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Integration 1 single platform

Integrated Model
Calibrated + Validated Surrogate Sub-Models

100
nodes

o ‘ ‘ ‘ ‘

Separate Detailed Physical Models
Calibrated + Validated Individually
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Integration i single platform (DHI WEST)
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Advantages

AOne single model:
AMass and information flows (impact on receiving
water, integrated Real Time Control)
AA very fast simplified model:
ALong-term simulation (10y in 3h)

AMany scenarios

AMonte Carlo for Uncertainty/Sensitivity Analysis




The Eindhoven system
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Complex combined
wastewater system

Large area with severe
Impact on vulnerable
surface water

10 municipalities
750,000 PE WRRF
>200 CSOs
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The Dommel River: ecological quality

Present situation

WFD ecological quality ranging
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The Dommel River: ecological quality

1. Chronic effects due to nutrients

2. Acute effects due to peak loads
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Challenge

AComplex system subject to dynamic impacts

AlLarge estimated CAPEX( 155 MG disuavdi t h
solutions (sewer volume, increased treatment)

AData and model needed to understand how to

achieve the objective at minimum cost
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Modeling and monitoring

1. model development

sewer model WRRF mode| |river model
(InfoWorks) (WEST) (Duflow)

N\

Integrated model
(WEST)

cost model

2. model analysis

N

global sensitivity analysis

3. model application

/

™

‘la. current infrastructure

(RTC)

b. additional measures
(including RTC)

c. robustness check

Water Environment
Federation
the water quality people”




The WEST model
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Results sewer RTC: storm event
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Results sewer RTC: 10-year evaluation
(potential ecological status, UPM FIS)

NH, Duration of the event current RTC NH4-DO
1-5H6-241>241
Tolerated 12| 1.5 0.7 | 0.3 |4 15.5 80.745.4 38 2| 14.3 34.9 10.8
frequency 4 2 1.2 | 0.5 20.9 62.7124.14 7.9 15.q 0.8
per year 1] 25 1.5 | 0.7 23.9 52.2 9. 4.2 8.0 0.3
0.2] 4.5 3 1.5 2 83 6.8 0. 2 0.14 0.2 0.1

DOcritical Duration of the event
1-516-24RQ>24n

Tolerated 121 5.5 6 7 2 6.2 38.8 6.1 32.9 30.7
frequency 41 4 5.5 6 4 5.8 40.6 2.4130.2 25.4
per year 1 3 45 | 55 4 2.0 23.8 0.5/ 14.0 18.6

0.2 15 2 3 2 0.2 1.1 0.0 0.9 1.7
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River Aeration vs. (200k m 3) Storage Volume

bigger event smaller event

in the river
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Storage Volume (200k m?®)  River Aeration
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Scenario analysis: water quality

: : WWTP
current situation
NH, Duration of the event S066 S000 S017 S010 S008 S031
1-506- 24> 241
Tolerated | 12| 15| 07 | 0.3 |12l od 614 2 03 1.6 0442 06187 9.5 2808 22.6 77 4 11.160.445.4
frequency | 4| 2 | 1.2 | 05 0.9 16 0. 00 01 o123 0q 24 3. 31.065.1 12.954.436.4
per year 1| 25| 15 | 07 |22 00 07 o. 00 00 odt24 od 07 1. 32.951.0 11.141.d18.4
02 45| 3 | 15 0.9 00 o 0.0 00 o. 4 00 00 0. 43 2.2 4 00 07 03
DOcritical | Duration of the event
1-5H6-24> 24
Tolerated | 12| 55| 6 | 7 0.6 48 4044 2d16d22dd 3 3[ 48134 9.0 11.¢ 6.9353 4.1]38.6 30.7
frequency | 4| 4 | 55 | 6 |a2il 02 22 o. 4 02 87 6.d2B4 23 95 49 41 4.236.0 10239184
per year 1] 3| 45 | 55222 01 od o. 0.0 2.1 2.4 2068 0.7 50 13 25 1.5205 0.3 9.011.6
02 15| 2 | 3 0.9 09 o. 0.9 0d o 0.9 00 0.5 0. 0.9 0.7 01 04 15
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Scenario analysis: water quality

scenario WWTP
(RTC + riv.aer. + CEPT)

NH, Duration of the event S066 S000 s017 S010 S008 S031
1-5H6-24Q>24H
Tolerated 12| 1.5 0.7 0.3 211 0.6 2| 0.4 14.8 6. 1.9 7. . 2 2(3.2
frequency 4 2 1.2 0.5 0.0 3/0.00 1.4{4. 0.9 0.4
per year 1] 25 1.5 0.7 2 2|0.0 4/0.00 0.5 1. 0.0 0.0
0.2 4.5 3 1.5 0.0 4/0.0 0.0/0. 0.0 0.0
DOcritical Duration of the event
1-5H6-24Q>24H
Tolerated 12| 5.5 6 7 0.3 2 2/0.00 8.08. 2| 0.0(0.0
frequency 4 4 5.5 6 0.1 0.0 0.0 1. 0.0[0.0
per year 1 3 4.5 5.5 0.0 0.0 0.0(0. 0.0/0.0
0.2 1.5 2 3 0.0 0.0y 0.9o. 0.0/ 0.0
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Qutcome 00 Smar t measur e

A Operational control: best use of existing
Infrastructure (RTC)

A Sewer-South
A WRRF

A Requiring (limited) investments
A Surface water aeration
A Effluent aeration
A Some changes at the WRRF

ASt epwi se i mplementation:
(5-y cycles: modeling -implementation -monitoring)

Water Environment
Federation
the water quality people®



Conclusions

Problem:
A Complex, dynamic, expensive
Solution:

A Integrated model that allows to handle the complexity
and to make decisions based on sound science

A Significant savings compared to initial budget
(now app. 40M EURC app. 75% saving)
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Odense

3" largest city in Denmark
Ca. 192 000inhabitants
Birth place of H.C. Andersen
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Pressures

Climate change
Urban development

Water Framework Directive 0o

Good Environmental Status

Reduction of CSOs
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