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1. Summary

¢KS !ldzi2ay2Y2dza CfdzZAR 5AaO0KIFINBS {e&adaSy o! C5{0
principleandthe Gaussiarcurve,allowsto dischargea fluid in an automatic,autonomousand

controlled way into a deposit without any energy supply or electronic control device, joining
efficiency, autonomy and regularity characteristics without electrical consumption gr CO
emissons.

This document provides a general description of the work carried out by the ITC personnel
involvedto developthe reforestationsystem,usingthe AFDSand its irrigation networksas

well as a descriptionof the necessary materials and equipment it installation and for
monitoring protocol.

This document also outlines the preliminary tasks carried out for actions Al, A2, and A3,
which are essential for the subsequent work implemented in C2. It also presents the entire
monitoring network develope@nd deployed, covering meteorological variables, local water
production, and soil moisture content across various measurement areas. Additionally, it
details the tasks undertaken to perform adjustments, address unforeseen issues, conduct
maintenance and ngairs, and implement improvements in the deployed devices.



-4

N
>
NATURA 2000

Life
=a&lieblas

YEF AN

JENTIFICA

GilbertoMartel
Rodriguez

CoordinatingTechnician

GustavoMelian
Monroy

Techniciarl

Specialisin Hydraulic
Assemblies

CarmeloA. MenaGarcia
Techniciar?

Specialisin environmental
indicators

Antonio Ortegoén
Gallego

TechniciarB

Computing& Data
Communication

He carries out
coordination tasks at IT(
and supervises the
project partners. He
oversees decision
making regarding
technicalsolutionsandis
responsibldor preparing
reports and following up
2y GKS LINE2
activities. Gilberto
coordinates results
communication from ITC
activities in this project.

Gustavaparticipatesin
the design,
manufacture and
installationof the AFDS
and its irrigation
network. Additionally,
he takes part in
designingpipeline
connections between
fog collectors, water
tanks, AFDS and the
irrigation network for
the overall
reforestation.

Carmelo takes care of the
processing, analysis and
visualization of the data
generated by the different
sensors. He also performs
tasksrelatedto GlSandthe
design of the irrigation
network.

Antonioparticipatesin
the installation of
meteorological and
soil moisture sensors.
Additionally, he
superviseslataquality
andacquisitionandhe
provides reports of
average or
accumulated values
under the
requirements
establishedby the rest
of the scientific team
in compliancewith the
LINRE 2S00 Qa




4-d Life

=s@Nieblas

e
>
NATURA 2000

3. Action: Al. Acting zone status analysis: Protocol to improve #émvironmental
guality and resistance to climate change through reforestation on deserted areas

ITChascollaboratedwith CREAIentifyingdocumentsthat helpto specifythe mostsuitable
areas in Gran Canaria for the fog collection. Concretely identilongments as:

1 LaPrecipitaciérhorizontalcomoServicidecosistémican losbosquesie GranCanaria.
Unaaproximaciérparala CertificaciorFSC®&el ServicidEcosistémic(SERVICIDELAS
CUENCAS HIDROGRAFICAS

1 Laimportanciade la Precipitacionhorizontal en el contexto del CambioClimético.
Carlos Veladzquez Padron

1 Mapade Superficieconprobabilidadalta de PrecipitaciorHorizontalen GranCanaria.

Definition of the irrigation zones associated with AFDS

TheAFDSeforestationsystemswill be aimedto supplywaterthroughadrip irrigation system
for the reforestation of 2,500 to 5,000 plants. For this purpose, six reforestation systems with
AFDS have been assigned to supply six specific irrigation zones or areas.

Eachareahasanapproximatesurfaceof 3,200m?, expectecdto hold about400to 800plants.

In orderto determinethe irrigation areas, several field inspectiaisits have been mad&Vith

the collaborationof GESPLANI Cand Heredadde Arucasy Firgas severalocationshavebeen
evaluatedfor the distribution of the areas to be reforested with AFDS. The following aspects
have been taken into account for the selection of the definitive areas:

O«

Theslopesto bereforestedandtheir geomorphology.

The differences in elevation between the disagpoints of the AFDS and the lowest
point of each irrigation network.

Distancesbetween each AFDSand the beginningof the network of eachirrigation
network.

0 Distances froneach discharge point with flow measurementatmospheric station
and datacentralization.

O«

Duringthe field visiton November2, 2020,two possiblerrigationareaswereidentified, which
are displayed in the Figures 1 to 12.
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Figurel, Figure2, Figure3 and Figure4 Identificationof the areasof actionwith personnefromthe
Heredad of Arucas and Firgas, GESPLAN and ITC (Nov&‘fnb@za)

Figureb, Figure6, Figure? and Figure8 Generaliewsof ActionZonel initially identified,includingthe
area for associated fog collectors (November 2nd, 2020)
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Figure9, FigurelO, Figurelland Figurel2 Generaliewsof ActionZone2 initially identified,includingthe
area for associated fog collectors (November 2nd, 2020)
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Figurel3 Areasto bereforested(GoogleEarth)
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Inafirst approachjt wassuggestedhat there shouldbe two fogcatchmentzones andhat in
each zone an irrigation area associated with AFDS should be defined (Figures 13 and 14):

A Zonel: ThreeAFDSystemsSurfaceto be used4.5Ha
A Zone2: ThreeAFDSystemsSurfaceto be used3.5Ha

ZONA 2
Reforestacién

‘EArea SAD 456

ZONA 1

Pajaritos ..
Reforestacion

Figurel5 Proposedeforestationareasfrom AFSD

Figurel6 zonel for AFDS4,5Ha Figurel7 Zone2 for AFDS3,5
Ha
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Initially, the irrigation areas related to each AFDS were sectored as shown in Figure 15 and

Figurel8: Zonel (Figurel6) andZone2 (Figurel7). Eachzonerelied,in turn, on a specificfog
collecting aregFigures 19 and 20).

Pajaritos

Figurel8 AFSD'sroposedeforestationareasandtwo FogCollectordocations(CNland CN2)

Figurel9 zone2 for Fogcollectors(CN2

Figure20 zonel for FogcollectorgCN1)

hyOS GKS FNBI ¢Fa aaSaasSR gAGK (GKS F23 02t f SO
centralizethe locationof all the fog collectorsin a specificdocation,i.e. at the highestelevation

and the point mosexposed to trade winds. Moreover, after beginning the process of clearing

and conditioning the hillsides, it was noted that those areas initially designated for AFDS were
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in fact of difficult accessandthat the slopesweretoo steep,andtherefore unsuitablefor the
installation of drip irrigation systems.

During another field visit on February 15, 2021, and in agreement with GESPLAN, new
irrigation zoneswere definedbasedon AFDSIn this case the horizontalstrip arrangemenbof
each irrigation zone minimizes differences in pressure between the various points in the
irrigation network. It alsoallows fora better coefficientof homogeneityin water distribution.

TheFigure21to 28 showthe visitcarriedout on Februaryl5,2021,andthe distribution of
the six irrigation areas eventually assigned to each AFDS system after their rearrangement
(Figure 29).

Figure2l, Figure22, Figure23 and Figure24 Identificationof newareasof reforestationwith
GESPLAN and ITC personnel (Februdry2021)
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Figure25 Generaviewof oneof the areasproposedor the installationof the AFDSrrigation system

10
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Figure26 and Figure27, Detailview of oneof the areasproposedor the installationof the irrigation system
from AFDSIn the imageyou canseethe traditional terracesthat will facilitate the installationof the irrigation

system.

11



Figure28 Irrigation zonesassociatedvith eachAFD®n Februaryl5,2021
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4. Action: A2. Environmental, social and economic indicators selectidonitoring and
evaluation protocol. Environmental, economic and social indicators monitoring
protocol

ITCassedo definethe meteorologicalsoilmoistureandwater indicators.Thechosenset of
variables is intended to meet a balance between évailable economic resources and the
needs of the project. Some of these needs were as follows:

1 Characterizing the meteorological conditions of the study area during the project
lifetime.

1 Generating in situ data, which is required for generating direct imdirect
environmental indicators, such as wind speed, precipitation, insolation, number of
days without rain, number of days with fog, and soil moisture.

I Evaluating the fog collectors' capability to generate irrigation water, and assessing its
impact on he terrain.

1 Compare the state and evolution of the terrain under the effects of fog water
discharges with that of the nearby terrain that will not be irrigated.

Inorderto characterizeéhe meteorologicaconditions,one MeteorologicalCentralStation
(MCS) was needed to monitor:

- Windspeed

- Winddirection

- AmbientTemperature

- RelativeHumidity

- GlobalHorizontalSolarrradiation

- Amountof accumulatedainfallwater

- Visibility(if possibleto better determinethe existenceof fog).

Fulltechnicaldescriptionson technicalequipmenthavebeengatheredon ActionA.3
W9 |j dzA evBiuatibriandselectionMonitoringandevaluationLJNR (G 2 02 f Q

13
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5. Action A3: Equipment evaluation and selectieiMonitoring and evaluation protocol.
Equipment monitoringprotocol

Weatherstation

In orderto characterizehe meteorologicaconditions,one WeatherCentralStation(WCSyvas

acquired monitor (Table 5):

- Windspeed
- Winddirection

- AmbientTemperature
- RelativeHumidity

- GlobalHorizontalSolarrradiation
- Amountof accumulatedainfallwater
- Visibility(if possibleto better determinethe occurrenceof fog).

Table linstrumentationrequiredto registermeteorologicaindicators

Task/Measure How When Image
Wind Speed 1 Anemometer. Fixed to the WCS. |Continuously
Installedto berepresentativeof the from the
whole project area. beginningof
measuring
recordingdate.
Wind Direction 1 Wind vane. Fixed to the WCS. Continuously
Installedto berepresentativeof the from the
whole project area. beginningof
measuring
recordingdate.
\v
Ambient 1 Temperature sensor. Fixed to the |Continuously
temperature WCSInstalledto berepresentativeof |from the
the whole project area. beginningof
measuring
recordingdate.
Relative 1 Relativehumidity sensor Fixedto Continuously
humidity the WCS. Installed to be from the
representativeof the whole project beginningof
area. measuring
recordingdate.
Globahorizontal | 1 Pyranometer. Fixed to the WCS. |Continuously
solar irradiation Installedto berepresentativeof the from the
whole project area. beginningof
measuring
recordingdate.

14
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Amount of 1 Rain gauge sensor. Fixed to the  |[Continuously

accumulated WCSiInstalledto berepresentativeof  |[from the

rainfallwater the whole project area. beginningof
measuring

recordingdate.

Task/Measure How When Image
Visibility 1 Visibilitysensor Fixedto the WCS.  [Continuously
Installedto be representativeof the  [from the . S
whole project area. beginningof - . q
Visibilitydetectormeasures measuring

atmospheric visibility

recordingdate.

by determining the amount of light
scattered by different particles
(smoke dust,haze fog, rainor snow)
in the air that passes through

the opticalsamplevolume

Theselectionof the equipmenthasbeencarriedout with the purposeof keepingthe balance
between the desiredjuality ofthe measurements anthe economic resources available. For
this purpose, several supplying companies have lmemacted and requested to provide an
offer.

Among different offers received, andking into account the qualitgrice ratio, we opted for

the ONSEThstrumentation, from which we purchased both the sensors fixed to the support
mast (wind speed and direction, ambient temperature, relative humidity, solar irradiation and
precipitation),andthe wirelesssensorgsoilmoistureprobesandwater meters),aswell asthe

data acquisition system (ONSET RX3004 datalogger + module for wireless sensors + analogue
module). Finally, a visibilimeter frohrfenSistema@HSVTF14306BE) has also been aei

which requires its own power supply, independent from the rest of the station, consisting of a
photovoltaic pane(12V,100W), battery (20 Algndcurrent regulator+ protectionbox (IP65).

All the instrumentation, as well as the support mast, haen acquired throughGrupo EIC

Iberia S.L'. The acquisition of all the material in a joint offer has contributed to significantly
reduce the overall costs.

15
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General description of the AFDS reforestation System

EachAFDSeforestationsystemconsistf the followingcoreelements:

O«

Fogcollector

Waterstoragetank
AutonomousAFDSlischargesystem
Irrigationnetwork

O¢ O¢ O«

Ageneraloutline of eachAFD Seforestationsystemis shownin Diagrany.

I =
‘,'K\\I\I nil
Fog collector
! AFDS Installation
% 5
C1 E
—o— E
Water meter (C1)
Soil moisture sensors (MS)
IRRIGATION NETWORK MS2
APPROXIMATE AREA:
3.200m2
833 plants

Diagraml Generabutline of eachAFD Seforestationinstallation
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Thegeneralfunctioningof eachAFDSeforestationinstallationis detailedbelow:

The5,000Lwater storagetank will be filled with water on anirregularbasis alwaysdepending
on the water production capacity of the fog collector associated with the system.

Sincethe AFDSystemisinstalledandlinkedto thistank,onceit reachesa certainwater level,
the AFDS system will start running, dischargirgwhater from the tank through the drip
irrigation system into the 830 plants.

ThisAFDSystemwill operatein anautonomousandautomaticway everytime the tank
reaches a certain water levelunder adjustment.

Thefollowingshowsa generaloutline of the AFDSwutonomousdischargesystem aswell asits
basic operation sequence and its capacities (Figures 40 and 41, and Diagram 5 and 6).

Thedeviceconsistof the

followingelements: | — 1 . Protective
housing

Dischargeipe

. Vessel for the
flotation

Vessel for the
flotation pipe
discharge

———* Pipe for the
discharge

Flotationvessel
Protectionshell

Clampinghase

= Fixing base

.". al

Figure30set(AFDSlevice+ tank)
Figure29 AFDSlevice

17
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AFD%Sperationsteps:

Tankfilling.

Vessefloatation.

Maximumlevel.

Startof discharge.

Tankdischarge.

- e o & O
|

Endof discharge.

4 a 8

Diagram3 HowdoesAFDSvork?

AFDSsamodulardeviceasit isscalablen dimensionsandin dischargecapacity . Thereare
three different models depending on ttdtameter of the discharge pipe (Table 2).

Table 1Differentmodelsof AFD@nd capacitied®

~ Dischargepipe Max output flow Min output flow

(/h)* (/h)*
Model 20 20mm 900 300
Model 32 32mm 3800 400
Model 50 50mm 6,500 2,000

TheAFDS3nodelselectedfor thesereforestationsystemswith AFDSs AFDS32he dimensions
of the hydraulic outlet pipe being DN32 mm.

'® Dataobtainedfrom testscarriedout in a tank of 1m® of water and without lossof load (atmospheric
pressure)

18
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Using this pipe diameter, each AFDS32 should provide irrigation for the 833 plants, with an

averageof 6 Lirrigationfor eachplantat a4 L/h flow rate per dripper. Thistranslatesinto an
AFDS output flow rate of about 3,300 L/h for each irrigatipstem.

Generabrrangement of the different elements in the AFDS reforestation
System

Theproposeddistribution of the different elementsof the reforestationsystemis shownin
Figure 42.

Fog collectors (6}

Figure31 Finalirrigation zonesassociatedvith eachAFD%ind Fogcollectors

0 ey Installationareaof fog collectors(6)
0 5,000Ltankswith AFD$6)
0 AFDSeforestationareas(6)

Required materials and equipment for the installation of AFDS

Assuminghat the projectpartner, GESPLAM;ill be installingthe fog collectors 5,000L tanks,
irrigation network and hydraulic interconnection between the main elements, ITC was in
charge of gathering the required materials and equipment for the manufacture, installation,
commissioning, monitonig and control of the six AFDS that will be part of the reforestation
system.

Most of the materials used in the manufacture and installation of AFDS systems are both
sanitaryandpressurePolyvinylChloride(PVCmaterials,andhigh-densitypolyethylene(HDPE)
materials, as well as adhesives, silicones, screws, etc., all of which are CE marked.

19
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Themostimportant materialsandhydraulicaccessoriefor the manufactureandinstallation
of each AFDS unit are listed in Table 3.

Table 14 Materialsandhydraulicaccessoriefor the manufactureandinstallationof eachAFDSinit

Units ltem

2 Lineametersof sanitarypvcpipe 315mm

0.5 Lineametersof sanitarypvcpipe 250mm

2 Lineametersof sanitarypvcpipe 32mm

0.5 Lineametersof sanitarypvcpipe 250mm

2 Lineametersof sanitaryHDPEON50PN10

2 Linearmetersof HDPEpipe DN5S0PN10

2 PVGanitaryplug315mm

1 PVGanitaryplug250mm

1 UraplastO-ring90 mm

2 PVQGIbow32 mm x 90°

1 PVQIbow32 mm x 45°

2 PVQnaleplug32xm €

3 PVdemaleplug32xm €

1 PVQing32mm

1 PVQipplem €

1 Metal bulkheadfitting 6mmtube automatic.
4 Lineameter siliconehoseHelivil32mm.
1 Lineameter polyurethanetube 6mm.

8 Rubberring gasket.

0,2 | m*TramexGRP.

1 1 micronmeshfilter DN32mm.

Variousmaterials(gluessolvents screwssiliconesgclampsetc.)
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In Table 4 there is a breakdown of the equipment and accessories necessary for the
installation,monitoringandcontrol of eachAFDSunit andinterconnectionwith the irrigation
network.

Table 1Equipmentindaccessoriesecessaryor the installation,monitoringand controlof eachAFDSunit

Units Item
5 Linearmeter of HDPEpipe DN32PN10.
4 m £Vallvalve.
8 PE32-m dink
2 PE32-m éink
2 PE32tee
1 DN32meterwith 1P/ 1L pulsesensoiWi-Ficommunication.
2 m goubleeffect suctionpad,plastichasePN16.
2 Glyceringoressuregauge0-10 bar.
Watermeters

For each AFDS reforestatispstem,water meterswith pulsesensors are installed, as well as
communicatiornviaWi-Fi,with the data collectionsystemlocatedin the weatherstation. This
is to determine the following:

O« O¢ O«

Thenumberof dischargesl/irrigationperformedin the system.
Howoften theseirrigationsare performed.
Thequantity or volumeof water (in m®) suppliedin eachirrigation.

The water meters have to achieve a precise measurement result, even with difficult water
quality (suspendedsolids)or in difficult installationsituations(outdoors).It is equippedwith
communication interface for:

O« O¢ O«

Electroniqoulse
Wired M-bus
RadioviawirelessM-bus

With these characteristicthe watermeter selected igshe multi-jet dry dialmeter MTKBM
DN32 modelfrom ZENNERternationalGmbH& Co.KG Figure43isanimageof the water

meter

21
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Figure32 Multi-jet dry dial meter MTKDM

Soil Moisture Sensors

Anetwork of 23 soilmoisturesensorsare goingto be installed.It consistof wireless soil
moisture sensorsonnected to the weather central station via wireless communication
equipment. The model selected is the ROMDB868 (Figure 44).

Figure33RXWEGS or 10HSoilMoisture Sensor

The 23 soil moisture sensors are been spread theeproject area, at strategic points (Figure
45,46 and47): 2 for eachof the 6 AFDSrrigatedzones 2 for eachof the remaining3 irrigation
methods and 5 to monitor the existing surrounding forests and cleared areas.

22
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Figure34- The23 soilmoisturesensorglistributionoverthe projectarea

Figure35 Soilmoisturesensordocationin three of the AFDSeforestationareas,andtwo of surroundingforests (chestnut and elm)

23
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Figure36 Soilmoisturesensordocationin a differentirrigation method(MS19and MS20)and pineforest(MS22)

Dataacquisitionandrecordingsystem

Data is expected to be recorded at least every 5 minutes (36 Tr#&8&urements/day = 10

368 measurements/day). It is worth mentioning that, although there are just 36 variables of
interest for this project, each wireless sensor is equipped with a battery that needs to be
monitored whenchargingwhichadds a furthetotal of 29 measurementsTherefore, thedata
acquisition system itself has its own battery that also needs to be monitored. Finally, in order
to solve possible connectivity problems between the wireless sensors and the datalogger, 3
signalreplicatorshawe beenpurchasedalsoequippedwith rechargeabldatteries,whichneed

to be monitored as well in case their use is required. Consequently, the total number of
recorded signals throughout the day will eventually li#epending on how many signal
repeaters ae required, and on the monitoring of the visibilimeter and its power supply
system between 69 and 75 instantaneous records, i.e. between 19872 and 21600
measurements per day.

The Data Acquisition System has at least one moh#torage memory. In facthe RX3004 is
equipped with a memory capacity of approximately 2 million records, so that under such
conditionsthe Systemwould start overwritingdataalreadyrecordedatter little longerthan92
days of work.

24
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Sincethe studyareais off grid, the entire systemmustbe electricallyautonomous In this
sense, it should be noted that the Data Acquisition System is equipped with its own
photovoltaic panel (15W) and has an internal battery, so its autonomy is guaranteed.

Sensors attached to hWCS send their data to the Data Acquisition System (data logger) via
wired communication. While sensors attached to the WCS will be sending their data to the
Data Acquisition System (Data logger) via wired communication, moisture sensors and water
meterst due to their distribution on the field will be doing so via wireless communication
(Figure48).Sincethe dataloggerwill be placed750m awayfrom the farthestsenso(MS20) a
wireless repeater will be needed (Figures 49 and 50). The final arrengefahthe sensors,
including water meters, could require installing more signal repeaters.

Figure37 wirelessPulselnput Sensoto connectto sensorswith pulseoutput (Water metersand Soilmoisture
SEensors)

(-

Figure38and Figure39 wirelesgepeaterandwirelessmanager. Datawill be transmittedwirelesslyfrom
sensors across the network to the Remote Monitoring Station and then uploaded tebeleed software
platform.

TheDataAcquisitionSystemwasequippedwith a SIMcardto be ableto continuouslysendits
records to an online platform where the data will be available and accessible
(https://www.hobolink.com)).

25
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Thesystemmustalsoallowfor manuallydownloadingdatain casethereisany
communications failure between the system and the platform.

Data will be managed in a way that ensures that recorded values present instrumental
uncertainty, wich will avoid any chance of having invalid measurements. The appropriate
values will be generated for the characterization of meteorological conditions, as well as for
obtainingthe requiredenvironmentalindicators.Currently,it isnot possibleto determine the
specific methodology to be followed, since this will depend on the possibilities that the
communication platform for data acquisition will offer.

Data collected by the weather station and the moisture sensor are accessible from the
HOBOlinkplatfornfwww.hobolink.com)Thisplatform allowsdatato be viewedin graphsand
exported in Excel format. However, its operation is slow and the visualisation options are
limited. Inorderto improve data retrieval, aBFTRBerviceon ITC's ownesvers is abouto be
installed to make the most of the HOBOIink platform's automatic export option.

Thus, the data would be received daily in text format and, once they were on the ITC servers,
they could be incorporated into a database that would alltwrh to be consulted using any
compatible tool. In accordance with the number of variables to be collected and the data
recording frequency, the use of PostgreSQL and its Timescale extension is considered
appropriate.Grafanaafree softwarefor the visualsationof time seriesdatathroughthe web,

which has already been successfully tested by the ITC water department, will be used as a
query tool. All of this would be implemented on the same ITC server that hosts the SFTP
server.

Initialirrigationnetworkmodel

The available terrain for each irrigation zone was divided in 3 sectors. Each sector is
approximately96 metreslongand 34 metreswide. Thishadallowedinstalla hosewith 49
drippers (longitudinally) every two metres width, totalling toidses per sector and 833
drippers. Traditional drip irrigation systems require a homogeneous pressure distribution
along the pipes as long drippers flow is pressure dependent where alpha is around 0.5:

r'] = (I)'[ f]\

However selfregulatingdrippersexistandare ableto keepa constantflow rate (alpha=0)in
a certain pressure interval.

Table 1Dripperscharacteristics

NAVIA models N

Modelos NAVIA 22 aP a 1 =8

Mesminal flow 22 1 a8 | 7R 12 %
Caudal nomiesl 03 ! Uz ' |} 27 56

Na-35 | 125-35
12-51 19-51

Do Mirtion recom i
TR0 Prgh pressuss mo-deang (o0
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Figured0 Dripperpressurecurve

From the Table 1 and Figure 30 we know iotigation network should work in a range of
pressures btween 0.6 and 3.5 bar. The pipe to which drippers will be connected will be an
agriculturalgrade16 mm LDPEhat has2.5barworkingpressurethen, thepressurerangeof

our irrigation network showl be 0.6 to 2.5 bar.

Forthe calculationsthe relative elevationof everysingledripperwith respectto the AFDSvas
estimated using linear interpolation based on the known elevation of six of thiam four in
the corners and two in the middle of tHengest sides. As a result, you can see the Diagram 1

GAUK GKS RNARLILISNDA RA&aGNAOdzIAZ2Y 2y GKS aLl OSo
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Diagram4 Distributionof the drippersin someof the evaluatedareastakinginto consideratiorthe slope

Thewater distributionis madethrougha central32 mm agriculturalgradelow density
polyethylene(LDPE)O0 bar nominalpressurepipe that we will call ¥ Y | LAAy1tB&t feedsthe
16 mm LDPBipe whichcontainsthe dripperspreviouslymentioned(branches)Everysingle
branchwill be equipped with a small manual valve as the one in the figure below:

Figure41smalimanualvalvefor everysinglebranch.

To ensure pressure requirements are satisfied in every moment and for every dripper, an

EPANEf model was created and simulated. EPANET allows implementing emitters based in

0KS FT2NXdz I YSYlUA2ySR 0ST2NB odzi AG OFyQl o068 dz
consisted in assuming that the pressure range will guarantee the drippers flowasobtec

assimilatedo atime constantdemand.Thesimulatednetwork behaviourwill be true aslong

asthe pressurein everysinglejunction(dripper)iswithin the dripper pressurecompensation

Y EPANEEa publicdomainhydraulicanalysigpackageor water supplynetworks.
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interval. Anexampleof thesesimulationssrepresentedn Diagran?. Thedripperminor
losses were calculated according to H. K. Celik et. al*2015

As the elevation difference between drippers from the samévork could be more than 20
meters (1.96 bara pressure regulatiomust be implemented. A firgtpproachwas to reduce
pipe diametersto drop enoughpressureby friction in orderto maintainit in the desiredrange
however, it resulted insufficient. Bm, the aim was to find the best valve combination that
satisfied this condition.

Finally, it was found that setting just three properly adjusted valves along the main pipe as
shown in diagram 5 would provide enough donwstream pressure (between 0.5 aard 1 b
dependingon the case)asto maintainthe whole networkworkingin the appropriatepressure
ranges.

0.00
510
18.00
3870

Diagram5 Exampleof a pressurenodelsimulatedwith EPANET

' Determinationof HeadLossesn DripIrrigationLateralswith CylindricalnZ.ineTypeEmittersthrough
CFD Analysis. H. K. Celik, D. Karayel, M. E. Lupeanu, A. E. W. Rennie and I. Akinci

29



Life
=s&lieblas

N——
NATURA 2000

6. Action C2:- Executionof traditional and innovative reforestations

Weather station installation
Material reception and test installation
Allthe equipmentwasreceivedat ITC'Sacilitiesin Pozolzquierdo,whereit wascheckedor

correct operation on arrival and a test installation was carried out during June, 2021. Below
there are images of the recéipn, assembly and installation of the equipment to be tested.

Figure42 oneof the soilmoisturesensorseceived Figure43 Rain gauge sensor received

_ERN ‘;;t__

Figure46 Data logger Figure47 Visibility sensor regulator
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Figure48 one of the Figure49 one of the
water meters received water meters received
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<1 — I

Figure52 Rain gauge sensor receileijure53 Rain gauge sensor received
Figureb54 Rain gauge sensor receivédgureb5 Rain gauge sensor received

Asaresult,it waspossibleto verify the proper functioningof all the elementsthat were tested
and their interconnections. All the sensors were fixed to the support mast, the visibilimeter
and several soihoistureprobeswere installed. Besides, thwirelessconnection ofone of the
water meters was also tested. The connection of the Datalogger to the network was also
verified, as well as the correct recorded data transferring to hobolink.com website, from
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wherethe it canbe accessedor visualisatiompurposesaswell asfor downloadingand
periodical data transfer.

—
o T —

S e

orn

Figure57 weatherstation installed in Pozo Izquierdo for tests

Installation in field
After visitingthe LIFENieblaswork area(FincaElPinillo, GG21,km 29.6),the locationof the
weather station was determined 30th, June, 2021.

Inasecondvisit,onthe 8th July,2021,the exactplacementandpositionof the pillars
supporting the central mast of the station was determined and the base was built.
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Figureb8 Determining the exact placement and orientation of the pillars for the weather station (8th July, 2021)

Figure59 Site preparation for the weathestation
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Figure60, Figure6l, Figure62 Figure63, Site preparation fothe weather station

On13th July,2021,havingalreadybuilt the base we proceededo assemblghe centralmast,
fixed sensorsyisibilimeterdataloggerandthe protection boxfor the battery andregulator,as
well as the rest of the required elements. Connectivity tests were carried out on the station
with the hobolink.com site, with satisfactory results.
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in field

Bythe linkincludedin Figurel73is possibleto watchthe installationproposeandprocessin
Figure 174an be observed the first measures send by the LIFE NIEBLAS CWS to HOBO link

system.
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Figure70,, Image captured from wideo published about CWS:
https://fb.watch/cLCxd5If9e/
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Flgure71 First measures send by the LNIEBLAS CWS to HOBO link system

On23th July,2021,the CWSnwasvisitedin the frame of secondsteeringcommitteeandit was
initiated de monitoring process.

Flgure72 Flgure73 Visit to the CW8uring second steering committee.
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Issuesanddrawbackswith dataacquisitionsystem

Over the days following the installation of the station, it was observed that its connectivity
with hobolink.com was irregular: not all the scheduled connections were established, and
there were time intervals where the station lost cautivity (via GSM) with the hobolink.com
portal. Forthis reason,on 16th July,2021 the equipmentwasrestarted(the power supplywas
disconnected and reconnected after a reasonable period of time). Although the station re
established connection witthe portal, the stationportal connectivity failures persisted.

Thankgo contactingthe equipmentsupplier(ElQberiaS.L.)we wereinstructedto repeatthe
station restarting operations, which was done on several occasions, including removing the
SIM ard and reinserting it before restarting.

Given that the connectivity problems persisted, the supplier decided to send us a test
datalogger (RX2102), with similar characteristics. This datalogger would be used to test
whether it presented the sameonnectivity problems (in which case the problem could be
causedoy the GSMserviceprovidedby the network operatorviathe SIMcard),or whetherit
did not show the same issues (in which case there could be a problem with the RX3004
device).

The RX2102 device was receivediT&Cebriarfacilities on 1st September, 2021, and in
contactwith the instrumentationsupplier,connectivitytestswere carriedout in-situ, but they

were unsatisfactory. It was then decided to change the SIM card angl @atra second
connectivity test, which was successful. This result led the supplier and the ITC technical staff
to assume that the connectivity problems of the RX3004 device installed ltiFeNieblas

work area Finca El Piniljovere not caused by thRX3004 itself, but by the GMS services
provided by the network operator linked to the SIM card. Therefore, the supplier and the ITC
agreed to replace the SIM card with another one that the supplier would send as soon as
possible.

After pickingup the SIMcard at theshipper's facilities, it was taken to theFE Nieblasork
area to replacehe one previously installed in thRX3004. Thigperation andthe necessary
configurationchangesn the devicewere carriedout on 13", 14" and 15" September2021.

The station then began to correctly record data by means of fixed and wireless sensors,
althoughit was not possible to solve @le connectivity problems thathe station continued
to have.In other words,the equipmentcouldestablishconnectionwith the portal, but it was
not making all the programmed connections.

In the following days, botthe instrumentation supplier and the ITC establisligect contact

with ONSET's technical support. As a result, the ONSET personnel in charge indicated to
disconnect the power supply to the station and remove the wireless module in order to
inspectboth the moduleandthe RX300dasein whichthe modulewasinserted. Thistaskwas

carried out on 24th September, 2021. It was noted that the connection pirtsedRX3004 in

which the wireless module was inserted were damaged. The ONSET technical support was
informed of this and decided that the RX3004 should be replaced by a hew one, which ONSET
would send from the US as soon as possible.
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Bearirg in mind that the new RX3004 device had to be shipped from the US, and taking into
accountthe worldwide problemof microchipmanufacturingat the time, the supplierdecided

to send an RX3004 of his ownsed for exhibition purposes only, as well as theew

wireless module, in order to avoid the loss of data and solve the connectivity problem at the
earliest possible time.

After receiving the RX3004 at the {T€brian facilities on"4October, 2021, it was moved to
the LIFE Nieblasork area for instalttion on 5" October, 2021. On the same day, the faulty
dataloggemwasreplacedwith the newone, all the sensorgfixedandwirelesswere connected
and all the senseRX3004&o0nnectionsvere checkedo ensure they were correct. In addition,
all theRX3004obolink.com portal connection tests were satisfactorily completed.

Inthe following days,RX3004~eb portal connectivityproblemswere detectedagain,sothe
consultations anaommunicationwith both the supplier and ONSE&Chnicalsupportwent
on, until these circumstances could be definitively solved.

Furthermore, regarding the measurements recorded by the visibilim&teshould be
pointedout that in the daysfollowingits installation,it lost powerasaresultof afailurein the
powerregulator, which meant that it had to be replaced by a new one. To prevent this
incidentfrom happeningagainin the future, it wasdecidedto installanotherone supportinga
higher amperage.

Figure74, work at the weathestation (October 2021)

During the secondalf of October, thebehaviourof the Datalogge(Data Acquisitiorsystem)
continuedto be analysedandit wasfoundthat all the installedsensorspoth thosewired and
the wireless ones, were working correctbyt not so the communications between the
Datalogger and the hobolink.com web portal.

In agreement with the Datalogger manufacturer's technical support, it was decided to test the
operation of the Datalogger by changing the SIM card used to communicaBSiik for
anotheronethat usesalocalserviceprovider. Thischangewasmadeon 17th November2021,

18 Afurther failure hassubsequentlyoccurredin one of the componentshat makeup the visibilimeter'spower
supply(photovoltaicpanel,battery andregulator),andit hasnot yet beenpossibleto determinewhichof them
failed and why. As a result, it has not begossible to enable the visibilimeter measurements.
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and it was then verified that the communication problems between tataldgger RX3004
and the hobolink.com portal were indeed solved. Since that day, only occasional
communication failures have occurred, and in no case has a failure of two consecutive
attemptsbeenrecorded,andcommunicatiorhasbeenre-establishedmmediatelyafter any
communication failure.

Considering that the current RX3@@bolink.com communication schedule involves a total
of 27 connections per day, and taking into account that only occasional failures without data
losshavebeendetected,the operationis consideredo be correctandthe few communication
failures are due to the GSM network of the operator used.

Temperature, dew point and relative humidity

°®

Figure75, Measures send by the LIREEBLAS CWS after change the SIM card used to communicate via GSM, for
another one that uses a local service provider.
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Soilmoistureinstallation
Firstreferencesoilmoisturesensorsnstallation

On the 8th July, 2021, the wireless soil moistprebes for chestnut, elm and pine trees were
installed. Given that the elm tree probe was located at a distance that exceeded the probe
stationconnection asignalrepeaterwasalsoinstalled.It wasalsoverifiedthat allthe wireless
probes were corretty connected to the datalogger.

Figure76, Figure77, First soil moisture installation in field with wireless pulse
input sensor.

> i s > 5 3 ™ - -
Figure78, Figure79, First soil moisture installation in field akidireless Pulse
Input Sensofreference chestnut sensor).
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Figure80, Figure81, Figure82, verified sensor connections with the data logger

At a later stage, during a field visit to the work areal&th September, 2021, several areas
werefloodedin orderto verify the performanceof the soilmoistureprobes.Theseareaswere
those around the chestnut, pine and elm trees. Then, a new soil moisture prabset up in
an area that would remain intacdnd its surroundings were also flooded. Finally, another
probewasconnectedwith whicha performancetest wascarriedout by putting chestnuttree
soil in a container, and flooding it as well.

On the same day, a new reference moisture sensoringtalled on the ground next to the
weatherstation.In addition,usingfunnelshapedargewater bottles, the soilaroundthe four

installed reference probes was saturated with water in order to obtain the maximdimn
value.
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Figure83, saturation of reference LR

chestnut tree moisture sensor
YA st 2

2 i
Figure84, Referencehestnut tree moisture

moisture sensor

elms forest moisture sensor

Figure87, saturation of reference weather station moisture sensor

During the process of water saturation around the moisture sensors, it was found that the
sensorin the pineforestareawasdifficult to spotfrom the path, sincedueto issueswith radio
signal coverage it had to be located on a steep slope approximately 20 metres away.
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Figure92, Beacon seen from the path (left), sensor seen frons
(centre) and thdeacon seen from that same point (right)
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Soilmoisturesensorscalibration

In order to guarantee the accuracy of the data provided by the soil moisture sensors of the
different typesof soilin the workingarea,the scientificteamhasconsideredt convenientto
subjectthe sensordo measurementeststhat emulate,asfar aspossible a calibration

process.

Tothisend, the following stepshavebeentaken:

1 In the Datalogger,the samplingand signalrecording period has been provisionally
modified toset it to a recording per minute.

1 Ground samples have been collected from the Chestnut, EIm and Pine groves, as well
as a ground sample of an area without trees (26/10/2021 and 11/11/2021).

1 Eachof thesesamplesvasisolatedandsubjectedto a dryingprocessn orderto bring
them as close as possible to a situation of zero humidity (volumetric water content in
each sample close to 0%m?). The test procedure was completed on 16/11/2021.

I Eachsoilsamplewasweighed,aswell asthe tankin whichthe samplewasto be
analysed, together with the necessary elements to carry out soil moisture
measurements that can be contrasted with the sample weight (17/11/2021).

1 Each soil sample was weighed, as well as the tank in which the sample was to be
analysed, togther with the necessary elements to carry out soil moisture
measurements that can be contrasted with the sample weight (17/11/2021). On the
same day, water was added to each soil sample, measuring its volumetric content of
water andrecordingthe weight of the sampleafter havingaddedthe water. Thesame
procedure was repeated until each soil sample was close to saturation.

1 Inthe followingdaysweightmeasurement®f eachsoil samplewere carriedout in
order to compare them with the corresponding measment of volumetric water
content in soil.

1 Thetest processsstill ongoing,andwill be extendedaslongaspossiblein orderto
achieve as many weight measurements of the samples as possible.

Onthe samedaythis testingwasstarted(17/11/2021),all the availablesoilmoisturesensors
were installed on a provisional basis, in order to make them easier to use once their final
location would be determined.

Thefollowingtablesandimagesshowthe procedurecarriedout andsomeof the data

obtained.

SAMPLE WEIGHT TIME
PINETREESROUND 8260gr 10:08
CHESTNUTREEROUND 7074gr 10:11
UNCULTIVATEBROUND | 6005gr 10:15
ELMTREESROUND \ 6934gr 10:33

Table37 Groundweightsin different points
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Figure93 Figure94, soil weighing and saturatigarocess to check soil moisture sensor measurements.
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Table38 showsthe resultsof the testson the soil samplefrom the pine forest inthe saturation
process.

AMOUNTOFADDEIWATER TOTAIAMOUNTOFADDEIWATER WEIGHED  TIME
(APPROXIMATE) (APPROXIMATE) WEIGHT

100ML 100mi 8354gr 10:09

100ML 200mi 8498gr 10:16

100ML 300ml 8577gr 10:37

100ML 400ml 8695gr 11:08

100ML 500ml 8807gr 13:32

Table 1Amountso addedwater and weightswith pine tree ground

Figure95, Soil samples during the process of contrasting measurements of volumetric soivalatee and sample
weight
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Figure96, Weather station, sensors installed on samples of different soilsnptalled sensors in a temporary
location, and sensors in the background.

Figure97, 2 Weather station and wireless sensors-prstalledin temporary location.
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Installationof soilmoisturesensorsassociatedvith irrigation networks.

Twosoilmoistureprobeswereinstalledfor eachAFDSup to atotal of six,sothat oneisnext
to a plant and the other one outside. The approximate coordinates are represented in the

Table 39
NID(Lit.
AFDSLocation  Serial Document | X(dec.) Y (dec.) X(UTM) | Y(UTM)
number | Identification
Number)
1 | Noplant | 21084782 0x8B38 28.03683 | -15.596565 441363,583 | 3101425,706
1 | Plant 21084781 0x8B39 28.03683 | -15.596565 441363,583 | 3101425,706
2 | Noplant | 21084784 0x8B3C 28.03647 | -15.59643 441376,658 | 3101385,760
2 Plant 21084785 0x8B42 28.03663 -15.596445 441375,270 | 3101403,492
3 | Noplant | 21084778 0x8B3B 28.036253 | -15.596338 441385583 | 3101361,677
3 | Plant 21084780 0x8B3D 28.036299 | -15.596278 441391,505 | 3101366,744

Table 1Approximate coordinatef the soil moisture sensorsassociatedwith irrigation networks

he AFDSrdeft:

-
; e (A2

Figure98, soil moisture sensors installed in irrigation networks associated with each of t
irrigated areas; right: irrigated area).
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Figure99, Approximatelocation of soil moisture sensassociated with AFDS irrigation networks
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Installation of soil moisture sensorsassociatedwith individualfog collectors reforestation area.

Twosoilmoisturesensorsvereinstalledin the first individualfog collectorsreforestationarea.

Figurel00, Individualfog collector
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Figurel01, Approximateocationof soilmoisturesensorassociatedvith first individualfog collectorsarea.
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