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Abstract— The sewerage is a critical infrastructure in cities
because of the drainage of the urban runoff and the evacuation
of the wastewater. Two types of sewerage, separated sewerage
and combined sewerage, can be differentiated. In this paper, we
show the application of a level sensor and a rain sensor for
monitoring the separated sewerage. The level sensor is used for
knowing if there is a critical level of water in the sewerage. The
rain sensor is used to know if it is raining. The combination of
this information allows the identification of three scenarios.
These scenarios are normal situation, low drainage and illicit
discharge/blockages in the pipeline. In addition, we study the use
of sensors and mathematical models for monitoring the velocity
of the wastewater. We concluded that the use of mathematical
models is a good option for monitoring the velocity. Because
with exception of the thermal sensors the other types of sensors
show important gaps. The velocity is used to estimate the flow
that is dumping in the water bodies. We use an ESP32 board
program with Arduino IDE for data collection and sending the
data to a server on the same network via Wi-Fi. The server is a
computer that processes the data. We present the programming
code and the ports that should be used for transmitting the data
from Arduino to computer server.

Keywords—WSN, Wastewater, Level sensors, Rain Sensors.

L INTRODUCTION

The sewerage networks are the infrastructure that allows
the transport of the residual water to wastewater treatment
plants (WWTP) and prevents flooding by rainwater in urban
areas. The use of sewerage started in 3750 AC. However, the
first modern sewerage was designed in Hamburgo in 1842.
The use of these infrastructures has been demonstrated to be a
measure for reducing the mortality of the population [1]. We
can differentiate between two types of sewerage, separated or
combined sewerage [2-3]. The difference between these two
systems is the drainage of the rainwater. In the combined
system the runoff of rainwater (in urban area) is collected in
the same pipes as the wastewater. This water will go to a
WWTP where it will be treated. In the separated systems, the
wastewater and runoff go in separate pipes. In addition, in
some sewerage-separated systems, the domestic wastewater
and industrial wastewater have different pipes. The
wastewater will go to a WWTP and the runoff will be poured
into a body of water (river, lake, sea, etc.).

The combined sewerage is typical of the centre of the cities
by inheritance from the constructive methods of past eras. In
the new areas of urban expansion, the separate sewage system
is more common. The construction of separated sewerage is
more expensive than combined sewerage because it is
necessary to place two pipes. In separated sewerage, the
rainwater is not treated in WWTP, which reduces the
maintenance cost.
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Regardless of the type of sewerage, some problems are:
broken pipes, the runoff rainwater, lack of power or failure in
pumps and the pipeline blockage [4]. The sewerage networks
have overflow channels in different points of its distribution.
These are located in an upper bound of the pipeline. These
overflow channels are used to transport the excess water.
These situations will happen when the sewerage is blocked or
too much water enters (storm events). In storm events in
separate sewerage, the wastewater can enter into the storm
sewerage, if combined sewerage is connected to separate
sewerage. Xu et al. studied the non-stormwater in storm
drains, in the city of Shangai. They concluded that 51% of
water was an inappropriate entry of sewage flow into the
storm drains [5]. However, different studies have been
showing high contamination levels in the runoff rainwater in
the separate sewerage [6]. In addition, the presence of illicit
connection or wastewater pipes that discharged in the
rainwater is hazardous of water bodies because the water is
not treated. WSN have been developed in the last years for
monitoring the environment, smart cities, e-health, etc.
Different architectures have been developed in smart cities
[7], farming [8], industry [9], health [10], etc.

In this paper, we propose a system based on level sensors
and rain sensors for monitoring the water level in separated
sewerage. In addition, we study the application of sensors and
mathematical models to measure the water velocity in the
pipes. The sensors are connected to microcontroller ESP32
module to send the data to a computer server. The computer
server will treat the data to generate the different alarms of the
three possible scenarios. The level sensor is located in the trap
of sewerage to monitor the level of water. When rain sensors
and level sensors have a negative answer, the sewerage is ok.
This will also happen when water is detected in the sewer and
rain, that will indicate that rainwater is being drained. When
the rain sensor does not detect rain, but the level sensor detects
water the system sends an alarm. Because if the system detects
rain but does not detect water in the sewerage this is an
indicator of problems in the drainage system.

The rest of the paper is structured as follows: Section II
shows the related works. In section III, we study the different
sensors and mathematical models for monitoring the water
velocity in the pipes. In the section IV, we show the algorithm
of decision. In the Section V we show the programming that
we use for data recollecting and sending it to a server. In
section VI we show the simulation of the different scenarios
of our system Finally, in section VII we presented the
conclusions of the work and future works.

II. RELATED WORK

In this section we analyze different studies related to
monitoring the sewerage.



Rocher et al. [11] showed an inductive sensor for
monitoring the water level in a pipe. The sensor was based on
two coils. A coil is powered by a discontinuous current and
the other coil is induced. This system has been tested in
pipelines of 32 mm. See et al. [12] showed a system based on
ultrasonic level sensors for monitoring the blockage in
sewerage. The system detects if the level of water in the
pipeline is high, normal or low. If the water level is high the
sensor node sends an alarm. They used Zigbee connection for
saving energy and every node is connected to a data gatherer,
for managing the data. These systems are used for measuring
the water level in the pipes just as we proposed. However, they
do not take into account the rain. For this reason, in a storm
event, these systems will generate a false alarm.

Khulief et al. [13] studied the use of two hydrophones
(B&K PULSE type 3560-B) for measuring the presence of
leaks in pipes. They used the hydrophones for data acquisition
and a PC for processing the data. The leaks generate a series
of acoustic waves that can be measured with the hydrophones.
The system has to differentiate between the acoustic waves
generated by a leak and the other wave sources.

Irvine et al. [14] studied different parameters for
measuring that have a low cost in a laboratory to detect
clandestine waste discharge. They investigated in the
sewerage of Western New York State. First, they performed a
visual reconnaissance of the storm sewerage system. They
tested different parameters for detecting illicit wastewater and
determining the best parameters for tracking the illicit
wastewater dumps. These parameters are pH, conductivity,
Escherichia coli (microorganism), ammonia, nitrate, fluoride,
total chlorine, potassium, detergents, phosphorous, and,
turbidity. They were used for detecting illicit discharges
especially the presence of Escherichia coli. Hauser et al. [15]
have used pH, conductivity and chloride electrodes for
detecting clandestine waste discharges. In these articles
different parameter values were used for detecting the illicit
discharge. The problem is the cost of monitoring these
parameters. Our system cannot analyze the value of the
pollutants. However, we think that it can detect the discharge
and that the responsible personnel can take a water sample.

Talukder et al. [16] presented a system for preventing the
blockage in pipes. They used an arduino as a microcontroller,
NRFmodule, acoustic sensors and a servo motor along with its
power supply. The system is located on the pipe with a lifting
platform that filtered the water and the materials that can block
the pipe. When the acoustic sensor detects an accumulation of
waste material the system starts with the servo motor the
platform rises and pours the contents out of the pipe.
Dhananchezhiyan et al. [17] developed a robot for removal of
blockage in the sewerage. The robot uses an infrared
proximity sensor for detecting the presence of blockage in the
pipe. The robot has a manipulator disc for removing the
blockage. These systems are designed for the elimination of
blockage in the pipelines. However, they cannot be placed
continuously in a pipe because its moving parts would be
blocked in a short time.

Nienhuis et al. [18] proposed the use of Distributed
temperature sensing with fiber-optic cable for detecting illicit
connection in storm sewerage. The system is based on the
difference of temperature between the stormwater and the
illicit water. In this case, the illicit discharge can be identified,
however, they cannot detect the presence of a blockage. In
addition, in the event of a storm the temperature of the water

may be different according to its route, which causes false
positives.

In this paper, we present a system for monitoring the water
level and velocity of the water in the pipes. The different
acoustic systems presented do not take into account the rain.
The other systems presented systems to eliminate the blockage
in pipelines. However, these systems have moving parts that
is not recommended in sewerage. Finally, different authors
propose the use of different parameters for monitoring the
illicit discharge. In these cases, there are many parameters that
cannot use online monitoring and the system present high
prices.

III.  VELOCITY MONITORING.

In this section, we show the different technologies that can
be used for monitoring the speed of water in sewerage.

Different methods can be used for monitoring the flow in
sewerage. Acoustic, magnetic, oscillatory, turbine, thermal,
Coriolis, etc. [19] In addition, different authors have proposed
mathematical models for modelling the water velocity for pipe
design. These models can be used for modelling the water
velocity.

The sewage has many solids that can block the moving
parts of the sensors. For this reason, any sensor with moving
parts is not recommended for monitoring the sewerage. The
magnetic, ultrasonic, thermal and Coriolis methods are not
contacted in water for this reason they can be used in the
sewerage. However, these sensors present important gaps that
prevent their use in sewerage. The magnetic flow sensors are
based on the Faraday law. These sensors can only be used in
full pipes. The sewerage is not full of water under normal
conditions. Acoustic methods use the velocity of ultrasonic
waves to measure the velocity of the water. Sewerage has
important changes in the solids transported, bubbles and level
of water in the pipe. These changes can negatively affect the
measures. Finally, the Coriolis sensors are based on the
conservation of the angular moment. These sensors present a
gap with large size.

Thermal sensors are the best option for monitoring the
water velocity in a pipe. However, these sensors are
commonly used in airflow monitoring. There are three
methods, detecting a pick of temperature downstream,
detecting the energy needed to maintain a filament at a
constant temperature or measuring the temperature change
between upstream and downstream. Another solution is the
use of hydrodynamic models for monitoring the water
velocity. The Manning equation (equation 1) is a solution.
This equation can be used in open channels or pipes that are
not full of water. The values of manning rugosity can be found
in the bibliography and the pending is a value of the pipe
infrastructure.

1 2
V=;*Rh§*\/§ (1)

Where:

V: is the velocity (m/S)

n: is the manning rugosity
Rh: is the hydraulic radius
S is the pending (m/m)



Another equation is the Hazen-Williams equation. This is
used when the pipe is full of water and it is shown in the
equation 2.

V = 0.8494 % C * Rh0-63 x §0-54 2
Where:
C: is the coefficient of rugosity

We should study which method is the best for monitoring
the velocity of water in sewerage. The use of a thermal sensor
has the advantage that it is a real measure of the environment.
However, energy consumption is very large. Instead, the use
of mathematical models do not need the use of extra energy,
however, we do not measure the real velocity.

IV. ALGORITHM.

In this section, we show the algorithm of decision of our
system.

The algorithm is represented in Fig. 1. In the first place,
the water level sensor measures the level of water in the
sewerage. The system compares the water level now (Wn)
with a water level critical (Wc). The Wc is a level defined by
the user for indicating from which point the water level is not
in a normal situation. After, the system checks if it is raining
or not. Finally, the system compares the water level in a point
(Wu) with the water level of the next control point
downstream (Wd). This algorithm is used when the pipes have
the same diameter. In the case of the pipe presented, we have
different diameter between two points so we use the velocity.
The velocity can be calculated with the water level and the
knowledge of the characteristics of the pipes. The algorithm
will be similar, the only change being the water quantity
comparisons by the speed.

Negative Start Level Sensor
and Rain Sensor Normal condition
l Negative
Yes
wu-wd e Y85 Rain Wc £ Wn o Rain 57 wu - wd
lNo  No
- - Wicit Positive
Positive Normal condition . .
discharge Pipe
blockage

|

Fig. 1. Algorithm for data processing

The definition of a Wc is important for discharged false
positive. The value of Wc should be determined by the person
responsible in order to prevent small amounts of water arising
from the irrigation of gardens, private vehicles, etc. setting of
alarms that are not related to the illicit dumping.

V. WI-FI MODULE AND SERVER PROGRAMMING

In this section, we are going to present the design of a Wi-
Fi module used to receive information from the sensor
explained before and to transmit this information via Wi-Fi to
a server located in a Computer connected to the same
Network.

The module that has been used is the ESP32 Board, as can
be seen in Fig. 2. The ESP32 Board was programmed with
Arduino IDE.

This module permits to connect to him such number of
inputs as DX Pins it has, where X represent the number of the

Pin. It also has Voltage pin (3V3) and a GND pin, that are
necessary to connect sensors to positive and negative voltage.
Finally, each sensor must be connected to Arduino ESP32
Board by one of the DX pins explained before.

The module must be able to stablish a connection to a Wi-
Fi network. Other authors use Wi-Fi network for monitoring
the sewerage. Once the module is connected, it starts asking
for information to every sensor it has connected. The
information received is captured and sent to a server
programmed and activated previously. The way the
information is sent is by a HTTP Post request sent to the IP
direction and Port where the server is listening to.

Once the information is received on the server it can be
processed and the algorithm explained before can be used to
determinate if the sensor values obtained determinates some
risk situations according to the sewerage networks.
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Fig. 2. ESP32 Board

In the next paragraphs we are going to explain how the
server and the ESP32 have been programmed and what are the
most important parts of the codes that are necessary to the
study.

A. Server

In order to program the server that is going to receive the
information we have wused Express, an application
infrastructure of Node.js. As we are going to receive the
information using a HTTP Post, we need to use the post
function that has two variables. The first one is the URL
direction and the second one is the function wanted to be
executed when a Post Request is received. Inside the brackets
of this function is where the code needs to be added. This
function has also two variables: req contains all the
information of the post, and using req.body.variablel it is
possible to access to the variable with name variablel; res is
used to respond to the request.

Once the post is programmed in the server it is necessary
to open the server selecting the port number and the IP
direction and using the function listen(port, ip).

Fig. 3 shows how to program all the functions explained
before. In order to initiate the server, it is necessary to use the
Command Line Window, navigate to the folder that contains
the file server.js and execute “node server.js”. The server will
be listening in http://192.168.1.39:8080.



app.post (‘'/sensorData’, function (req,res) {
Pz

var port = 8080;

var ip = “192.168.1.39”;

app.listen (port,ip) ;

Fig. 3. Server HTTP Post Function

B. ESP32 module

The ESP32 module needs different blocks of code for each
functionality we want to implement.

In order to connect the module to Wi-Fi, first of all it is
necessary to include the library, then it is needed to declare the
ssid of the Wi-Fi network and the password of the connection
and finally connection can start. It is shown in Fig. 4.

#include <WiFi.h>
const char* ssid = "networkName "
const char* password = "password";

WiFi.begin(ssid, password) ;

Fig. 4. Wi-Fi programing on ESP32

It is also possible to probe if the connection is available or
if unavailable, it turns off with the comparison shown in Fig.
5.

WiFi.status() == WL CONNECTED

Fig. 5. Comparison to probe Wi-Fi connection

In order to send the information via HTTP Post Request it
is necessary to include the library HTTPClient and then use it
with the functions of Fig. 6.

#include <HTTPClient.h>
HTTPClient http;

http.begin ("http://192.168.1.39:8080
/sensorData'") ;

http.addHeader ("Content-type", "application/
x-www—form-urlencoded") ;

int respuesta = http.POST(vars);

Fig. 6. HTTP Post Request Programing

As shown in lines before, the HTTPClient must be
initiated with the function begin indicating the URL where the
server is listening. After the IP direction and the port, it is
necessary to write the URL name of the post function. In that
it is “sensorData”.

Also, it is essential to add a Header to the Post Request
establishing the content-type of the request, in that case it is
an x-www-form-urlencoded. For that reason, when doing the
http.POST(vars), the variable vars (string) must be as follows:

“varl=valuel &var2=value2&....”

Where each wvariable must be separated from its
corresponding value with an “=" and each pair variable-value
must be separated from others by “&”.

In the case of sensors, each one could need or not the
definition of its library and for each variable there is a different
way to take its corresponding value.

For example, in case of the rain sensor FC-37 it doesn’t
need any library to be #define. The way the information from
this sensor can be taken in declaring the pin the sensor is going
to be connected to and reading its value. FC-37 permits to take
analogical or digital response. In this study is more relevant a
digital response such a Boolean variable.

boolean RAIN= false;

int pinRain = 5;

pinMode (pinRain, INPUT) ;

RAIN=! (digitalRead (pinRain)) ;

1if(RAIN){ Serial.println ("It is Raining");
}else{ Serial.println ("It is not Raining "),

}

Fig. 7. Rain Sensor Programing

Fig. 7 presents all declarations and functions needed to
program the FC-37 sensor. First of all, two variables are
defined. RAIN variable that contains information about if it is
raining or not and pinRain that contains the number of the
physical pin the sensor is connected to. Then, the function
pinMode determinates that the pin is used as an input. Finally,
with the function digitalRead(pinRain) the values of the
sensor can be read, and with the if-else can be confirmed
whether it is raining or not.

Except the code lines about Wi-Fi connection and those
that are used to define libraries or variables, the rest of the
code lines, that refers to taking sensors data and transmitting
them, are written inside of a loop(), that means that they are
executed continually. It is possible to determine how much
time passes between each execution, or what is the same, how
often the sensor data is taken. In order to determinate that time,
delay(int delay) function can be used. This function must have
an int variable that is time in ms.

For those sensors whose value, sent to the ESP32 module,
is a float and it is necessary to transmit it via the HTTP Post,
it is essential to parse it to type string. To do it we have used
the code presented in Fig. 8.

String floatToString( float n, int 1, int d,
boolean z) {

char c[1+1];
String s;
dtostrf(n,1,d,c);
s=String(c);
1f(z){

s.replace(" ","0"); }

return s;

Fig. 8. floatToString

C. Structure of the system

In this section, we show the Structure of the system
proposed.



We have two sensors (acoustic sensor level and rain
sensor). The Water level sensor is locating below of the sewer
cover. This location allows the sensor to measure the water
level in the sewerage and allows for easy manipulation in the
case that the sensor node need reparation or maintenance.

The rain sensor is located on the surface. We need to find
a location that does not have buildings nearby. The buildings
can stop part of the rain causing underestimates of the rain.
Examples of these locations are roofs of the high buildings,
roundabouts, garden areas, etc. The two sensors send the
information to a server, where the algorithm is executed and
sends the alarms.

In the Fig. 9 we can observed an example of the
localization of the proposed system.

@ Rain Sensor
—_—

Wi-Fi Connection

Water Level

=

Fig. 9. Location of proposed system

VI. RESULTS

In this section, we study the different scenarios that can be
analyzed in the section IV. These different scenarios presented
are simulated. We simulate the behaviour of a stretch of
sewerage that have two acoustic sensors at its ends when rain
starts and when it finishes.

The first scenario is the normal condition. This condition
happens in two situations. When it is not raining and the
sewerage does not transport water. The other normal situation
is when it is raining and the sewerage has water. This situation
is represented in Fig. 10. In this situation, the rain starts at 25
minutes and finishes at 150 minutes. The two water level
sensors are located upstream and downstream. The
downstream will register a value of water level higher because
at this point more water will accumulate. If we subtract the
height value of the two sensors, we will obtain a difference
that will be less than what we will obtain in the other cases.

& Water level Upstream = Water level downstream

|
80 Start L
70 rain . .
° .
60 L] L]
a8 . .
‘& 50 . Finish rain .
= ° .
o« 40 L] .
= . .
30 [ ] [ ]
° .
20 L] L
. °
10 N .
.
0 ° * o

0 15 30 45 60 75 S50 105120135150165 180195210225 240255 270285
Time (min)

Fig. 10. Normal scenario

Another scenario is when the pipe is stuck. In this
situation, the rainwater is accumulated in the sewerage during

the rain before the blockage. When this happens there is much
more water in the upper area compared to the lower area
because of this the drainage will occur very slowly. This
situation is represented in the Fig. 11. In this case, an
unlocking device should be sent to the pipe in order to

eliminate the jam.
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Fig. 91. Blockage scenario

When a problem in the drainage of the runoff occurs, we
can observe that the value of the water level upstream is much
smaller than the value of the water level downstream. This
occurs because upstream water is not entering the sewer while
downstream will be entering. In this case the system generates
an alarm so that drains are monitored at street level. If the
problem is not solved in a short space of time floods can occur
in lower areas of the city. In Fig. 12, it is represented this

situation.
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Fig. 102. Low drainage

Finally, in the case we detect there is no rain and water
level is larger than the critical water level this is a sign of illicit
discharge. In this case, we assume that the discharge is made somewhere
between the two measurement points. The critical water level is
defined by the user and it is used to discard possible positives
due to the irrigation of parks, washing of private vehicles, etc.
that use water and could end up in the sewer system. This
situation is represented in the Fig. 13.
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Fig. 113. Illicit discharge
VII. CONCLUSIONS AND FUTURE WORKS.

In this paper, we presented a new system for the
monitoring of the water level in the sewerage. The system is
composed of two sensors: a level sensor and a rain sensor. The
level sensor is used for monitoring the water level in the
sewerage in order to determine the speed of the water
indirectly. With the knowledge of the amount of water and the
presence of rain, it is possible to determine 3 scenarios, a
normal situation, a lack of drainage and the presence of an
illegal spill or blockage in the pipeline. We use an ESP32
board as the microcontroller of the sensors in order to send the
data to a server.

In future works, we would test the system in real
conditions and add more sensors in our system as turbidity or
conductivity. In addition, we would add level sensors in the
pipes of wastewater in a separated system for monitoring the
residual water that reaches the rainwater pipes. For this
purpose, it will be important to have a secure wireless network
[20] between the different sensor nodes and with Energy
harvesting protocols as the presented in [21]. In addition, in
the future we will work in the development an algorithm for
energy saving as the presented in [22]
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