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The north-central sector of the Santa Elena province has coastal aquifers that their 

communities have exploited due to water scarcity. The study area comprises the lower part of 

the Hondo River micro-watershed in the 'La Aguadita' commune. The sector's inhabitants do 

not have access to drinking water or sewage; the supply is given by cistern tanks and artisanal 

water wells, with livestock farming as the main economic activity. This work aims to 

characterize the lower part of the Hondo River micro-watershed by hydrological, lithological, 

and geophysical analysis to identify areas of groundwater exploitation and proposal for 

sustainable development. The methodology included: i) analysis of hydrogeological 

parameters, ii) lithological-geophysical survey, iii) correlation of lithological and geophysical 

results, and iv) determination of groundwater exploitation zones. The saturated groundwater 

layer is between 3 and 30 m deep, consisting of gravel and sand. This study demonstrated that 

the community-academic interaction and the correlation of innovative theoretical methods 

allowed the establishment of the proposal of sustainable guidelines contributing to the 

decision-making authorities in integrated water management. Additionally, using walls 

(albarradas) as part of the ancestral techniques of Water Sowing and Harvesting (WS&H) 

contributes to the recovery of groundwater quality. The walls are keys to the supply and 

development of the community. The water quality in the rainy season meets the quality 

standards for irrigation, while in the dry season, it requires pre-treatment. In the regional 

context there is limited hydrogeological and geophysical information to a better understanding 

of the availability and sectorization of groundwater. Methodological trends for future studies 

are the environmental impact analysis and the correlation of Vertical Electrical Soundings 

(VES's) with electrical and electromagnetic tomography. 
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1. INTRODUCTION

Water is a fundamental resource for the socioeconomic 

development of a country, which is why its use has increased 

since 1980 [1, 2]. By 2050 it is expected that the global water 

demand will increase between 20 and 30% of its current use, 

considering the progressive population growth and the 

industrial and agricultural sectors [3-5]. 

Geophysical, hydrogeological and geological studies 

represent a fundamental role in sustainable strategies' 

management of water resources [6]. A hydrogeological 

characterisation is a tool in the investigation of aquifers. In 

groundwater exploration, water resources in watersheds need 

to be quantified and evaluated [7, 8]. These studies require an 

inventory of water wells, measurements of physical-chemical 

parameters and geoelectric prospecting [9-11]. The artificial 

recharge of aquifers through water planting and harvesting 

techniques (e.g., dams on rivers) has been used for decades in 

China for sustainable water management [12]. Likewise, in the 

framework of groundwater sustainability, it is essential to 

establish strategies as management tools in coastal aquifers, 

for example, the case of the aquifer of the coast of Hermosillo, 

Mexico, including community participation to guarantee the 

resource's supply [13]. 

South America has abundant renewable resources of water, 

and Ecuador ranks 25th globally [14, 15]. Ecuador is the most 

megadiverse country with four climatic regions [16]. The 

Amazon region of this country has the highest water potential 

(81%) in the country, where only 4% of the national 

population lives. While in the coastal region, only 19% of the 
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water potential exists [17-20]. It shows that even though this 

country has a large amount of fresh water, some areas do not 

have drinking water services and have a deficit of this resource 

[21, 22]. The Santa Elena province has been affected by 

deforestation and indiscriminate exploitation of forests. Exit 

high erosion, low precipitation, and high evapotranspiration 

values [23-25]. In the north-central sector of this coastal 

province, the water supply of its rural communities is mainly 

from aquifers through water wells [26, 27]. There are areas 

where communities have implemented some ancestry 

techniques based on Water Sowing and Harvesting (WS&H) 

to build dykes (tapes) that store water from rainfall, which 

promotes artificial aquifer recharge and subsequent use by 

pumping [28]. 

The study area comprises the lower part of the Hondo River 

micro-watershed in the 'La Aguadita' commune. The water 

supply comes from two primary sources: i) water tanker truck 

for human consumption and ii) water wells for livestock [29]. 

This commune has been affected mainly by potable water 

scarcity, indiscriminate felling of trees, high salinity in the 

water wells, low humidity, intermittent rivers, lack of 

sewerage and education of the population [30-32]. Around 205 

people live in the commune who are supplied with water 

through cistern tanks for human consumption and artisanal 

underground water wells for livestock. The rivers only have 

water in the rainy season (January-April), but the residents do 

not have access to the cistern tanks due to the road's poor 

condition [33]. Additionally, the scarcity of previous technical 

hydrogeological studies, maintenance of water wells, 

monitoring of the quality of groundwater and surface water, 

and establishing a community water management structure 

impairs the development of productive activities. Therefore, it 

affects the development of livestock and the main socio-

economic activity in the sector [34]. It caused the migration of 

a large part of the population to nearby places to raise their 

livestock and maintain their crops [35]. 

Due to the water scarcity problem, the following research 

question arises: Does configuring a comprehensive base of 

geoelectric and field information through a hydrogeological 

characterisation in the study area guarantee the recognition of 

zones of groundwater supply? 

This study aims to characterise the micro-watershed's lower 

part of the Hondo River through the analysis of hydrological 

parameters and correlation between lithology-geophysics data 

recognising zones to the construction of new water wells as a 

guideline for a sustainable sourcing plan. 

This proposed solution consisted of determining the water 

quality in the five wells and identifying areas for groundwater 

exploitation. In addition, the link between the community and 

the academy generated environmental awareness in the 

residents about the use and sustainable management of water 

resources. 

 

 
2. GEOGRAPHICAL SETTING 

 
The study area comprises the lower part of the Hondo River 

micro-watershed in the 'La Aguadita' commune. This sector 

belongs to the rural Colonche parish, Santa Elena province 

[36]. This micro-watershed has an area of 164.22 km2, 

representing 34.67% of the Javita River watershed and an axial 

length of 21.59 km, as shown in Figure 1. 

 

 
 

Figure 1. The study area map. a) General location in 

Ecuador, b) Santa Elena province, c) Representation of La 

Aguadita commune.  
Source: Adapted from [37] 

 

 

3. METHODOLOGY 

 

The methodology applied in this study consisted of four 

phases: i) analysis of hydrogeological parameters, ii) 

lithological-geophysical survey, iii) interpretation and 

correlation of lithological-geophysical results, and iv) 

determination of possible groundwater exploitation areas 

(Figure 2). In developing these phases, the community 

collaborated in the field campaigns for data collection. 

 

 
 

Figure 2. Methodology scheme 

 

3.1 Analysis of hydrogeological parameters 

 

This phase consists of four sections: i) multi-temporal 

analysis of hydrological parameters, ii) water balance of the 

Hondo River micro-watershed, iii) inventory of wells, flow 

network scheme and isopieces map, and iv) measurement of 

physicochemical parameters. 

 

3.1.1 Multi-temporal analysis of hydrological parameters 

Temperature and precipitation data between 1990 and 2014 

were obtained from the meteorological station called 

'Colonche', with code M0780 and located approximately 10 

km from the study area (see Figure 1). The Prediction of 

Worldwide Energy Resources (POWER) [38] allowed this 

database to be complete with satellite data downloads between 

2015 and 2021. 

The multi-temporal analysis from 1990 to 2021 considered 

mean annual temperature and precipitation parameters while 

using Turc's formula [39, 40], which permitted the calculation 

of the actual evapotranspiration as shown in Eq. (2). 
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where, L: thermal indicator, RET: annual real 

evapotranspiration [mm], P: annual precipitation [mm], T: 

mean annual temperature [℃]. 
 

3.1.2 Water balance of the Hondo River micro- watershed 

The water balance in the the lower part of the Hondo River 

micro-watershed in the  ́ La Aguadita  ́ commune was 

calculated between 1990 and 2021, using monthly information 

on temperature and precipitation. Additionally, the maximum 

absorption capacity in mm allowed for determining through 

the apparent density of the predominant soil in the area. 

Potential evapotranspiration was also calculated through the 

Thornthwaite equation [41, 42], following the procedure 

detailed below: 

The monthly heat index (i) was calculated using the monthly 

mean temperature (T), as shown in Eq. (4). 
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T
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   (3) 

 

i is given by: 
 

1.514
T

i=
5

 
 
 

 (4) 

 

The 12-month heat index (I) was added, and this value was 

used to find the uncorrected monthly evapotranspiration (ETP) 

Eq. (5) and Eq. (6). 
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Finally, to calculate the Corrected Potential 

Evapotranspiration (PET), Eq. (7) was used, using the day's 

number of each month (d) and the maximum number of 

sunshine hours (N), which in Ecuador has a value of 12.01.  
 

P

N d
PET=ET

12 30
   (7) 

 

3.1.3 Well inventory, flow network scheme and isopiece map 

An inventory of wells in the sector was carried out, 

measuring static levels to calculate the piezometric level and 

represent it through a flow network scheme.  

Also, an isopiece map was generated using ArcGIS Pro and 

Surfer software [43, 44], including data from the piezometric 

levels of wells (1-4) and wall (albarrada) #1 in the rainy season 

(December 2021). In ArcMap, a shapefile of points of the 

piezometric level of the wells and walls (albarradas) was 

created with the 'Spline' interpolation tool to obtain isolines. 

Subsequently, the isoline grid was created with the Surfer 

program to generate the first derivative of the curves and 

identify the direction of the underground flow network. 

 

3.1.4 Measurement of physicochemical parameters 

The parameters were measured: salinity, pH, Temperature, 

Total Dissolved Solids (TDS), Electrical Conductivity (EC) 

and resistivity, for a representative month of each seasonal 

period. That is, the month of September 2021 (dry season) and 

December 2021 (rainy season), due to the difficult access in 

the sector and that it is a pioneering study in the registration 

and monitoring of the quality of groundwater (wells) and 

shallow water (walls/albarradas).  

 

3.2 Lithological-geophysical survey 

 

The lithological survey included the recognition of six 

representative outcrops of the sector and the photo 

interpretation from the analysis of Landsat 8 satellite images 

provided by the free access portal of the Earth Observing 

System [45]. Also, the Digital Elevation Model (DEM), 

provided by the Phantom 4 Pro drone with a resolution of 3 

meters, was used. This information allowed identifying 

contacts and geological formations in the sector. 

Subsequently, based on the geology of this micro-watershed, 

the strategic places were selected to carry out six Vertical 

Electrical Soundings (VES's) using the Schlumberger 

configuration [46]. This configuration consists of placing the 

electrodes separated by distances established by the method, 

where the distance between the external or current electrodes 

(A-B) is five times greater than the distance between the 

internal or power drop electrodes (M-N) [47, 48]. As a result, 

six VES's were achieved during the dry season, reaching an 

AB/2 opening of 31, 46 and 68 m. Subsequently, the free 

software IPI2win (version 3.1) allowed for the field curves of 

resistivity with a maximum error of 5% [49]. 

 

3.3 Correlation of lithological and geophysical results 

 

In this phase, the lithological and geoelectric surveys 

(VES's) data were correlated, obtaining an iso-resistivity map 

using the Surfer software [43]. This map allowed the 

identification of the areas with the possible presence of saline 

intrusion, correlating the geological information and the iso-

resistivity map, identifying the boundary between sand-clay 

and sand-clay with gypsum intrusions, which indicate saline 

environments. In addition, geoelectric profiles generated with 

the GEO5 software [50] evaluated the feasible strata to store 

groundwater (gravel and sand) due to their excellent porosity 

and permeability conditions. 

 

3.4 Determination of groundwater exploitation areas 

 

The identification of potential areas for groundwater 

exploitation included the interpretation of the VES's. 

Consequently, the map generated represents the 

groundwater reclamation zones that include the proposed new 

wells. 

 

 

4. RESULTS  

 

4.1 Analysis of hydrological parameters 

 

4.1.1 Multi-temporal analysis 

The generation of the multi-temporal analysis included 
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some hydrological parameters, such as Precipitation (P), 

Temperature (T) and Real Evapotranspiration (RET) for the 

period between 1990 and 2021, as shown in Figure 3.  

As a result, there is no significant variation between P and 

RET without considering extreme events such as the El Niño 

phenomenon in 1997-1998, where these values exceeded 2000 

mm. Therefore, it indicates that there may not be enough water

inlets to recharge aquifers in the sector.

Figure 3. Multi-temporal analysis of hydrological parameters 

for the period 1990-2021.  
Source: Adapted from [51] 

The dry and wet periods of the area were identified, where 

the predominant sequences are the dry ones with a series of 

almost 20 years, while the wet sequence does not exceed five 

years, as shown in Figure 4. 

Figure 4. Dry and wet sequence diagram, during 1990-2021 
Source: Adapted from [51] 

4.1.2 Hydric balance 

The generation of a hydric balance at the level of the Hondo 

River micro-watershed between 1990 and 2021 allowed us to 

recognise the annual potential evapotranspiration of 1394.7 

mm and mean annual precipitation of 460.8 mm. However, it 

indicates that the amount of precipitated water is insufficient 

to cover the evapotranspiration needs, as indicated in Table 1. 

The area is in constant deficit; there are no monthly reserves 

or surpluses (see Figure 5). 

Table 1. Hydric balance of the Hondo river micro-watershed 

Month P PET RET DEF RES SUR 

Jan 76.8 135.1 76.8 58.3 0.0 0.0 

Feb 128.3 127.9 127.9 0.0 0.5 0.0 

Mar 108.7 143.3 109.2 34.1 0.0 0.0 

Apr 63.3 135.8 63.3 72.5 0.0 0.0 

May 29.0 126.9 29.0 97.9 0.0 0.0 

Jun 7.9 108.3 7.9 100.4 0.0 0.0 

Jul 4.3 99.7 4.3 95.4 0.0 0.0 

Aug 3.2 96.2 3.2 92.9 0.0 0.0 

Sep 3.0 96.0 3.0 92.9 0.0 0.0 

Oct 4.9 102.4 4.9 97.5 0.0 0.0 

Nov 12.1 102.5 12.0 90.4 0.0 0.0 

Dec 19.2 120.8 19.2 101.6 0.0 0.0 

Total 460.8 1394.7 460.8 933.9 0.0 0.0 

Max. reserve 344.79 
Note: P: Precipitation, PET: Potential Evapotranspiration, RET: Real 
Evapotranspiration, DEF: Deficit, RES: Resource and SUR: Surplus. 

Figure 5. Hydric balance diagram during 1990 – 2021 

4.1.3 Well inventory and static level measurement 

Five wells and two walls (albarradas) were recorded in the 

“La Aguadita” commune, as shown in Figure 6. In addition, 

information on their origin and platform was added, providing 

a complete database for the study. 

Figure 6. Location of the wells and walls of the La Aguadita 

commune 
Source: Adapted from [37] 

Table 2. Values of the static level and water table 

Well 

Static water level (m) Piezometric level (m.a.s.l) 

29/09/2021 

(dry season) 

2/12/2021 

(rainy season) 

29/09/2021 

(dry season) 

2/12/2021 

(rainy season) 

1 0.82 1.00 102.72 102.54 

2 0.25 0.60 102.63 102.28 

3 0.57 0.72 101.99 101.84 

4 1.18 1.27 105.10 105.01 

5 - 2.00 - 100.12

The community members built the wells (well #1, #2, #3 

and #4) and did not have a pumping system, for which the 

community finds it necessary to extract the resource with 

water extraction buckets. The competent municipality in the 

sector built well #5. Currently, the wells supply livestock 

activities, where the primary source is well #1. On the other 

hand, walls (albarradas #1 and #2) fill up in the rainy season, 

and an intermittent river crosses the main wall (albarrada #1) 

and the wall without an outlet (albarrada #2). During the dry 

season (May-November), the water from the walls is used 

directly for livestock. 

Table 2 shows the measurements of the static level and the 

calculation of the piezometric level of each well in September 

2021 (dry season) and December 2021 (rainy season). It is 

observed that the static levels increased as they went from the 

dry to the rainy season while the piezometric level decreased. 
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4.1.4 Flow network scheme and map of isopieces 

A topographic cut was made that crosses wells #1 to #4 and 

wall (albarrada) #1 (SW-NE) to generate the flow network 

scheme, using the data from the piezometric level of the wells 

from the rainy season (December 2021), as shown in Figure 7. 

Additionally, the elevation of the wall (albarrada) #1 was 

considered a water point due to the proximity of the free 

aquifer to the earth's surface. 

Since it is a free aquifer, the water table representation 

considered the land's topography three meters from the surface. 

Therefore, the interpretations made in the VES's indicated that 

the saturated layer is at this depth. Furthermore, an 

undifferentiated layer was also shown at an average depth of 

33 m since it is the maximum depth reached with the VES's. 

Figure 7. a) Diagram of the flow network of wells 1 – 4 and 

wall (albarrada #1) during rainy season, b) location of the 

profile (plan view) 
Source: Adapted from [37] 

Figure 8 represents the isopieces generated from the values 

of the piezometric level of wells 1 to 4 in the rainy season 

(December 2021), excluding well #5 due to its location. It is 

unknown if it belongs to the same aquifer. The water table was 

also established through isolines, separated by one meter, and 

the flow direction goes from the largest piezometric level to 

the smallest, concerning the flow network scheme. This map 

also included the height values of the walls (albarradas) 

because they are springs, and due to their topography, they are 

considered piezometric level measurements. 

Figure 8. Map of isopieces of the commune La Aguadita 
Source: Adapted from [37] 

The flow network scheme showed that the region delimited 

between isolines 105 to 109 belongs to an area of maximum 

gradient, while the region delimited between isolines 105 to 

101 represents an area of the minimum gradient. According to 

the flow directions, the area that includes the wells and walls 

(albarradas) is a discharge area. Another factor to consider is 

the salinity content of the well water and the shallow 

groundwater level, which are characteristic of a discharge zone. 

4.1.5 Measurement of physicochemical parameters 

Table 3 shows the results of measuring the physicochemical 

parameters of the water from the wells and the wall (albarrada 

#1), measured in a representative month of each season: 

September 2021 (dry season) and December 2021 (rainy 

season). This selection was due to the difficult access to the La 

Aguadita commune, a sector far from the urban area, a gravel 

road and the lack of previous studies on the registration and 

monitoring of the quality of surface and underground water. 

Subsequently, the national regulation of the Unified Text of 

the Secondary Legislation of the Ministry of the Environment 

(TULSMA acronym in Spanish) allowed the analysis of water 

quality standards for human consumption and use in 

agriculture [52]. 

Table 3. Physicochemical parameters of groundwater (wells) 

and surface water (wall/albarrada) 

Date Source pH 
S 

(PSU) 

EC 

(mS/cm) 

R 

(Ω cm) 

TDS 

(mg/l) 

T 

(°C) 

Dry 

season 

Well #1 7.53 6.00 10.46 95.60 10,470.0 28.0 

Well #2 7.40 3.70 6.82 146.00 6820.0 28.0 

Well #3 7.39 3.60 6.58 152.10 6570.0 27.4 

Well #4 7.42 1.20 2.72 367.00 2720.0 26.7 

Wall #1 9.53 0.10 0.42 2.33 422.0 33.1 

Rainy 

season 

Well #1 7.53 5.50 9.76 102.40 9760.0 26.6 

Well #2 7.40 2.90 5.31 180.30 5310.0 26.0 

Well #3 7.39 3.00 5.53 180.30 5530.0 26.5 

Well #4 7.42 1.60 3.08 324.00 3080.0 25.4 

Well #5 7.25 2.50 4.58 218.00 4590.0 25.4 

Wall #1 9.51 0.40 0.91 1.10 913.0 25.7 
Note: S: Salinity; EC: Electric Conductivity, R: Resistivity, TDS: Total 

Dissolved Solids and T: Temperature, PSU: Practical Salinity Units. 

4.2 Lithological survey and VES's 

4.2.1 Lithological map 

Figure 9. Sector lithology. a) Lithological map of the La 

Aguadita commune, b) stratigraphic column of the EA4 

station 
Source: Adapted from [37] 

405



 

Figure 9 shows the lithology generated by observations and 

descriptions of six stations from six outcrops. Additionally, in 

areas of difficult access, they were interpreted using photo 

interpretation and the DEM. The changes in contrast and shape 

of the relief indicated changes in the geomorphology and, 

therefore, a lithological change. This interpretation included 

bibliographic information from the Military Geographic 

Institute (IGM, acronym in Spanish) and the National 

Information System (SIN, acronym in Spanish) [53, 54]. 

 

4.2.2 Vertical electrical soundings (VES's) 

The location of the VES's considering field observations 

and the proximity of rivers, walls and wells is shown in Figure 

10. 

 

 
 

Figure 10. Location map of the VES's 
Source: Adapted from [37] 

 

The field resistivity curve of VES #1, shown in Figure 11a, 

obtained an error of 4.90%. Therefore, the geoelectric profile 

used the lithology, thickness, depth, and resistivity data 

obtained from VES #1 (Figure 11 b).  

 

 
 

Figure 11. VES #1 interpretation. a) VES #1 resistivity curve 

fit, b) Lithology of the geoelectric profile, c) geoelectrical 

profile of VES #1 

 

Table 4 shows the interpretation of the layers with their 

respective depths. From ceiling to floor, down to a depth of 

1.07 m, highly fractured compact rocks were identified, 

underlain by a layer of clay and sand with possible gypsum 

intrusions up to 5.05 m deep; below it is a layer of clay and 

sand up to 6.15 m. m, followed by saturated sand, clay, and 

gravel down to 31.1 m depth. Finally, there is a compact rock 

with little fracture. 

 

Table 4. Interpretation of the layers of VES #1 

 

L Description 
Thickness 

(m) 
Depth 

(m) 

R 

(Ω-m)  

1   
Highly fractured compact 

rocks 
1.07 1.07 79.3 

2   
Clays and sands with 

possible gypsum 

intrusions 
  3.98  5.05  3.04 

3   Clays and sands 1.1  6.15 12.6 

4   
Sands, clays, and/or 

saturated gravels 
 24.9 31.1 23.8 

5 
Highly fractured compact 

rock 
- - 80.3 

Note: L: Layer; R: Resistivity 
 

4.3 Geophysical prospecting analysis 

 

4.3.1 Correlation of geoelectric profiles 

The correlation consisted in prolonging the lithological 

layers with the geoelectric profiles to know the stratigraphic 

disposition between the VES's zones. Figure 12 shows the map 

of the correlation between the geoelectric profiles. In addition, 

the general correlation of VES's 2, 3 and 4 showed that the 

saturated layer is throughout the area of influence of these 

boreholes with approximate thicknesses between 20 and 23 m 

and an average depth of 3 m. 

 

 
 

Figure 12. a) Correlation map of geoelectric profiles, b) 

general correlation of VES 2, 3 and 4 
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4.3.2 Map of isoresistivities 

Figure 13 shows the map of isoresistivities at a depth of two 

meters; it allowed us to differentiate in which places of the 

commune at a depth of two meters possible gypsum intrusions 

can be found. This average value corresponds to the limit 

between the layer of clay and sand with possible gypsum 

intrusions. The layer with possible gypsum intrusions has 

resistivities of less than 5 Ω-m, and most of the VES's are 

approximately between 1.5 and 3.0 m deep. 

 

 
 

Figure 13. Representation of the isoresistivities at a depth of 

two meters 

 

4.4 Determination of potential area for groundwater 

extraction 

 

4.4.1 Potential groundwater zone 

Figure 14 shows the potential area for groundwater 

exploitation obtained from the interpretation of the VES's 

carried out in the sector, which allowed for estimating the 

depth at which the groundwater is located and, in turn, 

knowing the quality of groundwater (wells) in the sites near to 

the VES's with the physicochemical parameters. This study 

established the recognition of a pilot zone for constructing 

three new water wells oriented to a sustainability plan, with 

strategic places that allow groundwater recovery. It is due to 

the growing demand for groundwater to meet the sector's 

needs, predominantly water for livestock activities. 

 

 
 

Figure 14. Representation of a pilot area for a groundwater 

recovery sustainability plan and proposal for new wells 
Source: Adapted from [37] 

 

4.4.2 Guidelines for a sustainable sourcing plan 

Perform monthly monitoring of the water quality of the 

inventoried wells and walls by measuring the physicochemical 

parameters. 

Measure the static level of the wells monthly for a year to 

obtain data from the dry and rainy seasons and to know the 

sector's movement and depth of the groundwater flow. 

Build cement covers for existing wells, avoiding 

groundwater contamination due to waste from their economic 

activities (livestock). 

Preserve hydraulic works such as walls since they 

contribute to surface recharge, infiltration, and improvements 

in groundwater quality. For example, well #4, located near 

wall #1, had better water quality, as evidenced by the reduction 

in TDS and salinity. 

In future studies, the generation of a geometric model of the 

aquifer and a Flow and Transport Numerical Model would 

allow better management and understanding of groundwater 

flow dynamics is a priority. 

 

 

5. DISCUSSION 

 

The contribution of this study lies in the geological survey, 

geophysical prospecting and correlation of theoretical-

practical methods to obtain the hydrogeological 

characterization. These techniques allowed determining the 

strategic areas for constructing new groundwater extraction 

wells, considering the hydraulic structures (walls). These walls 

rescue ancestral knowledge and allow surface water to be 

captured for longer, contributing to the aquifer's recharge in 

the sector [55]. This work also provided preliminary 

information on the water quality in the wells and walls 

(albarradas) in operation for sustainable groundwater use. This 

comprehensive analysis based on technical-hydrological 

studies represents a community water management tool that 

contributes to decision-making in the sector. However, 

working with the community to achieve sustainable 

community management is essential, as some neighbouring 

sectors show [56-58]. For example, it is the case of 

Manglaralto in the province of Santa Elena, which, with the 

management of the sector's community water board, supplies 

more than six communes by extracting groundwater from the 

coastal aquifer [57]. This case, as well as that of the La 

Aguadita commune, presents semi-arid conditions that affect 

the aquifer's recharge, evidenced by the physicochemical 

parameters such as TDS and salinity. However, thanks to dikes 

(tapes) construction, the water in the river can be retained and 

used for more months of the year, recharging the aquifer with 

fresh water.  

The recording of the piezometric level in the walls and 

water wells during the two seasonal periods allowed 

identifying a decrease over time (from September (dry season) 

to December 2021 (rainy season)). There is an inverse 

behaviour in the static levels related to the climate of the 

commune. It attributes the high evapotranspiration in the rainy 

season and inaccessibility to cisterns tanks. 

The generated flow network scheme showed that the flow 

directions between the water points are descending, which 

indicates that the flow filters over the topographic cut area, 

demonstrating that it is a groundwater recharge zone. Also, the 

water flows from wall #1 impact well #4, improving their 

physicochemical properties. Furthermore, it explains the low 

salinity content of well #4 compared to the other wells. The 

topography indicates a piezometric surface belonging to a free 

aquifer (Figure 8). 

The physicochemical parameters of the water from the wells 

indicated a high salinity content of Well #1 (6.0 PSU) due to 

its proximity to an outcrop with gypsum veinlets. On the other 
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hand, well #4 presented better salinity conditions (between 1.0 

and 1.4 PSU) due to the proximity of a wall (albarrada) that 

favours the artificial recharge of water and increases 

infiltration. In surface water (wall #1), salinity values do not 

exceed 0.4 PSU, indicating the presence of fresh water [52]. 

TDS values exceed 450 mg/l related to high salinity values, 

evidenced by an increase in the dry season. These values in the 

two seasonal periods do not meet the permissible limits for 

human consumption [52, 59]. 

The wells presented a basic pH, and wall #1 had an alkaline 

pH due to the contamination of shallow water by livestock 

activity, and the wells lacked maintenance. Additionally, 

according to the organisation Mary River Catchment 

Coordinating Committee (MRCCC) [60], the EC values 

accepted for water for livestock consumption must be less than 

10mS/cm. As a result, the water from wells 2, 3, 4 and 5 has 

EC values between 3.0 and 5.5 mS/m, complying with the 

permissible limits, except for well #1, which has an EC value 

of 10.46 mS/cm. In surface water, EC values do not exceed the 

unit in mS/cm. 

The Vertical Electric Soundings and underground flow 

profile indicated that the water from the wall (albarrada #1) is 

infiltrating, reducing the salinity in the closest wells. In 

addition, the influence of the 'La Aguadita' river in winter 

helps to recharge the wall (albarrada). Moreover, the 

geoelectric profiles showed that the saturated layer is at an 

average depth of 3 meters, indicating that the population in this 

commune is located on a shallow aquifer, influenced by the 

recharge of intermittent rivers and walls (albarradas). 

Figure 12 shows that the areas with apparent resistivity of 

more than 5 Ωm do not present gypsum intrusions. It is related 

to the location of the wells since the highest salinity values are 

observed in wells 1, 2 and 3, which have the highest gypsum 

intrusions. Therefore, well #4, far from the areas with the most 

significant presence of these intrusions, has a lower salinity. 

Additionally, the increase in infiltration due to the wall's 

presence contributes to improving the water quality in this well. 

Finally, the potential groundwater zone was chosen due to its 

accessibility, its proximity to wall #1 and because it is located 

on an alluvial deposit with permeable materials (gravel and 

sand), as shown in Figure 14. 

6. CONCLUSIONS

The potential area for groundwater use is established by 

correlating geological surveys and geoelectric profiles. These 

studies determined that the water-saturated layer is about three 

meters deep, belonging to the Azúcar Group, made up of 

materials (gravel, sand and clay) that have good hydraulic 

properties for underground water storage. Consequently, this 

study established strategic areas for the construction of 

groundwater exploratory wells near the wall (albarrada #1), 

which stores seasonal water and acts as a water filter, 

improving the physicochemical properties of water from wells 

in areas near it, and observing the reduction of salinity and 

TDS values. In this way, the Water Sowing and Harvesting 

(WS&H) process is carried out based on a technique of 

rescuing ancestral knowledge (albarradas) for planting water 

and harvesting with the extraction of water from wells. It 

guarantees the socioeconomic development of the sector, 

which mainly depends on proper water management for 

agricultural activities.  

In the rainy season, the TDS values in wells vary between 

3080 and 9760 mg/l. In surface water (wall #1), salinity values 

do not exceed 0.4 PSU, indicating the presence of fresh water. 

This hydraulic structure favours the artificial recharge of the 

coastal aquifer. However, in the dry season, the TDS values 

increase from 2720 to 10,470 mg/l, and the salinity exceeds 

the value of 0.5 PSU, which classifies the water as brackish 

and not recommended for human consumption. 

The flow network diagram and the isopieces map were 

made with data from the piezometric level for December from 

wells 1 to 4 and the wall (albarrada #1), allowing the 

estimation of the water table of the free aquifer and the 

identification of recharge zones. In addition, this underground 

flow's direction demonstrates the water's influence from wall 

#1 towards well #4. 

This study provided the community with a database on 

hydrogeological parameters. The community-institution nexus 

and pragmatic education on the natural resource water allowed 

the establishment of guidelines that facilitate integrated water 

management for decision-makers. This research has an 

orientation towards compliance with the Sustainable 

Development Goals (SDGs), with particular emphasis on 

SDG#6 and SDG#8. SDG #6 since this study focuses on 

groundwater exploration for the proposal of guidelines for 

sustainable resource management. Likewise, SDG #8 because 

with groundwater supply, community members can boost 

livestock and resume agriculture, improving their income and 

life quality. 

One of the methodological limitations of the work is due to 

the lack of previous research studies in this commune; there is 

minimal base information on the hydrogeology and 

geochemistry of the sector. Additionally, a greater number of 

VES's in the sector is required for a better understanding of the 

availability and sectorization of groundwater. However, the 

difficult access to the sector due to the poor conditions of the 

road does not allow the development of more VES's. 

The new lines of research recognized in this work are i) 

geochemical studies, ii) environmental impact analysis, and iii) 

correlation of VES's with other geophysical methods, such as 

electrical and electromagnetic tomography, to obtain a 

complete view of the dynamics of the place. 
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