18th European Symposium on Computer Aided Process Engineering – ESCAPE 18

Bertrand Braunschweig and Xavier Joulia (Editors)

© 2008 Elsevier B.V./Ltd. All rights reserved.


2

O. Daniel et al.
Novel parametric and non-parametric approach for the online and real-time evaluation of the variability of an effluent (EVE)

3

Novel parametric and non-parametric approach for the online and real-time evaluation of the variability of an effluent (EVE)
Olivier Daniel,a Marie-Pierre Denieul,a Cyrille Lemoine,a Marielle Costea

a VEOLIA Environnement R&D, Centre de Recherche sur l’Eau, Chemin de la Digue, BP-76, 78603 Maisons-Laffitte Cedex, France 

Abstract

Variations of the organic load of industrial wastewaters constitute a major risk for wastewater treatment plants operation and its constitutive processes, especially for biological processes. Being able to prejudge the potential risks which could provoke the loss of the biomass (in the case of a biological treatment) and the degradation of the treatment is one of the major stakes in order to have reliable treatment processes. There is therefore a real need of operating decision support tools for the identification of the influents, which could harm the treatment process efficiency or integrity, with the emission of an online alert. This paper presents a new approach based on parametric and non-parametric measurements for the online and real-time evaluation risk in industrial wastewater treatment plants (WWTP). The developed detection algorithm involves statistics and fuzzy logic computation in order to determine abnormality levels, which are displayed to the operator as green, orange and red lights to translate the variability of the wastewater quality. This approach has been evaluated on an industrial WWTP receiving the influents of chemical industries: the results obtained with parametric measurements, non-parametric measurements and the coupling of parametric and non-parametric measurements are presented.
Keywords: Online monitoring, multi-criteria measurements, fuzzy logic
1. Introduction
Variations of the composition and organic load of influents constitute a major risk for industrial wastewater treatments, which has to be taken into account by operators. The treatment plant can be disturbed and some processes could sometime be damaged, especially biological processes. The question is “How could we evaluate the influent risk for the treatment?” Two key issues already exist: operators need firstly online information to react on time and prevent water treatment lakes or adjust processes set points. Secondly, industrial wastewaters are complex water matrix and people don’t know most of the time what they are exactly looking for.

Influent quality measurements were developed since many years. Different strategies already exist and are linked to the sensors technology evolution. The classic one is to use lab-scale methodologies as COD, TOC, TSS measures or more specific ones like chromatography techniques and HPLC-Toxprint.[1] All these analyses are realized offline and do not take into account the time evolution of the influent and its variation depending of the sampling points. Moreover, they don’t give information about the influent treatability.

However, new online methods and analysis equipments were developed during the last years for online and onsite monitoring of wastewaters.[2-3] Physicochemical parameters like pH, temperature, NH4 or NO3 are usually used but are not really relevant indicators for all influent changes. Other methods do exist to evaluate global toxicity: respirometry is an example, but these methods are not yet user-friendly even if many advances were done [4]. Moreover they are most of the time focused on one process type. To conclude, online parametric measurement is limited by the number of components which can be under survey. 

In the case of industrial wastewater influents, a global water quality evaluation approach is also needed to complete classic measurements. Some systems consist in using non-parametric measurement as online UV-VIS spectrophotometry. The UV-spectrum is considered as an influent fingerprint and changes in the spectrum are analyzed.[5-7] Most of these methods use known database to compare the measured spectrum with pure components responses.[8-10] Others are based on time-resolved spectrometry to define alarm parameters from spectral data [10, 11].

This paper presents a new approach for the online and real-time risk evaluation based on parametric and non-parametric measurements. The developed detection algorithm uses fuzzy logic and statistic to process the time-evolution of the measured data as well as their simultaneous evolution compared to each other. Tendencies are then released and displayed to the operator as green/orange/red lights to translate the variability of the wastewater quality. 

2. Methods
The variability analysis is based on changes detection in parameters values (single parameter tendencies) as well as changes in between several parameters values (cross parameters tendencies). The detection consist in evaluating variation of values compared to historical data set, and compute variation together to detect abnormal changes. The detection involves statistics and fuzzy logic computation [12] in order to determine abnormality levels.
The method allows the user to select key parameters used for the detection. It is possible to evaluate variations of any parameters to obtain a single and global variability indicator. There are also severity criteria applied on each calculation, so as to make the algorithm as sensitive as possible.

The global variability level is finally displayed as a colour indicator, quickly and easily understandable as a warning level: green means everything’s OK, orange indicates that a slight variation has been detected, while red means that abnormal variation occurred.

2.1. Detection algorithm
The detection procedure is focused on the analysis of variation within collected data. Having considered a set of available values, a.k.a. parameters, several calculations are run through these ones.
2.1.1. Calculation of internal derivative values of each parameter
The internal derivative values represent the variation of a value on a time basis. It is used to detect abnormal changes of a specific parameter. Collected values are stored in a database, of which a predefined numbers of values are used for the next calculation. Thus, significant data set evolves with acquired parameters, so that older values become less significant, compared to most recent ones. This also allows the algorithm to consider the global process evolution
2.1.2. Calculation of cross derivative values between selected parameters
The cross-derivative represent the variation of two normalized value compared one with another. This is useful to detect abnormalities in the behaviour of two parameters. During the detection process, combinations of available parameters are used for the cross-derivative calculation.
2.1.3. Computation of mean and standard deviation of each internal and cross derivative values 
Mean and standard deviation of a predefined number of these derivative values are also calculated in order to qualify a value in comparison with other ones.

2.1.4. Fuzzy logic analysis 

· Calculation of normality level for each internal and cross derivatives values
The second computation step involves fuzzy logic. It is used to determine the likelihood of a value with the mean value. Thanks to the standard deviation, it can be assessed that a derivative value “far from the mean” is a significantly abnormal value.
· Combine normality levels into a global warming level
The next step consists in gathering fuzzy logic results into a single one. This implies the use of inference rules. These statements determine how two or more fuzzy results are to be considered as a single one. 
· Alerts attribution : No variation, slight variation or abnormal variation
The last step is a translation of the inference result into an alert level. The algorithm uses one last time fuzzy logic calculation, run through inference results, to determine which alert level the currently scanned sample deserves. The alert level is chosen among normal, slightly abnormal and strongly abnormal.
This detection strategy has been successfully tested with non parametric measurements which consisted in UV-visible absorption spectra [13]
2.2. Software tool
A piece of software implements the detection algorithm. It is helpful to run batch and on-line measurements. In batch mode, the user has access to multiple configuration parameters, especially the sensitivity and the available measurements.
Thanks to this software, it is possible to select a combination of parameters to be computed, as well as fuzzy-logic parameters, such as inference rule and sensitivity criteria. 
In addition to this, many options help the user display and analyse collected data through plotting tools and database exploration. It is also possible to manage multiple databases.

The tool computes on-line alert level based on detected variability and updates the display or any communication medium in real-time with the associated colour. This colour mimics traffic lamps. In terms of variability, green means that nothing abnormal is detected. Orange light indicate a slight change in the variability, while red means a major variability.
The software is designed to be able to communicate with measurement devices, in order to gather any data needed.

The algorithm is able to detect abnormalities in the variation of various parameters, whether absorption spectra or parameterized values. It is possible to adjust the sensitivity with the use of tuning parameters. This will roughly determine the number of red alert detected. There is another possibility to fine-tune the algorithm to avoid unwanted detection, which consists in analysing a smaller part of the absorption spectrum. In the case of parameterized values, the same behaviour applies, regarding the sensitivity criteria.

2.3. Case study : analysis unit and application

In order to evaluate this novel approach applied to parametric measurements as well as non parametric ones, a mobile analysis unit has been developed for the online detection of the quality variation of influents. This unit includes a sampling system, a dilution system of the influent to analyze, different probes for parametric measures (pH, oxydo-reduction potential (ORP) and temperature) and a UV/VIS-spectrophotometer (non-parametric measures). It also integrates the detection algorithm that has been implemented in the software.
The analysis unit has been tested on industrial wastewater treatment plant which receives the influents of chemical industries in order to evaluate online the variability of the incoming wastewater into the activated sludge treatment.

3. Results

Experiments were run with the following parameters: influent temperature, ORP and pH measurements, as well as the UV-visible absorption spectrum, used as a non-parametrical fingerprint of the influent. The software tool is able to manage multiple absorbencies values in the following way: an absorption value at a given wavelength is treated as a separated parameter. In order to restrict the number of calculations, the software tool only compares a given absorption value with its direct neighbours, in terms of measured wavelength. Therefore, a preceding step is necessary to translate the UV-visible spectrum, which is a vector of multiple absorption value, into a single one. Next, all of these values were computed together in order to obtain a global warning level.
Although it is possible to set up detection in the case of UV-Visible spectra and parameterized values, it is relevant to consider detection realized with both parameterized and non-parameterized values. It can easily be imagined that wavelength measurements largely outnumber other measurement, such as pH or ORP, which could lead to a biased result, in favour of abnormalities detected in the UV-Visible spectrum. 
The following figures represent the alert level recorded in a database build over one month. First figure is the result of an analysis using only UV-visible absorption spectrum. The second one is on the other hand the result of an analysis run only on (normalized) parameterized values. 
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Figure 1: Alert level detection with UV-Visible spectra database

The light grey baseline represents the “no alert” level, which means that nothing abnormal can be outlined with the provided tuning parameters.

The dark grey bars correspond to the first alert level, whereas black bars are the highest alert level the algorithm can detect.
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Figure 2: Alert level detection with database fed with parameterized values

One can observe that different sample are detected as critical (represented with black bars), depending on the original database. This means that different abnormality may only be detected thanks to specific measurements (UV-visible absorption spectrum or parameterized value). The last figure is the result of the detection algorithm when using a simple concatenation of every available measurement.
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Through these results, it can be seen that the combination of both parameterized and non-parameterized value can be used to define abnormality levels, although a given sample does not necessary receive the same alert level, depending on the source database.

The developed algorithm and its implementation in a specific piece of software is the starting point for an on-line abnormality detection unit. It still has to be fine-tuned, in order to meet detection requirements, in terms of correct alerts occurrences for instance.

4. Conclusion
The developed system allows a high selectivity of the alarm quality: it possible to configure the device such that false alarms become unlikely. This detection is thus an online monitoring tool for wastewater. Thanks to fuzzy logic normalization properties, it is possible to use any configuration of available measurement.

This new approach in determining the variability of an influent allows the detection of abnormalities with any available measurement. Tendencies are detected and displayed as red/orange/green lights to translate the variability of the water quality. A comparison between alerts detected using only non-parametric values, parametric values and a combination of them proved that major abnormalities could be detected. Moreover, abnormalities are now detected before their consequences, while a real-time alarm system can alert an operator of a change in the water quality and the need for preventive actions, like for example directing the influent to an intermediate storage tank.
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