios on the sewer system dueto
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futurerainfall timeseries

In this task that includes several sub-tasks, tssiple impacts of future scenarios on the

combined sewer overflows are evaluated based ocutinent Austrian Regelblatt 19 guideline.

In year 2 a script was developed that allows dateng all relevant values according to the
guideline from the used rainfall time series arglltcal model results. The script was
successfully implemented in the local model rurcpdure.

D

Task 5.1: Calculatetherequired CSO efficiency ratesfor future scenarios

In this task the required CSO efficiency rates adiog to the guideline are calculated for a

future, predicted catchment status (e.g. predieted use data) and/or predicted rainfall data.

V2, calculation was carried out with one prediataihfall time series obtained from the
downscaling process.

Task 5.2: Calculating predicted CSO efficiency ratesfor future scenarios.

In this task the predicted CSO efficiency rateading to the guideline are calculated for a
future, predicted catchment status (e.g. predieted use data) and/or predicted rainfall data
the aid of the local model. In V2, calculation veasried out with one predicted rainfall time
series obtained from the downscaling process.

Task 5.3: Comparison of required and predicted efficiency ratesfor several futurerainfall
scenarios

Based on the results from tasks 1.1 and 1.2 (ukmdistorical rainfall time series) and 5.1 a
5.2 (using one predicted rainfall time seriesyst ftomparison of required and predicted
efficiency rates was carried out.

Task 6.1: Conception and installation of the sensor network at WWTP Linz

This task was completed in late 2011. The sendorank is in operation.

Task 7: Event detection at primary clarifiers

The aim of this task is an automated detectionvefftow events at the primary clarifiers in
order to determine the periods for which the datdl$e evaluated to assess the sedimentat
efficiency (Task 8). In V2 scripts were pre-deved@and are ready for implementation.

on

Task 9: Adapt model calibration based on additional measurement data

This task spans over V2 and V3. In V2 the model hivéed to a state-of-the art optimisation
algorithm for automated model calibration. Sevegimisation runs were successfully
performed to fit the model results to the measulad. The model connector allows an easy,
implementation of new data acquired in V3.

Task 11: Visualize geographical features of the SWMM model and relevant parameters

This tasks that aims at the visualization of geplgieal (and geometrical) features and the

relevant SWMM model parameters in the SUDPLAN SM& wompleted in V2.
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4.2. Relevant Use Cases for V2

The use cases defined in the Pilot Definition PMhbh and V2 are the basis for the
implementation effort in the second year. In thikofeing, all use cases are listed and a short
explanation on their fulfilment in the Linz Pilo@application is given.

Table 6: Relevant use casesin V2 (year 2)

UC-711: Upload pilot specific data
The actor wants to upload pilot specific data ieparation for a scenario execution.

Concerning the model input data, this use casevsred by the SWMM Model Configuratian
import as described in section 2.2. Regardingni@ort of precipitation data, this is handled |by
the SOS as described in section 5.2. Integratioth®fSOS into the SMS is standard SMS
functionality and is described in D3.3.2 - InteghtScenario Management System V2 -
Companion Report.

UC-712: Start Downscaling
The actor wants to start a downscaling scenariacatien

UC-713: Download downscaling results
The actor wants to download some of the downscadiaglts.

Downscaling is a standard SMS functionality and pitot specific developments were
necessary. Therefore, this use case is describ&8.8.2 - Integrated Scenario Management
System V2 - Companion Report.

UC-714: Run local model
The actor wants to start a local model executioWk8v)

Implemented in V2 with help of the SMS Model asexv&e capabilities. Pilot specific SPS
and SOS services were developed which encapshkatedal Linz SWMM model. See sectipn
5.1 and 5.2 for a detailed description.

UC-715: Calculate CSO efficiency rates
The actor wants to calculate the required and tbeial CSO efficiency rates based on results
of a local model execution (see UC-714) in a lamatnanaged by SMS.

In V2 the CSO efficiency calculation is carried dutconjunction with the SWMM model run.
In V3 it will be possible to calculate the efficenindependently

UC-716: Export data
The actor wants to export data (downscaled rainfadlee UC-712, results from the local model
— see UC-714 or efficiency rates — see UC-715) fasDPLAN into local files

Export to local files is currently not implementaad will be added in V3

UC-717; Standard visualisations
The actor wants to visualize rainfall, local modegults or CSO efficiency rates
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General visualisation functionality of the SMS ised, not pilot specific development we
necessary. See section 5.1 for further explanations

ere

UC-721: Visualize geographical features of the SWMM M odel
The actor wants to visualize the geographical feegwand relevant parameters of the SWMN
model.

The import of SWMM input files was realised in V& alescribed in section 2.2. T
geographical features of the SWMM Model are madalable through WMS and WFS ai
can be visualised in the map with help of the stathMS visualisation facilities.

he
nd

UC-722: Export M easurement data
The actor wants to export time-series data deligdrg the sensor network or data from
external sources

See UC-716.

UC-723: Visualize M easur ement data
The actor wants to visualize data from the senstwark or external sources

See UC-717.

UC-724: Event detection
The actor wants to detect events in the data deliVby the sensor network.

The installation of the sensor network and prepayatvork was completed in V2 (see sect
2.3), The implementation of the event detectigplasmned for V3.

on

UC-725: Visualize Event detection data
The actor wants to visualize the data which waslipoed by the event detection routine.

SeeUC-724
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5. Pilot Design V2

5.1.  Graphical User Interface

Besides the standard SMS functionalities (e.g. doaiing, generic model management, user
group management, etc.) implemented by WP3, onlgkenas were available in version V1 of
the Linz Pilot Application. In V2 pilot specific gelopments were carried out and the local
SWMM model was successfully integrated.

For this reason, only the pilot specific partsted GUI are presented in this document. For those
parts that are related to use cases which aregntovered by the standard SMS functionalities,
please refer to the documents D3.2.2 - Productdmphtation V2 - Companion Report and
D3.3.2 - Integrated Scenario Management System Zpmpanion Report. Among those use
cases are for example UC-723 Visualize Measurenddt/12 “Start Downscaling”, UC-717
“Standard visualisations” (Figure 35), etc.
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| MNavigator Suche Tools | Extraz  Fenster H'ﬂfe|

i
| @ {5 Administration
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Figure 35: Standard Time series Visualisation Capabilities of the SM S

In the following, the Linz Pilot application GUlle¢ed to use cases UC-714 “run local model”,
UC-715 “calculate CSO efficiency rates” and UC-A2ikualize geographical features of the
SWMM Model is presented.

The user can select a specific SWMM model configomawhich is represented by the imported
entities of SWMM input file as described in secti@®. The description of the model

Copyright © SUDPLAN Page 41 of 58



SubpPLAN Project: 247708 - SUDPLAN

configuration shown in Figure 35 below consist ofjeospatial preview of the model as it is
displayed in the map component (Figure 27), somea+#méormation about the model
configuration and a list of model runs that haverbperformed with this configuration. The user
has furthermore the possibility to initiate a newd®al run by clicking on the button “SWMM +
ETA Berechnung” (SWMM + Efficiency Calculation) wii opens the SWMM & ETA Wizard
(Figure 37).

" Sudplan Scenario | . o

Navigator Suche TJools Plugins Exras. Fenster Hilfe | Datei Bearbeiten Chronik Geosuche |esezeichen Exras Fenster Hilfe

£
. T Catalogue # — %
# -4 Administration
#-F Airquality

Hydrology
EHE Linz

2) Start the Local W
Model Wizard

1) Select a Model
Configuration.

&3 Linz_TUG_WS_2011-05-09
[ Messstationen
-~ Rainfall
- Wuppertal

FLOW_UNITS LPSINFILTE
. . I UTING DYNWAVE START_|
Some meta-information {IME 000500 REPORT_ST.

START_TIME 00:05:00 END_D.
about the model

configuration

Geospatial Preview

23:55:00 SWEEP_START
31 DRY_DAYS 0 REPORT.

00:01:00 DRY_STEP 00:01:00 ROUTING_STEP 0:00:
0 ALLOW_PONDING  YESINERTIAL_DAMPING FULL VARI
|~3LESTEP  0.75 LENGTHENING_STEP 300 MIN_SURFAREA
0 NORMAL_FLOW_LIMITED BOTH SKIP_STEADY_STATE
|NO FORCE_MAIN_EQUATION H-W LINK_OFFSETS DEPTH
MIN_SLOPE 0 IGNORE QUALITY __ YES

SWMM & Efficiency
Calculations with this
Configuration

= Hoa-x sOx

title Linz [~

description not available

options FLOW_UNITS K

files P:projekteSudplanW... F

downscaling_scenarios -

jon TEST (SWMM 5.0) TEST (ETA)
&3 downscaling_scenarios

[ &2 eta_scenarios TEST2 (SWMM 5.0) TEST2 (ETA)

[ &8 swmm_scenarios TEST W 5.0) TEST (ETA)

|1 Objekte selektiert [ B wurden ef ich geladen X

Figure 36: Select Model Configuration and run Local M odel

On the first page of the SWMM & ETA Wizard, the usan select a specific SWMM model
configuration (already preselected), specify orngjeathe name of the input file at the model
server (also already preselected) and select aastdrend date for the model calculation. The
start and end dates are furthermore checked fasibidity (Figure 38). Switching to the next
wizard page is only possible when all required props have to be filled in and when the dates
are plausible.

In the current version of the Linz Pilot it is npossible to perform an efficiency calculation
independently of a SWMM calculation. Therefore tieeck box “Wirkungsgrade berechnen”
(calculate efficiency rates) is always checked.tHe next version of the pilot, support for
asynchronous efficiency calculation will be added.
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Selected Model
Configuration

3
Associated model input o
file. (
YE"‘(""’""“-' Chose Model start
INP Datei: |Linz.inp | and end time
Asynchronous Efficiency Start Datum: l |
Calculation will be added End Datute 1 1Ll
inV3
/\ n Berechnung: [@ Wirkungsgrade berechnen
/1) Bitte geben Sie ein Startdatum an
| < Back I | MNest > I | Finish H Cdl'lCdJ
Figure37: SWMM + ETA Wizard
ispl i

4] SWMM & ETA Berechnung

201 Steps SWMM Projektkonfiguration (
A1 swmm Select a date
lodg} Projektkonfiguration ~SWMM Projekt |
logy| 2. Regenmessstationen
auswihlen Projekt:
3. Regenzeitreihen auswahlen
4. nKenfiguration Beschreibung: not available
ccalf)| 3 Metadaten angeben | a3
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Figure 38: Date Plausibility Check
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On the next wizard page (Figure 39) the user cdectsene or more rainfall measurement
stations and decide whether he wants to run theehwaith historical or predicated (downscaled)
rainfall time series. Again, it is not possible @advance to the next page unless at least one

measurement station has been selected.

On the next page (Figure 40) all rainfall time serof the rainfall measurement stations selected
in the previous steps (Figure 39) are shown. Tlee has to select as least one time series in
order to be able to advance to the next page. Alitiadal plausibility check which checks the

temporal coverage of the selected time series sgthe model start and end dates specified in

Figure 38.

Project: 247708 - SUDPLAN

1<) SWMM & ETA Berechnung ﬁ

Select rainfall

Steps Reg 2
measurement stations
1. SWMM
Projektkonfiguration Verfiigbare Regenmessstationen vj
2. Regenmessstationen T Beschreibung | \Rl:r&wa n
auswihlen — —

i il:iERegenmesstation #1 keine Beschreibung vor..,
3. Regenzeitreihen auswahlen

4. nKonfiguration
5. Metadaten angeben

Historical or downscaled
rain timeseries

/Y, Bitte wahlen Sie mindestens eine Reger ation aus

!-(ﬁack"|_-i--' [ Ein :I_Cancei|

Figure 39: Select Rainfall Measurement Stations

' Downscaled or historical
timeseries of the selected
St measurement stations

Select rainfall timeseries

Projektkonfiguration Yare Regenzeitreihen

2. Regenmessstaticnen e i Baschreibung A 5 /l
auswahlg.n : Linz STA1 19932006 .keme_BEtLreiEu_rm_\@m‘h‘l 1]

3. Regenzeitreihen
auswihlen

4. nKonfiguration
5. Metadaten angeben

Temporal coverage is
checked against model start
and end dates

22 Bitte wihlen Sie mindestens eine Regenzeitreihe aus

i Cancﬁj |

i <_Bha(k_i | Mext

Figure 40: Select Rainfall Time series
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Once the user has chosen the desired rainfall $enies, he can furthermore specify the CSO
sedimentation efficiency rates that will be usedth® overall efficiency calculation (Figure 41).
As already stated, the possibility for a separ#fieiency calculation will be provided in V3 of
the pilot. This case, the user can choose fromleuleded SWMM model results (overflow
calculation, see Figure 45), thus steps 1-4 ottheent SWMM & ETA Wizard can be omitted.

o SWiiM & A B Selgct CSOs. and spgufy CSO )
: sedimentation efficiency -
|| Steps n Konfigura
1. SWMM
Projektkonfiguration ~Verfigbare C50s
2. Regenmessstationen | cso Aktiv \P n Sedimentation
- cs0#1 O 0/~
3. Regenzeitreihen auswéhlen IRDSRUES1 OJ 0
4. n Konfiguration luLKs1 i 02|18
5. Metadaten angeben iFUEAusI , ! 0
[RKL_Ablauf O ol
|AB_Plesching [ 0
{HSU12 155b [
IHSU1_1RUE2 O
|ALBSP1nolink 0

|ALKSP1nolink O
|ANFSP1nolink |
[EDBSP1nelink |
[ENNSP1nolink i
[ENNSP2nolink |
[RUEB_Traunnolink -
5 \EWDSP1nolink L .

Do OoOoO0 oo o oM

<Back| | Next> | | Finan | | cancel

Figure 41: Specify CSO Sedimentation Efficiency

Although the wizard presents overflow and efficigmalculation as one unit, they are still two
separate model runs which are executed synchrondasV3 of the pilot application it will be
possible to perform a separate efficiency calcoiati

On the last page of the wizard (Figure 42) the isexsked to enter a name and an optional
description of the model run. The configuratiortted overflow and efficiency calculation is now
complete. Upon click on the finish button, the S&® SPS are invoked as described in section
5.2.
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Enter a name and a
description of the scenario.

SWMM -
Projektkonfiguration |TUG_W5_2ﬂ11-05-0‘9 Calculation #3

Regenmessstationen R
auswihlen Description:

Regenzeitreihen auswahlen Ovesflow and Efficiency with 1 timeseries 1994-1995,

n Konfiguration Linz Model Confivuration 0.5 {linz_TUG_WS5_2011-05-09)
Metadaten angeben

| <Back| et - || Finish | | Cancel|

Figure 42: Name and Description of the Scenario

The SWMM model execution status can be monitoredhe catalogue (Figure 26) and the
respective description page (Figure 43). Among sdeseriptive meta-information like start of
the model run and current status, the descriptageprovides also direct links to the model
results as well as to the input configuration.

""'"i""‘j:

(eOx

Vet 0T o e ewarilon in Status of SWMM+ETA Test 7Monate (SWMM 5.0)

calculation

Overflow calculation finished

View output of the overflow
calculation

Figure 43: Overflow Calculation finished
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The SWMM model input configuration shown in Figuté provides also links to the selected
model configuration (Figure 36) and time serieg(ifé 35).

7Monate)

Link to used model
input configuration

‘Start Datum: 31011993
EndDatum: 31081993
Regenzeitreihen: Linz STAL 1993-2006

Link to uploaded
timeseries

Figure 44: Verify Input of Overflow Calculation
In Figure 45 the results of the overflow calculat{®&WMM) are shown.

" Description N,
E D |- "] = ' | ‘ ﬂx E

Overflow Calculation (SWMM)

Outfall Volumen Fregquenz |
EDBSPLnolink 8,705 247 |~
HOESPZnolink 4,196,104 22,28
OTHSP1 nolink ] ]
K555P1nolink 80,766,242 99,92
RHHE_Wsee3nolink 184 517 1,04
ALBSPLnolink 91,974 203
RUEE_Traunnolink 18,306 0,38
AB_Plesching 179,632 86
AMNFSP1nclink 1191 0,02
HHS5P1 nolink 14,956 6,93
LTBSP1nalink 0 0w

Figure 45: View Output of Overflow Calculation
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The model run status page of the ETA calculatiaguie 46) provides also links to the input
configuration and the model results.

' =

Verify Input of the efficiency [alielet I EALILEL IV EL & L LLEICR(ITY)
calculation

Efficiency calculation finished

View output of the efficiency
calculation

Figure 46: Efficiency Calculation finished

The input configuration of the ETA run can be viedfas shown in Figure 47. Please note that
this is the same table as previously filled outi@ wizard (Figure 41).

Description ¥ X EX-F3

& SWMM+ETA Test TMonate (ETA} * | ETA Modellkonfiguration (SWMM+ETA Test TMonate)

ETA Modellkonfiguration (SWMM+ETA Test 7Monate)

=
=5

NO00O00O0000RO0ROOR

n Sedimentation

CsS0#1
RDSRUES1
ULKSL

FUEAus|
REL_Ablauf
AB_Plesching
HSU12 155b
HSU1_1RUE2
ALBSP1nolink
ALKSP1nolink
AMNFSP1nelink
EDBSP1noalink
ENMNSP1nolink
EMNMNSP2nolink
RUEE_Traunnolink
EWDSP1nclink

Figure 47: Verify Input of Efficiency Calculation

=R R e B R R R e R = R U e R R
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The output of the ETA calculation, the required aradculated efficiency rates, is shown in
Figure 48. The meaning of the values is explaineskction 2.1.4.

& SWMM+ETA Test TMonate (ETA) * " Output of SWMM=ETA

Output of SWMM+ETA

Mindestwirkungsgrad fir gelgste Stoffe:
Mindestwirkungsgrad fir abfiltrierbare Stoffe:
Berechneter Wirkungsgrad fir gelsste Stoffe:
Berechneter Wirkungsgrad fir abfiltrierbare Stoffe;

Figure 48: View Output of Efficiency Calculation

Visualisation of SWMM features is shown in Figu@ahd Figure 50. The user can double click
on a feature to visualise it on the map. Dependinghe type of the feature it is rendered as
point or as polygon. It is also possible to cussmrthe look & feel of a certain feature type (e.g.
outfalls, subcatchments, etc) including also tteuiee name shown on the map (Figure 51).

UES26SP

Figure 49: Visualisation of SWMM Features
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Figure 51: Customise Feature Look & Feel
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5.2. Services

The Linz pilot uses some services from SUDPLAN whprovide access to data and models.
The services are briefly listed and described i@ fbllowing. A generic description of the
services used in SUDPLAN is given in the documéornabf WP 4 (Common Services) and in
the  “Abstract  Service  Specification” document thatis available  from
http://sudplan.ait.ac.at/SUDPLAN_service_specifaag/

The overall workflow between the pilot SMS and $leevices is shown in Figure 52.

Pilot (SMS) Sensor data (SOS) Model (505 + 5PS) [ | Rain downscaling (SOS + 5PS)
r’_‘
lﬂet rain timeseries l
download_sensor_data() .
Ld
histarical_rain
downscale timeseries l
upload_maodel_input_data (historical rain) N
1l
run_maodel L
1l
downlaod_model_result N
¥
P R downscaled_rain ||
run local model l
uload_model_input_data (historical or downsealed rain) N
Ld
P — il
run_maodel N
Ld
P —— il
download_model_result N
Ld
L e e e e _Ef;ﬁC_EDEY_aDd_D_“E_FﬂD_W_dE@M

Figure 52: overall workflow between the pilot SM S and the services

521 Access to sensor data measured in the Linzar ea

The sensor data include a historical rain timeesean the length and temporal resolution as
required by the local Linz model. Additionally aatumeasurements from the wastewater
treatment plant sensor network are provided.

All this data is provided using an OGC SOS intexfadis interface is described in detail in the
“SUDPLAN Service implementation specification - labt.inz Model” document that available
from http://sudplan.ait.ac.at/SUDPLAN_service_specifoad/

5.2.2 Access to the local Linz model

Access to the local Linz model that is describedetail in 2.1 is provided by a pair of an OGC
SOS and an OGC SPS interface. Both are describdetan in the “SUDPLAN Service
implementation specification - Local Linz Model” @danent that is available from
http://sudplan.ait.ac.at/'SUDPLAN_service_specifarad/.
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5.2.3 Access to the rain time series downscaling se  rvice

This common service is running at SMHI and provides ability to get a projection of a
historical time series (as provided by the sensda dervice described above) into the future
under the assumptions of one of the provided  cBmat scenarios.
Access to the rain time series downscaling modplasided by a pair of an OGC SOS and an
OGC SPS interface. Both are described in detailSWDPLAN Service implementation
specification - Common Services - Rainfall Downswil available from
http://sudplan.ait.ac.at/'SUDPLAN_service_specifara/and the WP 4 deliverables.
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6. End User Involvement

End users have been involved on a continuous lragiedicated workshops and meetings to
discuss the required functionality of the Linz pi#gplication. Since the focus in the second year
was on the integration of the Common Servicesuser local model, the SMS and the design
and installation of the sensor network, the mositatale input has come from one primary user
who will intensely interact with these componemighe future. The user concerning this matter
is employed by the LINZ AG, has already experieringbe application of hydrological models
and is also responsible for the SUDPLAN projectrtiimately he could also convince the
management of LINZ AG to make some extra fundingtii®@ sensor network available. He is
also a member of the ‘Storm Water Management’ gadugNZ AG.

Secondary users, especially urban planners of adkpartments than Urban Drainage, are
supposed to have their focus on the visualizataoms reports generated by the SMS, because
they need a quick understanding of the outcome oéréain simulation. Hence they will be
actively involved in the third year of the projedince the implementation of advanced
visualizations and generated reports is part ofatbek in that year.

6.1. End User Profiles

As stated above, LINZ’'s Storm Water Managers cartstithe first group of end users that has to
be involved in this phase of the project. Theséviddals are very comfortable with computers.
As modellers they will want to interact with thee& models used in the pilot and they may have
some familiarity with precipitation models. Howey#rey will likely have little or no experience
with climate models. They may or may not have ssipdated GIS experience.

The Storm Water Managers form a very small groupiwithe LINZ AG.

In the course of the general wastewater manageptenéss most of the necessary engineering
work is done by LINZ AG itself, in some cases tlaag also consulting engineering companies
to support them. They have also some in house rnnagleapabilities. Therefore they will use
the Linz pilot application in the future mainly byemselves.

6.2. Meeting Log

The following table gives an overview over the emskr consultations for the Linz pilot
application in the first two years of the SUDPLAMN}eCt:

No. Type of Date Location | End Userspresent Main results
meeting
1 Start-up Meeting | 09.02.2010 LINZ Storm Water Survey on

on available data (AUT) Managers: available data and

and local models Peter local models for
Schweighofer and ong term surface
Martin run-off modelling
Hochedlinger
(LINZ AG)
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2 Meeting 04.03.2010 WWTP | Martin Design and
Linz Hochedlinger installation of the
(AUT) (LINZ AG) and sensor network
Thomas
Gamperer (Head
of WWTP, LINZ
AG)

3 Workshop on 06.08.2010 LINZ Martin Pro and cons of
available local (AUT) Hochedlinger available local
models (LINZ AG) and models

colleagues of
University of
Innsbruck

4 SWMM 26.01.2011 LINZ Martin Introduction and

Workshop (AUT) Hochedlinger requirements for
(LINZ AG) and | the SWMM
colleagues of model
University of
Innsbruck

5 Meeting 27.01.2011 WWTP | Martin Design and

Linz Hochedlinger installation of the
(AUT) (LINZ AG) and | sensor network
Raimund Erber
(Austrian s::can
Distributor)
6 Technical Tour 10.03.2011 LINZ Martin CSO Survey Tour
(AUT) Hochedlinger in the Linz
(LINZ AG) catchment area
7 Installation 22.11.20101 WWTP | Martin Installation of the
Linz Hochedlinger sensor network
(AUT) (LINZ AG) and (Outflow) and
Raimund Erber | commissioning
(Austrian s::can
Distributor)
8 Installation 02.12.2011 WWTP | Martin Installation of the
Linz Hochedlinger and sensor network
(AUT) | Johann (Inflow) and
Schinninger commissioning;
(LINZ AG) and definition of
Raimund Erber additional data
(Austrian s::can | demand from
Distributor) WWTP
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7. Conclusions

The Linz pilot focuses on the development and pedruinformation system based on WP3 and
WP4 results that incorporate common services agdl Imodel components to include the
aspects of climate change into the problem of caetbisewer overflows into receiving waters.
Since it can be assumed that during more frequahhaavier rainfalls the overflow duration of
these facilities and the spilled out pollution ledd receiving waters will also increase, possible
climate changes might have crucial impacts to thetic environment. By comparing the results
of today’s and of future scenarios possible effact$ changes can be recognised and located and
proper strategic adaptations can be developedmiitiei catchment area in time.

During phase 1 of the SUDPLAN project preparatooykahas been carried out
» to screen all available catchment and measurenagatinl the area of the Linz pilot,

* to decide on historical rainfall data which are didgy Common Services for regional
downscaling and for future scenarios and

» to select a proper simulation model for the calktotaof CSO efficiency rates based on long
term simulation runs.

From the two simulation models available for theAd.catchment area the SWMM model was
selected.

During phase 2 the following tasks have been chwig successfully:

* An instance of the scenario management system &tagpsintegrating the SWMM model
configuration (basic Linz Pilot Application).

e The SWMM model was wrapped in a OGC compliant Senimplementation (Sensor
Observation Service, Sensor Planning Service) mraband access results.

* The OGC compliant service was integrated into time Pilot Application.

* Subsequently the model was analysed and calibresied state-of-the art global sensitivity
analysis methods and optimisation algorithms.

» Scripts were developed to automatically calcul&e actual and required efficiency rates
defined in the Austrian Regelblatt 19 guidelinenir@any given rainfall time series and
SWMM model output.

* With these prerequisites fulfilled a first evalaatiand comparison of historical time series
and one future predicted scenario was carried out.

* Recently the sensor network at Linz WWTP was ifetiehnd is now in full operation.

First implementation of the Linz Pilot Applicatiaon the basis of the Scenario Management
System is now available, integrating the SWMM modeath geographic referencing, the
downscaled rainfall time series and the requireditashal information e.g. for sedimentation
efficiency. SWMM model and scripts for evaluatiamron servers and results are transferred.
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Although a first integration of the essential eletse(CS, SMS, SWMM) into the Linz Pilot

Application has been achieved that can be the Hasishe upcoming validation work, the

current system is only in alpha state and neednaiderable number of improvements to be
applicable in the foreseen real word context. Theg®govements are the focus of Y3 work and
will include: refactoring of the service implemetida, stable service communication,

consideration of frequency changes for downscale® tseries, integration of the sensor
network, and enhanced visualisation and use cag®Hu
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9. Glossary

technical term

Explanation

CSO efficiency

Indicator for yearly emitted CSO pollution loadsrfr combined sewerage
receiving waters regarding to the Austrian standalAV Regelblatt 19

o

raten (OEWAV 2007).
It distinguishes between two different kinds of C®®iciency: one for
dissolved pollutants)g) and one for particulate pollutants).

Mockup A model of a design used for demonstratirgftinctionality of a system.

10. Acronyms and Abbreviations

acronym /

abbreviation Definition

AIT Austrian Institute of Technology

cids Component Integration for Distributed Systems
COD Chemical Oxygen Demand

CSO Combined Sewer Overflow

GSA Global Sensitivity Analysis

netCDF Network Common Data Form

OGC Open Geospatial Consortium

OpenSDM Open Scientific Data Management

SMS Scenario Management System (SUDPLAN functityali
SOS Sensor Observation Service

SPS Sensor Planning Service

SWMM Storm Water Management Model

TSS Total Suspended Solid

US-EPA United States Environmental Protection Agenc
WWTP Waste Water Treatment Plant
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