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Abstract  Today, population growth and climate
change have created major challenges to ensure a
continuous supply of drinking water. Reservoir tanks
regulate pressure and store drinking water according to
variations in consumption. Therefore, the objective is to
analyze the influence of the maximum hourly coefficient in
the design of reserve tanks in the Guamote and Guano
cantons. In the methodology, the maximum hourly
coefficients of previous studies were validated,
characteristics of the distribution networks and their tanks
were compiled, drinking water levels were recorded at
three times for 7 days, and finally, the design of the volume
of the reserve tanks was carried out. In Guamote, water
levels in the tanks range from a minimum of 38% to a
maximum of 90%, while in Guano the levels are
maintained at 100%, with an overflow system that
evacuates excess water. In Guamote, the San Juan Bajo,
San Juan Alto and Carapungo networks require regulation
volumes of 257 m3, 102 m® and 61 m?®, respectively. In
Guano, the regulation volumes required for the La
Inmaculada, Lluishi and Barrios Altos networks are 155 m?,
317 m® and 96 m®, respectively. The results indicate that
higher maximum hourly coefficients are associated with
higher consumption volumes, therefore, a greater volume
is required in the reserve tanks.

Keywords Consumption Variations, Drinking Water,
Maximum Hourly Coefficient, Optimization, Reserve

Tank, Regulation Volume

1. Introduction

1.1. Background and Significance of Study

Increasing population density and the dynamics of urban
sprawl makes cities vulnerable to the task of meeting basic
urban services. Water scarcity in cities is a problem that
affects millions of people around the world, due to
different factors such as population growth, climate change
or the fact that drinking water supply systems do not meet
the demand of the population [1]. Between 50 and 100
liters of water per person per day are needed to meet basic
needs; more than 2 billion people live in water-scarce
countries [2].

Tank design, operation and flow patterns play a crucial
role in preserving water quality [3], [4]. Usually, tanks are
oversized and do not guarantee adequate mixing and
renewal of the water inside, leading to the formation of
stagnation zones with high water residence times [5];
moreover, when water remains stagnant, the quality can
degrade due to increased formation of disinfection
by-products, biofilm growth, sediment accumulation, loss
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of residual chlorine, and regrowth of microorganisms [3].
Sediment in tanks may contain pathogens or metals that,
under certain conditions, are released and can lead to
waterborne disease outbreaks [6].

Poor mixing and disinfection increase the age of the
water in the tank, deteriorating its quality and that of the
distribution system [7]. The Safe Drinking Water Act
(SDWA) requires a minimum residual chlorine of 0.20
mg/l at consumption points to ensure water free of harmful
bacteria [8].

According to Arellano & Pefa [9], water consumption
depends on socioeconomic, climatological,
sociodemographic, and water quality factors. In addition, it
varies between economic strata, with per capita residential
consumption being lower in larger cities, possibly because
residents spend more time away from home.

Water storage provides multiple benefits in drinking
water systems, helping to regulate system pressure, supply
drinking water according to variations in population
consumption, and guarantee reserve volumes in case of
emergency [10], [11], [12]. However, storage tanks are
frequent sources of water quality deterioration due to
inadequate design, operation and maintenance [13]. The
configuration of the tank, the diameter and orientation of
the inlet piping, influence the adequate disinfection and
mixing of the water [14]. Therefore, buffer tanks should be
designed considering consumption variations to keep water
moving within the system [10].

However, there is a critical need to design storage tanks
based on the actual behavior of hourly consumption,
because the standard currently used for the design of
storage tanks in Ecuador was developed in the 1970s, and
therefore does not take into account the current situations
in cities. This study focuses on the evaluation of the
maximum hourly coefficient (Kh) as a determining
parameter in the design of the volume of potable water
tanks, a variable that has been little addressed in studies in
Ecuador.

For this reason, it is essential to understand the current
needs of cities to plan for future water demands. The
hourly modulation coefficient analyzes consumption
variations, so a proper design of the supply system must
correctly consider the daily and hourly variation
coefficients to ensure its efficiency [15].

1.2. Description of the Study Area

The province of Chimborazo is located in central
Ecuador. The Guamote canton is located in the south of the
province of Chimborazo and the Guano canton in the
northwest of the province of Chimborazo (Figure 1). The
study area for the analysis will be the tanks located in the
cantonal capital of each canton.
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Figure 1. Geographic location of Guamote and Guano

Guamote has three distribution networks: San Juan Alto,
San Juan Bajo, and Carapungo. Guano also has three: La
Inmaculada, Lluishi, and Barrios Altos. Figure 2, Figure 3,
Table 1, and Table 2 show the location and capacity of the
tanks.

Guamote is supplied by five springs with a flow of 25.23
I/s. Meanwhile, Guano is supplied by four springs with a
flow of 36.86 I/s.

According to the National Institute of Statistics and
Census (INEC), the last census conducted in 2022
determined that the cantonal capital of Guamote has a
population of 3076 inhabitants and the cantonal capital of
Guano has 9136 inhabitants.

In Guamote and Guano, the studies of the Drinking
Water and Sewerage Master Plan were executed in 2017
and 2018 respectively, where a new 150 m? tank was built
for the Carapungo network in Guamote and a 250 m? tank
for the Barrios Altos network in Guano [16], [17].

1.3. Objectives and Research Questions

This implies that in the short term, the other networks
may present a storage deficit and due to the constant
population growth, new tanks that are designed according
to the current reality will have to be built. The main
problem of this research is to determine if the potable water
reserve tanks of Guamote and Guano are capable of
satisfying the demand of the service, considering the
maximum hourly consumption coefficient.

Therefore, the general objective of the research is to
determine the influence of the maximum hourly coefficient
in the design of potable water storage tanks in the Guamote
and Guano cantons. In addition, to obtain the maximum
and minimum levels of the reserve tanks, important
characteristics such as the number of users, dimensions and
capacity of the tanks, condition and operation of the
reserve tanks, are important data for the design of the
volume of the reserve tanks.
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Table 1.

Relationship Between the Maximum Hourly Coefficient and the Design of Drinking Water Tanks in Andean Areas

Geographical location and current storage volume of the water tanks in the canton of Guamote

Distribution Network Tank Volume [m®]  Tank Shape

WGS84 System UTM Coordinates Zone 17S

Altitude [m.s.n.m.]

San Juan Alto 200 Rectangular

San Juan Bajo 250 Rectangular
200 Circular

Carapungo 150 Rectangular

753935,78E — 9785228,47N 3135,52
754272,25E — 9784606,16N 3132,70
754261,79E — 9784613,68N 3132,70
753529,03E — 9784415,04N 3134.96

Source. GAD Guamote [16].

Table 2. Geographical location and current storage volume of the water tanks in the canton of Guano

Distribution Network Tank Volume [m®]  Tank Shape

WGS84 System UTM Coordinates Zone 17S

Altitude [m.s.n.m.]

Barrios Altos 250 Rectangular
Lluishi 300 Circular
La Inmaculada 300 Circular

762099,66E — 9823469,57N 2859.33
761600,00E — 9822174,85N 2784.14
763138,31E — 9822362,17N 2704.50

Source. GAD Guano [17].

2. Materials and Methods

The research was classified as exploratory because of
the data collection and field visits, using data sheets,
observations and documentary review. It was analytical
because it applied a statistical analysis to interpret the
information and descriptive because it evaluated the
influence of the hourly consumption coefficients on the
design of the reserve tanks.

This methodology presents significant advantages in
data collection, since it allows the information to be
organized in a structured and systematic way. It also
facilitates the tabulation, filtering and analysis process,
which contributes to obtaining more accurate and relevant
results. Figure 4 illustrates the procedure to be followed
for the application of this methodology.

The study population is the distribution networks and
their reserve tanks. In Guamote, the San Juan Alto network
has 531 users (water consumption meters or dwelling),
Carapungo has 247 users, and San Juan Bajo has 1046
users. In Guano the Lluishi network has 1460 users,
Barrios Altos 743 users, and La Inmaculada 836 users. A
sample will not be used, but rather the entire population
will be analyzed.

For the development of the methodology, data were
collected from previous research in Guamote [18] and
Guano [19] on residential hourly consumption, where
hourly consumption, daily consumption (cdaily), average
flow (gaverage), hourly consumption coefficients and
number of inhabitants per dwelling of the different
distribution networks were obtained.

To obtain the hourly consumption coefficients in the
cantons of Guamote and Guano, the methodology
proposed by Z(Figa [20] was applied, which begins with
the selection of a representative sample of the population,

with the objective of carrying out an urban and
socioeconomic characterization. This characterization
allows the identification of the different socioeconomic
strata, following the method established by Arellano [21].
Once these strata have been determined, water
consumption is recorded by means of meters, 24 hours a
day, 7 days a week. This procedure is carried out for each
drinking water distribution network, which allows
obtaining specific hourly consumption coefficients for
each one.

2.1. Analysis and Validation of Maximum Hourly
Consumption Coefficients (Kh)

For data validation, the Excel program was used, in
which the average of the maximum hourly consumption
coefficients of each distribution network was calculated,
verifying that the result was equal to 1; this is because the
maximum hourly consumption coefficients represent the
relationship between the maximum consumption and the
average daily consumption, and the condition that the
average of the coefficients is equal to 1 is to ensure that the
calculations are consistent with the principle of
conservation of mass.

Equation (1), shown below, was used to calculate the
average of the maximum hourly consumption coefficients:

Average Kh= En—Kh @

Where:

¥ Kh: Sum of the 24 maximum hourly consumption
coefficients.

N: Amount of data.

When the average was different from 1, it was verified
that the coefficients were correctly calculated according to
the method established by Z(figa [20].
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Collection of information and validation of hourly consumption

coefficients (kh).

=

hvd

Data processing and analysis of water levels in the reservoir tanks.

Design of the regulation volume according to the hourly
consumption coefficients (kh) and the current and future
population for each distribution network.

Design of the fire and emergency protection volume according to
the current and future population for each distribution network.

Analysis of the total volume obtained from the reserve tanks for
the current and future population for each distribution network.

Figure 4. Processing for the application of the methodology

2.2. Characterization of Reserve Tanks

A technical sheet was used to tabulate all the information
collected in the field about the main characteristics of the
reserve tanks. In addition, plans and other documents had
to be reviewed. The main objective was to obtain a detailed
description of the tanks, such as location, distribution
network, dimensions, shape, filling hours, number of active
users that consume drinking water, etc.

2.3. Analysis of Potable Water Levels in the Storage
Tanks

For the tabulation of the data, a technical sheet was made
in which the date, time, the level of drinking water in the
tank and possible observations were recorded. During
seven consecutive days, measurements of the drinking
water levels in the reserve tanks were taken at three
different times: morning, noon and afternoon.

To evaluate the performance and operation of the
reserve tanks, the arithmetic mean, expressed in equation
(2), was calculated. This calculation provided a
representative value of the average water level in the tanks
during the different schedules, allowing us to verify if an
adequate water renewal is taking place.
N1+Ny+N3+--Ny

7

X= O]

Where:

X: arithmetic means.

N: water level in a schedule (morning, midday or
afternoon).

2.4. Reserve Tank Volume Design

The total storage volume is the result of the sum of the

regulation, fire, and emergency volumes, in addition to
considering the free height to allow tank ventilation; a
minimum 0.30 m rim is recommended [22].

2.4.1. Regulation Volume

In order to determine the regulation volume of the
storage tank, an analysis of the units of the data collected
had to be made first, so the units of the average flow and
daily consumption were changed so that they were
expressed in terms of inhabitants, as shown in equations (3)
and (4).

Q _ Qaverage [ l ] (3)
average # inhabitants per dwelling “hxinhabitants
_ Cdaily 1
Canity = 77 . [ - (4)
# inhabitants per dwelling Linhabitants
Where:

Qaverage: Average flow rate [(I*user)/h].

Caaily: Daily consumption [l/user].

Qaverage: Average flow rate.

Caaity: Daily consumption.

# inhabitants per dwelling: Number of inhabitants per
dwelling.

In the Guamote and Guano investigations, the units of
the average flow (qaverage) are [(liters*user)/hour], so that
the average flow (gaverage) is divided by the number of
inhabitants per dwelling so that the units of the Qaverage
are [(liters*inhabitants)/hour]. It should be noted that user
refers to a meter or dwelling.

On the other hand, the daily consumption (cdiary) is
expressed in [liters], so we divide by the number of
inhabitants per dwelling so that the units of the Cdiary are
in [liters/inhabitants].

To know the number of inhabitants in each network, we
must multiply the number of users in each network by the
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number of inhabitants per dwelling in each network, as
shown in equation (5).

Inhabitants per network = number of users *
# inhabitants per dwelling (5)

Once these data were obtained, the average flow rate of
the entire network was calculated, which is obtained by
multiplying the average flow rate by the number of
inhabitants per network, as shown in equation (6).

Qaverage total network = Qaverage * inhabitants per
l
network [Z] (6)

The daily consumption volume of the network is
established as the product between the daily consumption
and the number of inhabitants per network, as expressed in
equation (7).

D.C.Volume Network.=
Cda”y*mhabzt;l(r)lgz per network [m3] (7)

Where:

Quaverage total nework: T0tal average flow rate of the network.

D.C. Volume Network: Daily consumption volume of
the entire network.

With this we obtained the daily consumption volume of
the entire network taking into account all the inhabitants.

The input flow rate is the ratio between the daily
consumption of the network and the hours of water input to
the tank, as shown in equation (8).

Reservoir tanks can be filled in two ways, by a pump
where 6 to 8 hours of filling is recommended or by gravity
where they are usually filled 24 hours a day. The designer
will choose at what time interval to start filling the tank.

D.C.Volume Network m3
Qinflow - h [T] (8)

Where:

Qinflow: Inflow rate to the tank.

h: Hours of water inflow to the tank or hours of filling.

The outlet flow rate results from the multiplication
between the average flow rate of the entire network and the
hourly consumption coefficient (Kh), also known as
modulation factor, as established in equation (9).

[ o

_ Qaverage total network*kh
Qoutflow - 1000

Where:

Qoutflow: Outflow rate from the tank.

Kh: Hourly consumption coefficient or modulation
factor.

For each hour of analysis, the initial volume is
considered to be equal to the final volume recorded in the
previous hour, as indicated in equation (10). The initial
volume of 0 with which the design starts can be at any time
interval.

Relationship Between the Maximum Hourly Coefficient and the Design of Drinking Water Tanks in Andean Areas

Vi=V; ia[m’] (10)

Where:

Vi: Initial volume.

Vsi.1: Final volume in the previous hour.

The final volume represents the reserve volume of water
in the tank at the end of an hour; this helps to ensure a
constant supply of water to users during peak consumption
hours. The final volume is obtained as shown in equation
(12).

Vi =Vi+ [(Qnfow = Qoutriow) * At] [m?]

Where:

Vf: Final volume.

At: number of hours, the time discretization is hourly.

The regulation volume (useful volume) is the maximum
value of the final volume in the 24 hours of analysis; this is
because it is the maximum volume of water that will be
stored in the tank to guarantee the continuous supply of
drinking water. In case of negative final volume values, the
regulation volume will be the sum of the maximum
positive final volume and the absolute value of the
minimum negative final volume.

The template for the design of the regulation volume of
the storage tanks should be similar to the one shown in
Table 3.

(11)

2.4.2. Fire Protection Volume

According to CPE INEN 5 - 1992 [15], three criteria are
established to determine the volume of fire protection,
which are described below:

(a) For populations of up to 3 000 future inhabitants on
the coast and 5 000 in the highlands, fire storage is not
considered.

b) For populations of up to 20,000 future inhabitants,
equation (12) will be applied, the result of which is
obtained in m3,

Vi=50x/p [m®] (12)

¢) For future populations of more than 20,000
inhabitants, equation (13) will be applied, the result of
which is in mé,

Vi=100+,p [m?] (13)

Where:
Vi: Volume for fire protection, in md,
p: Population in thousands of inhabitants.

2.4.3. Emergency Volume

The CPE INEN 5 - 1992 standard [15] establishes that,
for populations with more than 5000 inhabitants, 25% of
the regulation volume will be taken as volume to cover
emergency situations; while for populations with less than
5000 inhabitants no volume will be calculated for
emergencies.
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Table 3. Design template for calculating the regulation volume of water storage tanks

Time Interval Number of Hours Kh Qinfiow [M¥/h] Qoutflow [M3/h] Initial Volume [m®]  Final Volume [m?]
0 1 1 0,08 12,377 0,990 34,161 45,548
1 2 1 0,08 12,377 0,990 45,548 56,935
2 3 1 0,08 12,377 0,990 56,935 68,323
3 4 1 0,08 12,377 0,990 68,323 79,710
4 5 1 0,08 12,377 0,990 79,710 91,097
5 6 1 0,08 12,377 0,990 91,097 102,484
6 7 1 1,74 12,377 21,536 102,484 93,325
7 8 1 1,89 12,377 23,393 93,325 82,309
8 9 1 1,25 12,377 15,472 82,309 79,215
9 10 1 0,96 12,377 11,882 79,215 79,710
10 11 1 0,80 12,377 9,902 79,710 82,185
11 12 1 0,64 12,377 7,921 82,185 86,641
12 13 1 1,20 12,377 14,853 86,641 84,165
13 14 1 1,40 12,377 17,328 84,165 79,215
14 15 1 1,45 12,377 17,947 79,215 73,645
15 16 1 2,08 12,377 25,745 73,645 60,277
16 17 1 1,81 12,377 22,403 60,277 50,252
17 18 1 2,00 12,377 24,755 50,252 37,874
18 19 1 2,46 12,377 30,448 37,874 19,804
19 20 1 2,58 12,377 31,933 19,804 0,248
20 21 1 1,02 12,377 12,625 0,248 0,000
21 22 1 0,08 12,377 0,990 0,000 11,387
22 23 1 0,08 12,377 0,990 11,387 22,774
23 24 1 0,08 12,377 0,990 22,774 34,161

3. Results and Discussion

At Guamote and Guano, the reserve tanks are filled by gravity 24 hours a day, and the interior of the tanks is cleaned
every six months. The tanks are waterproofed with fiberglass and epoxy paint, respectively. Several tanks are more than
17 years old. In Guamote, the tanks have minor cracks on the outside, while in Guano they are in poor condition and pose
a risk because they are easily accessible, as shown in Figure 5.

s i g W

Figure 5. Potable water storage tanks in the cantons of Guamote and Guano
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Cleaning and maintenance are essential to prevent
disease, eliminate pathogens, prevent the accumulation of
scales, silt and algae, and improve the taste and odor of the
water. However, inadequate maintenance can favor the
accumulation of sediment and the growth of
microorganisms, deteriorate water quality and compromise
water safety [3].

3.1. Hourly Consumption Coefficients (Kh) by Network

With respect to the previous studies conducted in
Guamote and Guano, there was a variation in the hourly
consumption coefficients. However, the maximum Kh
values are still outside the range of INEN CPE 5 - 1992
[15]. This suggests that the current regulations may be
insufficient to meet the demand for drinking water during
peak consumption hours.

In Guamote, as shown in Figure 6, in the San Juan Bajo
network the maximum Kh value is recorded at 12h00 with
a value of 2.52. In the San Juan Alto network, three peak

3.00

kh min CPE INEN 5
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hours of higher consumption are identified, specifically at
7h00, 13h00 and 18h00 with Kh values of 1.81, 2.55 and
2.31 as shown in Figure 7.

In Guano, in the La Inmaculada network, there are three
peak hours at 6h00, 11h00 and 19h00 with Kh values of
2.07, 2.09 and 2.33 as shown in Figure 9. As shown in
Figure 10 in the Lluishi network, the maximum Kh value
is recorded at 12h00 with a value of 2.31.

In the cities analyzed, the main work activities are
agriculture, livestock and commerce. Therefore, the
networks of Carapungo in Guamote and Barrios Altos in
Guano, due to the fact that they are more rural areas
dedicated to agriculture, present the highest maximum Kh
with 2.58 and 2.44 respectively, as shown in Figure 8 and
Figure 11.

The values of the hourly consumption coefficients make
it possible to identify the hours of greatest demand for
drinking water, which is fundamental for calculating the
adequate volume of the reserve tanks and thus
guaranteeing a continuous supply to the population.

1.37
.15 o5
0.080.080.08

12 13 14 15 16 17 18

Hours

19 20 21 22 23 24

kh max CPE INEN 5

Figure 6. Maximum hourly consumption coefficients for the San Juan Bajo water distribution network
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2 1.50 BRI
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kh San Juan Alto Network

kh min CPE INEN 5

2.37 2.31
1.99
63 1-43]7;; 149
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kh max CPE INEN 5

Figure 7. Maximum hourly consumption coefficients for the San Juan Alto water distribution network
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Figure 8. Maximum hourly consumption coefficients for the Carapungo water distribution network
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Figure 9. Maximum hourly consumption coefficients for the La Inmaculada water distribution network
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Figure 10. Maximum hourly consumption coefficients for the Lluishi water distribution network
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Figure 11. Maximum hourly consumption coefficients for the Barrios Altos water distribution network
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3.2. Maximum Hourly Consumption Coefficients (Kh
Max)

Figure 12 shows the coefficients of variations of the
maximum hourly consumption of the networks of the
Guamote and Guano cantons. These values were higher
than those established by the CPE INEN 5 - 1992 standard
[15], with an established range of 2 to 2.3, which exceeded
all the networks. This does not imply that there is a
discontinuity in the supply of drinking water, but rather
that there is high consumption during the day. These
coefficients made it possible to dynamically represent the
behavior of the network and to verify its optimal operation
by means of design criteria that contemplate the most
unfavorable scenarios.

The results obtained coincide with those reported by
Z(riga et al. [20] and Arellano [23], who point out that
hourly consumption coefficients and consumption vary
significantly according to socioeconomic and demographic
factors. In this case, the maximum Kh values recorded
exceed the ranges established by INEN CPE 5 - 1992 [15],
suggesting that these normative parameters may not
adequately represent real consumption conditions in
Andean areas such as Guamote and Guano.

In addition, it should be noted that the current
regulations do not establish a specific methodology that
directly relates the maximum hourly coefficient to the
design of the volume of the reservoir tanks. This represents
an important technical gap that could lead to
underestimation or oversizing of potable water storage
systems. Therefore, there is a clear need to update national

3.00
2.50 s _____—“ ||—|| ‘ |
E:uo 2——
E
% 1.50
= o " &
= (o]
< 1.00 - h
0.50
0.00

San Juan Bajo  San Juan Alto

Carapungo
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regulatory frameworks to incorporate dynamic parameters
such as the maximum hourly coefficient that more
accurately reflect actual hourly drinking water
consumption patterns.

Currently, the study areas face extreme climatic events,
such as prolonged periods of drought and high intensity
rainfall. These conditions directly affect the catchment
flow: in the rainy season, excess sediment forces the
temporary closure of sources; while, in the dry season, the
available flow is insufficient to meet the demand. Another
critical aspect is water quality, which has also been
compromised. The recent national energy crisis caused
interruptions in the disinfectant dosing systems, generating
insufficient chlorine concentrations in the distribution
networks and, therefore, a greater risk of bacterial
proliferation.

These factors not only affect the availability and quality
of water resources, but may also modify the population's
consumption patterns.

3.3. Potable Water Levels in the Reserve Tanks

Table 4 shows the water levels in Guamote's reserve
tanks at 7:00 a.m., 12:00 p.m. and 4:00 p.m., where the
highest levels of potable water were on Wednesday and the
lowest levels of potable water were on Thursday; this
indicated that on Thursday there is a higher consumption of
potable water in the population, due to the different
commercial activities and the influx of people for the
Guamote fair, therefore, the consumption of potable water
increases.

. —
-

o

< - =

(o ] ol

La Inmaculada Lluishi Barrios Altos

Distribution Networks

—kh

Kh min CPE INEN 5

Kh max CPE INEN 5

Figure 12. Maximum hourly consumption coefficients (Kh) by distribution network in the cantons of Guamote and Guano
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Table 4. Percentage levels of potable water in the storage tanks of the canton of Guamote
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Percentage of Water Levels in Reserve Tanks

San Juan Bajo Network

Volume=450 m®

San Juan Alto Network

Volume=200 m?

Carapungo Network

Volume=150 m?

7:00 12:00 16:00 7:00 12:00 16:00 7:00 12:00 16:00

Percentage [%] Percentage [%] Percentage [%]
Monday 85.50 59.45 41.35 91.11 71.11 49.63 90.00 72.14 51.07
Tuesday 83.17 57.65 40.23 87.41 68.15 4741 89.29 69.64 55.00
Wednesday 89.79 64.46 44.42 92.59 68.52 50.74 100.00 80.36 58.93
Thursday 78.01 48.06 29.69 85.19 53.33 36.30 87.50 57.14 34.29
Friday 81.13 53.02 31.61 89.63 67.78 51.85 86.43 65.36 44.64
Saturday 83.07 62.67 38.62 90.74 62.96 42.59 84.64 67.86 49.64
Sunday 83.89 62.46 42.89 91.85 63.70 45.19 92.14 71.43 55.71

The levels recorded at 4:00 p.m. guarantee that there is
enough water reserve to cover consumption during the
peak hours of the night. In addition, with the levels
recorded it was possible to conclude that there is a constant
renewal of water in the reserve tanks.

Table 5 shows that the reserve tank of the Carapungo
network had the highest levels of potable water, since it
only has two consumption peaks in the morning and at
night. On the other hand, the San Juan Bajo network had
the lowest levels since it concentrates the largest number of
users in the Guamote canton and had three consumption
peaks in the morning, afternoon and evening.

Table 5. Average levels of potable water in the storage tanks of the
canton Guamote

Average Water Levels in Reserve Tanks

7:00 12:00 16:00
San Juan Bajo Network 83.51% 58.25% 38.40%
San Juan Alto Network 89.21% 65.61% 46.24%
Carapungo Network 90.00% 69.13% 49.90%

In Guano, the levels in the tanks remained at 100%
during the three hours of 9:00 am, 12:00 pm and 3:00 pm,
so there is an overflow system in each tank, which directs
the water to crops, the stream or even the sewage system.
The constant use of overflow systems in the tanks does not
guarantee adequate renewal and mixing of drinking water.
This practice, while avoiding shortages, generates a
continuous waste of treated drinking water and
compromises the operational efficiency of the system.

From an environmental perspective, the results obtained
in Guano show inefficient use of water resources. The
implementation of smart technologies in drinking water
systems allows optimizing consumption and minimizing
losses, which contributes to reducing the environmental
impact and strengthening the conservation of the resource.
These actions are aligned with the principles of
sustainability and responsible water management, focusing

on the Sustainable Development Goals (SDGs) of the
United Nations (UN).

Poor mixing in tanks can increase the frequency of
cleaning and disinfection required, since water stored for
prolonged periods without sufficient renewal can lose
disinfectants and favor bacterial growth [13].

Also, in some developing countries, manual operation of
tanks can lead to water wastage due to human negligence.
The use of 10T technology allows efficient monitoring of
water levels, leak detection and automatic refilling of tanks
when necessary; it can also be used for water quality
monitoring and management, which contributes to better
control of water resources and water quality [24], [25].

3.4. Regulating Volume of Reserve Tanks by Networks

For the design of the regulation volume, an analysis was
made with the current population and the future population
at the end of the design period of the potable water and
sewerage master plans of Guamote and Guano, which is
until the year 2039.

In the Guamote and Guano canton, it was verified
through the monthly consumption records files submitted
by the Sewerage and Drinking Water Departments that
some installed meters do not register drinking water
consumption. In Guamote 927 meters showed no
consumption and in Guano 833 meters showed no
consumption.

In Guamote, a regulation volume of 257 m3s currently
required for the San Juan Bajo network, 102 m=¥or the San
Juan Alto network and 61 m3for the Carapungo network,
as shown in Figure 13, Figure 14 and Figure 15. The three
distribution networks require a regulation volume of 420
m3xo0 meet current demand. However, by the year 2039, it
is projected that this need will increase to 855 m=3Among
these networks, the San Juan Bajo network will experience
the largest increase, going from 257 m3o 517 m3which
represents an increase of 260 m3as shown in Figure 13.
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Figure 13. Current and projected regulation volumes for the San Juan Bajo water distribution network
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Figure 14. Current and projected regulation volumes for the San Juan Alto water distribution network
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Figure 15. Current and projected regulation volumes for the Carapungo water distribution network
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In Guano, a regulation volume of 155 m3is currently ~ Within this canton, the Lluishi network requires the largest
required for the La Inmaculada network, 317 m3for the volume of regulation, since it concentrates on the largest
Lluishi network and 89 m3for the Barrios Altos network, number of users. However, by 2039, the network with the
as shown in Figure 16, Figure 17 and Figure 18. greatest increase in its regulation volume is that of La

In Guano, the volume of regulation required was 561 m3 Inmaculada, which will require a volume of 312 m3as
but it is estimated that by 2039 it will increase to 829 m3 shown in Figure 16.
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Figure 16. Current and projected regulation volumes for the La Inmaculada water distribution network
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Figure 17. Current and projected regulation volumes for the Lluishi water distribution network
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Figure 18. Current and projected regulation volumes for the Barrios Altos water distribution network

3.5. Total Volume of the Reserve Tanks and
Comparison with the Current Volume

According to the classification proposed by Arellano
[23], Guamote is classified as a small city because it has a
population of 3783 inhabitants. While Guano is classified
as a medium-sized city because it has a population of 9266
inhabitants. This classification helped us to verify that the
size of the cities, customs and work activities are related to
drinking water consumption, as indicated by Arellano [23].

As shown in Table 6, there is currently no need to
consider additional volume for fire and emergency
protection in any of the Guamote and Guano distribution
networks, since none of them exceed 5,000 inhabitants.

As shown in Table 7, only the Lluishi network will need
an additional volume of 230 m? for fire and emergency
protection by the year 2039, as it will have more than 5,000
inhabitants.

Table 8 shows the comparison between the volume
calculated using the Kh coefficients and the actual volume
of the reserve tanks. It can be seen that only the Lluishi
network, in the Guano canton, has a deficit of 17 m3In the
rest of the distribution networks, the current volume of the
tanks is sufficient to cover the current demand for drinking
water.

On the other hand, Table 9, which shows the projection
for the year 2039, shows that the volumes of the reserve
tanks of the San Juan Bajo, San Juan Alto, Lluishi and
Barrios Altos networks will not be sufficient to guarantee a
continuous supply of drinking water. In particular, the
Lluishi distribution network will have a significant deficit
of 351 m3

With the current volumes of the reserve tanks, there is no
shortage in Guamote or Guano, only the Lluishi network
compensates for this with a higher inflow, and this was
corroborated by the water levels recorded in section 3.3;
however, if all users were active, these volumes would not

have been sufficient to guarantee a constant supply. This
problem is evident during festive events such as Carnival,
where there is a large influx of users. Therefore, it is
decided to shut off the supply during off-peak hours to
ensure the availability of water during peak hours.

In the future, the San Juan Bajo, San Juan Alto, La
Inmaculada and Lluishi networks will have a deficit; these
networks were the only ones that did not change their
volume with the Drinking Water Master Plan. In addition,
the Barrios Altos network would have an oversizing of 154
mé. Therefore, it is necessary to make a design for each
distribution network and not for the city as a whole, in
order to know exactly what volume each network needs.

One of the main limitations of the study is that it focused
exclusively on areas with similar demographic, geographic
and climatic characteristics, such as the Andean cantons of
Guamote and Guano. Therefore, the results obtained may
not be directly extrapolable to contexts with different
conditions, such as coastal or Amazonian urban areas,
where water consumption patterns may vary significantly.
To overcome this limitation, it is recommended that future
studies consider regions with climatic diversity,
contrasting  population  densities and  different
socioeconomic dynamics. This would allow validation and
comparison of hourly consumption coefficients (Kh) in
different contexts, thus strengthening their applicability at
the national level.

In addition, the present study can serve as a reference for
improving distribution systems in other cities with similar
characteristics in terms of population, economic activities,
demographic structure and consumption habits. The
performance of comparative analyses with areas of
different typology will allow, in the future, the
development of more general and representative technical
guidelines for the design of potable water storage tanks.
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Table 6. Currently required regulation volume based on hourly consumption coefficients

Network Number of  Required Inflow  Population

Regulation

Fire Protection Emergency Volume as a function

Water Meters Rate [l/s] [inhabitants] Volume [m®] Volume [m®]  Volume [m?] of Kh [m?]
San Juan Bajo 519 8.60 2180 257 0 0 257
San Juan Alto 231 3.42 1132 102 0 0 102
Carapungo 147 2.05 471 61 0 0 61
La Inmaculada 415 7.47 1743 155 0 0 155
Lluishi 1098 14.61 4612 317 0 0 317
Barrios Altos 693 4.84 2911 89 0 0 89

Table 7. Future required regulation volume based on hourly consumption coefficients

Network Number of  Required Inflow  Population  Regulation Fire Protection Emergency Volume as a function
Water Meters Rate [l/s] [inhabitants] Volume [m®]  Volume [m®]  Volume [m?] of Kh [m?]

San Juan Bajo 1046 17.34 4394 517 0 0 517
San Juan Alto 531 7.86 2602 235 0 0 235
Carapungo 247 3.44 791 103 0 0 103
La Inmaculada 836 15.05 3512 312 0 0 312
Lluishi 1460 19.43 6132 421 124 106 651
Barrios Altos 743 5.19 3121 96 0 0 96

Table 8. Current comparison between required volumes based on Kh coefficients vs. actual volumes of the storage tanks

Canton Network Population [inhabitants] Volume as a function of Kh [m?] Current Volume [m?]
Guamote San Juan Bajo 2180 257 450
San Juan Alto 1132 102 200
Carapungo 471 61 150
Guano La Inmaculada 1743 155 300
Lluishi 4612 317 300
Barrios Altos 2911 89 250
Table 9. Future comparison between required volumes based on Kh coefficients vs. actual volumes of the storage tanks
Canton Network Population [inhabitants] Volume as a function of Kh [m?] Current Volume [m?]
Guamote San Juan Bajo 4394 517 450
San Juan Alto 2602 235 200
Carapungo 791 103 150
Guano La Inmaculada 3512 312 300
Lluishi 6132 651 300
Barrios Altos 3121 96 250

4. Conclusions

According to the study conducted in the distribution
networks of Guamote and Guano, it is concluded that the
reserve tanks meet the current potable water demand of the
897 active users in Guamote and 2206 in Guano. Only the
Lluishi distribution network in Guano has a deficit of 17 m?
but this is compensated by a higher inflow to the tank,
which is currently 15.25 I/s, while only 14.61 /s is

1

contemplated according to the study.

The Kh coefficients are directly related to the
socioeconomic level, customs, economic activities and
demographics of each area; therefore, it is concluded that
the Kh coefficients help determine the minimum volume
that the reserve tanks should have to meet the maximum
water demands during peak consumption hours.

However, in addition to considering an additional
volume for fire and emergency protection, an additional
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volume should be taken into account for festive events that
occur in several cities in Ecuador, where there is a large
influx of people.

In

Guamote there are large volumes of consumption, due

to the high Kh, which is also reflected in the volume
needed in the tanks, since Guamote needs a volume of 420
m? in its reserve tanks despite having 5110 inhabitants less
than Guano, which needs 568 m?.

In

Guano, water levels are maintained at 100% during

the day, while in Guamote they reach maximum levels
between 89-92% and minimum levels between 23-26%.
This indicates that only in Guamote is the adequate renewal
and mixing of drinking water guaranteed.

From a water resource planning and management
perspective, this study has relevant policy implications.
The analysis of the maximum hourly coefficient provides
the basis for more precise investment decisions in

hydraulic
over-

infrastructure, avoiding both unnecessary
sizing and underestimation of the real demand for

drinking water. This information is valuable for local
governments and entities responsible for the design of
drinking water systems, since it facilitates the formulation
of updated technical regulations that reflect the hourly
behavior of consumption in Andean areas.
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