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Introduction

Importance of dynamic influent time series

= Assessing the performance of a plant under
dynamic flow and loading conditions

= Devising an optimal control strategy

= Probabilistic performance of a plant in
meeting the effluent standards

= Incorporating the effect of projected
changes
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Introduction

Previous studies

= Regression models (Rousseau et al., 2001)
= Univariate time series models (Martin et al., 2007)

= Phenomenological models (Gernaey et al., 2011)
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Targets

Development of a dynamic influent generator

v" High temporal resolution (15-minutes)

v’ Same statistical properties as the observed time
series

v Needs only basic information

v Not computationally-expensive
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Methodology

Two different conditions must be considered:

1. Dry weather (DW)

2. Wet weather (WW)
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Proposed influent generator
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Proposed influent generator
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Methodology-DWF

Different influent patterns in DWF
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Methodology-DWF

Multivariate, periodic autoregressive model
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Methodology-WWF

CITYDRAIN model

= Generation of flow and pollutants
= Flow (initial loss and runoff coefficient)
= Solid pollutant (accumulation-wash off)

= Routing of flow and pollutants (Muskingum)
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Methodology-WWF

Catchment block

Rainfall
(Markov chain exponential model)
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Methodology-WWF -,

= Bayesian model calibration

= Assigning an initial distribution to uncertain
model parameters (Prior distribution)

= Updating the prior distribution using a
Bayesian framework 4 Posterior distribution

Prior distribution

Probability

Parameter
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Results

Case study: Eindhoven (NL)

Main components of the
Eindhoven area wastewater
system

(750,000 PE)

® wwip Eindhoven catchment area:
— free flow conduits ‘ Nuenen/Son
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Data availability

Daily rainfall data (more than 40 years)

Hourly rainfall data (2 years)
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Influent flow, COD_S, COD _tot, TSS, NH4 (1 year)

Temperature (air: 40 years, wastewater: 1 year)
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Results-DWF

Capturing daily periodicity
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Results-DWF

TSS concentration (3 realizations)

1200
1000
800r
600~
400r

200y

TSS concentration (mg/lit)

08 :00 04‘:00

08:00

12:00

Time (hour)

16:00

20:00

- Influent Generator for Probabilistic Modeling ...(Talebizadeh et al.)

00:00

Results-DWF

Correlation matrices

Observed Time Series
Flow | COD S |COD TOT| TSS NH4
Flow 1.00
COoD_S -0.11 1.00
COD TOT | -0.04 0.77 1.00
TSS 0.06 0.32 0.80 1.00
NH4 -0.43 -0.04 -0.06 -0.04 1.00
Generated Time Series
Flow | COD S |cOD TOT, TSS NH4
Flow 1.00
COD_S -0.12 1.00
COD _TOT | -0.06 0.77 1.00
TSS 0.05 0.33 0.81 1.00
NH4 -0.46 0.00 -0.02 -0.03 1.00
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Results-Rainfall

Capturing seasonal variations [P(WIW) P(DIW)J
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Results-Rainfall o
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Results-Rainfall
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Results-WWF

Bayesian model calibration
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Results-WWF

Bayesian model calibration
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Results-WWF

Bayesian model calibration
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Results-Random generation

Time series of 1 week of generated data

Rainfall
(Markov chain exponential model)
CATCHMENT CSS
| WWF
~
DWF
(Multivariate AR model)
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Results-Random generation

Time series of 1 week of generated data
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Results-Random generation

Time series of 1 week of generated data
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Conclusion and next steps

Development of a set of statistical and conceptual
models for synthetic generation of influent time
series

v" Successful application of a multivariate time series for
DWF simulation

v' Mathematically sound techniques for rainfall time series
generation

v" Application of a conceptual model with stochastic inputs
and uncertainty propagation to estimate the range of
output variables

v Not computationally expensive (5-7 minutes for the
generation of a year-long influent time series)
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Conclusion and next steps

Probability of meeting effluent standards

Stochastic input provided by
influent generator

T R
-rr I [RR——

Other sources of uncertainty : L'“ .‘
- model parameters

- wastewater composition ‘ ‘ 1l

Probability of non-compliance
with effluent standards
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