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Summary of key findings

A biofiltration model has been developed for the Seine Aval (SAV) wastewater treatment plant (WWTP)
which is being upgraded. The model is based on the biofiltration models found in literature containing
submodels for filtration and nitrite accumulation. Several improvements to the model are realized with
respect to mass transport and biological reactions. Evaluations of energy consumption (aeration and
pumping) and environmental impact (N0, equivalent CO, emission) are also integrated in the model.
The model was first calibrated and validated for a BIOSTYR® nitrifying biofilter process with datasets
collected before and after the upgrade of the plant. The simulation results show that the calibrated model
can well describe the nitrification performance of the process for different treatment configurations
using the same parameter values.

Background and relevance

Urban wastewater treatment is nowadays facing different challenges (population growth, protection
water resources and ecosystems and adaptation to increasingly strict environmental laws and policies)
which requires WWTP to improve their treatment capacity and quality (Carey and Migliaccio, 2009).
The Seine Aval (SAV) plant, which is the largest WWTP in Europe (5 million PE), has been upgraded
since 2009 in order to increase its treatment performance. More intensive processes such as membrane
bioreactors (MBR) and biofilters are currently being introduced in the plant. The performance of the
upgraded plant should be evaluated in terms of nutrient removal quality, economic cost and
environmental impacts. As mathematical process models have become useful tools for the performance
evaluation and decision-making in the life cycle of WWTP (Rieger et al., 2012), SIAAP
(Interdepartmental association for sewage disposal in the Paris agglomeration) launched the
NEXTSTEP project, which aims at developing a whole plant model for the Seine Aval plant.

The modelling work firstly focused on the 3-stage biofiltration process. A biofiltration model based on
models available in literature (Bernier et al., 2014) has been implemented in WEST® (DHI, Horsholm,
DK) with several improvements: First, in terms of mass transport, diffusion between bulk liquid and
biofilm is limited by a boundary layer with variable thickness rather than the constant thickness
boundary layer implemented originally (Ohashi et al., 2012). Because of the interest in effluent nitrite
and greenhouse gas emissions, biological nitrification and denitrification were considered as multi-step
reactions (Pocquet et al., 2016; Hiatt and Grady, 2008). Simplified equations for energy consumption
for aeration and pumping have been integrated in the model (Gernaey et al., 2006; Wu et al., 2005).
Using the Monte Carlo based approach of Sin et al. (2008), the model has first been calibrated for the
nitrification stage over a short period (from mid-July to mid-August 2009) before the upgrade of the
plant. The identified parameter values were then adjusted manually according to simulation tests over
short (from mid-August to mid-October 2009) and long periods (year 2009). Final validation of the
model has been realized with long period datasets collected after the upgrade (from mid-April to mid-
October 2017). Several intensive measurement campaigns (with sensor data every 15 minutes) have
been used for calibration and validation. A similar procedure is currently being used for calibration and
validation of the pre/post-denitrification stages.

The objective of this presentation is to share the methodology and results of the comprehensive
modelling work for the biofiltration treatment line in the Seine Aval WWTP as well as to show the
potential of the application of the model as a tool for treatment optimisation.
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Results

The simulation results for ammonia removal in the nitrification stage before and after the upgrade are
shown in Figure 1.1. Statistical scores for model performance are summarized in Table 1.1. Estimations
of energy consumption for aeration and pumping for 2017 are shown in Figure 1.2. The average emission
factors (EF %) for NO for the two simulation periods are 5.75% and 6.25% respectively.

Discussion

According to the simulation results, ammonia removal in the nitrification stage is slightly overestimated
by the model, but the variations of effluent NH,* concentrations are well simulated. The simulated nitrate
concentration is higher than that observed in the effluent which confirms the overestimations of
nitrification, and also suggests that the denitrification in the deep biofilm needs to be strengthened. The
model prediction performance for 2017 is better than for 2009, which is partially due to the availability
of measurements of soluble COD in 2017. This allowed to improve the influent fractionation. The
estimation of energy consumption for aeration and pumping is very good, and allows to perform cost
and environmental impact assessment and conduct optimization studies. N,O emission was not
monitored in the simulated periods. However, the estimated N-O emission factor falls within the range
found in literature (Bollon et al., 2016). The following step of the modelling work is to apply the model
for the two denitrifying stages and construct a model for the whole treatment line.
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Figure 1.1 Simulation results (blue line with dots) and observations (orange dots) for the effluent NH4*
concentration of the nitrification stage under different configurations. a Before upgrade; b After upgrade
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Figure 1.2 Estimation of daily energy consumption for aeration and pumping of the nitrification stage in
2017 (blue dotted line: simulated aeration energy consumption; black dots: observed aeration energy

consumption; red dotted line: simulated pumping energy consumption; Triangles: observed pumping
energy consumption).

Table 1.1 Statistical score results for the nitrification stage simulation in 2009 and 2017.

Scores for 2009 NH4* NOs DO NO2 | COD TSS PO4*
Number of validated observations (n) 27048 | 34272 | 33313 329 331 332 329
Observed mean (mg/L) 5.55 34.04 6.63 0.78 62.27 | 21.58 0.39
Root mean square error (RMSE) (mg/L) 3.55 5.34 0.88 0.61 15.07 | 11.84 0.16
Scores for 2017 NHs* | NOz DO NO2 | COD | TSS | POs*
Number of validated observations (n) 14841 | 14841 | 17226 178 180 180 180
Observed mean (mg/L) 2.30 19.12 6.40 0.77 | 4152 | 1068 | 0.76
Root mean square error (RMSE) (mg/L) 1.52 3.13 1.18 1.03 5.39 3.38 0.19
References

Bernier, J., Rocher, V., Guerin, S. & Lessard, P. (2014) Modelling the nitrification in a full-scale tertiary biological aerated
filter unit. Bioprocess and Biosystems Engineering, 37(2), 289-300.

Bollon, J., Filali, A., Fayolle, Y., Guerin, S., Rocher, V. & Gillot, S. (2016) N20 emissions from full-scale nitrifying
biofilters. Water Research, 102, 41-51.

Carey, R.O. & Migliaccio, K.W. (2009) Contribution of wastewater treatment plant effluents to nutrient dynamics in aquatic
systems: a review. Environmental Management, 44(2), 205-217.

Hiatt, W.C. & Grady, C.P.L.Jr. (2008) An updated process model for carbon oxidation, nitrification, and
denitrification. Water Environment Research, 80(11), 2145-2156.

Ohashi, H., Sugawara, T., Kikuchi, K.I. & Konno, H. (1981) Correlation of liquid-side mass transfer coefficient for single
particles and fixed beds. Journal of Chemical Engineering of Japan, 14(6), 433-438.

Pocquet, M., Wu, Z., Queinnec, |. & Spérandio, M. (2016) A two pathway model for N20 emissions by ammonium
oxidizing bacteria supported by the NO/N20 variation. Water Research, 88, 948-959.

Gernaey, K., Nopens, I., Vrecko, D., Alex, J. & Dudley, J. (2006) An updated proposal for including further detail in the
BSM2 PE calculation. Internal BSM2 taskgroup document.

Rieger, L., Gillot, S., Langergraber, G., Ohtsuki, T., Shaw, A., Takacs, |. & Winkler, S. (2012) Guidelines for Using
Activated Sludge Models, IWA Publishing, London, UK, ISBN: 9781843391746.

Sin, G., De Pauw, D.J., Weijers, S. & Vanrolleghem, P.A. (2008) An efficient approach to automate the manual trial and
error calibration of activated sludge models. Biotechnology and Bioengineering, 100(3), 516-528.

Wu, Y., Chen, Q. & Liu, S. (2005) Fans and Compressors (first edition), Tsinghua University Press, Beijing, China, ISBN:
9787302101000 (in Chinese).



m IWA Nutrient Removal and Recovery Conference

the international . g
water association 18 - 21 November, Brisbane, Australia

Presenting Author

Jialu Zhu
Sorbonne Universités, EA 4297 TIMR UTC/ESCOM, UTC, CS 60319, 60203 Compiegne
cedex, France

Is the presenting author an IWA Young Water Professional? Y

Bio: Jialu is a 2nd year PhD student of University of Technology of Compiegne. Before his
PhD study, he participated in the dual degree program between Shanghai University (SHU)
and University of Technology of Compiegne (UTC). He obtained an engineer’s degree in Bio-
engineering. His PhD project focus on simulating the performances of the upgraded Seine
Aval WWTP (SIAAP, Paris) and optimizing the strategy of treatment by using mathematical
models (NEXTSTEP project).




