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ABSTRACT
K ds: Urban drainage systems have an important role in the planning and development of cities, they allow a
eywords: good management of the wastewater flow, and their study is important to understand the physicochemical
characteristics of water and the relationships between the maximum flows and means of each system. This
Wastewater is a review of wastewater monitoring and their applications, which is done through the consultation of
Maximum peak factor databases and other documentary sources of free access like scientific journals. The research strategy was
Monitoring based on 3 thematic axes that were: monitoring of wastewater, obtaining parameters of the system and

network management. We reviewed 69 references of different countries around the world countries and
we focused in the methodologies used in each study case. In conclusion, we highlight the importance of
implementation of measure instruments, monitoring and control systems.

Urban drainage systems

RESUMEN

Los sistemas de drenaje urbano juegan un papel importante en la planeacion y el desarrollo de las ciudades,
siendo primordial conocer el funcionamiento del flujo de aguas residuales, sus caracteristicas fisicoquimicas
y las relaciones existentes entre los caudales maximos y medios de cada sistema. Este articulo proporciona
una revision del monitoreo de aguas residuales y sus aplicaciones, la cual se realizo a través de la consulta de
bases de datos especializadas y otras fuentes documentales de revistas cientificas de acceso abierto en diversos
paises. Se establecié una estrategia de busqueda en torno a 3 ejes tematicos que fueron: monitoreo de aguas
residuales, obtencion de parametros propios de cadasistemay lagestionderedes. Serevisaron 69 referencias que
permitieron identificar cuales son los paises que mas investigan sobre el temay cuales han sido las metodologias
empleadas en cada caso de estudio. En conclusion, se sugiere como tema de investigacion implementar
sistemas de instrumentacion, monitoreo y control, que permitan un adecuado y permanente control de los
sistemas de drenaje en Colombia debido al poco nimero de nimero de investigaciones desarrolladas en el pais.
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1. Introduction degradation of the water waste water produced.
Among the most relevant factors were the permanent

The evacuation of wastewater has been a constant  location of communities, the increase in population,

problem in human organizations since the beginning
of civilizations, initially the waste discharged into
the receiving bodies did not pose a problem of
great magnitude, but over time several factors were
added that impacted on the increase in quantity and
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the industrial revolution, the advance of the chemical
industry, among others. The growth in the flow
of wastewater produced in urban centers brought
with it consequences such as the proliferation of
diseases, the decomposition of solid waste and later
the permanent deterioration of water bodies near
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cities, thus showing the obvious lack of planning in
the original conception of cities to evacuate waste
and wastewater generated. [1].

Based on these considerations, itis worth highlighting
the role played by sanitary engineering throughout
history in wastewater management, resulting in
the implementation of urban drainage systems as
a solution to the latent problem, promoting means
of collection capable of removing waste as quickly
as possible from existing populations. These
systems have played a very important role in the
development and growth of cities, having direct
implications on people’s quality of life, as they are
necessary to collect and treat wastewater in order to
avoid pollution of receiving water bodies and public
health problems [1].

These systems should be designed based on existing
information or field measurements that take into
account consumption patterns and the characteristics
of each locality; in the absence of information,
these factors should be estimated with approximate
empirical equations [2]. The use of these approximate
equations or traditional formulas to calculate these
factors, such as the maximum peak factor, may lead
to over-dimensioning of network pipelines in some
cases, especially in small cities [3].

The reliable estimation of these flows is essential to
guarantee adequate planning and optimal operation
of complementary components such as wastewater
pumping stations and the different elements of
treatment plants, whose design is based on the
critical flows presented, whether maximum or
minimum, which in turn are directly related to the
size of the community and socioeconomic conditions
[4], therefore today it is essential to implement
instrumentation, monitoring and control systems
that allow adequate and permanent control of the
quality of service of urban drainage systems [2].

The monitoring of wastewater becomes an
important element to ensure universal access to

safe drinking water, by controlling the quantity and
quality of discharges generated on surface water
bodies, therefore, it is necessary to make adequate
investments in infrastructure and sanitation facilities
such as urban drainage systems [5].

This article develops a review of several case studies
of wastewater monitoring and its relationship to
identify and control parameters specific to each
drainage system, as well as different methodologies
used in the management of networks that allowed
to identify damage, problems such as overflow and
obstruction and also the characterization and control
of various parameters of quality of discharged water.

2. Wastewater Monitoring

At present, wastewater monitoring has become an
important topic of scientific research worldwide, by
consulting on this subject in databases of scientific
information and other sources of open access
scientific journals could be found to be a universal
theme developed in countries of five continents.
Table 1 shows the countries with the most wastewater
monitoring research between 2017 and 2019.

Table I. Empirical formulas of population-dependent peak factor

Reference
[6][7I8I[OIL10][ 1 1][12][13][14][14][15][16][17]
[18][19][20][21][22][23][24][25][26]
[27][28][29](30][31][32][33]
[34][35][36][371[381[39]
[40][41][42][43][44]

Articles Country

13 China
USA
Finland
Australia

PR RIS

Brazil

From table 1 it can be seen that Asia, with China
leading the research on wastewater monitoring, on
the other hand, America is represented by USA and
Brazil, as well as Europe by Finland. No articles
developed in Colombia were observed in this search,
although some research found in other databases will
be mentioned later.

Objectives of monitoring activities
Since urban drainage systems such as sanitary sewers

are in operation, they can be useful for evaluating
and managing the performance of the system and
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planning its development. For this purpose, it is
necessary to implement actions that allow monitoring
the behavior of the flow in the networks, which in
turn becomes one of the main impediments in most
cases, due to the costs involved in computer and data
management. These constraints are most noticeable
in cities in developing countries, where watersheds
can be large, data tend to be scarce, and there are
many unknowns about the functioning system. [45].

Wastewater flow monitoring identifies variables
that must be measured in order to be useful for
future designs [46] and is of great importance for
their maintenance and operation, since it gives
us an immediate view of what is happening in the
drainage area under study [47]. Implementing these
monitoring actions effectively shows the oscillations
in the wastewater discharge flow with respect to time
[48], some of the variations we can distinguish are:

Annual and monthly monitoring

In the summer months, water consumption is higher
due to the high temperatures presented, which is
reflected in greater contributions to the sewerage
networks and in the months of greater precipitation
there may be peaks in the variation of the flow,
originated by erroneous connections in the system,
as well as in tourist sites there are great variations
throughout a year in the evacuation of sewage,
as well as there are seasonal industries that only
consume water during a part of the year. An example
of this variation is shown in figure 1 where the
annual variation in the Pine Valley, Baltimore, USA,
is observed. [49].
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Figure 1. Annual variation, precipitation and maximum, average and minimum sewer
flow
Source: [49]
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Weekly and daily measurements

There are days in the week in which more water is
consumed and in some industries that do not function
during the weekend, in view of these particularities,
the changes in the quantity of wastewater contributed
weekly to the sanitary sewer are appreciable. The
daily variations are a faithful reflection of the activity
of the population of a determined place, during the
night and first hours of the day, the flows of residual
waters are minimum, being these flows composed
fundamentally by infiltrated waters and by small
quantities of domestic residual waters, an example
of this is observed in figure 2, where the comparison
of the variation of the flow of residual waters in 25
different days in the commune Puente Alto in the
city of Santiago, Chile is shown [50].
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Figure 2. Daily variation in wastewater flow
Source: [51]

The monitoring of wastewater in urban drainage
systems has had different fields of research, in this
review will be a description of research developed
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in obtaining own parameters and management of
drainage systems.

3. Obtaining the system’s own parameters

In addition to wastewater flow monitoring, research
has also been carried out to determine the average
and maximum hourly flow values of a given
population. To begin with, we have the example of
a study carried out on the island of Malta, an island
country located in the Mediterranean Sea to the south
of Italy; a study in which the drainage department
of the Maltese Ministry of the Environment,
together with the Civil Engineering department of
the Imperial College of Science, Technology and
Medicine, carried out a master plan idealised for the
conception of a series of projects such as the use of
maximum flows of rainwater, the rehabilitation and
maintenance of existing sewers (built more than a
century ago), the construction of new wastewater
treatment plants and final outfalls, in order to cover
the demands generated up to the year 2010 and to
be able to quantify the real variations of wastewater
flows in dry and wet weather and to be able to
quantify the real variations of wastewater flows in
dry and wet weather. [52].

In order to be able to quantify these volumes, a study
was carried out in 51 households on the Malta Island.
This selection was made on the basis of statistics that
allowed a reasonable representation of the locality to
be obtained, and a monitoring methodology called
“Synthesising dry weather flow input hydrographs:
a maltese case study” could be established: which
allowed to determine the hydrogram of incoming
flow in dry time or curve of hourly variation of waste
water flow, in which the behavior of the flows in the
system was identified finding the hour of maximum
consumption at 8:00 am with a value of 233 liters/
person/day and an average flow of 95 liters/person/
day [52].

Another case study was carried out in Eindhoven
in the Netherlands. Long-term, 19-month, high-

frequency monitoring was implemented in the
sewage system to study water quantity and variations
in water quality, carrying out flow monitoring
campaigns in dry weather for approximately 160
days and in wet weather situations for approximately
40 storms, this research was carried out in three
different areas of the system. For dry weather, a
diurnal variation in wastewater flow was observed
for the three catchment areas studied, but in turn at
peak discharge times, flows are usually normally
distributed. In terms of wastewater quality in two
catchment areas, contaminant concentrations show a
diurnal variation similar to the flow, contrary to the
other area in which it causes a diurnal variation of
contaminant concentrations very different from the
others [53].

One of these approaches is the real calculation of
the maximum peak factor for the design of sanitary
sewerage systems, whether designed and constructed
for the first time or built as part of an existing system,
in these cases being able to determine the real value
of this factor of increased flow has become an
important concern.

Maximum peak factor and Maximum hourly
wastewater flow rate

The variation in wastewater flows can be measured
or quantified by means of a coefficient called the
maximum peak factor, F, which takes into account the
variations in water consumption by the population
and must be interpreted in a probabilistic sense,
due to the uncertainty that exists in the magnitudes
of the maximum and mean flows, is determined
through empirically established expressions, derived
from the combination of field measurements and
the engineering criterion [54]. In other words, this
factor makes it possible to increase the average
daily flow in order to establish the peak wastewater
flow or maximum hourly flow, which is defined as
the maximum hourly flow of the day of maximum
consumption, and is the basis for establishing the
design flow of each of the sections of a wastewater
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sewerage network and is calculated according to (1)
[46].
OMH = Omd*FP (1)
Where:
OMH is the maximum hourly flow rate (m*/h o L/s)

Omd is the average daily flow rate (m’/h o L/s)
FP is the maximum peak factor. (m’/h o L/s)

Insewerage systems, itis essential to have appropriate
methodologies to quantify variations in the flow
generated in certain periods of time [45], especially
when there are parameters that can greatly affect the
hydraulic design of collector networks and treatment
plants, it is therefore necessary to analyse in detail,
on the basis of the available data, the variations in
the flow rate [55]. In populations that do not have
field wastewater flow monitoring, several equations
have been developed to estimate flow factors. The
common variables governing most of these equations

Table III. Empirical formulas of peak factor depending on average flow rate

Peak Factor Formula Conditions of
3.53
FP=——\>2m0
QMDU091% QMD en m3/s
FP de Munksgaard and Young. [60].
-
Qupo1e¢ QMDen L/s
FP de Gaines.[61].
271
FP = Qupois QMD en ft'/s
FP de Utah.[62].
353
FP = Qupeoss 2.8 < QMD <28300 Ls
FP de Los Angeles.[1].
F 3.70
- QMDY0732 4 <QMD <5000 L/s
FP de Tchobanoglous.[55].

These equations were the result of structured
investigations by each author in the drainage systems
of each locality in which it was desired to analyze the
behavior of the flows contributed to each system, for
example in 1999 in the state of Utah, United States,
Brigham Young University through the College of
Engineering and Technology carried out research to
develop a tentative equation of the peak factor and

are population and average daily flow [4]. Some of  thys be able to use this equation in the calculation

the most common population-dependent peak factor
calculation methods are shown in Table II [56].

Table II. Population-dependent peak factor empirical formulas

Peak Factor

Formula Conditions of application

14
(4+PO3)
FP de Harmon.[57].

FP=1+ P en miles

P <1°000.000 habitantes.

5
P 0.167
(fo00
FP de Babbit.[58].

FP =
10.000 < P < 10°000.000

14

FP Maximo = 3.0

0
PO.1667 FP Minimo = 1.6

FP de Gifft.[59].

Para P < 5000, FP=4
Para 5000 <P< 1000000, FP=7.7 - log P
FP de Metcalf & Eddy.[55].

FP Maximo = 4.0
PF Minimo = 1.7

In turn, there are equations for calculating the
maximum peak factor as a function of average flow or
average wastewater flow rate, which were calculated
with available flow records. Some examples are
presented in Table III.

of the maximum flow of wastewater in the designs
of sewage systems, for the development of this
proposal eight years of flow data were analyzed for
four cities in the state which were Orem, Provo,
Spanish Fork and Spring City, it was possible to
determine a maximum peak factor equation that
could be used in Utah and similar regions. As a
result of this research it could be established that the
relationships developed with the new equation are
very close to the values given by the Los Angeles
equation [1], but significantly lower than the oldest
values used in the United States, the final result was
the equation shown in Table III, named Utah peak
factor equation. [62].

Studies have also been carried out in other parts of
the Americas in order to evaluate this problem of the
uncertainty of the maximum peak factor, in the city
of Managua, by means of hydraulic gauging, in a
period of four weeks, in the collectors of the sanitary
sewer networks of four colonies, which were: Colonia
Independencia, Colonia Centroamérica, Belmonte
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and Casa Real; then, to apply a mathematical method
to obtain the coefficient in question. As a result, we
found the following peak factors obtained for each
locality as well: Colonia Independencia obtained two
values, a first value of F=2.3 and a second value of
F=3.4, Colonia Centroamérica obtained two values
of a first value of F=2.5 and a second value of 2.8,
Belmonte a value of F=2.2 and Casa Real a value of
F=2.3[63].

Other research was carried out in the community of
West Golf in New Cairo, Egypt, where the sewerage
system is configured as a combined sewerage
system, although it rarely rains, this system collects
wastewater to pump station thatdischarges atreatment
plant that serves this community and other districts
in the region and in order to know the maximum and
minimum flows for the design of various components
of the Wastewater Treatment Plant, WWTP, the
actual peak factors were determined in 2014 to use
more accurate critical flows. [4]. The calculation of
these factors was based on 1 year of consecutive
daily flow monitoring and was performed by the
American University in Cairo, Egypt [4].

Similarly, in the city of Gadchiroli, located in India,
Asian continent, a study was developed by the civil
engineering department of the National Institute
of Visvesvaraya Technology of Nagpur and which
suggests a new methodology in which the peak
factors are applied per node to the contributory
population added in the access mouths, depending
on the total contributor population, in the outlet
sewer of that mouth of record [64].

As a result of the proposed methodology, the
maximum effective peak factor is continuously
reduced as the contributing population increases and
these results were compared with those obtained
using the Babbit and Harmon formulas, and it is
observed that they provide slightly higher values for
lower flows, however, this difference decreases as
the contributing population increases, therefore the

diameter and inclination of the collectors may not be
greatly affected. [64].

4. Network management

With the objective of analyzing the problems related
to the design and construction of sewerage systems
for residential areas, the American communities
of Bradenton in Florida, Springfield in Missouri,
Anaheim in California and Baltimore County in
Maryland, with the support of the Department
of Environmental Engineering Sciences at Johns
Hopkins University, during the years 1959 to 1963,
they carried out an investigation, which allowed to
identify that the flow of waters found in the times
of rain, exceeded in some localities, up to twice the
average flow of residual waters in dry time, this
due to the bad construction of sewers generated the
infiltration of underground waters and erroneous
connections of drainage of rain waters. [49].

Also in the majority of the evaluated places there
were problems of obstruction in the collectors
mainly by the intrusion of roots of trees and deposits
of sediments of sands (soils without cohesion), this
problematic was originated by the constructive
system used, especially the mortar joints in the pipes,
which have a minor resistance in comparison plastic
joints. [49].

There is also research developed with other more
ambitious purposes at the level of wastewater
management, such as the studies developed by the
University of Arizona in the United States in 2005
and the University of the Andes in conjunction with
the Water and Sewerage Company of the city of
Bogota in Colombia in 2013.

The objective of the first case was to monitor sanitary
sewer networks in order to identify the possibility
of overflows in the system, called SSO (Sanitary
Sewer overflow), which can be caused by a variety
of causes including, but not limited to, blockages,
breaks in sewer lines, severe weather conditions,
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incorrect operation and maintenance of the system,
and vandalism. A methodology was established to
locate flow meters in the network and be able to
apply a complete hydraulic model for the sewer
system, the County of Pima Arizona was used as
a case study, then the flows were calculated under
normal conditions, to begin to simulate different
scenarios in the system and thus could identify
three possible critical places in the network in
which should be installed permanent flow meters
for constant monitoring, which would facilitate the
detection of these blockages and avoid overflows in
the network.[65].

In the second case, research was carried out based
on seven years of monitoring and modelling to
support the operation and development of the
Bogota (Colombia) wastewater system, in which
the components evaluated were: (a) the database of
collected flow and water quality found in the system,
(b) Identification of wastewater pollution load
generators, and (c) implementation of a sewerage
network model that matched the information
available from the two previous components. An
operational model was constructed with a level
of complexity scientifically justified but useful
for the city of Bogota to evaluate and manage the
performance of the system and plan its development.
More generally, the work demonstrated the value
of monitoring and modeling programs that can
be obtained through uncertainty and sensitivity
analysis, as well as the applicability to growing
megacities despite the computational and data costs
that sophisticated contemporary high-resolution
models of the sewerage system can generate [45].

As a complement to this research work, also in 2013
in the city of Bogota, a methodology was developed
and evaluated to quantify the temporal and spatial
variations of the input flows to the sewage system,
in order to ensure the proper functioning of the
expansion of the Salitre wastewater treatment plant
and the construction of a new water treatment plant
in the southeast of the city, for which it is necessary to
understand the flow characteristics and water quality

in the drainage system for dry and wet weather
conditions. A stochastic model was implemented to
determine the quantity and quality of water at the
exit points of the sub-basins, where the treatment
plants are located, from data collected since 2006
(24-hour time series), from a subsample of 29 sites
selected from 150 available: also analyzed the
existing variation in population density and time uses
of the soil (residential, commercial, institutional or
industrial), in the selected sub-basins and the general
basins to which they belong [66].

It was found that the diurnal input patterns of the dry
weather flow, called DWF (Dry Flow Weather Flow)
can be modeled using Fourier series, these patterns
are defined by a mean value and a set of multiplier
factors per hour, evaluating series of 1°, 2°, 3° and
4° order, selecting series of 3rd order to represent the
time profiles. Finally, the possibility of transferring
the methodology to other drainage systems was
evaluated. The city of Linz (Austria) was evaluated
as a case study [66].

Additionally, there are complementary stages or
phases that can be developed around the variation
of wastewater flows and peak factors. One of these
stages consists of the development of hydraulic
models based on field data and with the help of
computer software that allows the evaluation and
understanding of the behavior and operation of
existing sewerage networks in a community; in
Colombia, some studies focus on this evaluation
phase as shown by the studies developed in the
Medellin and Santa Marta networks.

In the Alcantarillado de Medellin Prado sector,
research was focused to address a latent problem in
hydraulic modeling, this problem lies at the time of
generating a hydraulic model of a sewage system,
since it is necessary that the results obtained are
acceptably close to those presented in the prototype
(reality). This research carried out by the University
of Los Andes in 2005 developed a methodology
of calibration of sewerage networks under non-
permanent flow with the use of Genetic Algorithms
(GA) and EPASWMM  software, hydraulic
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simulation engine, performing hydraulic calibration
in networks of different topology, topography and
hydraulic properties, finding high quality results
where the parameter calibrated in the system was
the relative roughness coefficient, evaluating the
effectiveness of the results with the adjustment of the
limnigrams measured in the prototype and simulated
with the calibrated model [67].

Another case study carried out the “Modeling
and hydraulic simulation of the sanitary sewer
system of the Rodadero-Gaira district of Santa
Marta, Colombia” developed by the University of
Magdalena, Colombia, in 2015, with the purpose of
establishing the hydraulic behavior of the system,
for which flow gauges were made at the wastewater
pumping station (WWPS) [68].

A hydraulic simulation in uniform flow was carried
out for the hydraulic calculation with the help of the
EPA SWMM V 5.0 Software, later the system was
calibrated, allowing to simulate three scenarios of a
stretch of the network with specific characteristics
of operation (length of 659.6 meters and diameter of
12 inches). Scenario 1 allowed simulating the initial
state of the system (original construction conditions)
and it was possible to identify three sections working
under pressure and with the possibility of overflows
in the system. Scenario 2 evaluated the solution
to the problem presented in the network, keeping
the material (vitrified Sandstone) but increasing
the diameter to 16 inches and Scenario 3 proposed
another solution by maintaining the same diameter
12, but changing the material to Polyvinyl Chloride,
PVC; In addition, the modeling allowed establishing
that the sewerage network would be operating at a
lower flow than the design, due to its high roughness
coefficient, possible result of inadequate operation
and maintenance of the networks, its age (more
than 20 years) and the accelerated growth of the
population served [68].

In South America in Chile, in 1999, a pilot project
was developed to model sewage networks in the

sector of the commune of Puente Alto, in the city of
Santiago, with the aim of predetermining the most
appropriate system for modeling sewage networks,
using the software HIDROWORKS, MOUSE and
other existing simulators. The modeling was based
on the real information of the area under study,
entering the simulators parameters that characterize
it, such as: population, number of homes, drinking
water consumption, type of surface runoff areas,
sewage network with its elements and elevations.
In addition, historical values were incorporated to
measure sewage flows, carried out in the same area,
with which the modeling was calibrated [51].

The result showed that modeling is feasible to
perform and is a support tool for decision making in
the stages of planning, evaluation and management
of hydraulic behavior of any area under study, being
essential to have a reliable database that meets all the
characteristics of the area under study [51].

Also in European countries such as England,
research has been carried out that includes hydraulic
modeling of sewerage systems. In Edenbridge,
southeast England, flow monitors were installed
for approximately 4 months, of which 25 days
corresponded to a dry period generating the average
discharge flow curve in the system [69].

The collected data were incorporated into adeveloped
computer model called FLUSH, in which several
parameters were implemented (occupation, volume,
duration and discharge) and pipe parameters such
as (diameter, slope and material), friction resistance
was modeled using the modified Colebrook-White
equation for open channel flow, sewer connections
at the mouths were modeled simply, as a function of
continuity and local head losses [69].

An accurate representation of the flow regime at
the top and bottom of the network was obtained
as a result of the model, as well as the quantitative
evaluation of the variability of the flow from day to
day, also generated useful values in the design or
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analysis of the combined sewer overflow operation.
It was concluded that the FLUSH model can also be
used as a planning tool and useful in assessing and
preventing demographic trends and their implications
for wastewater flow in sewers and water networks
[69].

5. Conclusions

The monitoring of wastewater is currently in
constant evolution and growth, including important
issues facing society today, such as the growth and
development of cities, as well as the management of
water resources, the latter being affected by ignoring
in many cases how many are the real flows and the
quality of wastewater discharged into the water
bodies of our planet. Through the research carried
out in different parts of the world we can identify
alternatives in the existing methodologies for the
analysis of drainage systems, it also offers us a more
precise path towards the important elements to be
evaluated in sewage systems and also to be able to
establish reference values that allow us to make a
critical comparison of the results that can be obtained
in research in order to determine the real state of the
functioning of urban drainage systems in the world.

It is remarkable the wide field of investigation
derived from the residual waters and the systems
of sewerage, as it is shown in this account there
are several antecedents that when studying and
knowing in depth the procedures employed in each
one of the mentioned projects as state of the art, it is
possible to define of a clearer and precise way the
methodological strategies to employ, the techniques
of more effective measurement, the equipment of
monitoring more employed and the techniques of
analysis of information to implement.

In conclusion, it is suggested as a research topic to
implement instrumentation, monitoring and control
systems thatallow an adequate and permanent control
of the drainage systems in Colombia to establish
proper parameters for each system to clearly identify
the behavior of incoming flows and the hours that

represent the maximum and minimum discharges,
due to the small number of investigations carried out
in the country.
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