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Abstract: Multioutlet hydrants as joint network infrastructure remain briefly addressed in the
literature. Studies have always been limited to the individual treatment of the hydraulic components
but not as a whole element. This study presents the main problems in the field of multioutlet hydrants
within hydraulic infrastructure for pressure irrigation networks in Mediterranean agriculture. First,
a field study with interviews was carried out in 30 water users associations (WUAs) between 2010
and 2018. Following this study, a laboratory test methodology was proposed to characterize this
type of hydrant. Subsequently, four laboratory tests were performed on 12 multioutlet hydrants
with different and common configurations found in irrigation networks: (i) head losses produced,
(ii) global measurement precision in the multioutlet hydrant, (iii) blockage analysis in meters in
vertical orientation, and (iv) hydrant behavior in response to hydraulic transients. The tests show
that a horizontal configuration of the measuring elements with fewer than ten outlets and a suitable
dimensioning of elements improve element maneuverability, instrument metrology, and irrigation
emission uniformity. Finally, the importance of adequate design, dimensioning, and maintenance
of the multioutlet hydrant devices is evidenced as a key point for the adequate management of
collective pressure irrigation networks.

Keywords: hydrant; network; drip irrigation; collective management; modernization; WUAs

1. Introduction

The modernization of pressure irrigation systems in Mediterranean agriculture is a
recent trend that has led to the installation of an infrastructural series that enables the
control and management of irrigation water, moving from traditional irrigation systems
such as surface irrigation to automated pressure systems for water distribution [1–3].

This irrigation modernization aims to achieve some advantages: (a) reduce water
losses in transport and distribution networks, (b) irrigate all types of topographies, (c) bill
the water consumed by each farmer, (d) increase efficiency and control in the use of water
in microirrigation, and (e) achieve smart irrigation through the use of sensors [4–7].

In the Mediterranean area, the production model is based on intensive agriculture
of small plots that average approximately 0.5 to 1 ha. The Valencia region is located
in the east of Spain and covers a total of 300.417 ha of irrigated area, approximately
55.6% of the total cultivated area. Mainly, the cultivation of citrus fruits (52%), other
fruits (15%), vineyards (9%), olive trees (4%), and other crops such as rice and vegetables
(25%) predominate [8]. Currently, 72% of the irrigated surface corresponds to pressurized
irrigation systems and the remaining 28% to surface irrigation [9]. Agriculture in this area
is predominantly smallholding and mostly managed by water users associations (WUAs)
that have modernized their irrigation systems through regional and national subsidies
since 1995 [10,11].
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The design of pressurized irrigation networks is simplified with the use of multioutlet
hydrants. This type of hydrant groups all the water control elements and the automatic
management of several plots into a single connection point in the network (Figure 1a) [12–14].
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Currently, the location of these irrigation control systems is chosen using geographic
information systems under the criteria of distance to the plots, elevation, or accessibility
to the infrastructure (Figure 1b). Additionally, under technical–economic criteria, some
mathematical optimization studies have been advanced that achieve efficient, spatially
distributed multioutlet hydrants on the irrigated plots [15,16].

The European Standard EN 14267: Irrigation techniques—Irrigation hydrants
(2004) [17] defines this infrastructure as an integrated valve system designed to ensure
the supply of water in irrigation pressure networks. These hydrants include at least the
functions of supply shut-off and water volume metering, although they can also limit the
flow and regulate the pressure.

Multioutlet hydrants integrate these functions and manage the irrigation operation of
various plots. They contain a main pipe or body of the hydrant connected to the pressurized
network, together with a group of outlet intakes where individual meters and solenoid
valves are installed to supply water to the end user. The configuration of multioutlet
hydrants is highly variable, as shown in Figure 2. They can combine different elements of
measurement, filtration, control valves, and pipes inside cast concrete sheds [18].

The standard does not define or detail the special characteristics of these multioutlet
hydrants. This fact makes it impossible to apply many of the aspects and verification tests.
The EN 14267 standard does not clarify how to treat the elements of the hydrant, whether
as a whole or individually. Moreover, it does not clearly identify the differences between a
single-outlet and multioutlet hydrant.

Consequently, the operation of these multioutlet hydrants as joint infrastructure is not
well discussed in the literature. Previous studies have almost exclusively focused on single
treatment of the elements of which they are composed, such as water meters, irrigation
valves, or filters [19–24].

In this sense, the design and configuration of multioutlet hydrants mainly affect
hydraulic parameters such as pressure head loss and outlet flow rates. Adequate pressure
in the multioutlet hydrant implies good emission uniformity in the irrigation plots supplied.

The incorrect operation of these multioutlet hydrants can lead to problems in the
management of the irrigation network. A failure in the data acquisition systems leads to
the inefficient use of water by the farmer and the poor technical management of collective
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irrigation communities [25,26]. The volumes recorded by the meters are essential to achieve
the efficient use of irrigation by controlling the consumption of each user [27–30].
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To fill this literature gap, this paper studies the current state of multioutlet hydrants
in pressurized irrigation networks in the Mediterranean region through visits to water
users associations (WUAs). Subsequently, hydraulic behavior was characterized in the
laboratory to identify the critical points in system configuration and design. The study
will enable adapting the EN 14267 standard to this type of hydrant so that performance,
configuration, and quality standards can be guaranteed.

2. Materials and Methods
2.1. Multioutlet Hydrants in Irrigation Networks

In 2010, the operation of these systems began to be evaluated in a total of 30 WUAs,
detecting that one of the main problems was in the management and operation of multi-
outlet hydrants [25]. Consequently, the most important problems affecting the operation of
these infrastructures were identified.

The study area focused on the Valencian Community. The distribution of WUAs can
be seen in Figure 3.
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Data collection was carried out by running interviews with the WUAs’ managers. The
manager was elected by the members of the WUA. The profile of the interviewees were
males between 50 and 70 years of age with many years of agricultural and technical experi-
ence. Data were collected in 2010 and 2016 to analyze the evolution of the technological
modernization of drip irrigation systems [25].

The methodology is based on an interpretative research paradigm [31]. Qualitative
research methods were used to obtain information and to organize the explanations of
the different managers. It can be affirmed that the interviews provide a qualitative vision
of the problems of multioutlet hydrants in terms of maneuvering, accessibility, blocking
of instruments, etc. Subsequently, it should be contrasted with the hydraulic operation
of the entire infrastructure in the laboratory where problems detected by users in WUAs
are confirmed.

During the field study, the configurations found for these types of hydrants were very
diverse in the number of intakes, position of the hydraulic elements, and components used.
To identify each type of multioutlet hydrant, the code shown in Figure 4 is proposed.
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Configuration of these hydrants will be defined through the following parameters:
i. Hydrant morphology: indicates the configuration based on the arrangement of

general elements and water meters in vertical (V) or horizontal (H) orientations and the
connection point of the network to the hydrant: lateral (1) or central (2);

ii. Hydrant function: defined according to the classification described in the EN 14267
(2004) [17] standard and shown in Table 1.

Table 1. Hydrant functions and corresponding admissible head loss according to EN14267 (2004).

Type Function ∆hH (kPa)

1 Shut-off and metering 50
2 Shut-off, metering, and flow-rate limitation 80
3 Shut-off, metering, and pressure regulation 80
4 Shut-off, metering, flow-rate limitation, and pressure limitation 110

iii. Number of intakes (NSH): corresponds to the number of plots irrigated;
iv. Nominal diameter of body and main elements in millimeters (DNB);
v. Nominal hydrant flow in m3 h–1 (QNB). Sum of the QNP of each outlet. Nominal

flow of each outlet in m3 h–1 (QNP), based on their permanent flow;
vi. Nominal diameter (DNP) of the outlets, in millimeters: indicates the DN of the

water measurement element installed at the outlet;
vii. Nominal pressure (PN) in bar or kPa, choice of the element with the lowest

pressure from the set of hydrant elements;
viii. Number of outlets of each DNP (NSDN).
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2.2. Multioutlet Hydrant in Laboratory

In this work, the hydraulic characterization of 12 new multioutlet hydrants was carried
out with the most common configurations found in the field (Table 2). Approximately 85%
of the multioutlet hydrants found in the WUAs had DNB between 80 and 150 mm, which
supplied 3 to 10 intakes, serving, each one, an average plot area of 0.75 ha.

Table 2. Multioutlet hydrant configurations.

Hydrant Number 1 2 3 4 5 6 7 8 9 10 11 12

Hydrant Morphology V2 V2 V2 V1 V2 V2 V1 V2 V2 H2 V1 H2

Function Type 3 3 1 4 1 3 4 1 3 3 3 3

NSH 5 7 8 3 6 8 10 8 6 7 7 10

DNB (mm) 80 80 100 100 100 80 100 150 100 100 100 150

QNB (m3 h–1) 31.0 31.0 61.5 61.0 53.0 28.0 68.0 63.5 73.5 63.0 112.0 51.0

DNP (mm)
NSDN

80 - - - 1 - - - - - - 1 -
65 - - - - - - - - 1 - - -
50 - - - 1 1 - - - 1 3 1 -
40 1 1 5 - 2 - 2 5 3 - 3 1
30 2 - - 1 3 - 8 2 - 2 - 5
25 1 6 3 - - 8 - 1 1 1 2 1
20 1 - - - - - - - - 1 - 3

PN (bar) a 10 10 10 10 10 10 10 6 10 10 6 10
a PN in International System units, 600 and 1000 kPa.

The tests show the behavior of hydrants installed in the field in extreme situations: the
head loss generated by the infrastructure, the accuracy of the measuring instruments within
each configuration, the blocking metering problems, and finally, the possible hydraulic
transients in the opening and closing maneuver of the irrigation intakes.

The four experiments are presented in a flowchart (Figure 5) and were carried out
between 2010 and 2016 at the Hydraulic and Irrigation Laboratory (LHIR) of the Universitat
Politècnica de València. The main characteristics of the test bench are:

• Pumping station with three 33 kW variable-speed pumps;
• Closed circuit with double tank (2000 L and 15,000 L);
• Reference electromagnetic flowmeters DN25, DN50, DN100, and DN200, with an

accuracy of 0.5%, calibrated by weighing;
• Data acquisition system developed in LabView (2015) for the control of time, tempera-

ture, flow, and pressure variables;
• Control bench with 16 variable-range pressure transducers and 4 differential

pressure transducers.

2.2.1. Head Loss of the Multioutlet Hydrant

In this test, head losses of twelve multioutlet hydrant configurations that regulate the
operation of the downstream irrigation system were determined. The test was carried out
with all the plot intakes open, and the flow rate of each intake was regulated approximately
at QNP. The multioutlet hydrant number 9 test bench is shown in Figure 6a.
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The EN 14267 [17] standard indicates that head losses must be obtained through the
EN 1267 standard, which cannot be applied due to the combination of different elements
in a small space, and it is impossible to guarantee the straight sections specified by the
standard. Therefore, the head loss (∆hH) was determined by the pressure difference
between the connection to the distribution network and the connection to each user for the
QNB of the body hydrant and the QNP of the outlets (Figure 6b).

∆hH = Pu − Pdx (1)
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where Pu is the pressure at the inlet of the multioutlet hydrant (kPa), and Pdx is the pressure
at the outlet of each intake (kPa).

By having multiple outlets, the difference in kinetic heights between the inlet and the
outlets is depreciated, because the speeds obtained are similar, and the error is less than
the errors of the pressure sensors used.

2.2.2. Global Metrology of the Multioutlet Hydrant

Water meters are the most important and sensitive elements of the multioutlet hydrant,
and their correct measurement is one of the objectives of these installations [32,33].

The measurement error is obtained from the measurement of the meter’s pulse emitter,
where each pulse marks a consumed volume. This form of metering represents a real au-
tomation system in the field for billing consumption. As a second laboratory measurement,
a sequential photographic comparison of the instrument’s totalizer to the launched water
meter is made (minimum shutter speed of 1/60 s) (Figure 7a). The flow, in both cases,
is obtained by differences in the volume and time used in each test. The test scheme for
hydrant number 11 is shown in Figure 7b.
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The EN 14267 standard [17] indicates how to test water meters in hydrants but does
not specify anything about their testing position or the possible disturbing elements that
may be downstream and upstream. In the case of multioutlet hydrants, these installation
characteristics are very important. Additionally, the metrology of each water meter can be
evaluated to globally check the metrological status of the whole hydrant.

The method is divided into two phases. First, the water meter is tested in its ac-
tual position in the hydrant, and the permanent flow (QNP) and accuracy are evaluated
sequentially for each outlet.

After this test, the overall metrology is checked with all the outlets running at the
same time. The accuracy of the water meters is globally compared in the multioutlet
hydrants tested at their QNB. The flow rate of the hydrant close to QNB and in the intakes
to QNP is regulated, and the flow rate of each intake is measured sequentially. The sum of
the flow rates recorded in the intakes is compared with the average of the flow recorded
continuously during the test by the electromagnetic flow meter of the bench. The reference
flow rate of the electromagnetic flow meter (QEMF) remains constant throughout the test.
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The sum of the flow measurements from the meters of each multioutlet hydrant is
compared with the reference measurement of the test bench, and the overall error of the
hydrant is determined:

ε =

(
QH − QEMF

QEMF

)
× 100, (2)

where QH is the sum of the total flow of the multioutlet hydrant and QEMF is the flow
measured with the electromagnetic or reference flow meter.

2.2.3. Water Meter Blocking Analysis

The phenomenon of meter blockage in many WUAs is a significant problem and is
leading to massive changes in multijet water meters or to the elimination of the measure-
ments of water consumed. Thus, WUAs start to bill the water by surface area and crop.

In multijet water meters, the turbine rotation speed depends on the impact speed of
the water on it. When the flow rates are very high, the impact of the water flow will be
greater, producing a decoupling in the magnetic transmission that connects the turbine with
the meter’s totalizer. In this way, the totalizer remains blocked and, without movement,
ceases to count the water consumed throughout the irrigation period [34].

However, in which cases do these abnormally high flow conditions occur? Generally, it
is in situations where the pressure differential between the inlet and outlet of the instrument
is high. This occurs during the filling of the pressure network, which is empty at the
beginning of the irrigation period. In this situation, a pressure gradient that can usually
reach 300–500 kPa causes very high flow rates, higher than the QNP. Consequently, the
impact speeds of the water on the turbines are very high. This phenomenon was also
verified in the field using real-time measurements (Figure 8).
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To assess the magnitude of this problem, a second metrological test was performed. A
total of 86 new multijet meters from DN15 to DN40 from various commercial manufacturers
were evaluated.

The meters were tested independently and in a vertical position, as shown in Figure 9.
They were tested for operation at high flow rates by exceeding their Q4 or overhead flow
until it was doubled. The meter blocking was determined by the stop of the needles
arranged in the instrument’s totalizer.

2.2.4. Analysis of Transients in the Opening and Closing of Irrigation Intakes

In automated irrigation networks, the intakes are opened and closed throughout
the irrigation day. This fact generates a sequence of operation periods in a permanent
and stable regime and intermediate periods of hydraulic transients. Depending on the
opening and closing time and the size of the intake, the transient can generate structural
and hydrant operation problems.



Agronomy 2021, 11, 2240 9 of 15

Agronomy 2021, 11, x FOR PEER REVIEW 9 of 15 
 

 

To assess the magnitude of this problem, a second metrological test was performed. 
A total of 86 new multijet meters from DN15 to DN40 from various commercial manufac-
turers were evaluated. 

The meters were tested independently and in a vertical position, as shown in Figure 
9. They were tested for operation at high flow rates by exceeding their Q4 or overhead 
flow until it was doubled. The meter blocking was determined by the stop of the needles 
arranged in the instrument’s totalizer. 

 
Figure 9. Water meter blocking laboratory test and detailed image of water meter test bench. 

2.2.4. Analysis of Transients in the Opening and Closing of Irrigation Intakes. 
In automated irrigation networks, the intakes are opened and closed throughout the 

irrigation day. This fact generates a sequence of operation periods in a permanent and 
stable regime and intermediate periods of hydraulic transients. Depending on the opening 
and closing time and the size of the intake, the transient can generate structural and hy-
drant operation problems. 

The test performed enabled simulation of the evolution of the pressure and flow rate 
of the hydrant in the maneuvering of opening and closing the intakes, simulating the start-
ing and stopping of irrigation in a real situation in the field. The pressure is continuously 
recorded to visualize the transients caused by the closing and opening of the intakes. 

The test was carried out with solenoid valves controlling the intakes and sequentially 
opening and closing. Sufficient time intervals were operated so that the pressure and flow 
rate values stabilized after each opening and closing. 

The transient test described in the standard refers to a single-user hydrant, which 
makes it unfeasible to perform it with the configuration and characteristics of a multiout-
let hydrant serving several users. 

3. Results and Discussion 
3.1. Main Problems Detected in Multioutlet Hydrant 

The interviews focused on questions about irrigation management, automation, and 
problems in the management and the infrastructure of the WUAs. The problems found in 
the interviews were grouped into seven categories. Multioutlet hydrants were included 
as elements of maneuver, regulation, and protection of the network. In this group, it was 
detected that 79% of WUAs are affected. When analyzing each category, it was observed 
that the most important problems are related to the blocking of flow meters (29%) and 
malfunction in shut-off valves (29%) in multioutlet hydrants [25]. 

Table 3 lists the weaknesses found in this type of infrastructure after the qualitative 
field study. 

  

Figure 9. Water meter blocking laboratory test and detailed image of water meter test bench.

The test performed enabled simulation of the evolution of the pressure and flow rate of
the hydrant in the maneuvering of opening and closing the intakes, simulating the starting
and stopping of irrigation in a real situation in the field. The pressure is continuously
recorded to visualize the transients caused by the closing and opening of the intakes.

The test was carried out with solenoid valves controlling the intakes and sequentially
opening and closing. Sufficient time intervals were operated so that the pressure and flow
rate values stabilized after each opening and closing.

The transient test described in the standard refers to a single-user hydrant, which
makes it unfeasible to perform it with the configuration and characteristics of a multioutlet
hydrant serving several users.

3. Results and Discussion
3.1. Main Problems Detected in Multioutlet Hydrant

The interviews focused on questions about irrigation management, automation, and
problems in the management and the infrastructure of the WUAs. The problems found in
the interviews were grouped into seven categories. Multioutlet hydrants were included
as elements of maneuver, regulation, and protection of the network. In this group, it was
detected that 79% of WUAs are affected. When analyzing each category, it was observed
that the most important problems are related to the blocking of flow meters (29%) and
malfunction in shut-off valves (29%) in multioutlet hydrants [25].

Table 3 lists the weaknesses found in this type of infrastructure after the qualitative
field study.

Table 3. Grouping the main problems in multioutlet hydrants.

CAUSE Hydrant Problem

Lack of Maintenance of the Elements
Blockages in mesh filters.

Blockage problems in shut-off valves due to lack of maneuverability.
Lack of signal in pulse emitters.

Poor Quality of Materials Rust and perforations in metallic materials.
Solenoid valve failures during opening and closing.

External Causes
Theft of appliances.

Wiring breakage by rodents.
Wiring breakage due to electrical storms.

Incorrect Design and
Setting

Inappropriate configurations due to poor accessibility to the hydraulic elements.
Filters misplaced.

Low pressure in plots due to excess head losses in the multioutlet hydrant.
Blocking of measuring instruments in vertical position.
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Figure 10a shows rust in metallic elements of the hydrant caused by poor-quality
materials. Figure 10b points out the lack of maintenance in water meters due to the low
quality of irrigation water.
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3.2. Behavior in the Laboratory

One concern about the interview findings was to control the hydraulic operation
behavior in laboratory tests. Results in 12 different morphologies of hydrants are exposed.

3.2.1. Multioutlet Hydrant Head Loss

The test results indicated whether the hydrant was well configured, and its elements
were well chosen. Table 4 summarizes the results of all hydrants tested. Only four of the
twelve accomplished the head loss limits established by the standard EN 14267 [17].

Table 4. Head loss test results.

Hydrant Number 1 2 3 4 5 6 7 8 9 10 11 12

QNB (m3 h−1) 51.0 31.0 61.5 61.0 53.0 28.0 68.0 63.5 73.5 63.0 112.0 51.0

∆hH EN Standard
Limit (kPa) 80 80 50 110 50 80 110 50 80 80 80 80

Accomplish NO YES NO YES NO YES NO NO NO NO NO YES

Number of Outlets
over Head Loss all 0 6 0 2 0 9 2 4 3 all 0

∆hH max (kPa) 191.5 53.6 130.5 94.7 57.6 53.0 133.4 55.6 89.0 84.8 138.0 58.6

The causes were different depending on the configuration and the elements chosen:

• Hydrant 1 had a poor choice of hydrant elements, and general elements were of
smaller dimensions than recommended.

• Hydrant 2 did not have solenoid valves in the intakes; therefore, the results showed
fewer head losses than the maximum recommended.

• Hydrant 3 introduced high head loss due to inadequate selection of the solenoid
valves of each intake.

• Hydrants 5 and 10 slightly exceeded the head losses established by the standard, but
no configuration problems were observed.

• Hydrants 4, 6, and 12 complied with the standard.
• Hydrant 7 had flow limiters incorrectly selected, causing excessive head loss.
• In Hydrant 8, it was observed that the meters of that manufacturer in the DNP 30 mm

intakes generated very high head losses.
• All the elements in Hydrant 11 were undersized for the number of intakes and their

DNP, which produced higher head losses.

The results demonstrate an inadequate selection of the main elements of the multiout-
let hydrant, which caused high head losses in the entire hydrant, ranging between 53 and



Agronomy 2021, 11, 2240 11 of 15

192 kPa. It is important to limit head losses produced by hydrants to reduce energy costs
and achieve greater emission irrigation uniformity in irrigation subunits [35,36].

3.2.2. Global Hydrant Metrology

The results obtained from this test are shown in Table 5. Global errors in hydrants are
acceptable within the thresholds of ±2% marked in the International Standard ISO 4064-1:
2014 [37] and the international recommendations OIML R49 [38] for flow rates between the
transition flow (Q2) and overload flow (Q4) with temperatures below 30 ◦C.

Table 5. Global metrological error of water meters.

Hydrant
Number 1 2 3 4 5 6 7 8 9 10 11 12

QNBa (m3 h−1) 51.0 31.0 61.5 61.0 53.0 28.0 68.0 63.5 73.5 63 112.0 51
QH

b(m3 h−1) 51.46 - 60.59 64.29 52.51 28.44 67.22 60.80 75.99 66.65 115.50 52.22
QEMF

c (m3 h−1) 49.69 - 60.34 63.91 53.28 28.08 67.86 62.00 73.21 64.4 111.40 51.14
ε (%) +3.60 - −0.41 −0.60 −1.43 −1.30 +0.90 +1.90 +3.80 +3.5 −3.70 +2.10

a QNB: Nominal hydrant flow; b QH corresponds to the sum of flow rates of each outlet; c QEMF corresponds to the flow rate measured by
the electromagnetic flowmeter.

Greater errors were only seen in those hydrants that included a Woltman meter in
some of their outlets. Several studies report that water meter technology is sensitive to
water flow perturbations [39,40].

3.2.3. Blocking Effect Analysis

The results obtained show that the blocking phenomenon is usual in multijet meters
installed in a vertical position (Table 6). This technology and type of installation is the most
common in Mediterranean multioutlet hydrants. Water meter sizes from DN15 to DN30 in
a vertical position are those that have the most blocking problems due to the displacement
of the meter turbine.

Table 6. Results of the water meter blocking test in vertical position.

DN Total Water Meters Number of Blocked Water Meters %

15 13 6 46.2
20 15 10 66.7
25 17 16 94.1
30 17 17 100.0
40 24 7 29.2

TOTAL 86 56 65.1

3.2.4. Analysis of Transients in the Opening and Closing of Irrigation Intakes

The transients recorded were usually moderate, causing overpressures (∆H) of less
than 150 kPa in most cases (Table 7). These values indicate that this phenomenon is not a
problem in this type of facility.

Table 7. Results of hydraulic transients in the opening and closing of taps.

Hydrant Number 1 2 3 4 5 6 7 8 9 10 11 12

Hydrant Morphology V2 V2 V2 V1 V2 V2 V1 V2 V2 H2 V1 H2
Function/Type 3 3 1 4 1 3 4 1 3 3 3 3
QNB a (m3 h−1) 51.0 31.0 61.5 61.0 53.0 28.0 68.0 63.5 73.5 63.0 112.0 51.0

Transient SI - No SI NO SI SI NO SI SI NO SI
∆H b max (kPa) 200 - - 50 - 250 150 - 150 50 - 100

Intake with Maximum Transient 5 - - 3 - H F - D F - I

Process Close - - Close - Close Open - Close Open/
close - Close

a QNB: Nominal hydrant flow;
b∆H max (kPa) correspond to maximum overpressure caused by closures in indicated intake.
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Figure 11 shows the evolution of pressure before the closures and openings of the
different irrigation intakes of the hydrant. Pressure and flow were recorded every 0.5 s.
The closures of the intakes produced slight increases in pressure in all parts of the hydrant
and slight depressions in the closed outlets. Transients were higher when the relationship
between the hydrant flow rate (QNB) and the closed outlet (QNP) was lower, as can be seen
in the closure of outlet D (QNB/QNP = 73.5/25). Even so, the transients were moderate,
and in this case, 150 kPa.
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It was also observed in the pressures of the general elements that the pressure reducing
valve (PRV) of the hydrant was not capable of protecting the installation at the moment
of closure, transmitting the pressure to all the hydrant elements. In the process of outlet
opening (irrigation start), the overpressure was lower and not very significant.

3.3. Configuration and Design Proposal

The tests carried out and problems detected facilitated the design of a multioutlet
hydrant to reduce these problems (Figure 12). The configuration of Hydrant 12 is the result
of the application of this design, and the hydraulic characterization and quality of the
elements are described as follows:

i. The horizontal meters avoid meter blocking at any flow rate.
ii. The straight upstream and downstream sections guarantee metering throughout

the useful life of the meters, regardless of the type of meter chosen.
iii. The selection of DNBs based on the QNB of the hydrant is valid, being verified in

the head loss results (Table 4).
iv. The number and position of the elements in the hydrant enable the correct handling

of them, facilitating maintenance and repair works.
v. The placement of the stone catcher filter enables cleaning and guarantees the

retention of the filtered elements.
vi. The use of thermoplastic materials eliminates the risks of oxidation and

avoids vandalism.
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Figure 12. Multioutlet hydrant 12 (H2-5/Type3-10/DNB 150-QNB 51-DNP 20 x3 25 x1 30 x5
40 x1/PN10). Specific outlet diameters A: DNP 30; B: DNP 30; C: DNP 20; D: DNP 20; E: DNP
20; F: DNP 40; G: DNP 30; H: DNP 30; I: DNP 30; J: DNP 25.

4. Conclusions

In summary, this paper argued the current problems faced by multioutlet hydrants in-
stalled in irrigation networks in the Mediterranean region. The main problems encountered
are the management, maintenance, selection, and configuration of this type of hydrant.
As in any installation, the maintenance of elements and replacement of those that have
deteriorated will improve the hydraulic performance of the hydrant.

Initially, with a qualitative study, it is detected that the malfunction of hydrants is a
general problem in the WUAs network. Afterwards, laboratory tests allow evaluating the
magnitude of the problem in different types of hydrant configurations.

Test results showed problems in underdimensioned electrovalves and water meters
that generate inadmissible head losses. The Woltman water meter installed in hydrant
outlets presented measuring errors. DN15 to DN30 multijet water meters placed in vertical
positions suffer blockages in the measurement of the water consumed. These findings
recommended to consider, during the network project phase, these proposals.

The most satisfactory results are obtained with a configuration similar to hydrant
12. This recommends a maximum number of intakes, 10, and the hydraulic elements of
the intakes are arranged horizontally. It has a vertically positioned inlet manifold that
allows correct maneuverability and accessibility for the maintenance of all its devices.
These adequate criteria will increase the hydrant lifetime and will reduce maintenance and
energy costs for the irrigation communities.

In conclusion, this study reveals that critical elements for the proper functioning of
the network, such as multioutlet hydrants, are not given the attention they require. The
adequation of standard EN 14267 considering this infrastructure is needed. Future research
should examine the hydrant design process by using simulation tools and hydraulic
analysis validation to guarantee the correct operation.
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