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Presenter Notes
Presentation Notes
FCF consortium formed in 2015 with partial financing from Vinnova  - Swedens Innovation Agency
6 utilities, 3 technology providers, 2 universities/research institutes

FCF consortium formed in 2015 with partial financing from Vinnova 
6 utilities, 3 technology providers, 2 universities/research institutes

Improving access to safe water, reducing untreated wastewater and increasing water-use efficiency (SDG 6)
Reducing water scarcity and implementing integrated water resource management (SDG 6) 
Combating impact of climate change and enabling the increased use of renewable energy (SDG 7 and 13)
Developing sustainable and resilient marine infrastructure (SDG 9) 
Protecting and restoring water related ecosystems (SDG 6 and SDG 14) 





Presenter Notes
Presentation Notes
Rain has a profound impact on our society. And excess rain creates….



Future City Flow

The right measures
at the right time,
with digital twins.

Two integrated tools:

» Short term: Control your flows in real time using weather adapted control strategies
» Long term: Plan and invest in with best cost/benefit ratio

Both tools use the Historical time series data repository



Presenter Notes
Presentation Notes
short term operation optimization utilizing Real Time Control (RTC) of existing infrastructure
MIKE+ catchment modelling including a full hydrodynamic 1D and 2D model with water quality features
Web interface running in Azure


planning tool for long term optimization of investments and catchment development

Built around simplified catchment models (“surrogate model”)�- speed up computations for long term simulations (several years)
Easily modified scenarios
Test different scenarios e.g.:�  +/-  population and city development�  +/-  infiltration/inflow actions�  +/-  climate change on wet/dry year
Find the optimal actions to be taken in the future





Reveal which areas of your city are contributing the
most negative impact and conduct real-time target-

based performance evaluations to execute weather
adapted, model control-based strategies.

! Strategize

. Formulate a comprehensive mitigation plan based
«on modelled and measured data including a cost-
benefit assessment of actions in different
locations:

onetize

Put an end to spending time and money on
= ineffective reactive assessments and mitigation
g— measures without proper insight of cost efficiency

and expected ROI.
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Client implementation
Model Predictive Controls @ City of Gold Coast

* Improve operational
efficiencies today.

* Predictability in the face of
storms tomorrow.

* Understand logistical
issues in the future.




System snapshot

Future City Flow x +

(¢ i dhi-fcf-oc.azurewebsites.net)

FCF History Real time Future EN &

Current situation

= HOPE ISLAND Dark
Show rain intensity on the map

Show rain gauge

Max 3 Day Level forecast (m)
D006 D026 D055
4

4,998 3.581

o

Max 3 Day Flow forecast (m3/s)

GM_D006 A_D026 GM_DO0S55 CURRIGEE

COOMBABAH

- ELENSVALE

Show legend v
RUNAWAY BAY




Client implementation
Strategic planning @ Tauranga City Councll

 |dentify the most effective
remedial solution

* Defer marine outfall capital
expenditure

* Meet legislative and
community expectations
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System snapshot
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Client implementation

Real time control@ Gothenburg, Sweden

Length of tunnels and
pipes included

100 km

Tunnel volume modelled
- attenuation

700 000 m? (of 1 000 000)
approx. 250 00 m3

Number of sub- 47
catchments modelled

Impervious surface 20 km?
Total drainage area 250 km?

- from &I approx. 50 %
Sewer overflow 40
structures modelled
Pumping stations 10
modelled
Valves and gates 8
modelled
Control 13 structures controlled by 7

model sensors
7 defined overall conditions
50 control actions in total

Discharge (m3/s), forecast;
\\\\\\\\\\\\ m3)
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Presenter Notes
Presentation Notes
RTC: Möjlighet till bättre driftplanering vid stora regn.�RTC: Aktiv modellbaserad styrning av inloppspumpstationen tillgänglig dygnet runt.
RTC: Förbättrat arbete kring regnprognoser ihop med SMHI, fokus på uppföljning av hur regnprognoser stämmer med utfall och diskussioner kring korrigering för bättre överrensstämmelse. Detta kan leda till förbättrad planering av vår inloppspumpning och därigenom bättre rening och färre beredskapstimmar. �Planning: Planering för framtida utbyggnation av reningsverket med FCF Planering. (rapport finns) Även använt FCF planering i andra bedömningar av tillskottsvattenvolymer 
RTC: Möjlighet att betrakta bräddning globalt i systemet och optimera belastningen på recipienten. (dvs rapport om styrstrategier för optimerad bräddning) (modell och rapport finns, indikerat potential till upp emot 2,5% minskning i belastningen på recipienten)�Planning: Beräknat flödesförhållanden vid systemskiften i stegen mot cirkulär hantering av vatten. Med modellen är det lätt att konkret kvanitifiera effekten av till exempel återanvändning av vatten i staden eller minskat inläckage till avloppssystem i olika pågående  forskningsprojekt. (ett pågående examensarbete och ett industridoktorandprojekt).  
Some bullets from these for your presentation:
More robust operations, around the clock (plant only manned part-time)
Better planning for operations (collection system and WRRF) during large rain events
Able to quantify CSO’s throughout the system
Facilitates CSO optimization to minimize CSO impact on the recipients (estimated potential 2.5%)
 
It is mostly in terms of robust operations and “smarter” CSO’s than costs since Gryaab hasn’t changed the tunnels much.
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Presentation Notes
S1+obs+f3, en zoom ut, 5 rewind
Välj s2,ta bort s1
Välj 12h, sen 6h, sen 1h


Client implementation
Real time control@ Gothenburg, Sweden

* More robust operations, around the clock (plant
only manned part-time)

* Better planning for operations (collection system
and WRRF) during large rain events B o
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« Able to quantify CSO’s throughout the system

» Facilitates CSO optimization to minimize CSO
impact on the recipients (estimated potential 2.5%) g
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Presenter Notes
Presentation Notes
RTC: Möjlighet till bättre driftplanering vid stora regn.�RTC: Aktiv modellbaserad styrning av inloppspumpstationen tillgänglig dygnet runt.
RTC: Förbättrat arbete kring regnprognoser ihop med SMHI, fokus på uppföljning av hur regnprognoser stämmer med utfall och diskussioner kring korrigering för bättre överrensstämmelse. Detta kan leda till förbättrad planering av vår inloppspumpning och därigenom bättre rening och färre beredskapstimmar. �Planning: Planering för framtida utbyggnation av reningsverket med FCF Planering. (rapport finns) Även använt FCF planering i andra bedömningar av tillskottsvattenvolymer 
RTC: Möjlighet att betrakta bräddning globalt i systemet och optimera belastningen på recipienten. (dvs rapport om styrstrategier för optimerad bräddning) (modell och rapport finns, indikerat potential till upp emot 2,5% minskning i belastningen på recipienten)�Planning: Beräknat flödesförhållanden vid systemskiften i stegen mot cirkulär hantering av vatten. Med modellen är det lätt att konkret kvanitifiera effekten av till exempel återanvändning av vatten i staden eller minskat inläckage till avloppssystem i olika pågående  forskningsprojekt. (ett pågående examensarbete och ett industridoktorandprojekt).  
Some bullets from these for your presentation:
More robust operations, around the clock (plant only manned part-time)
Better planning for operations (collection system and WRRF) during large rain events
Able to quantify CSO’s throughout the system
Facilitates CSO optimization to minimize CSO impact on the recipients (estimated potential 2.5%)
 
It is mostly in terms of robust operations and “smarter” CSO’s than costs since Gryaab hasn’t changed the tunnels much.






THANK YOU

More info:

Dennis Wanninger dewa@dhigroup.com

Cecilia Wennberg cew@dhigroup.com

Sten Lindberg sl@dhigroup.com “‘ﬁ
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Real Time Control behind the scenes

Step 1 1. Data import of measurement data and processing/filtering
2. Data import of weather forecasts and transfer to model input
3. Quality control for measurement data with respect to anomalies and data mismatches
4. Data import of other relevant control variables (RISK model input)
Step 7 5. Run hindcast (and forecast) without data assimilation and validate data assimilation input
6. Run simulation with data assimilation (-24h/+72h), including weather ensemble
7. Evaluate forecast conditions and adapt control strategy to latest forecast
Step 3 8. Run forecast calculation with selected/customized control strategy
Step 4 9. Export set points and settings, as well as forecast results to SCADA/PLC

Step 5 10. Update web interface with latest results and push out any alerts/alarms (mail push) 2%
DHI




FCF modelling concept

Focused MIKE+/Urban

* Scheduled model executions
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collection systems, rivers, flooding and

treatment plants.
* Hydraulic network conditions

* Pollution transport

one place
* Sedimentation

Detailed MIKE+/Urban

 Automatic connection to meteorological data

 Automated forecasts and data analysis
* Collect measurement and modelled data in

* Integrate, model and simulate detailed
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Inflow and infiltration components

Slow Response Component

Snow
Rainfall
[Snow storage Evaporation ,
' Overlandflow """
Surface Storage &
Interflow \
Routing
Rootzone storage
Routing
Groundwater storage Baseﬂowl N

SRC

FastResponse Component

Snow

Rainfall

Snow storage Evaporation

Surface Storage |
Alternative

Surface Runoff Models

Non Linear
Reservoir
Method

Time Area

Method
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Inflow and infiltration sources
% A |:> Rainfall induced infiltration } Wet weathor flow

{ W == L d
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