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ABSTRACT

The National Survey of Wastewater Treatment Plants in Argentina showed that 81% of the
country's ponds systems present serious operating problems, directly associated with the
progressive accumulation of solids (sludge) in the stabilization ponds, leading to the clogging
of the whole system, and a direct impact on its treatment efficiency. Assuming that multispectral
images from satellite sensors show variations in reflectance values in relation to the depth of
the treatment lagoons, DNAPyS with INVAP S.E. developed a monitoring tool for ponds
systems, based on the estimation of their clogging levels by satellite images. The testing cycles
carried out by Machine Learning algorithms showed a high level of prediction for errors 0.5
meters for more than 85% of the tests, demonstrating a great capacity of the tool to generate a
correlation with the bathymetric measurements made in the field and predict the clogging levels
of the ponds treatment systems by of satellite images.
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ABSTRACT

The National Survey of Wastewater Treatment Plants in Argentina showed that 81% of the country's ponds
systems present serious operating problems, directly associated with the progressive accumulation of solids
(sludge) in the stabilization ponds, leading to the clogging of the whole system, and a direct impact on its
treatment efficiency. Assuming that multispectral images from satellite sensors show variations in reflectance
values in relation to the depth of the treatment lagoons, DNAPyS with INVAP S.E. developed a monitoring
tool for ponds systems, based on the estimation of their clogging levels by satellite images. The testing cycles
carried out by Machine Learning algorithms showed a high level of prediction for errors 0.5 meters for more
than 85% of the tests, demonstrating a great capacity of the tool to generate a correlation with the bathymetric
measurements made in the field and predict the clogging levels of the ponds treatment systems by of satellite
images.

INTRODUCTION

During 2020, the National Directorate of Drinking Water and Sanitation (DNAPyS) of the Ministry of
Infrastructure of Argentina conducted a National Survey of Wastewater Treatment Plants, surveying 376
plants across the country. Among the main results, it was observed that ponds systems represent 61% of the
existing treatment systems (Fig. 1).

Figure 1.- Distribution of treatment technologies in Argentina
In addition, 81% of the ponds systems are, in fair or bad conditions (Fig. 2). This problem is mainly

associated with the progressive solid accumulation caused by sedimentation (sludge) in the ponds, generating
system’s clogging, which directly impacts on its treatment efficiency.
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Figure 2. Condition of wastewater treatment ponds in Argentina in 2020.

At present, the usual forms of monitoring the accumulation of solids lack precise and agile measuring
instruments, so that one is limited to bathymetric measurements with manned trips over the ponds, in which
the depth is measured manually with a graduated rod. These methods are often less precise, very low cost-
efficient, logistically complicated and involve a high risk for the personnel carrying out the survey.

Figure 3. Manual bathymetric measurement, usually used to measure clogging of ponds systems

The lack of practical measurement tools, leads to difficulties when it’s needed to monitor clogging levels,
not allowing the planning of the maintenance frequency and the level of the interventions. Consequently,
untreated or inadequately treated wastewater is discharged, influencing pollution levels in receiving water
bodies and the health risks associated in downstream collection systems.

Project’s timeframe
The first stage (June-August 2022) was dedicated to define the hypothesis and research objectives. Then, the
project’s design, materials and methods were defined together with INVAP S.E., an Argentine state-owned,
high-tech company with extensive experience in the design, construction and operation of Satellite Systems.
This DNAPyYS-INVAP S.E. partnership allowed to work collaboratively, forming an interdisciplinary team
where each sector’s experience was valued to define the approach, the surveys and the expected results of the
research (August-October 2022).

During the field surveys, carried out between October 2022 and July 2023, evaluation of initial results were
made to adjust procedures and data collection needs. The systematization and processing of the data as well
as the analysis and contrast of the results, were carried out between August and November 2023.

Project’s objectives
This project seeks to address the issue through a paradigm shift, betting on the use of innovative technologies
within our reach and redefining the way these systems are usually approached.

The main objective of the project was to develop a monitoring tool for wastewater treatment ponds systems,
using satellite imagery. Additionally, the tool aims to:

e Be user-friendly, intended for water and sanitation technicians, professionals from service provider

companies, state regulatory or planning agencies.
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e Provide a quantifiable assessment for ponds systems interventions.
e It has the capability to be universally applicable to all ponds systems, using freely accessible satellite
imagery.

Project’s strategy

Satellite imagery is essential in various fields such as, urban planning, water resource management,
agriculture, and environmental monitoring. Additionally, tools like Satellite-Derived Bathymetry (SDB) allow
measuring depths in water bodies through wavelength correlations (Stumpf, R.P. (2003) and Jagalingam, P.;
(2015), among others).

The Machine Learning (ML) algorithms family has shown promising results in the application and
automation in the analysis of satellite images (Rolf, E. et al. (2021)), as well as in terms of its power in image
processing, classification, and understanding through neural networks.

The project hypothesizes that satellite images should show variations in the reflectance values of spectral
bands in relation the height of the water column in each pond that compose a wastewater treatment ponds
system. This correlation is expected to be found by training ML models with bathymetric data obtained in the
field and wavelengths obtained from satellite images.

Finally, it is expected to develop, in a second stage, an API or interface that incorporates the developed ML
models and that will allow more direct user experience, where inputs from satellite images can be added in a
simple way in order to obtain the bathymetric levels of the selected ponds.

METHODS

To obtain field data, three Argentinean ponds systems were selected: Trenque Lauquen, in Buenos Aires
Province; Campo Espejo, in Mendoza Province and Rio Tercero, in Cordoba Province. The pond selection
criteria was based on providing the ML models with the greatest heterogeneity of characteristics, treatment
conditions, scales and design types, so that the models generate predictions applicable to pond systems in
different contexts and characteristics (Tab 1).

In turn, ponds were selected that meet the minimum conditions to be able to carry out the field work:
accessibility to the lagoon system, electricity for the equipment and design depth data.
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Trenque Lauquen Campo Espejo Rio Tercero
Buenos Aires Mendoza Cérdoba
-35.967629, -62.706608 -32.783306, -68.797350 -32.155523, -64.101004
Area: 12 has. Area: 400 has Area: 24 has.

Population served: 45.000

Population served: 470.000

Population served: 53.000

AFR:6.000 m3/day

AFR:128.000 m3/day

AFR:10.600 m3/day

4 series ponds. 3 facultative
pons and 1 madurative pond

2 facultatives and 1
maduration pond

12 modules of 3 series ponds.

9 facultative ponds

Design deep: 2.5m

Design deep: 2to5m

Design deep: 2.5 m

Table 1. Characteristics of the three Argentinean ponds systems selected

The bathymetric data was obtained by navigating the ponds with a boat equipped with a Global Navigation
Satellite System (Trimble 5700 dual-frequency) with a Zephir antenna for georeferencing and a high-precision
sonar sensor (Ohmex Sonarlite, single frequency). The device sense the bathymetric data each 3 seconds,

generating a large dataset of bathymetric information.

Figure 4. (a) Ecosounder Ohmex Sonarlite. (b) Unmanned drone boat with sonar.
(c) Manned boat with sonar used in surveyed areas were could not access due the presence of
vegetation in the pond or very hag levels of settled solids close to the surface.
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In order to be able to accurately correlate measurements from different data sources (satellite and
bathymetrics by sonar), precise georeferencing of control points measured with GPS (Global Positioning
System) was carried out using the RTK (Real-time kinematic) positioning.

[,

Figure 5. (a) Example of bathymetric survey. Red point = a bathymetric data (Campo Espejo, Mendoza).
(b) Example of georreferenced deepness (Campo Espejo, Mendoza).

A dataset was created that concentrated bathymetric measurements and the reflectance values from
multispectral images (Sentinel 2). Then, a process of data analysis and variable engineering was carried out
for the proper IA algorithms implementation, including local neighborhood pixel information, data
normalization and data augmentation.

Since the original dataset has a single reflectance value per pixel and, within the pixel, there are several
bathymetry points. It was to be expected that the Al model(s) would learn to estimate the average pixel depth
value.

To analyze the viability of artificial intelligence (Al) and machine learning (ML) to clogging index
determination, the focus was centered in Boosting (XGBoost), which consist in an ensemble meta-algorithm
for primarily reducing variance to create a stronger and more precise model. Furthermore, the project’s
approach seeks to infer depth at arbitrary points within the ponds.

RESULTS
Multiple datasets were evaluated (IA models, configurations between sensor and pond systems). As an

example, the figure 6 shows the predicted bathymetry for one of the Campo Espejo ponds, and thee predicted
error obtained with the model, showing an acceptable performance.
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Real bathymetry Inferred bathymetry Inference error

Deepness (m) Deepness (m) Error

a) ¢ b)’ B c) ,

Figure 6. Results of inference on a Campo Espejo pond using a Booster model trained with data from Sentinel 2,
in 10m x 10m resolution, and bathymetric measurement data. (a) Real bathymetry measured,
(b) Inferred bathymetry, (c) Depth colored by inference error.

Considering that a single generic model is intended for all ponds systems, in accordance to the project’s
objective, the next experiment summarized the more relevant outcome achieved by the project.

The Booster model was training with approximately 70% of the data, considering all ponds measured in
the three ponds systems as a whole. Then, for model selection, a validation was carried out with 10-15% of
the reserved data to calculate the model’s performance on data not used for training. Finally, the remaining
data (15%-20%) was used to evaluate the best model again on data not used for training, but also with data
not used for model selection (validation).
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Figure 7. Model performance considering different margins of error: 0.25m, 0.5m and 1m errors.

The results indicate that the ML Booster model fed with bathymetric data and reflectance values form
satellite images (Sentinel 2, 10m resolution) from the three ponds systems, shows an acceptable performance.
Remarkable correlations were obtained in each predefined margin of error: 0.66 of the test partition data were
correct inferred for 0.25m margin of error (correlation of 66%); 0.87 for a 0.5m margin of error (correlation
of 87%); and 0.93 for 1m margin of error (correlation of 93%) (Fig. 7).
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DISCUSSION

The developed model aims to achieve a tool that allows monitoring lagoon treatment systems using input data
obtained exclusively from satellite imagery.

In turn, this model was developed to potentially measure the depths of any pond system, obtaining as output
data values that allow a general evaluation of the state of pond’s clogging for which there is no current
information, or for which the monitoring of the progressive increase of settle solids cannot be reached.

Thus, having achieved bathymetric estimations by means of satellite images, with predictions of 87% for
error margins of 0.5 and 93% for error margins of 1 m are considered more than acceptable to be able to
evaluate the condition in which the lagoon system is, which serves to define interventions on the system or
field measurements of greater precision.

CONCLUSIONS

This work shows that the developed model has the capacity to indirectly estimate bathymetry’s pond, and then,
knowing the design construction deep of the pond, to inference clogging levels, make temporal comparisons,
and prioritize interventions on ponds systems.

At the same time, represents a qualitative leap in terms of technological innovation for the management of
wastewater treatment pond systems, allowing their monitoring in an agile, centralized and efficient way, since
it allows the evaluation of several lagoon systems at the same time, without the need for field measurements
and using a free access satellite resource.

The obtained results are encouraging, they provide basic information and relevant procedures for the
development of a tool that allows estimates of the ponds systems state, which could be enriched with more
bathymetric information.

In turn, the development of a user interface offers a high potential for application, allowing utilities, control
agencies or third parties to have a diagnostic tool to manage ponds systems, and to prioritize interventions on
different ponds systems, through the implementation of an alert system to predict the progress of clogging.
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