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EXECUTIVE SUMMARY 

This Water Resources Assessment has been prepared by Earth Systems for the Teranga Niakhar Solar Storage Project 
(‘the Project’) on behalf of Teranga Niakhar Storage SA (the Project Company). The Project is situated in the Niakhar 
Division within the Fa ck Region of the Republic of Senegal.  

This Water Resources Assessment is part of the supplementary ESIA documenta on prepared for the Project to meet 
interna onal standards including the IFC Performance Standards (2012) requirements. 

The key objec ves of this assessment are to: 

► Identify water resources and characterise existing water quality conditions in the study area; 

► Provide an assessment of potential water resource and water quality impacts associated with the Project; 

► Compare baseline water quality to relevant national and international water quality criteria; and 

► Identify management and mitigation measures to reduce potential water resource and water quality impacts 
and risks, where identified. 

Components considered as part of this study include surface water, groundwater, water uses and flooding. A baseline 
water resources assessment was undertaken through a combina on of desk studies and fieldwork including sampling 
and chemical analysis of groundwater. 

The climate of the Project Development Area (PDA) is characterised by a long dry season (November to July) and a short 
rainy season (July to October). Consequently, the availability of surface water in the Project area is seasonal and 
comprises an ephemeral river channel in the northeast of the site and an area of floodplain which are seasonally flooded.   

Groundwater is an important resource to the surrounding villages due to the limited availability of surface water. 
Groundwater level is approximately 7-8 metres below ground level and fluctuates by 3-5 metres between the wet and 
dry seasons. The principal water source in the local area is groundwater that is accessed via village wells for drinking 
water and agriculture purposes. Water from a village well in Mbane village was sampled for water quality analysis. The 
groundwater is of good quality characterised by slightly acidic to near neutral pH, low salinity and low total suspended 
solids. Total coliforms were absent, and all other parameters were below applicable water quality guideline values. 
Water quality sampling was also conducted at two piezometers in the PDA, these are not believed to be hydraulically 
connected to the water table. Water quality in the piezometers is impacted by moderate salinity and elevated 
concentra ons of total coliforms.  

There is a low risk of contamina on of surface and/or groundwater by the Project which will be mi gated through best 
prac ce pollu on preven on measures and stockpile management during the construc on phase and provision of sep c 
tanks of appropriate capacity for the size of workforce during all stages of the Project. 

Flooding is reported to occur in the PDA during the wet season within low lying areas. A separate flood modelling report 
indicates that large parts of the PDA comprise areas that would be expected to be flooded under 10, 100 and 250 year 
scenarios. Flooding represents a risk to the Project with possible impacts including damage to electrical equipment 
mounted on or close to ground level (ie. panels, substa on) and increased risk of erosion of the support structure and 
founda ons. Mi ga on measures include the installa on of a drainage system to divert surface runoff from the Project 
site to a river channel located to the north of the site. The drainage system will incur changes to natural drainage 
pathways. Design of the drainage system should carefully consider the discharge point to minimise the impact on local 
surface water hydrology and mi gate the risk of flooding during the wet season. 

The highest water demand from the Project will be during the construc on phase ie. 11,625 m3 over a 285 day period 
(i.e. approximately 40.7 m3 per day).  Most of this water will be used for dust suppression as well as sanitary purposes. 
The impact of water consump on on local water resources will be mi gated by sourcing water from the na onal 
Senegalaise des Eaux (SDE) network and hauled to the Project site via tanker. Poten al supplementary water will be 
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sourced from the Mbane village borehole which may have a minor short-lived impact on local groundwater or from a 
new borehole.  

During the opera on phase, water use will be minimised by adop ng dry cleaning methods for the maintenance of solar 
modules. If wet cleaning were to be used  addi onal water for each cleaning cycle would be u lised.  The impact on 
water availability is expected to be minor during both opera ons and decommissioning phases.  
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1. INTRODUCTION 

1.1 Background 
The proposed Teranga Niakhar Solar Photovoltaic (PV) and Ba ery Energy Storage System (BESS) Project (herea er: the 
Project) is a hybrid power project comprising the construc on and opera on of a 30 MWp solar PV plant with a 15 MW 
(45 MWh) ba ery energy storage system.  

This Water Resources Assessment has been prepared by Earth Systems for the Project for Energy Resources Senegal 
(ERS) and Climate Investor One (a fund Managed by Climate Fund Managers) on behalf of Teranga Niakhar Storage SA 
(the Project Company). The Project site is located in the sous-prefecture of Niakhar in Fa ck Department of the Fa ck 
Region of Senegal (Figure 1-1). 

The Project Development Area (herea er: PDA) comprises a 61 ha site located to the north of Fa ck town, approximately 
12 km south of the town of Niakhar. The Project will be connected to the na onal Senegalese grid via one 600 m long 
30 kV underground cable connected to the Fa ck substa on. The Fa ck substa on is located adjacent to the Project site. 

To date, a number of environmental and social documents have been prepared in support of the Project, including the 
Project ESIA (EES, 2020) prepared in accordance with Senegalese requirements and an Environmental and Social Due 
Diligence Red Flag Review (Environmental and Social Sustainability, 2020) to iden fy key environmental, social, health, 
safety and security gaps, risks and issues associated with the Project in complying with Interna onal Finance Corpora on 
(IFC) Performance Standards requirements. Water resources (hydrology and hydrogeology) and water quality were 
iden fied as key areas associated with the project which require further assessment. 

This Water Resources Assessment is part of the supplementary ESIA documenta on prepared for the Project to meet 
interna onal standards including the IFC Performance Standards (2012) requirements. 

 

Figure 1-1 Loca on of the Teranga Niakhar Solar Project in Senegal 



Teranga Niakhar Solar Storage Project 
Water Resources Assessment 

Water Resources Assessment 
1-10 

REV 0 

 

   EARTH SYSTEMS

1.2 Water Resource Setting 
The Project site lies within the lands of three villages Mbane, Kandiou and Poukham. Topography at the site is 
characterised by low lying, undula ng terrain with no structural hilltops. There is a seasonal river / floodplain located in 
the northeast corner of the Project site. Addi onal areas of floodplain occur in the west of the site. Eleva on ranges 
across the site from 4 to 10 metres above sea level (asl) with an average eleva on of 7 m asl. 

The PDA is located within the Sine River catchment an area covering 6120 km2 (CSE, 2015). The Project is situated 
approximately 2.5 km northwest of the Sine River and 20 km north of the Saloum River. These rivers form the Sine-
Saloum Delta flowing into the North Atlan c Ocean. 

Groundwater is an important water resource in the vicinity of the PDA, par cularly during the dry season when surface 
water is limited. Aquifers in the PDA have a large storage capacity and high produc vity, however groundwater in the 
Sine Saloum region is affected by salinisa on as a result of salt water intrusion into aquifer units from the hypersaline 
Saloum River (Faye et al., 2005; Dieng et al., 2017) 

Severe drought since the 1970s has reduced the flow of the Sine and Saloum rivers such that they have become de-
influenced reverse estuaries, ie. water salinity increases in a landward direc on (Descroix et al., 2020). Flat topography 
and high evapora on rates have contributed to this phenomenon leading to issues such as soil salinisa on and 
groundwater intrusion (Dieng et al., 2017). Such processes have in turn led to the increasing occurrence of saline 
mudflats (locally referred to as ‘tannes’) in the Sine Saloum basin, which have been iden fied in the PDA (Sadio, 1991). 

Tannes soils are predominant in the Sine-Saloum basin and have shown to serve as indicators for the degrada on of 
mangrove vegeta on in hypersaline environments (Ackermann et al., 2007). 

1.3 Regulatory Setting 
An overview of the legisla on and policy frameworks that are relevant to water resources and water quality in Senegal 
are detailed in this sec on.  Where standards do not exist in Senegalese Law, o en guidelines, standards or limits used 
by other countries (eg. EU, USEPA, UK etc.)  or organisa ons (eg. IFC, WHO etc.) are adopted in lieu. 

Source Relevant Guidelines Year 

Water Discharge and Monitoring 

IFC General EHS Guidelines: Wastewater and Ambient Water Quality 2007 

Senegal Wastewater Discharge Standard, NS 05-061 / La norme sur les rejets des eaux (NS 05-061) 2001 

Senegal 
Interministerial Decree No. 1555 Discharge Water Guidelines / L’arrêté interministériel no. 1555 
de 15 mars 2002 portant application de la norme NS 05-061 sur les rejets des eaux usées 

2002 

Drinking Water 

WHO Drinking Water Quality Guidelines, 4th Edition 2011 

Senegal n/a n/a 

1.4 Report Objectives and Scope 
The Water Resources Study for the Teranga Niakhar Project presents the assessment of water resources in the proposed 
Teranga Niakhar Project situated in the Sine Saloum basin. The key tasks and objec ves of this assessment include: 

► Identify and assess the surface and groundwater resources and availability (water use, quality and quantity) in 
the PDA, including through desktop analysis and appropriate fieldwork (e.g. hydrocensus survey) within at least 
a 1 km radius around the Project site; 

► Conduct a baseline water quality assessment through collection of water samples from existing sources; 

► Assess the potential impacts of the Project on water resources in the PDA, including an assessment of any 
significant residual or cumulative impacts associated with the Project. Avoidance, management and mitigation 
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measures will be recommended to address any significant impacts. The assessment will cover the following key 
aspects: 

• Availability of existing water resources to meet anticipated (cumulative) water needs for the Project and 
within the PDA; 

• Potential impact of the Project’s water needs on other water users, specifically local communities, in the 
PDA; and 

• Potential climate change impact on water resources and availability in the PDA. 

1.5 Methodology 

1.5.1 Literature Review 

An extensive review of publicly available informa on was undertaken for this Water Resources Assessment.  

Key literature sources included: 

► AFD (2017) Socio-physical Vulnerability to Flooding in Senegal An Exploratory Analysis with New Data & Google 
Earth Engine. Technical Report no. 24. 

► BGS (2020) Africa Groundwater Atlas : Hydrogeology of Senegal 

► Chippaux,J.P., Pernot, C., Jouanneau, D., Ciornei, G., Moulin-Esnart, P., Couret, D. (2007) Evaluating water 
potability in a populated zone of the Senegalese Sahel: Niakhar. Environnement, Risques & Santé 6(5) p373 

In addition, the following databases were searched: 

► The Global Freshwater Quality Database GEMStat (UN Environmental Programme, 2019) provides access to 
inland water quality data from countries worldwide. This database was searched to supplement baseline 
assessment of water quality in the PDA. 

1.5.2 Satellite Imagery Interpretation 

Surface water features (e.g. ephemeral river and floodplain areas), groundwater wells and land use mapping were 
iden fied using visual interpreta on of up-to-date satellite imagery of the Project’s Area of Interest , defined as the 61-
hectare project site and a surrounding 100-meter buffer zone. This interpreta on was verified by GPS ground truthing 
conducted during field work conducted in March 2021. This informa on was used to produce maps which show the 
loca ons of surface water, wells and land use types within the PDA. 

1.5.3 Surface Water and Groundwater Field Survey 

Hydrocensus Survey 

A hydrocensus survey was carried out at se lements located within 1 km of the Project.  Se lements included within 
the survey comprise the villages: Mbane, Poukham and Kandiou, as well as the hamlets: Dioukoul, Mbine Diene, Pindo 
Diohine, Kandiou Took and Touba Kandiou. This involved conduc ng interviews with local people to obtain informa on 
concerning the following: 

► Historic flood events 

• Location of flood events. 

• Duration of flood events. 

• Height of water level during flood events. 

► Water sources 

• Types of water sources available (ie. borehole, well, public tap) and their locations. 

• What each water source is used for and how often they are used. 
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• Availability of alternative water sources. 

• Changes to water quality/depth to water table over time. 

Water Resources, Surface Water and Groundwater Quality Field Survey 

Baseline field surveys were undertaken in the Project’s Area of Interest during the dry season (March 2021). These 
surveys focussed on the availability of water sources, water quality and water uses. 

Water sources including creeks, wells and boreholes iden fied in satellite imagery were visited during the field survey 
as part of a ground truthing exercise. This involved following a series of walkover survey routes and no ng the loca ons 
and details of all wells and surface water features as well as recording any evidence of water use. 

No surface water was present within the PDA during fieldwork in March 2021 therefore surface water samples could not 
be collected. 

Groundwater samples were collected on 19 March 2021 from two loca ons within the PDA and one loca on in the 
hamlet of Diokoul, Mbane as follows (Figure 1-2): 

► GW Sampling Site 1 – Piezometer located within the raised cultivated area in the southeast of the PDA (Plate 
1-1); 

► GW Sampling Site 2 – Piezometer located within the raised cultivated area in the southwest of the PDA (Plate 
1-2); and 

► GW Sampling Site 3 – Village well situated in the hamlet of Diokoul, Mbane (Plate 1-3) which corresponds to 
Well 50 in Attachment B. 

Plate 1-1 GW Sampling Site 1 

Coordinates: 14°22'14.49"N, 16°24'34.78"W 

Plate 1-2 GW Sampling Site 2  

Coordinates: 14°22'7.17"N, 16°24'48.61"W 
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Plate 1-3 GW Sampling Site 3 

Coordinates: 14°22'46.68"N, 16°25'32.22"W  

 

In field measurements of the following parameters were measured at all surface water and groundwater sampling sites: 
pH and temperature. 

Surface and groundwater samples were analysed by the Laboratoire de Traitement des Eaux Usées at the Cheikh Anta 
Diop University of Dakar (UCAD).  The list of analytes tested for groundwater samples is provided in Table 1-1. 

Table 1-1 Surface and groundwater parameters tested and corresponding laboratory limits of repor ng. 

Parameter Group Parameter Symbol/Analyte Units 

Physical Parameters 

pH pH - 

Temperature - °C 

Electrical Conductivity EC µS/cm 

Dissolved Oxygen DO mg/l O2 

Oxygen Demand by 
Potassium Permanganate* - mg/l O2 

Total Suspended Solids TSS mg/l 

Major ions 

Calcium Ca mg/l 

Magnesium Mg mg/l 

Potassium K mg/l 

Sodium Na mg/l 

Chloride Cl mg/l 

Sulfate SO4 mg/l 

Bicarbonate HCO3 mg/l 

Nitrate NO3 mg/l 

Total Nitrogen TN mg/l 

Phosphates PO4 mg/l 

Microbiology Total Coliforms TC cfu/100ml 

*N.B. Oxygen demand by potassium permanganate is an assessment of water quality and provides an indication of organic pollution within a water 
sample. 
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Figure 1-2 Water resources map with loca ons of walkover survey routes and groundwater and surface water sampling sites. 

1.5.4 Flood modelling 

A hydrogeological study was conducted by Fondasol (2021) for the Project which included flood modelling based on 
different rainfall scenarios. The study was reviewed and the key findings are presented in Sec on 4. 
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2. SURFACE WATER 

2.1 Baseline 

2.1.1 Climate and Rainfall 

Climate in the Municipality of Niakhar is defined as Sudano-Sahelian and characterised by a long dry season (November 
to July) and a short rainy season (July to October). The temperature in this region ranges from a minimum of 14 °C in 
January to maxima above 40 °C in summer (Hargreaves, Clark, & Camara, 2020).  Average monthly temperature and 
rainfall for Senegal calculated from data between 1901 and 2016 are shown in Figure 2-1.  Average annual rainfall at the 
Project is 590 mm and varies between 400 and 600 mm. 

 

Figure 2-1 Average monthly temperature and rainfall of Senegal for 1901-2016 (World Bank, 2020). The dataset was produced by 
the Clima c Research Unit (CRU) of University of East Anglia (UEA). 

Mean annual temperature in Senegal has increased by 0.9°C since 1960 (World Bank, 2020). Interannual and 
interdecadal rainfall varies considerably in Senegal (Figure 2-2).  Following a period of high rainfall in the 1960s, wet 
season rainfall decreased by approximately 10 to 15 mm per decade in southern Senegal (World Bank, 2020). Between 
1970 and 2000, Senegal suffered prolonged droughts (GFDRR, 2014).  However, unusually high annual rainfall and an 
increased intensity of extreme rainfall has occurred since the early 2000s (Panthou et al., 2018).  Severe flood events 
appear to have become more frequent in this interval with major urban floods occurring in 2005, 2009 and 2012 (Sy et 
al., 2020).  

Temperatures in Africa are expected to rise faster than the global average during the 21st century.  The Sahel and tropical 
West Africa have been iden fied as hotspots of climate change and these regions are expected to experience 
unprecedented climates by late 2030s to early 2040s (Niang et al., 2014).  There is much uncertainty associated with 
projected precipita on pa erns, with numerous models yielding changes of differing magnitude and direc on (i.e. 
dryer/we er; Niang et al., 2014). The impact of climate change on water resources is likely to be controlled by a fine 
balance between an increase in precipita on intensity and a plausible increase in evapora on triggered by higher surface 
temperatures (Lewis & Buontempo, 2016). 
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Figure 2-2 Annual Rainfall at various loca ons in Senegal (Descroix et al., 2020). N.B. the PDA is located between Diourbel, 
Kaolack and the estuaries area. 

2.1.2 Topography and Drainage 

At the Project Site, ground eleva ons range from between 4 to 10 metres above sea level (asl) and average 7 m asl 
(Figure 2-3), based on available SRTM Satellite-based Digital Eleva on Data. This data indicates that the region is 
reasonably flat with gentle slopes, where they exist, from 0.02% to 0.3%. 

Drainage is expected to follow the topography of the PDA (ie. from higher areas in the centre to lower areas in the north).  
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Figure 2-3 Eleva on map of the PDA  

2.1.3 Hydrology and Catchment 

Land use / type and the surface water features in the PDA were confirmed during fieldwork with the findings shown in 
Figure 2-4. 

 A tributary of the Sine River flows through north-eastern extent of PDA.  The flow of the river is intermi ent and likely 
varies seasonally in response to temperature and precipita on fluctua ons.  The meandering river flows towards the 
southeast where it joins the Sine River immediately north of the town of Fa ck (Plate 2-1).  Depressions in the western 
and north-eastern extents of the PDA seasonally fill with water and cons tute a floodplain that makes up approximately 
25% of the PDA (Figure 2-4).  These areas are locally referred to as ‘tannes’.  

 

Plate 2-1: Confluence of the ephemeral river flowing through the PDA and the Sine River. 

Photo taken approximately 3 km southeast of the PDA (14°21'6.82"N, 16°23'19.36"W) 
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Figure 2-4 Land type and surface water map of the PDA.  
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2.1.4 Surface Water Quality 

Local surface water quality is affected by salinisa on due to the influence of the Saloum estuary.  Evapora on rates 
typically exceed inflows of freshwater at the Saloum estuary, giving rise to saline condi ons.  Due to the flat topography 
around the West African coast, the impact of salinity can affect areas far inland.  Indeed, salinity in the Sine river exceeds 
that of seawater and increases upstream from the Saloum delta. Maximum salinity (approximately 100 g/l) occurs at the 
end of the dry season at Fa ck Bridge (Figure 2-5; Descroix et al., 2020).  Surface water in the intermi ent river and 
depressions (tannes) within the PDA is therefore expected to be brackish/saline. 

A study of water potability in the Niakhar region involved chemical analysis of 77 surface and groundwater sources in 
2013/14 (Chippaux et al., 2017).  The average concentra ons for each parameter are shown in Table 2-1 which provide 
an indica on of water quality in the PDA.  Fluoride concentra ons are approximately equal to the WHO drinking water 
guideline value while Na and Cl exceed levels deemed acceptable for taste/odour/smell by factor of 5-6 and 4 
respec vely.  

In the Niakhar region, most villages depend on backwater and ponds for their water needs, such as bathing, swimming, 
fishing and other domes c uses.  Surface water quality is affected by schistosome parasites, which cause schistosomiasis, 
a parasi c disease of which there is currently an endemic in Senegal.  The use of these water bodies is a main 
transmission pathway of parasites in the local community (Senghor et al., 2014).  

 

Table 2-1 Summary of water quality data in Niakhar compiled in 2013-14 (Chippaux et al., 2007). Orange highlight indicates near 
exceedance of WHO guideline values, red highlight indicates exceedance of relevant WHO guideline value/acceptability aspect. 

Parameter Unit 
Average concentration 

± 1 SD 

WHO Drinking Water Guidelines (2011) 

Guideline Value 
Acceptability Aspects - Taste, 

Odour, Appearance 

Cl- mg/l 1,054 ± 1.9 - 250* 

F- mg/l 1.4 ± 1.5 1.5 - 

SO42- mg/l 110 ± 69 - 250* 

NO3- mg/l 9.3 ± 9.9 50 - 

Na+ mg/l 1,148 ± 834 - 200* 

K+ mg/l 14.3 ± 9.5 - - 

Ca2+ mg/l 148 ± 150 - - 

Mg2+ mg/l 52 ± 60 - - 

*No health-based guideline value is proposed. Concentrations given indicate approximate taste thresholds.  
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Figure 2-5 Salinity in the Saloum estuary a) at the end of the rainy season (November 2018) and b) at the end of the dry season 
(April 2019) (adapted from Descroix et al., 2020). Yellow star indicates the Project loca on. 
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2.2 Impacts and Risk Assessment 
The key poten al impacts on surface water during Construc on, Opera ons and Decommissioning and Closure phases 
are presented below in Table 2-2 and discussed in the following sec ons. 

2.2.1 Construction Phase 

Small volumes of site water used in dust suppression and cleaning will be generated during construc on. Low risks of 
hydrocarbon and oils discharge associated with construc on machinery may occur. Wastewater discharge from on-site 
latrines and kitchen facili es will generate discharge. Planned containment of wastewater discharge within a sep c tank 
will mi gate any poten al impacts on surface water resources. The sep c tank will be maintained throughout the 
construc on and opera ons phase and disposed of by an approved provider (ESS, 2020). 

In addi on, earthworks will involve levelling of parts of the site where the slope is unsuitable for installa on of 
photovoltaic panels, vegeta on removal and excava on of trenches for cabling.  These ac vi es will expose soils that 
are suscep ble to erosion during the wet season and may result in the genera on of turbid wastewater.  However, given 
that surface water features in the PDA are seasonal, for most of the year there is li le to no surface water which could 
be impacted.  Therefore, the poten al impact on surface water is seasonally dependent with minor impacts expected 
during the dry season and greater poten al impacts during the wet season. 

2.2.2 Operations Phase 

The main impact on surface water associated with the Project is expected to be changes to natural drainage pathways 
incurred by the crea on of a drainage system. The proposed design of the drainage system involves the diversion of 
rainwater which falls in the PDA to the north of the site, where storm water will be discharged into the tributary of the 
Sine River. The loca on of discharge from the drainage system to the tributary is expected to be upstream of the PDA. 
The diversion of storm water upstream of the site is therefore expected to increase the flow of water within the 
ephemeral drainage which is situated in the northeast corner of the PDA. This has the poten al to impact the risk of 
flooding within the PDA (refer to Sec on 4).  

The brackish nature of surface water presents a risk to Project infrastructure due to the poten al for corrosion of steel 
structures, for example the photovoltaic panel supports. The steel supports for the panels could be impacted by 
corrosion from salts within airborne moisture and soil pore water. This impact is mi gated by the use of an -corrosion 
measures applied to all structures associated with the Project. 

The genera on of wastewater (from on-site latrines and kitchen facili es) will decrease during the opera on phase due 
to the reduced workforce. Wastewater will be collected in a sep c tank which will be maintained throughout the 
construc on and opera ng phase and disposed of by an approved provider (ESS, 2020). The degree of liquid emissions 
will be very low during the opera on phase as there will be limited liquid effluents on the Project site. The poten al 
impact on surface water resources by the Project during the opera ons phase is therefore low. 

2.2.3 Decommissioning Phase 

Decommissioning will involve the disposal of the wastewater sep c tank used during construc on and opera ons. 
Disposal will be carried out by an approved provided (ESS, 2020). The degree of liquid emissions will be very low during 
the decommissioning phase as there will be limited liquid effluents on the Project site.  

Decommissioning of the Project will involve dismantling of the plant with the site made safe for ongoing community use. 
It is not yet known whether this will include removal of the installed drainage system.  

Table 2-2 Key poten al impacts on surface water 

Project Phase Potential Impacts 

Surface Water 
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Construction 

 Possible chemical uses and fuel spillages; 
 Dust and exposed soil from / at construction sites-could contaminate surface waters; 
 Potential for increased erosion could result in sedimentation of waterways; and 
 Possible soil and water contamination. 

Operation 

 Changes to surface water flow due to levelling of the site; 
 Surface runoff from solar panels and potential for increased erosion / gullying at the base of panels; and 
 Sedimentation via turbid runoff. 
 Possible soil and water contamination. 

Decommissioning/Closure 
 Possible soil and water contamination. 
 Changes to surface runoff patterns if drainage channels are removed 

 

2.3 Management, Mitigation and Monitoring Measures 
Recommended management, mi ga on and monitoring prac ces relevant to surface water impacts include: 

► Avoid earthworks/soil disturbance during the wet season. 

► Stockpile management to prevent surface water runoff, site stockpiles in suitable locations, including avoidance 
of natural drainages and steep slopes.  

► Apply water or approved environmentally friendly chemical dust suppressants on exposed soil and ground 
where practicable as required during the dry season. 

► Bunding of chemical and lubricating oil storage tank interceptors and generators. 

► Best practise pollution prevention control measures, including cut-off drains or small bunds around potentially 
polluting activities. 

► Designated fuel storage and refuelling areas away from surface water bodies. 

► Impervious storage bunds to contain any spillages or leaks. 

► Containment, clean up, treatment and disposal of any fuel / hydrocarbon / chemical spillages. 

► Ensure availability of spill kits on site. 

► Appropriate size and siting of sewage storage facilities. 

► Waste segregation and use of a waste oil skip. 

► Creation of drainage system to mitigate erosion. 

► Regular maintenance and clearance of drainage system to remove any blockages. 

► Anti-corrosion measures applied to all structures in the PV power plant. 

2.4 Conclusions 
Key conclusions relevant to surface water include: 

► Surface Water in the PDA comprises an ephemeral tributary of the Sine River which flows through the north-
eastern extent of PDA as well as floodplain which is seasonally flooded.  

► Local surface water is characterised by high salinity and high concentrations of fluoride. Concentrations of 
sodium and chloride exceed WHO Drinking Water guidelines (2011) – acceptability aspects, by factors of 5-6 
and 4 respectively.  

► The impact of climate change on surface water is difficult to predict but will likely be determined by the balance 
of an increase in precipitation intensity and potential increase in evaporation due to higher surface 
temperatures. 
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► The main impact on surface water associated with the Project is expected to be changes to natural drainage 
pathways incurred by the creation of a drainage system. 

► Design of the drainage system should carefully consider the discharge point to minimise the impact on local 
surface water hydrology and flood risk. 

► There is a low risk of contamination of surface water by spillages of hydrocarbon / oils and sewage. 

► Earthworks have the potential to cause enhanced soil erosion which may cause minor sedimentation effects in 
local surface water bodies. 

► Key management, mitigation and monitoring controls include: effective stockpile management and dust 
suppression during earthworks, best practice pollution prevention measures and installation and maintenance 
of a drainage system. 
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3. GROUNDWATER 

3.1 Baseline 

3.1.1 Geology 

The geology of Senegal features a Precambrian basement, which outcrops in eastern Senegal, overlain by the Senegal 
sedimentary basin. The sedimentary basin features forma ons with ages that range between Palaeozoic to Quaternary 
(Edmunds, 1990).  

The local bedrock consists of Ypresian (Eocene) sedimentary rocks comprising largely clays, marls and limestones with 
phosphate horizons. The Eocene bedrock is overlain by unconsolidated Quaternary sands.  

3.1.2 Soils 

Soils in the PDA are ferruginous, tropical, argillaceous, and sandy (EES, 2020). Surficial soils are sandy/silty while deeper 
soils have a greater clay/loam content (EES, 2020).  Soils within the PDA support sca ered, low density woody vegeta on 
including trees and shrubs (see Biodiversity Baseline Assessment Study). 

Soils within the PDA are affected by salinisa on where localised areas of saline mudflats (locally referred to as ‘tannes’) 
occur. The salinisa on of soils in Senegal and indeed the PDA may be associated with three (3) key processes (Sadio, 
1991): 

1. Capillary uplift of salts from soil solution and shallow groundwaters, caused by intense evaporation; 

2. Infiltration of sea water or supersaline water from rivers; and 

3. Aeolian transport, or movement of solid salt particles by wind from exposed saline soils/salt deposits. 

3.1.3 Hydrogeology 

High level studies for con nental and regional Africa have been undertaken that provide indica ons of likely 
hydrogeological condi ons in the Project region. 

The availability of groundwater resources in sub-Saharan Africa depends cri cally on the geology, the history of 
weathering, faul ng, and recharge to groundwater. Sub-Saharan Africa can be divided into four geological and hence 
hydrogeological provinces: 

► Crystalline basement; 

► Volcanic rocks; 

► Consolidated sedimentary rocks; and 

► Unconsolidated sediments. 

Figure 3-1 indicates that the hydrogeology in the Project region is related to a consolidated sedimentary geological 
environment.  Sedimentary basins can store significant volumes of groundwater, but in arid regions, such as Senegal, 
much of the groundwater can be non-renewable, having been recharged during periods of higher rainfall.  Groundwater 
storage is also affected by the lithology of the geological sequence which may comprise low permeability mudstone or 
more permeable sandstones and limestones (MacDonald et al., 2008).  
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Figure 3-1 The hydrogeological environments of sub-Saharan Africa (MacDonald et al., 2008); the approximate Project loca on is 
indicated by the yellow star. 

The Project is situated in the Senegal sedimentary basin and the hydrogeology of the PDA can be characterised by three 
aquifers (BGS, 2020), listed in order from the surface downward: 

► Superficial aquifer system – the Continental Terminal aquifer consisting of sand, sandy clay and laterites; 

► Intermediate aquifer system – Eocene/Palaeocene limestones; and 

► Deeper aquifer system – Maastrichtian (Cretaceous) age sedimentary units comprising sand, sandy-clay and 
calcareous sandstones. 

The Con nental Terminal aquifer is located nearest to the ground surface and therefore is most accessible via shallow 
wells. The aquifer is unconsolidated and highly produc ve with localised nitrate contamina on (BGS, 2020). 
Groundwater recharge occurs mainly through rainwater infiltra on at rates of 17-130 mm/year (Dieng et al., 2017). 
Numerous shallow village wells exist in the area surrounding the Project which are a principal source of water to the 
local villages as discussed in Sec on 4.4. The base of the Con nental Terminal aquifer features a compact clay layer, 
below which lies the intermediate limestone aquifer (Fondasol, 2021). 
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The intermediate aquifer is located at depth of approximately 35 m and feeds deeper groundwater wells, while the 
deeper Maastrich an aquifer system is accessed by drilled boreholes at depths of 300 to 350 m (EES, 2020). These 
aquifers are typically highly produc ve (BGS, 2020) however the groundwater quality is compromised by high 
concentra ons of iron, fluoride and salinity with saline intrusion occurring in coastal areas (BGS, 2020). 

According to the Project ESIA report (EES, 2020), the depth to the water table is between 15 and 20 m while a na onal 
water table map produced by Kane et al. (2013) indicates it is less than 15 m (Figure 3-2).  An analysis of 78 wells in the 
Sob and Diohine watersheds (approximately 8 km north-west of the PDA) indicate the sta c water level is between 1 
and 10 m below ground level (bgl) with a median of 4 m bgl (Faye et al., 2020).  Addi onal water quality data from the 
same study are shown in Table 3-1.   

Table 3-1  Summary of water quality data from 78 wells in the Sob and Diohine watersheds (in Niakhar region), approximately 
8 km north-west of the PDA (Faye et al., 2020). 

 Static Level (m) pH EC (µS/cm) Salinity (%) 

Minimum 1 4.87 106 <0.01 

Median 4.1 7.05 3,680 0.19 

Maximum 9.9 9.91 41,200 3.1 

 

 

Figure 3-2 Map of water table depth in Senegal (adapted from Kane et al., 2013). Yellow star indicates the approximate loca on 
of the Project. 
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3.1.4 Groundwater Quality 

Available baseline water quality data for local groundwater sources are shown in Table 3-1 (Sob and Diohine Watersheds) 
and Table 3-2 (Drilled well in Fa ck).  These data indicate that regional groundwater has high concentra ons of sodium, 
chloride and high EC values that have increased over me (Table 3-2).  This trend illustrates the increasing salinisa on 
of regional aquifers.  Furthermore, Kane et al. (2012) indicate that the total dissolved solids content of groundwater in 
the Maastrich an Aquifer is approximately 1,000 mg/L dominated by Na+ and Cl- ions.  Deep groundwater in the PDA is 
therefore expected to be brackish and not suitable as potable supply.  

Groundwater in Senegalese aquifers features naturally high concentra ons of some hazardous elements such as fluoride 
and boron. In the deep Maastrich an aquifer, boron concentra ons reach 1-2 mg/l while fluoride concentra ons may 
reach 1-4 mg/l (Travi, 1998; Kane et al., 2012) Fluoride in groundwater is derived from the dissolu on of fluoride bearing 
apa te which is found in phosphate deposits within bedrock.  For context, the maximum fluoride concentra on in 
drinking water according to WHO drinking water guidelines (2011) is 1.5 mg/L.  However, in a study of both surface and 
groundwater in Niakhar, Chippaux et al., (2007) report fluoride concentra ons of up to 2.9 mg/L.  

Table 3-2 Groundwater quality data from Drilled Well no. 2 in Fa ck (located approximately 3.5 km south of the PDA). Data 
Source: GEMStat (United Na ons Environment Programme, 2019).  Red highlight indicates exceedance of relevant WHO 
guideline value/acceptability aspect. 

Parameter Unit 

Fatick Drilled Well no. 2 WHO Drinking Water Guidelines (2011) 

31 March 1993 11 November 1998 30 March 2000 Guideline Value  
Acceptability 

Aspects - Taste, 
Odour, Appearance 

pH - 7.98 5.0 8.85 - - 

EC µS/cm 2,350 2,370 2,480 - - 

Cl mg/L 611 667 710 - 250* 

Fe mg/L  - 0.15 0.1 - - 

Mg mg/L 4.9 4.86 - - - 

Na mg/L - - 910 - 200* 

NO3  mg/L  - 
7.13 as N 

(31.6 as NO3) 
 - 

- 
50 as NO3 

- 

NH3 - N (unionised) mg/L 0.25 0.15 0.3 - - 

SO4 mg/L - 50 - - 250* 

Total Alkalinity mg/L 400 880 1,180 - - 

*No health-based guideline value is proposed. Concentrations given indicate approximate taste thresholds.  

Hydrocensus Findings – Groundwater 

Interview responses with local residents of the villages Mbane, Kandiou and Poukham and their subsidiary hamlets 
(Diokul, Kandiou Took, Touba Kandiou, Mbine Diene and Pindo Diohine) from the hydrocensus can be found in 
A achment B. 

Key findings from the interviews relevant to groundwater include: 

► The static water level within village wells is reported to be 7 - 8 m below ground level. 

► The water table fluctuates seasonally by approximately 3 – 5 m, with the highest groundwater levels occurring 
following the wet season and lowest levels during the dry season. 

► Groundwater in shallow wells is used as drinking water. However, water is much less palatable from wells which 
are deepened by 2 – 3 m due to lack of water at the initial depth of the well. 
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► Water from boreholes which tap lower aquifer units are saline and generally considered non-potable. 

Groundwater Quality Fieldwork Results 

► The results of chemical analyses of groundwater samples are provided in Table 3-3 and compared with relevant 
guideline values. Laboratory reports can be found in Attachment A. 

GW01 and GW02 are shallow piezometers (3 – 4 metres) which had limited water availability during sampling (GW01 
dried up at the end of sampling). Given that the typical depth to the water table is approximately 7-8 metres, the results 
from these sampling points are expected to represent the quality of water available in the holes at the me of sampling 
rather than that of the water table. 

Water from the village well (GW03) collected from a depth of approximately 8 metres represents shallow groundwater 
water that is likely derived from the Con nental Terminal aquifer.   

The key findings include: 

► Water from the piezometer, GW01, is alkaline (pH 9.16) with moderate salinity. The water is also odorous and 
yellow in colour. The concentration of chloride is high which is expected to significantly affect the taste of the 
water. The oxygen demand by potassium permanganate is moderate (15.7 mg/l O2) which indicates the 
presence of some organic pollutants. High concentrations of total coliforms (2,330 cfu/100ml) indicate that 
water quality may be impacted by microorganisms. 

► Water from GW02 is slightly alkaline (pH 8.26) with moderate salinity. The sample was turbid with a high 
concentration of total suspended solids. The concentration of chloride is high which is expected to significantly 
affect the taste of the water. The oxygen demand by potassium permanganate is moderate which indicates the 
presence of some organic pollutants. Very high concentrations of total coliforms (400,000 cfu/100ml) suggest 
that water quality may be impacted by microorganisms. 

► Water from the village well at Mbane (GW03) is generally good quality. The water is slightly acidic - near neutral 
(pH 6.52) with low salinity and low total suspended solids. All parameters analysed are below relevant guideline 
values and acceptability limits. Total coliforms were absent from the water sample. 

 

Table 3-3 Results of groundwater chemical analysis. Results are laboratory analyses with the excep on of pH, EC and 
temperature which were measured in the field. Red highlight indicates exceedance of relevant WHO guideline value / 
acceptability aspect. 

Parameter Units 
GW01 

Piezometer 
GW02 

Piezometer 

GW03 
Diokoul, Mbane 

Village Well 

WHO Drinking Water Guidelines 
(2011) 

Guideline Value 

Acceptability 
Aspects - 

Taste, Odour, 
Appearance 

Physical Parameters 

pH (field) - 9.16 8.26 6.52 - - 

Temperature (field) °C 31.2 25 25   

Electrical 
Conductivity µS/cm 3,260 2,780 220 - - 

Dissolved Oxygen mg/l O2 6.3 4.4 1.9 - - 

Oxygen Demand by 
Potassium 
Permanganate 

mg/l O2 15.7 6.45 0.45 - - 

Total Suspended 
Solids mg/l 46 212 14 - - 
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Major Ions 

Calcium mg/l 0.44 2.16 5.98 - - 

Magnesium mg/l 0.12 1.65 3.08 - - 

Potassium mg/l 13.99 4.77 1.98 - - 

Sodium mg/l 25.81 26.93 18.13 - 200* 

Chloride mg/l 709 1,064 96 - 250* 

Sulfate mg/l 13 52 B.D. - 250* 

Bicarbonate mg/l 1,582 844 22 - - 

Nitrate mg/l B.D. B.D. 1 50 - 

Total Nitrogen mg/l 31 0.5 1.2 - - 

Phosphates mg/l 3.57 0.33 0.31 - - 

Microbiology 

Total Coliforms cfu/100ml 2,330 400,000 0 -** - 

B.D. = Below Detection *No health-based guideline value is proposed. Concentrations given indicate approximate taste thresholds. **Total Coliforms 
(TC) provide a general indication of cleanliness however TC include a wide range of bacteria including those that maybe of no sanitary significance. 
Therefore, no guideline value is set for TC. 

3.2 Impacts and Risk Assessment 
During the construc on phase, spills of hazardous materials represent a poten al impact to groundwater. Poten al 
sources of contamina on of groundwater include: 

► Oils and hydrocarbons/hazardous wastes associated with construction materials and diesel storage tank for 
machinery/generators. 

► Sewage – on site latrines. 

► Wastewater discharge – on site kitchen facilities. 

Planned containment of wastewater discharge within a sep c tank will mi gate any poten al impacts on groundwater 
resources. The sep c tank will be maintained throughout the construc on and opera ons phase and disposed of by an 
approved provider (ESS, 2020). There is a low risk of spillage of oils and hydrocarbons associated with construc on 
machinery. 

Consump on of groundwater by the Project during the Construc on and Opera ons phases has the poten al to impact 
local water availability. The impact of the Project’s water use is assessed separately in Sec on 5. 

The key poten al impacts on groundwater during Construc on, Opera ons and Decommissioning and Closure phases 
are presented below in Table 3-4. 

Table 3-4 Key poten al impacts on groundwater 

Project Phase Potential Impacts 

Groundwater 

Construction 

 Increased demand to local water supply with potential to increase the likelihood of water shortages (see 
Section 5). 

 The use of groundwater is likely to contribute to the increasing salinisation of aquifers with negative 
impacts for groundwater quality (see Section 5). 

 Spills (hydrocarbons, sewage) and contamination of groundwater. 

Operation 
 Spills (hydrocarbons, sewage) and contamination of groundwater. 
 Water use for site operations e.g. cleaning of solar panels and potable water may place increased pressure 

on the local water supply which could increase the likelihood of water shortages (see Section 5). 
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Decommissioning/Closure  Spills (hydrocarbons, sewage) and contamination of groundwater. 

 

3.3 Management, Mitigation and Monitoring Measures 
Recommended management, mi ga on and monitoring prac ces relevant to groundwater impacts include: 

► Provision of septic tanks of appropriate capacity for the size of workforce; 

► Creation of water management plan that details specific abstraction/supply limits to avoid impacts to local 
water resources. 

► Bunding of chemical and lubricating oil storage tank interceptors and generators. 

► Best practise pollution prevention control measures, including cut-off drains or small bunds around potentially 
polluting activities. 

► Impervious storage bunds to contain any spillages or leaks. 

► Containment, clean up, treatment and disposal of any fuel / hydrocarbon / chemical spillages. 

► Ensure availability of spill kits on site. 

► Appropriate size and siting of sewage storage facilities. 

► Waste segregation and use of a waste oil skip. 

3.4 Conclusions 
Key conclusions relevant to groundwater include: 

► The static water level within village wells is reported to be 7 - 8 m below ground level and varies seasonally by 
approximately 3 – 5 m, with the highest groundwater levels occurring following the wet season and lowest 
levels during the dry season. 

► The hydrogeology of the Project can be characterised by three aquifers: the near surface Continental Terminal 
aquifer, an intermediate limestone aquifer and the deep Maastrichtian aquifer.  

► The Continental Terminal aquifer is tapped by numerous shallow wells in the surrounding area which are used 
as a primary source of drinking water. 

► Groundwater quality, particularly from deep groundwater, is impacted by high salinity and elevated fluoride 
concentrations.  

► Baseline groundwater quality was characterised through fieldwork involving analysis of groundwater samples 
collected from two piezometers in the PDA and a village well in Diokoul, Mbane. 

► Baseline groundwater quality in the well is good and can be characterised as being near neutral pH with low 
salinity.  Piezometers are used for determining groundwater level and not as a drinking water source. Near 
surface water within piezometers is of moderate salinity with elevated chloride concentrations. Piezometer 
water also contains elevated concentrations of total coliforms which indicates that near surface water quality 
may be impacted by microorganisms. 

► There is a low risk of contamination of groundwater by spillages of hydrocarbon / oils and sewage. 

► Groundwater usage by the Project may place added pressure on local water sources. 

► Key management, mitigation and monitoring controls include best practice pollution prevention measures, 
provision of septic tanks of appropriate capacity for the size of workforce and water preservation measures 
detailed in Section 4.4. 



Teranga Niakhar Solar Storage Project 
Water Resources Assessment 

Water Resources Assessment 
4-31 

REV 0 

 

   EARTH SYSTEMS

4. FLOODING 

4.1 Baseline 
The Project is situated adjacent to an intermi ent river which flows through the northeast corner of the PDA. In addi on, 
the Sine River, is located 3 km to the east of the PDA.  The Sine is a large river which discharges into the Sine-Saloum 
estuary.  Given the low-lying topography of the surrounding area, river floods pose a poten al hazard to the Project. 
During heavy rainfall events which have become more frequent in recent years, there is poten al for river flooding to 
occur in the PDA, par cularly within the low-lying floodplain area at the northwest extent.  The river flood hazard for 
the Fa ck Region has been classified as high based on modelled flood informa on by ThinkHazard! (GFDRR, 2020).  This 
means that poten ally damaging and life-threatening river floods are expected to occur in the Fa ck Region at least 
once in the next 10 years. 

There has been an increased frequency of extreme rainfall and flooding events in Senegal within the last 20 years 
(Panthou et al., 2018, Sy et al., 2020).  A compila on of historic floods in Senegal was made by AFD (2017) which are 
summarised in Table 4-1.  There are no published records of historic floods in the PDA, however floods are known to 
have affected the Fa ck region in 2013 (OCHA, 2013). 

Table 4-1 A compila on of historic flood events in Senegal. 

Dates Places Affected 
Area of land 

affected (km2) Source 

September – November 2020 Dakar, Thiès. No data OCHA (2020) 

September 2019 Dakar, Kaolack No data IFRC (2019) 

August – November 2015 Dakar, Ngor, Saint-Louis. No data AFD (2017) 

September 2013 Dakar, Mbour, Fatick, Djilor, Passy, Kaffine, Kaolack. No data OCHA (2013) 

August 2012 Dakar, major cities in interior. 79,243 AFD (2017) 

August 2009 Dakar. 8,511 AFD (2017) 

August – September 2007 Senegal River Valley, Thiès, Louga, Matam, Kaolack, Tamba, Dakar. 167,998 AFD (2017) 

August – September 2005 Dakar area. 333 AFD (2017) 

August – November 2003 
Northern Kanel region, Central Nioro region, Matam region. Kaolack, 
Kaffrine. 78,728 AFD (2017) 

September – December 2002 
Saint-Louis Region - Districts: Podor, Dagana and Matam.  
Louga Region - Districts: Kacbacmer, Linguaure and Louga. 

62,706 AFD (2017) 

September – October 1995 Southwest Region: Nouakchott. 47,808 AFD (2017) 

 

Few publicly available flood risk maps of Senegal are available.  Satellite imagery has been used to map aerial extents of 
flooding however this is limited to specific regions of Senegal outside of the PDA (AFD, 2017).  Similarly, flood risk and 
extent maps produced by the World Bank are limited to the areas of Dakar and Saint Louis.  Satellite imagery was 
inves gated as a means to determine the extent of flooding in the PDA during historical flood events. Unfortunately, 
there was no imagery available for the key dates and the (freely available) imagery dated just before and a er flooding 
events had poor resolu on. Informa on regarding flooding in the PDA was however gained from hydrocensus interviews 
conducted during fieldwork. The findings from the hydrocensus are presented in the following sec on. 

4.1.1 Hydrocensus Findings – Flooding 

Interview responses with local residents of the villages Mbane, Kandiou and Poukham and their subsidiary hamlets 
(Diokul, Kandiou Took, Touba Kandiou, Mbine Diene and Pindo Diohine) from the hydrocensus can be found in 
A achment B. 
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The interviews indicate that flooding typically occurs during the wet season months of July and August.  Areas prone to 
flooding include low lying land, streams and salt flats (referred to as ‘tannes’ in A achment B).  Cul vated areas are also 
prone to flooding if rainfall is par cularly heavy.  The height of flood waters typically reaches a maximum of 1-2 m within 
depressions. 

Interviews with residents from all the studied se lements report that new areas have been flooded within the last five 
(5) years, par cularly within the last year.  The most recent flooding event within the region occurred in August 2020 
where the water level reportedly reached some houses in Diokoul and Pindo Diohine.   

4.1.2 Review of Flood Risk Assessment 

Flood modelling carried out by Fondasol (2021) produced maps which show the extent of PDA which can be expected 
to be flooded under 10, 100 and 250 year rainfall scenarios (Plate 4-1 - Plate 4-3). Safety margins of 25 m and 10 m were 
applied to the 10 year and 100 year scenarios respec vely to allow for more conserva ve es mates of the flood prone 
area (shown as white areas in Plate 4-4 and Plate 4-5). A summary of the areas iden fied by Fondasol as at risk of flooding 
are shown in Table 4-2 and discussed below.  

The report iden fies two (2) watersheds within the PDA, one located in the north and the other in the south of the PDA. 
The propor ons of the study area liable to flooding are approximately 14%, 33% and 46% based on 10, 100 and 250 year 
rainfall scenarios. The maximum water depth is es mated to be between 0.85 and 1.8 m depending on the rainfall 
frequency and the watershed. 

Table 4-2 Modelled flooded areas and their maximum water depth within the PDA based upon different rainfall occurrences. 

 

Evidence of surface water in the PDA during fieldwork conducted by Fondasol in December 2020, included areas of 
stagnant water within depressions and dry gullies (indica ve of runoff).  

In light of these findings, Fondasol recommended the following with regards to the si ng of Project equipment: 

► Areas identified as subject to flooding are unsuitable for the photovoltaic panels and associated cabling which 
must be situated away from water. 

► The siting of Project equipment should avoid areas of stagnant water and allow for a buffer zone of 
approximately 25 m around such features.  

► Existing dry gullies should be diverted upstream of the site to limit or avoid runoff and associated erosion.  
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Plate 4-1 Poten ally floodable area based on likely rainfall expected within 10 years. Plate 4-2 Poten ally floodable area based on likely rainfall expected within 100 years. 

 

Plate 4-3 Poten ally floodable area based on likely rainfall expected within 250 years. 
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Plate 4-4 Poten ally floodable area based on likely rainfall expected within 10 
years and 25 m safety margin. 

 

Plate 4-5 Poten ally floodable area based on likely rainfall expected within 100 years and 10 m safety margin. 
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4.2 Impacts and Risk Assessment 
The poten al for flooding represents a risk to the Project with possible impacts including: 

► Damage to electrical equipment mounted on or close to ground level (ie. panels, substation); and 

► Increased risk of erosion of the support structure and foundations. 

During the construc on period, the use of heavy machinery is likely to result in the compac on of soils and therefore 
reduce their infiltra on capacity. This would be expected to increase surface runoff and therefore the risk of flooding 
during heavy rainfall events. 

Site levelling may be required where the surface topography is unsuitable for the construc on of photovoltaic panels. 
However, changes to surface topography and therefore drainage of the PDA are expected to be minimal given its flat 
topography and lack of steep slopes. However, the installa on of photovoltaic panels will affect the distribu on of 
rainwater within the PDA. The sloped surfaces of the panels will concentrate rainwater between rows of panels. During 
heavy rainfall events, surface water may accumulate faster than it can drain, par cularly in depressions in the northwest 
and central parts of the PDA. The Project will involve the construc on of a drainage system based on a 100-year flood 
scenario to avoid erosion and flooding (Figure 4-1 and Figure 4-2). Two proposed drainage channels (Drainage Channel 
A and B) will be constructed within the south-eastern part of the PDA which has been iden fied as flood prone. Drainage 
Channel A will divert water from the eastern extent of the PDA (adjacent to the Sine tributary) into Drainage Channel B 
at the southern edge of the PDA and then into an underground pipe which runs northeast along the western edge of 
the PDA. Storm water is expected to be discharged into the tributary channel situated to the north (upstream) of the 
PDA. 

During the opera on phase, this drainage system could affect the volume of water within the tributary channel. It is 
unclear how the drainage system will affect the me taken for rainfall to reach the tributary channel and any poten al 
changes to the likelihood of flooding within the PDA. If floodwaters reach the PDA, the drainage system has the poten al 
to recirculate flood water through the PDA and the tributary which will impede drainage. The increased intensity of 
extreme rainfall experienced by Senegal in recent years may become heightened in the future due to the impacts of 
climate change. Such changes to rainfall pa erns increase the likelihood of flooding in the PDA. 

Detailed assessment of the drainage system involving water modelling are recommended to ensure that the proposed 
drainage layout does not increase the risk of flooding within the PDA.  
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Figure 4-1 Preliminary drainage system layout 
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Figure 4-2 Preliminary designs of drainage channels. 

4.3 Management, Mitigation and Monitoring Measures 
Recommended management, mi ga on and monitoring prac ces relevant to flooding related impacts include: 

► Avoid construction on areas prone to/at risk of flooding; 

► Design and installation of a suitable drainage system that minimises the risk of flooding within the PDA and 
downstream areas. 

4.4 Conclusions 
Key conclusions relevant to flooding include: 

► There has been an increased frequency of extreme rainfall and flooding events in Senegal within the last 20 
years. 

► Interviews with local communities indicate that flooding typically occurs during the wet season months of July 
and August.  Areas prone to flooding include low lying land, streams and tannes.  The height of flood waters 
typically reaches a maximum of 1-2 m within depressions. 

► The most recent flooding event within the region occurred in August 2020 where the water level reportedly 
reached some houses in Diokoul and Pindo Diohine. 
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► The potential for flooding represents a risk to the Project with possible impacts including damage to electrical 
equipment mounted on or close to ground level (ie. panels, substation) and increased risk of erosion of the 
support structure and foundations. 

► Flood modelling indicates that large areas of the PDA are situated on a floodplain where floodwaters may attain 
depths of between 0.85 m and 1.8 m. Positioning of photovoltaic panels and associated cabling should avoid 
flood prone areas to avoid damage to equipment. 

► A proposed drainage system will divert rainfall around the PDA and discharge to the tributary of the Sine River 
located (upstream) north of the site.  

► Detailed assessment of the drainage system involving water modelling are recommended to ensure that the 
proposed drainage layout does not increase the risk of flooding within the PDA.  
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5. WATER USE 

5.1 Baseline 
Interviews conducted within the villages surrounding the PDA as part of a hydrocensus survey provide informa on 
regarding local water sources and uses. The findings from the hydrocensus survey are detailed below. 

5.1.1 Hydrocensus Findings – Water Sources 

Interview responses with local residents of the villages Mbane, Kandiou and Poukham and their subsidiary hamlets 
(Diokul, Kandiou Took, Touba Kandiou, Mbine Diene and Pindo Diohine) from the hydrocensus can be found in 
A achment B.  The findings from the interviews are discussed below. 

Table 5-1 summarises the available water sources in the villages surrounding the PDA. Their loca ons are shown in Figure 
5-1.  Water sources include 3 boreholes, 3 public taps (2 of which are opera onal) and 51 wells (41 of which are ac vely 
used). The small number of public taps reflects the increased provision of tapped water in domes c proper es.  

Table 5-1 Summary of water sources in villages surrounding the PDA. 

Settlement Village Borehole 
Borehole 

with pump 
Public 

Tap Well Well Status 

Kandiou Village Kandiou 0 0 1* 3 All used daily in morning and evening 

Kandiou Took Kandiou 1 0 1 5 
2 abandoned, 1 polluted with garbage, 2 used daily in 
morning and evening 

Touba Kandiou Kandiou 0 0 1 7 1 abandoned, 1 dry, 5 used daily in morning and evening 

Mbane Village Mbane 1 0 1 8 All used daily in morning and evening 

Diokoul Mbane 1 0 0 5 All used daily in morning and evening 

Poukham 
Village Poukham 0 0 0 4 2 abandoned, 2 used daily in morning and evening 

Mbine Diene Poukham 0 0 0 10 2 abandoned, 7 used daily in morning and evening, 1 used 
during cultivation 

Pindo Diohine Poukham 0 0 0 9 1 abandoned, 8 used daily in morning and evening 

Total   3 0 3 51 41 actively used, 10 dry/abandoned/polluted 

*Not functional 

The numerous shallow wells which exist around the PDA represent the principal water source to all the surrounding 
villages. The majority of the wells are available for communal use with the excep on of 14 private wells (6 in Mbane, 7 
in Pindo Diohine and 1 in Diokoul). These wells tap potable groundwater from a depth of 7-8 m. The water table 
fluctuates seasonally by approximately 3 – 5 m, with the highest groundwater levels occurring following the wet season 
and lowest levels during the dry season. 

During the dry season, the wells can become dry, and as a result wells may be deepened. Groundwater from deeper 
parts of the aquifer is reportedly of inferior water quality, therefore well deepening is generally avoided where possible.  
To maintain supplies of groundwater as well as groundwater quality, numerous addi onal shallow wells have therefore 
been dug across the region. The number of wells within the study area are reported to have increased significantly over 
the last 10 years which may indicate a lowering of the water table. 
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Figure 5-1 Water sources in the vicinity of the PDA including village wells, public taps and boreholes.  
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Tap water represents an alterna ve water source to the region.  Most houses in the local villages are reported to have 
taps.  There are few public taps and their number has decreased over me.  Tap water in the villages of Mbane, Poukham 
and Kandiou is sourced from a deep well situated in Mbane.  According to the red flag review (ESS, 2020), this well taps 
Maastrich an groundwater at around 300-350m depth with water flows of 20 to 40 m3 . This water source currently 
supplies the following users (ESS, 2020): 

► Local communities; 

► Gendarmerie School (l’école des Sous-Officiers de la Gendarmerie (Caserne Générale Waly Faye)); 

► Fire brigade; 

► Part of Fatick town; and 

► (under construction) Université Sine Saloum El hadj Ibrahima Niass. 

Water sourced from the deep well in Mbane that is distributed via household and public taps is reported to always have 
been salty and therefore non-potable.  Tap water is largely used for livestock and generally only used when the wells are 
dry. 

Senegal and indeed the PDA have experienced numerous droughts in recent years which indicates the poten al for water 
scarcity in the PDA.  According to ThinkHazard! the hazard level of water scarcity is medium which means that there is 
up to a 20% chance of droughts occurring in the next 10 years (GFDRR, 2020). 

5.1.2 Water Uses 

Within the PDA, water is primarily used for agriculture and domes c purposes.  

Agriculture 

Agricultural land within and surrounding the PDA is largely rain fed, however groundwater sourced from shallow wells 
is used for agriculture par cularly during the dry season. 

The seasonal drainage channel which crosses the northwest extent of the PDA is used by local communi es as pasture 
during the wet and par cularly the dry season (ESS, 2020). 

Domestic 

Water for domes c purposes and drinking water is generally sourced from numerous shallow wells. This water source is 
preferred to tap water/water sourced from boreholes due to its be er water quality.  

Downstream Water Uses 

Surface water in the PDA drains to the Sine River and ul mately the Saloum Delta. The Saloum Delta is an important 
wetland consis ng of mangrove forests, saline channels, lagoons, islands and islets. The Saloum Delta supports a variety 
of fauna and is a designated Ramsar Conven on site.  Examples of water uses downstream of the Project include: 

► Salt harvesting on banks of the Sine River; 

► Shellfish harvesting and fishing in the Saloum Delta; and 

► Tourism in the Saloum Delta. 

5.2 Impacts and Risk Assessment 
The highest water demand from the Project will be during the construc on phase with water required for dust 
suppression. The total water demand for the construc on phase of Project is expected to be approximately 11,625 m3 

over a 285 day period (i.e. approximately 40.7 m3 per day). This includes approximately 25 m3 /day for dust suppression 
and approximately 15.7 m3 /day for sanita on purposes. Water will be sourced during the construc on phase from the 
Senegalaise des Eaux (SDE) network and hauled to the Project site via tanker, of a 25 m3 capacity, that will be filled on a 
fortnightly basis. Water supply from the na onal SDE network will minimise the impact of water availability on the local 



Teranga Niakhar Solar Storage Project 
Water Resources Assessment 

Water Resources Assessment 
5-42 

REV 0 

 

   EARTH SYSTEMS

scale. However, poten al supplementary water will be sourced from the Mbane village borehole or a new borehole 
which is being considered for the Project. This borehole is understood to tap the deep Maastrich an aquifer so any 
resultant impact on local groundwater availability is expected to be short term and unlikely to affect village wells that 
draw water from shallow groundwater sources. 

During the opera ons phase water use will be minimized to cleaning and maintenance of the site’s key facili es, a reserve 
supply for emergency fire control (120 m3 reserve tank) and supply of drinking water for 26 employees. The Project is 
exploring the technical feasibility of using either dry cleaning or wet cleaning mechanisms for solar PV module cleaning. 
Adop ng a dry cleaning system will further reduce water demand and the current preferred EPC (Engineering, 
Procurement Contractor) proposes using a dry cleaning system. However, should a wet cleaning system be used this may 
necessitate the addi on of a water purifica on system and storage tank on site based on the test results of the salinity 
and pH of available water. For both wet or dry cleaning the process would be conducted up to twelve mes a year using 
a combina on of mechanical and manual processes. The es mated water demand for the Project is summarised in Table 
5-2. 

Table 5-2 Water Demand Es mates 

Project Phase Water Uses Estimated Water Demand 

Construction 
Phase 

Sanitary Water: 
 

Capacity: total 25 m3 water tanks  
Tank to be filled on Bi-Weekly bases  
Expected consumption 4500 m3. 

Dust Control 
Water : 
 

Capacity: total 25 m3 water tanks / water trucks is an option without the need of installing the water 
tanks for dust control purposes  
Tank to be filled on Bi-Weekly bases  
Expected consumption 7125 m3 over 285 Days 

Operations 

Dry cleaning 4-6 m3 per month (mainly sanitary water) 

Wet cleaning 
(unlikely) Additional 4-5 m3 per 1 MWp for each cleaning cycle 

 

The current proposed plan is for opera ons phase water to be sourced from the SDE network and hauled to the site via 
tanker, which is yet to be confirmed. A new borehole is also being considered for the Project.  The total water 
requirements during the opera ons phase are expected to have a minor impact on local water availability, given the 
small number of employees and assuming dry cleaning is the adopted cleaning method.  

If wet cleaning were adopted, this would represent the highest water demand of the Project. Based on informa on in 
Table 5-2 and assuming that the solar modules of the 30MWp solar PV plant are cleaned monthly over the 25 year 
concession period, the total water demand of wet cleaning is expected to be 37,200 – 46,800 m3 (i.e. approximately 124 
– 156 m3 per month). The water demand of wet cleaning is greater than dry cleaning by approximately 120-150 m3 per 
month and could thus have a greater impact on local water availability. 

During the decommissioning phase water demands will include the supply of drinking water for employees. This is not 
expected to impact local water resources.  

The key poten al impacts on surface water during Construc on, Opera ons and Decommissioning and Closure phases 
are presented below in Table 5-3. 

Table 5-3 Key poten al impacts on water resources 

Phase Water Uses 

Water Resources 

Pre-construction and 
Construction 

 Preparation of concrete 
 Dust suppression e.g. dampening of surfaces 
 Potable water [for an estimated 98 employees during the construction phase (EES, 2020)] 
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Operation 
 Cleaning of solar modules 
 Potable water [for an estimated 26 employees during the operation phase (EES, 2020)] 

Decommissioning/Closure  Potable water 

 

5.3 Management, Mitigation and Monitoring Measures 
Recommended management, mi ga on and monitoring prac ces relevant to water resource impacts include: 

► Dry cleaning of solar modules to minimise water consumption; 

► Install water preservation fixtures such as low flow taps, toiles, urinals and spring loaded or sensored taps. 

► Regularly maintain plumbing and identify and repair leaks. 

► Monitor water usage with metering. 

► Creation of water management plan that details specific abstraction/supply limits to avoid impacts to local 
water resources. 

5.4 Conclusions 
Key conclusions relevant to water resource availability include: 

► Water sources local to the Project include 3 boreholes, 3 public taps (2 of which are operational) and 51 wells 
(41 of which are actively used). 

► Wells represent the primary water source for local villages. Wells provide water for drinking and agriculture. 

► When wells are dry, additional wells are often constructed or deepened. Alternative water sources include 
boreholes and public taps, however the water from these sources is saline and is generally used for livestock 
only. 

► Local water resources include surface water and groundwater. The availability of these resources varies 
seasonally with a lower water table and drying of ephemeral streams in the dry season. Groundwater quality is 
affected by salinisation and high concentrations of fluoride. 

► Water demand by the Project is minimised through management measures to reduce the potential of adding 
further pressure to local water availability.  

► The highest water demand from the Project will be during the construction phase ie. 11,625 m3 over a 285 day 
period (i.e. approximately 40.7 m3 per day) on the basis that solar modules are cleaned using a dry cleaning 
method.  The majority of this water will be used for dust suppression as well as sanitary purposes. Water will be 
sourced during the construction phase from the Senegalaise des Eaux (SDE) network and hauled to the Project 
site via tanker with potential supplementary water sourced from the Mbane village borehole.  A new borehole 
is being considered for the Project. 

► It is understood that solar modules are likely to be cleaned using a dry cleaning method which will reduce the 
demand for water by the Project. If wet cleaning was to be used, an additional 4-5 m3 of water per 1 MWp for 
each cleaning cycle would be utilised. Assuming that the solar modules of the 30MWp solar PV plant are 
cleaned monthly over the 25 year concession period, the total water demand of wet cleaning is expected to be 
37,200 – 46,800 m3 (i.e. approximately 124 – 156 m3 per month. Therefore wet cleaning has the potential to 
have a greater impact on local water availability. 

► Installation of water preservation features and maintenance of plumbing will further reduce the water demand 
of the project. 
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6. OVERALL MANAGEMENT, MITIGATION AND MONITORING 
MEASURES 

The key management measures for impacts to water resources that are predicted for the Project under ‘normal 
opera ng condi ons’ (i.e . business as usual) are listed in Table 6-1. 

Risks associated with unplanned events that occur outside of ‘normal opera ng condi ons’ and the corresponding 
controls and mi ga on measures to address these risks are listed in Table 6-2. 
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Table 6-1 Impacts / Benefits Under Normal Opera ng Condi ons and Relevant Avoidance, Management and Mi ga on Measures 

Impact / Benefit  Likely Primary Causes Spatial 
Scale 

Project 
Phase 

Impacts / Receptors 
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Erosion and sediment 
transport 

Clearance works during construction 
Flooding associated with storm 
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during the 

wet season) 
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 Development and 
implementation of 
comprehensive erosion and 
sediment control measures 
during construction  

 Apply water or approved 
environmentally friendly 
chemical dust suppressants on 
exposed soil and ground where 
practicable as required during 
the dry season   

 Stockpile management to 
prevent surface water runoff, 
site stockpiles in suitable 
locations, including avoidance 
of natural drainages and steep 
slopes.  

 Divert upstream surface water 
drainage away from stockpiles. 

 Implement monitoring of 
dispersive soils and surface 
water receptors and establish 
and inventory of stockpiled soils  

 Avoid construction during the 
rainy season to minimise 
erosion of earthworks. 

 Infrastructure design must 
avoid obstruction of seasonal 
water bodies, and include 
appropriate drainage and 
discharge controls 
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Water Shortages 
Increased demand for potable water 
as a result of construction and 
operation of solar plant 

Regional ✓ ✓  
Community 
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 Creation of water management 
plan that details specific 
abstraction/supply limits to 
avoid impacts to local water 
resources. 

 Dry cleaning of solar modules 
to minimise water consumption; 

 Install water preservation 
fixtures such as low flow taps, 
toiles, urinals and spring loaded 
or sensored taps. 

 Regularly maintain plumbing 
and identify and repair leaks. 

 Monitor water usage with 
metering. 
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Table 6-2 Risks Associated with Unplanned Events and Related Risk Controls 

Risk / Opportunity 
Associated with 

Unplanned Events  

Likely Primary Causes Spatial 
Scale 

Project Phase Impacts / Receptors 
 

Pre-Mitigation Key Additional Risk Controls and 
Mitigation Measures for 

Unplanned Events 

Post-Mitigation 
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Site contamination of 
surface or groundwater 

Poor hazardous waste or dangerous 
goods management / Lack of dust 
controls / Possible chemical uses and 
fuel spillages / Sewage leak 
 

Project 
Development 

area, 
streams, 
rivers and 
receiving 
waters 

downstream 

✓   
Health and Safety, Environment, 
Community 
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► Waste segregation and use of 
a waste oil skip. 

► Bunding of chemical and 
lubricating oil storage tank 
interceptors and generators. 

► Best practise pollution 
prevention control measures, 
including cut-off drains or small 
bunds around potentially 
polluting activities. 

► Designated fuel storage and 
refuelling areas away from 
flood prone areas. 

► Impervious storage bunds to 
contain any spillages or leaks. 

► Ensure availability of spill kits 
on site. 

► Appropriate size and siting of 
sewage storage facilities 

► Ongoing site contamination 
audits/walkovers 

► Spill containment, treatment 
and removal 
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Flooding 
Changes to site drainage / topography 
Inadequate drainage system design 

Local  ✓  
Health and Safety, Environment, 
Community 
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k ► Avoid construction on areas 

prone to/at risk of flooding; 
► Ensure that the drainage 

system design minimises the 
risk of flooding within the PDA 
and downstream areas. 
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7. OVERALL CONCLUSIONS AND RECOMMENDATIONS 

This Water Resources Assessment has been prepared by Earth Systems for the Project on behalf of Teranga Niakhar 
Storage SA. 

7.1 Surface Water 
► Surface Water in the PDA comprises an ephemeral tributary of the Sine River which flows through the north-

eastern extent of PDA as well as floodplain which is seasonally flooded.  

► Local surface water is characterised by high salinity and high concentrations of fluoride. Concentrations of 
sodium and chloride exceed WHO Drinking Water guidelines (2011) – acceptability aspects, by factors of 5-6 
and 4 respectively.  

► The impact of climate change on surface water is difficult to predict but will likely be determined by the balance 
of an increase in precipitation intensity and potential increase in evaporation due to higher surface 
temperatures. 

► The main impact on surface water associated with the Project is expected to be changes to natural drainage 
pathways incurred by the creation of a drainage system. 

► Design of the drainage system should carefully consider the discharge point to minimise the impact on local 
surface water hydrology and flood risk. 

► There is a low risk of contamination of surface water by spillages of hydrocarbon / oils and sewage. 

► Earthworks have the potential to cause enhanced soil erosion which may cause minor sedimentation effects in 
local surface water bodies. 

► Key management, mitigation and monitoring controls include: effective stockpile management and dust 
suppression during earthworks, best practice pollution prevention measures and installation and maintenance 
of a drainage system. 

 

7.2 Groundwater 
► The static water level within village wells is reported to be 7 - 8 m below ground level and varies seasonally by 

approximately 3 – 5 m, with the highest groundwater levels occurring following the wet season and lowest 
levels during the dry season. 

► The hydrogeology of the Project can be characterised by three aquifers: the near surface Continental Terminal 
aquifer, an intermediate limestone aquifer and the deep Maastrichtian aquifer.  

► The Continental Terminal aquifer is tapped by numerous shallow wells in the surrounding area which are used 
as a primary source of drinking water. 

► Groundwater quality, particularly from deep groundwater, is impacted by high salinity and elevated fluoride 
concentrations.  

► Baseline groundwater quality was characterised through fieldwork involving analysis of groundwater samples 
collected from two piezometers in the PDA and a village well in Diokoul, Mbane. 

► Baseline groundwater quality in the well is good and can be characterised as being near neutral pH with low 
salinity.  Piezometers are used for determining groundwater level and not as a drinking water source. Near 
surface water within piezometers is of moderate salinity with elevated chloride concentrations. Piezometer 
water also contains elevated concentrations of total coliforms which indicates that near surface water quality 
may be impacted by microorganisms. 



Teranga Niakhar Solar Storage Project 
Water Resources Assessment 

Water Resources Assessment 
7-49 

REV 0 

 

   EARTH SYSTEMS

► There is a low risk of contamination of groundwater by spillages of hydrocarbon / oils and sewage. 

► Groundwater usage by the Project may place added pressure on local water sources. 

► Key management, mitigation and monitoring controls include best practice pollution prevention measures, 
provision of septic tanks of appropriate capacity for the size of workforce and water preservation measures 
detailed in Section 4.4. 

7.3 Flooding 
► There has been an increased frequency of extreme rainfall and flooding events in Senegal within the last 20 

years. 

► Interviews with local communities indicate that flooding typically occurs during the wet season months of July 
and August.  Areas prone to flooding include low lying land, streams and tannes.  The height of flood waters 
typically reaches a maximum of 1-2 m within depressions. 

► The most recent flooding event within the region occurred in August 2020 where the water level reportedly 
reached some houses in Diokoul and Pindo Diohine. 

► The potential for flooding represents a risk to the Project with possible impacts including damage to electrical 
equipment mounted on or close to ground level (ie. panels, substation) and increased risk of erosion of the 
support structure and foundations. 

► Flood modelling indicates that large areas of the PDA are situated on a floodplain where floodwaters may attain 
depths of between 0.85 m and 1.8 m. Positioning of photovoltaic panels and associated cabling should avoid 
flood prone areas to avoid damage to equipment. 

► A proposed drainage system will divert rainfall around the PDA and discharge to the tributary of the Sine River 
located (upstream) north of the site.  

► Detailed assessment of the drainage system involving water modelling are recommended to ensure that the 
proposed drainage layout does not increase the risk of flooding within the PDA. 

7.4 Water Use 
► Water sources local to the Project include 3 boreholes, 3 public taps (2 of which are operational) and 51 wells 

(41 of which are actively used). 

► Wells represent the primary water source for local villages. Wells provide water for drinking and agriculture. 

► When wells are dry, additional wells are often constructed or deepened. Alternative water sources include 
boreholes and public taps, however the water from these sources is saline and is generally used for livestock 
only. 

► Local water resources include surface water and groundwater. The availability of these resources varies 
seasonally with a lower water table and drying of ephemeral streams in the dry season. Groundwater quality is 
affected by salinisation and high concentrations of fluoride. 

► Water demand by the Project is minimised through management measures to reduce the potential of adding 
further pressure to local water availability.  

► The highest water demand from the Project will be during the construction phase ie. 4,500 m3 for sanitary 
water and 7,125 m3 for dust control (a total of 11,625 m3 over a 285 day period i.e. approximately 40.7 m3 per 
day).  The majority of this water will be used for dust suppression as well as sanitary purposes. Water will be 
sourced during the construction phase from the Senegalaise des Eaux (SDE) network and hauled to the Project 
site via tanker with potential supplementary water sourced from the Mbane village borehole or from a new 
borehole. 
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► It is understood that solar modules are likely to be cleaned using a dry cleaning method which will reduce the 
demand for water by the Project.  If wet cleaning was to be used an additional 4-5 m3 of water per 1 MWp for 
each cleaning cycle would be utilised. Assuming that the solar modules of the 30MWp solar PV plant are 
cleaned monthly over the 25 year concession period, the total water demand of wet cleaning is expected to be 
37,200 – 46,800 m3 (i.e. approximately 124 – 156 m3 per month). Therefore wet cleaning has the potential to 
have a greater impact on local water availability. 

► Installation of water preservation features and maintenance of plumbing will further reduce the water demand 
of the project. 
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A achment A 

External laboratory reports (water quality analysis) 
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A achment B 

Hydrocensus Interviews 
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Water use key for water sources: 1) Domes c / drinking water, 2) Agriculture, 3) Both drinking water and agriculture, 4) Other. 

1. Kandiou Village, Kanidou 
 

Village Profile 

Hamlet 
Survey 
respondent Village 

Rural 
Community Region 

Kandiou 
Semou Diouf 
(village chief) Kandiou Niakhar Fatick 

Local Flood Knowledge 

Presence of 
floods 

Flood 
Frequency Flood level 

Areas prone to 
flooding 

Flood zone 
land use (dry 
season) 

Flood zone use 
(wet season) New floods (past 5 years) 

Yes 

During August 
and whenever 
there is a 
thunderstorm 
Most recent: 
August 2020 

1-2m 
1. Low 
depression 
zones 2. Tannes 

Agriculture Livestock route 
(breeding) 

Yes, especially during last year 
(no houses affected) 

Water Sources 

Distance to 
collect water 

Primary source 
of water 

Alternative 
water sources 

Alternative water 
source location Water quality Change in 

borehole depth Additional notes 

10-15m Wells 

Primary 
alternative 
source: other 
wells 
Secondary: 
Taps, only if 
wells are dry 
(rare) 

House and public 
(middle of 
village) 
Number of village 
taps significantly 
reduced  

Taps: Always 
salty, mostly 
used for 
livestock  
Wells: Quality 
worsens when 
well deepens 
(e.g during dry 
season) 

3-5m (during 
dry season)  

Presence of village taps 
decreased due to more wells and 
domestic taps 

Type of 
water 

sources 
Number Installation year Cost Use 

Communal or 
private? 

Frequency of 
use 

GPS 
coordinates 

Borehole 
 
0 

 
 
- 

 
- 

 
 
- 

 
- 

The only 
borehole 
supplying the 
three villages 
is located in 
Mbane 

 
14.377279 ; -
16.419650 

Borehole 
with pump 0 

N/A N/A N/A N/A N/A N/A 

Well 
 
3  

Well 1                      Since 1978 

200,000-250,000 
for each well  

1 

Communal 

Every day 
(morning and 
evening) 

14.367031 ; -
16.407202 

Well 2                     Around 1980 1 14.366764 ; -
16.407464 

Well 3                     Around 2015 4 14.366927 ; -
16.405836 

Public tap 
 
R1 
 

 
1997 

N/A 
 
3 

Communal 
The taps are 
no longer 
functional 

 
14.367791 ; -
16.406331 

Other 
(specify) 

 
- 
 

 
- - 

 
- - 

 
- 

 
- 
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Well 1 Well 3- Used for drinking water and agriculture. 



Teranga Niakhar Solar Storage Project 
Water Resources Assessment 

Water Resources Assessment 
B-58 

REV 0 

 

   EARTH SYSTEMS

2. Kandiou Took, Kandiou  
 

Profile 

Hamlet 
 

Survey respondent 
Village 
 

Rural Community 
Region 
 

Kandiou Took Semou Diouf (village 
chief) Kandiou Niakhar Fatick 

Local Flood 
Knowledge 

Presence of 
floods Flood Frequency Flood level Areas prone to 

flooding 
Flood zone land 
use (dry season) 

Flood zone use 
(wet season) 

New floods (past 5 
years) 

Yes 

During August 
and whenever 
there is a 
thunderstorm 
Most recent: 
August 2020 

1-2m 
1. Low depression 
zones 2. Streams 
3. Tannes 

Agriculture 
Livestock route 
(breeding) 

Yes, especially 
during last year 
(no houses 
affected) 

Water Sources 

Distance to 
collect water 

Primary source 
of water 

Alternative 
water 
sources 

Alternative water 
source location Water quality 

Change in 
borehole depth Additional notes 

15m Wells 

Primary 
alternative 
source: 5 
other wells 
Secondary: 
Taps, only if 
wells are dry 
(rare) 

House and public 
(middle of village) 
Number of village 
taps significantly 
reduced  

Taps: Always 
salty, mostly 
used for 
livestock  
Wells: Quality 
worsens when 
well deepens 
(e.g during dry 
season) 

3-5m (during dry 
season)  

Presence of 
village taps 
decreased due to 
more wells and 
domestic taps 

Type of water 
sources Number Installation year Cost Use Communal or 

private? 
Frequency of 
use GPS coordinates 

Borehole 
 
1 
 

 
1996 

N/A 2 and 4, breeding Communal 
Every day, 
morning and 
evening 

 
14.377279 ; -
16.419650 

Borehole with 
pump 0 N/A N/A N/A N/A N/A N/A 

Well 5 

Well 
11                      

2009 

200,000-
250,000 for 
each well 

1 

Communal 

Every day, 
morning and 
evening 

14.373164 ; -
16.403615 

Well 
12                     

1975 2 and 4 
(breeding) 

Abandoned  14.371013 ; -
16.403447 

Well 
13                     

About two years 
ago 

1, 2 and 4 
(breeding) 

Every day, 
morning and 
evening 

14.371330 ; -
16.404555 

Well 
14                     

Around the 
1970s 
 

2 and 4 
(breeding) 

Abandoned  14.371034 ; -
16.404721 

Well 
15                      Around 2012 4 (Alternative) Water polluted 

by garbage  
14.369963 ; -
16.404365 

Public tap 
 
1 
 

Tap 
N°2 
(R2) 

 
2018 

3 and 4 
(breeding) 

 
3 et 4 (élevage) 

Communal 
 

 
Rarely 

 
14.371402 ; -
16.403167 
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Other (specify)  
  

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Tap R2 - Used for agriculture 
drinking water 

Well 11 - Used for drinking water Well 13 - Used for drinking water and 
agriculture 
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3. Touba Kandiou, Kanidou 
 

Profile 

Hamlet 
 

Survey respondent 
Village 
 

Rural Community 
Region 
 

Touba Kandiou  
Semou Diouf (village 
chief) Kandiou Niakhar Fatick 

Local Flood 
Knowledge 

Presence of 
floods Flood Frequency Flood level Areas prone to 

flooding 
Flood zone land 
use (dry season) 

Flood zone use 
(wet season) 

New floods (past 
5 years) 

Yes 

During August 
and whenever 
there is a 
thunderstorm 
Most recent: 
August 2020 

1-2m 

1. Low 
depression zones 
2. Streams 3. 
Tannes 

Agriculture Livestock route 
(breeding) 

Yes, especially 
during last year 
(no houses 
affected) 

Water Sources 

Distance to 
collect water 

Primary source 
of water 

Alternative 
water 
sources 

Alternative water 
source location Water quality 

Change in 
borehole depth Additional notes 

7m Wells 

Primary 
alternative 
source: 
other wells 
Secondary: 
Taps, only if 
wells are dry 
(rare) 

House and public 
(middle of village) 
Number of village 
taps significantly 
reduced  

Taps: Always 
salty, mostly 
used for 
livestock  
Wells: Quality 
worsens when 
well deepens 
(e.g during dry 
season) 

3-5m (during dry 
season)  

Presence of 
village taps 
decreased due to 
more wells and 
domestic taps 

Type of water 
sources Number Installation year Cost Use 

Communal or 
private? 

Frequency of 
use GPS coordinates 

Borehole 0 
 
- 

- 
 
- 

The only 
borehole that 
exists in this 
area is located in 
Mbane 

 
- 

 
14.377279 ; -
16.419650 

Borehole with 
pump 0 N/A N/A N/A N/A N/A N/A 

Well 7 

Well 
4                      

Since 1978 

200,000-
250,000 for 
each well 

1 

Communal  

Abandoned 14.367331 ; -
16.398740 

Well 
5                      

Around 2010 2 and 4 
(breeding) 

Everyday, 
morning and 
evening  

14.367257 ; -
16.399087 

Well 
6                      

2019 1,2 and 4 
(breeding) 

Everyday, 
morning and 
evening 

14.367267 ; -
16.399242 

Well 
7                      

Around 2018 2 and 4 
(breeding) 

Everyday, 
morning and 
evening 

14.367100 ; -
16.399340 

Well 
8                      

Around 2010 4 (Alternative) Lack of water 14.366939 ; -
16.399540 

Well 
9 

Around 2017 2 and 4 
(breeding) 

Everyday, 
morning and 
evening 

14.365100 ; -
16.399682 

Well 
10 

Around 2016 2 and 4 
(breeding) 

Everyday, 
morning and 
evening 

14.362900 ; -
16.400138 

Public tap 
1 
 

Tap 
N°1 
(R1) 

 
1999 N/A 

 
3 and 4 
(breeding) 

Communal 
 

Every day 
(Around noon) 

 
14.366348 ; -
16.398876 
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Other (specify)        

 
 

 

 

 

 

 

 

  

 

 

 

 

 

 
 

 

 

 

 

Tap R1- Used for drinking water and 
agriculture. 

Well 5- Used for drinking water and 
agriculture. 

Well 10- Used for and agriculture. Well 6- Well with pump 
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4. Mbane Village, Mbane 
 

Profile 

Hamlet 
 

Survey respondent 
Village 
 

Rural Community 
Region 
 

Mbane Village  Waly Faye Mbane Niakhar Fatick 

Local Flood 
Knowledge 

Presence of 
floods Flood Frequency Flood level Areas prone to 

flooding 

Flood zone land 
use (dry 
season) 

Flood zone use 
(wet season) 

New floods (past 
5 years) 

Yes 

During August 
and whenever 
there is a 
thunderstorm 
Most recent: 
August 2020 

1-2m 

1. Low 
depression 
zones 2. Streams 
3. Tannes 4. 
Cultivated areas 
(if rain is very 
heavy) 

Agriculture 
Livestock route 
(breeding) 

Yes, especially 
during last year 
(no houses 
affected) 

Water Source 

Distance to 
collect water 

Primary source 
of water 

Alternative 
water sources 

Alternative water 
source location Water quality 

Change in 
borehole depth Additional notes 

3-20m Wells 

Primary 
alternative 
source: 8 
other wells 
Secondary: 
Taps, only if 
wells are dry 
(rare) 

House and public 
(middle of 
village) 
Number of village 
taps significantly 
reduced  

Taps: Always 
salty, mostly 
used for 
livestock  
Wells: Quality 
worsens when 
well deepens 
(e.g during dry 
season) 

3-5m (during 
dry season)  

Presence of 
village taps 
decreased due to 
more wells and 
domestic taps 

Type of water 
sources Number Installation year Cost Use 

Communal or 
private? 

Frequency of 
use GPS coordinates 

Borehole 
 
1 
 

 
1996 

N/A 
 
2 and 4 
(breeding) 

Communal 
Chaque jour 
(Matin et Soir) 

 
14.377279 ; -
16.419650 

Borehole with 
pump 0 

 
 
N/A 

 
 
N/A 

 
 
N/A 

 
 
N/A 

 
 
N/A 

 
 
N/A 

Well 8 

Well 
39                      

 
2020 

200,000-
250,000 for 
each well 

2  Individual- 
(Waly Faye) 

Every day, 
morning and 
evening 

14.372059 ; -
16.416012 

Well 
40                     

2017 1 and 2  Individual- 
(Waly Faye) 

Every day, 
morning and 
evening 

14.372624 ; -
16.416384 

 
Well 
41                     

 
2010 

 
1 and 2 

 
Communal 

Every day, 
morning and 
evening 

 
14.380219 ; -
16.420421 

 
Well 
42 

 
2020 

 
1 and 2 

Individual (Waly 
Faye) 

Every day, 
morning and 
evening 

 
14.373022 ; -
16.415985 

Well 
43 

Around 2015 1 and 2 Individual (Waly 
Faye) 

Every day, 
morning and 
evening 

14.373040; -
16.416292 

Well 
44 

2021 1 and 2 Individual (Waly 
Faye) 

Every day, 
morning and 
evening 

14.373399 ; -
16.416224 

Well 
45 

2020 1 and 2 Community 
(Offered by 
Waly Faye to 
the women of 

Every day, 
morning and 
evening 

14.373646 ; -
16.416146 
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the village of 
Mbane) 

Well 
46 

2020 1 and 2 Individual 
(Djidjack Faye) 

Every day, 
morning and 
evening 
Alternative 
source 

14.380244 ; -
16.419761 

Public tap 

 
1 
 

Tap 
N°3 
(R3) 

 
 
 
Around 2015 

50 000-
100 000FCFA 

 
 
 
1 and 2 

 
Individual 
(Mamadou 
Sene) 

 
Every day, 
morning and 
evening 
 

 
 
 
14.373472 ; -
16.414462 

Other (specify) 
 
- 
 

 
- 

- 
 
- 

- 
 
- 

 
- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Well 5- Used for drinking water and 
agriculture. Well 46- Individual well used for 

drinking water and agriculture. 
Well 39- Individual well used for 

agriculture. 

Tap R3- Individual well used for 
drinking water and agriculture. 
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5. Diokoul, Mbane 
 

Profile 

Hamlet 
 

Survey respondent 
Village 
 

Rural Community 
Region 
 

Diokoul Mamadou Sene Mbane Niakhar Fatick 

Local Flood 
Knowledge 

Presence of 
floods 

Flood 
Frequency Flood level 

Areas prone to 
flooding 

Flood zone land 
use (dry 
season) 

Flood zone use 
(wet season) 

New floods (past 
5 years) 

Yes 

July-August 
and whenever 
there is a 
thunderstorm 
Most recent: 
August 2020 

1-2m 

1. Low 
depression zones 
2. Streams 3. 
Tannes 4. 
Cultivated areas 
(if rain is very 
heavy) 

Agriculture Livestock route 
(breeding) 

Yes, especially 
during last year- 
houses affected 

Water Source 

Distance to 
collect 
water 

Primary 
source of 
water 

Alternative water 
sources 

Alternative water 
source location Water quality Change in 

borehole depth Additional notes 

10-20m Wells 

Primary 
alternative 
source: 5 other 
wells 
Secondary: 
Taps, only if 
wells are dry 
(rare) 

House and public 
(middle of village) 
Number of village 
taps significantly 
reduced  

Taps: Always 
salty, mostly 
used for 
livestock  
Wells: Quality 
worsens when 
well deepens 
(e.g during dry 
season) 

3-5m (during 
dry season)  

Presence of 
village taps 
decreased due to 
more wells and 
domestic taps 

Type of water 
sources Number Installation 

year Cost Use Communal or 
private? 

Frequency of 
use GPS coordinates 

Borehole 
 
1 
 

 
1996 

N/A 
 
2 and 4 
(breeding) 

Communal 

Every day, 
morning and 
evening 
 

 
14.377279 ; -
16.419650 

Borehole with 
pump 0 

 
 
N/A 

 
 
N/A 

 
 
N/A 

 
 
N/A 

 
 
N/A 

 
 
N/A 

Well 5 

Well 
47                     

 
Around 2015 

200,000-
250,000 for each 
well 

1 and 2 
Communal 

Every day, 
morning and 
evening 

14.378785 ; -
16.428902 

Well 
48                     

2019 1 and 2 Individual 
(Birame Faye) 

Every day, 
morning and 
evening 

14.378153 ; -
16.424452 

 
Well 
49                     

 
2019 

2 and 4 
(breeding) 

Communal Every day, 
morning and 
evening 

 
14.378413 ; -
16.425870 

 
Well 
50 

 
2020 

1 and 2   
Communal 

Every day, 
morning and 
evening 

 
14.379635 ; -
16.425617 

Well 
51 

Around 2015 
300 000 

1 and 2 Community, 
offered by the 
mayor 

Every day, 
morning and 
evening 

14.379546; -
16.426198 

Public tap 0 - - - - - 
- 
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Other (specify) - 
- - 

- 
- 

- 
- 

 

 

Well 51 – Used for drinking 
water and agriculture 

Well 48 – Individual well used for 
drinking water and agriculture 

Well 50 – Individual well used for 
drinking water and agriculture 
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6. Poukham Village, Poukham 

Profile 

Hamlet 
 

Survey respondent 
Village 
 

Rural Community 
Region 
 

Poukham Village 
Niokhor Diouf (village 
chief) Poukham Niakhar Fatick 

Local Flood 
Knowledge 

Presence of 
floods 

Flood 
Frequency Flood level 

Areas prone to 
flooding 

Flood zone land 
use (dry 
season) 

Flood zone use 
(wet season) 

New floods (past 
5 years) 

Yes 

During August 
and whenever 
there is a 
thunderstorm 
Most recent: 
August 2020 

1-2m 

1. Low 
depression 
zones 2. 
Streams 3. 
Tannes 

Agriculture Livestock route 
(breeding) 

Yes, especially 
during last year 
(no houses 
affected) 

Water Source 

Distance to 
collect water 

Primary source 
of water 

Alternative 
water sources 

Alternative water 
source location Water quality 

Change in 
borehole depth Additional notes 

13m Wells 

Primary 
alternative 
source: 4 other 
wells 
Secondary: 
Taps, only if 
wells are dry 
(rare) 

House and 
public (middle of 
village) 
Number of 
village taps 
significantly 
reduced  

Taps: Always 
salty, mostly 
used for 
livestock  
Wells: Quality 
worsens when 
well deepens 
(e.g during dry 
season) 

3-5m (during 
dry season)  

Presence of 
village taps 
decreased due to 
more wells and 
domestic taps 

Type of water 
sources Number Installation year Cost Use 

Communal or 
private? 

Frequency of 
use GPS coordinates 

Borehole 
 
0 
 

 
 
- 

- 
 
 
- 

The only 
borehole 
supplying the 
three villages is 
located in 
Mbane 

 
 
- 

 
 
- 

Borehole with 
pump 0 N/A N/A N/A N/A N/A N/A 

Well 4 

Well 
16 1970s 

200,000-
250,000 for 
each well 

1 

Communal 

Abandoned 
14.355471 ; -
16.414868 

Well 
17 2015 

1 and 2  Every day, 
morning and 
evening 

14.355338 ; -
16.414767 

Well 
18 2001 

1, 2 and 4 
(breeding) 

Abandoned, 
serving as an 
alternate 
source 

14.358403 ; -
16.412433 

Well 
19 Around 2015 

1 and 2 Every day, 
morning and 
evening 

14.358483 ; -
16.412033 

Public tap 
 
0 

 
Each house has its own tap which is used only for cattle due to salty water. Hamlet has public wells instead of public 
taps. 

Other (specify) 
 
- 
 

 
- - 

 
- - 

 
- 

 
- 
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Well 16 – Used for drinking 
water  

Well 19 – Used for drinking 
water and agriculture 

Well 18 – Used for drinking 
water and agriculture 
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7. Mbine Diene, Poukham 

Profile 

Hamlet 
 

Survey respondent 
Village 
 

Rural Community 
Region 
 

Mbine Diene  
Niokhor Diouf (village 
chief) Poukham Niakhar Fatick 

Local Flood 
Knowledge 

Presence of 
floods 

Flood 
Frequency Flood level Areas prone to 

flooding 

Flood zone land 
use (dry 
season) 

Flood zone use 
(wet season) 

New floods (past 5 
years) 

Yes 

During July and 
August and 
whenever there 
is a 
thunderstorm 
Most recent: 
August 2020 

1-2m 

1. Low 
depression zones 
2. Streams 3. 
Tannes  

Agriculture 
Livestock route 
(breeding) 

Yes, especially 
during last year 
(no houses 
affected) 

Water Source 

Distance to 
collect water 

Primary source 
of water 

Alternative 
water 
sources 

Alternative water 
source location Water quality Change in 

borehole depth Additional notes 

13-20m Wells 

Primary 
alternative 
source: 9 
other wells 
Secondary: 
Taps, only if 
wells are dry 
(rare) 

House and public 
(middle of village) 
Number of village 
taps significantly 
reduced  

Taps: Always 
salty 
Wells: Quality 
worsens when 
well deepens 
(e.g during dry 
season) 

3-5m (during 
dry season)  

Presence of 
village taps 
decreased due to 
more wells and 
domestic taps 

Type of water 
sources Number Installation year Cost Use 

Communal or 
private? 

Frequency of 
use GPS coordinates 

Borehole 
 
0 
 

 
 
- - 

 
 
- 

The only 
borehole 
supplying the 
three villages is 
located in 
Mbane 

 
 
- 

 
 
- 

Borehole with 
pump 0 N/A N/A N/A N/A N/A N/A 

Well 10 

Well 
20                      

2012 

200,000-
250,000 for 
each well 

1 

Communal 

Abandoned 14.359995 ; -
16.410319 

Well 
21                     

2018 1 and 2  Every day, 
morning and 
evening 

14.360291 ; -
16.410493 

 
Well 
22                     

 
Around 2016 

 
1 and 2 

Every day, 
morning and 
evening 

 
14.360530 ; -
16.410886 

 
Well 
23 

 
2005 

 
1 and 2 

During 
cultivation 
(Morning and 
Evening) 

 
14.361565 ; -
16.409257 

Well 
24 

Around 2015 1 and 2 Every day, 
morning and 
evening 

14.362614 ; -
16.409099 

Well 
25 

Around 2015 1 and 2 Every day, 
morning and 
evening 

14.363070 ; -
16.408862 

Well 
26 

2021 1 and 2 Every day, 
morning and 
evening 

14.363258 ; -
16.408703 



Teranga Niakhar Solar Storage Project 
Water Resources Assessment 

Water Resources Assessment 
B-69 

REV 0 

 

   EARTH SYSTEMS

Well 
27 

1980s 1, 2 and 4 
(breeding) 

Abandoned, 
serves as an 
alternative 
source 

14.362107 ; -
16.410970 

Well 
28 

Around 2000 1, 2 and 4 
(breeding) 

Every day, 
morning and 
evening 

14.362869 ; -
16.411009 

Well 
29 

2016 1, 2 and 4 
(breeding) 

Every day, 
morning and 
evening 

14.362809 ; -
16.411270 

Public tap 
 
0 
 

Each house has its own tap which is used only for cattle due to salty water. Hamlet has public wells instead of public taps.  

 

 
 
 

Well 20 – Used for drinking 
water 

Well 24 – Used for drinking 
water and agriculture 

Well 27 – Used for drinking 
water and agriculture 



Teranga Niakhar Solar Storage Project 
Water Resources Assessment 

Water Resources Assessment 
B-70 

REV 0 

 

   EARTH SYSTEMS

8. Pindo Diohine, Poukham 

Profile 

Hamlet 
 

Survey respondent 
Village 
 

Rural Community 
Region 
 

Pindo Diohine  
Niokhor Diouf (village 
chief) Poukham  Niakhar Fatick 

Local Flood 
Knowledge 

Presence of 
floods 

Flood 
Frequency Flood level 

Areas prone to 
flooding 

Flood zone land 
use (dry 
season) 

Flood zone use 
(wet season) 

New floods (past 5 
years) 

Yes 

During July and 
August and 
whenever there 
is a 
thunderstorm 
Most recent: 
August 2020 

1-2m 

1. Low 
depression zones 
2. Streams 3. 
Tannes  

Agriculture 
Livestock route 
(breeding) 

Yes, especially 
during last year- 
houses affected 

Water Source 

Distance to 
collect water 

Primary source 
of water 

Alternative 
water sources 

Alternative water 
source location Water quality 

Change in 
borehole depth Additional notes 

3-20m Wells 

Primary 
alternative 
source: 9 
other wells 
Secondary: 
Taps, only if 
wells are dry 
(rare) 

House and public 
(middle of village) 
Number of village 
taps significantly 
reduced  

Taps: Always 
salty 
Wells: Quality 
worsens when 
well deepens 
(e.g during dry 
season) 

3-5m (during dry 
season)  

Presence of village 
taps decreased 
due to more wells 
and domestic taps 

Type of water 
sources Number Installation year Cost Use 

Communal or 
private? 

Frequency of 
use GPS coordinates 

Borehole 
 
0 
 

 
 
- - 

 
 
- 

The only 
borehole 
supplying the 
three villages is 
located in 
Mbane 

 
 
- 

 
 
- 

Borehole with 
pump 0 N/A N/A N/A N/A N/A N/A 

Well 9 

Well 
30                      

2016 

200,000-
250,000 for 
each well 

1 and 2 Individual- 
Joseph Waly 
Dione 

Every day, 
morning and 
evening 

14.351569 ; -
16.425473 

Well 
31                     

2017 1 and 2 Individual-
Ousmane Ba 

Every day, 
morning and 
evening 

14.351683 ; -
16.424625 

 
Well 
32                     

 
Around 2016 

1 and 2 Individual- Ibou 
Dione 

Every day, 
morning and 
evening 

 
14.351909 ; -
16.425013 

 
Well 
33 

 
2005 

1 and 2  
Communal 

Every day, 
morning and 
evening 

 
14.352211 ; -
16.425474 

Well 
34 

Around 2015 1 and 2 Individual- Ibou 
Dione 

Every day, 
morning and 
evening 

14.352232; -
16.425056 

Well 
35 

Around 2017 1 and 2 Individual- Mpal 
Dione 

Every day, 
morning and 
evening 

14.354440 ; -
16.424957 

Well 
36 

1980s 1 and 2 Communal Abandoned 14.354987 ; -
16.422572 
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Well 
37 

2017-2018 1 and 2 Individual- Baye 
Sokhna 

Every day, 
morning and 
evening- 
alternative 
source 

14.357124 ; -
16.421555 

Well 
38 

Around 2000 1, 2 and 4 
(breeding) 

Individual- 
Abou Coulibaly 

Every day, 
morning and 
evening 

14.364001 ; -
16.421809 

Public tap 
 
0 
 

 
 
Each house has its own tap which is used only for cattle due to salty water. Hamlet has public wells instead of public taps  

Other (specify) 
- 
 

- - - - - - 

 

 

 

Well 34 – Individual well used for 
drinking water and agriculture 

Well 38 – Individual well used for 
drinking water and agriculture 

Well 30 – Individual well used for 
drinking water and agriculture 
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Earth Systems is a mul -disciplinary environmental and social science and engineering firm 
that provides specialist advice and hands-on capabili es in water management and 
treatment, environmental and social management and impact assessments, waste 
management, interna onal development, energy and carbon, climate change, sustainability 
and environmental informa on. Earth Systems has successfully completed over 600 projects 
in Australia, Asia, Africa, South America, North America and the Pacific since the company’s 
establishment in 1993. We serve a wide range of sectors including mining, energy, oil and 
gas, infrastructure development, urban and rural development, water and waste water, and 
aid and interna onal development. 

Our reputa on is built on high quality, objec ve and value-adding service that reflects 
environmental expecta ons of the present and an cipates those of the future. Professional 
excellence and integrity, high standards of business ethics and quality service are the 
founda on of our commitment to our clients.  

 

 ENVIRONMENTAL & SOCIAL 
MANAGEMENT SERVICES 

 WATER QUALITY & 
GEOCHEMICAL SERVICES 

 WASTE-TO-RESOURCE & 
ENERGY SERVICES 

❱ Environmental and social 
impact assessment 

❱ Environmental and social 
management and planning 

❱ Resettlement and livelihood 
restoration planning 

❱ Compliance monitoring, 
auditing and permitting 

❱ Emissions modelling 

❱ Biodiversity assessment and 
offset planning 

❱ Mapping and drone surveys 

❱ Rehabilitation and closure 

❱ AMD risk assessment 

❱ Mine waste management 

❱ Geochemical engineering 

❱ Forensic geochemistry 

❱ Mine drainage management, 
treatment and modelling 

❱ Hydrology and pollutant load 
assessment and modelling 

❱ Water treatment equipment 

❱ Geochemical laboratory and 
analytical services 

❱ Bioenergy technologies 

❱ Energy efficiency 

❱ Waste to energy 

❱ Carbon consulting 

❱ Mobile pyrolysis technology 

❱ Biochar and char production 

❱ Safe hazardous waste 
destruction services and 
technologies 

www.earthsystemsglobal.com   enviro@earthsystemsglobal.com 

BRISBANE BRISTOL DAKAR KIGALI MELBOURNE SHANGHAI VIENTIANE 


